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PREFACE

The present work contains derivations and descriptions of two numerical
models by which load spectra and corresponding 1loadeffect spectra may
be estimated f o r highway bridges. The load spectrum model, LOSP, estima‑
tes the d is t r i bu t ions o f heavy vehicle loads which w i l l pass over d i f f e ‑
ren t road sect ions. The loadeffect spectrum model, NULESP, which uses
the load spectra as input together with bridge and t r a f fi c characteris‑
t i c s , analyses the a r i s i n g loadeffect processes f o r d i f f e ren t structural
points of the bridge structure and puts up resu l t ing distr ibut ions of
loadeffect range- levels, loadeffect spectra.

This work has been carr ied out at the Department of St ruc tura l Enginee‑
r i n g , D iv is ion of Bui ld ing Technology, Lund Ins t i t u t e of Technology,
in close cooperation with the Bridge Development Department at The
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t u r a l Engineering, f o r h i s valuable support, ideas and advice throug‑
out a l l the inves t iga t ion . |

I also wish to thank c i v i l engineer Werner von Olnhausen, head of the
Bridge Development Department, and c i v i l engineer Bo Eriksson-Vanke
from the same department, f o r t h e i r valuable advices in connection with
t h i s work.

I also thank Miss I n g b r i t t L i l j e k v i s t who s k i l l f u l l y drew the diagrams
and Mrs. Mary Lindqvist f o r her e f fi c i e n t typing of the manuscript.

This work was financ i a l l y supported by the Bridge Development Department,
The National Road administration.

Lund in March, 1976

Per Christiansson
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SUMMARY.

This repor t describes two numerical models by which load spectra f o r
highway sections and loadeffect spectra f o r highway bridges are calcu‑
la ted. The models use input variables of both deterministic and non-de‑
t e rm in i s t i c , s tochas t i c , nature, which are chosen so that t he i r values
can be rather eas i l y estimated. Output from the load spectrum model is
used as input to the loadeffect spectrum model. Load spectra are cal ‑
-Culated as w e l las typ i ca l loadeffect spectra. The models are pr imar i ly
intended to be used in connection with fat igue of highway bridges. A
short descr ipt ion of the models are l i s t e d below.

Numerical calculat ion of LOad SPectra

Input (LOSP):

Distribution of to t a l weight (maximum gross weight) by registered
(heavy) vehicle type. (Stochastic)

Average year ly d r i v i ng distance by vehicle to ta l weight and type.
(Deterministic)

Region road length. (Deterministic)

Distribution of degree of utilized load bearing capaci ty, loading
l e v e l , by vehicle type. (Stochastic)

Calculations (LOSP):

Numerical manipulations of input variables.
Ex. mul t ip l i ca t ion o f density functions.

Output (EOSP):

Distributions of vehicle gross weights f o r a l l vehicles bytype and
ER distribution of axle gross weights, if vehicle specifications were
« i n p u t . The distributions are val id f o r each lane section of the
region.
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NUmerical model f o r calculation of LoadEffect SPectra

Input (NULESP):

Spec ifica t ion f o r each vehicle type
Weight d is t r ibu t ion on axles. (Deterministic)
Ax1le distances. (Stochastic. Deterministic in overlap calculations)

Lane occurence d is t r ibu t ions o f vehicle type gross weights, load spectra
(Stochastic)

Regarded time per iod. (Deterministic)

l .ateral influence funct ion. (Deterministic)

D is t r ibu t ion of l a t e r a l t rack. Same f o r a l l vehicles. (Stochastic)

Longitudinal influence l i n e specificat ions. Three standard shapes and
one opt ional. (Deterministic)

Tra f fic data
vehicle speed, equivalent time ( f a c t o rto correct available time),
min. max. queue length (the stochastic queue distance is uniformly
distr ibuted). Factors on meeting, overtaking and queuing probabi l i ‑
t i e s . (Deterministic)

Loadeffect ca lcu lat ion direct ives. (Deterministic)
s ing le , meeting or para l le l lanes, vehicles regarded as several
axle loads, one concentrated load or a l l axles running f r e e l y.

Dis t r ibut ion (one) of dynamic ampl ificat ion fac to r. (Stochastic)

Numerical mu l t i p l i ca t i on o f densi ty functions. Systematic sampling per‑
formed on: type of vehicle (axle distance f ac t o r, if s ing le vehicle
passage calculations) weight c lass , meeting section and queue distance
and overtaking section (depending on which overlap case is under calcu‑
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l a t i o n , lane configura t ion and representat ion of vehicle load). The
sampled variable combination has a probabi l i ty to come up (based upon
partial vehicle type-weight elass flows fo l low ing Poisson processes and
independent variables); g iv ing a w e i g h tby which the counted range‑
levels, from the ar is ing loadeffect process part, shall be mul t ip l ied
and a d d e dto the fi n a l r e su l t . | é

Output (NULESP):

Besides the inpu t data-‑

Dis t r ibu t ion of equivalent loads, (gross weight lane occurence d i s t r i ‑
butions modified witnr regard to la tera l influence function and

"="Tateralstrack?distridution)::

Influence lines and vehicle type influence lines f o r two dr iv ing direc‑
t ions plus resu l t of range-level count performed on them.

Distributions of loadeffect. range-level, from d i f f e ren t overlap cases
and single. vehicle passages.: .

Final d is t r ibut ion of loadeffect range-levels before and a f t e r dynamic
ampt ifica t ions i t : > | |

The LOSP program.is wr i t ten in Bäsic language f o r Hewlett Packard 2116C
computer and theNULESP program in Nualgol f o r Univac 1108 computer.
The programs are f u l l y documented with input output catalogue f o r the
NULESP program.

One or two lanes, meeting or pa ra l l e l , may be specified. The overlapping
loadeffects, that is from overlapping influence l ines of several vehic‑
l e s , or iginates from meetings, overtakings or queuings, or in the case
of vehicles treated as concentrated loads also from queuemeetings and
queue meeting queues. The predetermined combinations of-types of overlap
f o r d i f f e ren t lane configurat ion and representation of vehicle load may
be changed via inpu t .

The simulated loadeffect process parts are analysed by means of a der i ‑
ved s ta t i s t i ca l counting rout ine, LECOUNT, which makes continuous e l im i ‑
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nations of ranges and the levels they occur on.

The dis t r ibut ion output o f stochasitic variables is mostly in the form
of pr in ted or l i n e pr in te r p lo t ted spectra, where a spectrum expresses
probabilities (or 10-10garithm on the absolute number of events) f o r
a variable to be greater than or equal to specific values (or two d i f ‑
f e ren t values, range and level in a two-dimensional loadeffect spect‑
rum). Both l i nea r an logarithmic spectra are plot ted.

Load spectra and loadeffect spectra are calculated and compared to a
few measured spectra. The influence of d i f fe ren t variables on the
appearance of the loadeffect spectra is discussed.

Besides the numerical approach an analyt ical loadeffect spectrum ana‑
l y s i s was performed f o r uniformly distr ibuted axle weights and short
t r iangular influence l ines taking in to consideration overlapping e f ‑
f e c t s of meetings.

A mobile vehicle weighing s ta t i on , developed by the author, is descr i‑
bed as wel l as planned computer controlled field measurments of load
and loadeffect spectra in Sweden.

The numerical models LOSP and NULESP, f o r calculation of load and 1oad‑
e f f e c t spectra f o r highway bridges are intended to contribute to the
understanding of underlying f a c t o r swhich influence the appearancesof
the spectra and makes available predictions of such spectra.
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[ I S T OF TERMS:

oThe fol lowing units. have been used in the report .

Load: N (Newton)
kN- k i l o Newton = 1000 N
[T.kN =-0.1-Mp (Mega gram) =1 0 0 k p ( k i l o g r a m )= ‑

= 0.22 k ip ( k i l o pound)]

Loadeffect: Pa (Pascal) = 1-N/m? and kN ‑
1 MN/m?- (Mega Newton per square metre) = 1 MPa (Mega Pascal)
1 MN/m? = 10 kp/cm? (kilogram per square centimetre) =

0.1 kp/mm” (kilogram per square mil l imetre) =
0.142ksi (k ip per square inch)]

Mass: :issocsooikg Ckilogräm):

Length: m (metre)
km (kilometre)
[1 m= 3.28 f e e t = 39.37 inches]
[1 km= 0.62 miles]

Time: s (second) and year

Some of the most f requent ly used terms in th i s repor t are described be‑
low. The corresponding Swedish terms are also mentioned in brackets.

Some terms had to.be created because there were no expressions which
shor t l y described the meaning of some variables.

Term Explanation

calculation case « - 'overlap case o r loadeffect c a l c u l a t i o n so f
"s ing le vehicle passages

c r i t i c a l queue time i f two vehicles pass a lane section wi th in
( k r i t i s k t köavstånd) » th is time they: w i l l form a queue a distance

ahead with the: probab i l i t y 0.5



Term

dis t r ibu t ion
(fördelning)

dens i ty  funct ion
(frekvensfunktion)

distr ibut ion function
(fördelningsfunktion)

equivalent load
(ekvivalent l a s t )

equivalent overlap load

equivalent time
(ekvivalent t i d )

lateral track
(sidläge)

Toad
( last )

L/2

Explanation

used alone, refers to any grouping of values

equivalent to density function d is t r ibu t ion ,
frequency function and frequency d is t r ibu ‑
t i on . If preceded by discrete, the function
is divided i n t o classes (discrete probab i l i t y
mass function). If preceded by absolute the
funct ion is multiplied by the to ta l number of
events. (Relative dens. func. is equal to
dens. func.)

equivalent to: cumulative distr ibut ion func‑
tion (the density function integrated). May
bediscrete. absolute (or re la t ive) (see den=
s i t y function)

actual vehicle load of vehicle mul t ip l ied by
the la te ra l influence function value par t of
the separated two-dimensional influence func‑
t i o n . The equivalent load becomes stochastic
i f i t is mul t ip l ied with a l l la tera l influen ‑
ce values distributed according to the l a t e ‑
r a l track density function.

equivalent load used in overlap calculations

a factor to reduce the available time f o r a
vehicle flow to take place

the la tera l posit ion of the centre of grav i ty
of the vehicle axle weights .during bridge
passage

also stands f o r weight of vehicle cargo or
payload



Term

(vehicle) to ta l load
axle load
(vehicle) type load

loadeffect ,  1 .e .
(lasteffekt)

(loadeffect) range
(spänningsvidd, växl ing)

loadeffect level
(spänningsviddnivå,
väx l ingsn ivå)

loading level
( las tn ingsn ivå)

l o g

Xn

meeting section
(mötespunkt)

overlap
(överlapp)

overlap case

L/3

Explanation

vehicle weight regarded as concentrated load
a l l vehicle axles running f ree ly
vehicle weight regarded as coupled axles

actual vehicle load mul t ip l ied by la tera l
and long i tud ina l influence values

the amplitude of a closed excursion backto
t h e s ta r t i ng value (which do not have to be
the greatest or smallest of the passed
through values)

the level that a range occurs on, here de‑
fined as the lowest value during range ex‑
cursion

by to ta l weight = vehicle gross weight/ve‑
h i c l e to ta l weight
by to ta l load = gross load/total load

10-1ogarithm (logarithm with base 10)

natural logarithm (with base e)

a road section where the f ron t axles of two
meeting vehicles meet (or the f r on t axles
of. the- first vehicles in case of meeting
queues)

used in connection with addition of 1load‑
effects from several vehicles

loadeffect calculations of meetings, over‑
takings, queuings, queuemeetings or queue
meeting queues



Term

tare weight
( t jänstevikt )

gross weight:
(brut tov ik t )

max. (gross) weight
(max. b ru t t ov i k t )

t o t a l weight
( to ta l v i k t )

overweight
(övervikt)

max. overweight
(max övervikt)

gross load
(brut to last)

max. load
(max. l a s t )

t o t a l load
( t o t a l  l a s t )

overload
(överlast)

max. overload
(max. över last )

L/4

Explanation

weight of an unloaded vehicle

actual weight of the vehicle on the road,
tareweight + gross load

tare w e i g h t+ max. load (normally equal to
to ta l weight)

tare weight + t o t a l load (max. legal gross
weight)

tare weight +overload

t a r e weight + max. overload

actual weight of pay load

normally equal to to ta l load

max. legal pay load

gross load usually greater than max. load

max. overload



Term

queuemeeting, OM
(kömöte)

queue meeting :queue, .€Q
(kö möter kö)

spectrum
(spektrum, kol lekt iv)

LYX

Explanation

queues meeting single vehicles on the bridge

"-queues meet other queues- on the bridge

a function expressing the re la t ion between
the p r o b a b i l i t yfor a stochastic variable t o
be greater or equal (or the 10-l1ogarithm of
the absolute number greater equal) to d i f f e ‑
rent values. (Equal to I - the dis t r ibut ion
function f o r acontinuous stochastic v a r i ‑
able.)
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NOTATIONS.

"The notat ions are c h o s e nto give anidea of what the idehtifiers stand
stand f o r and furthermore these i den t i fi e r s should not have to be re‑
named when used in a computer program. The poorest computer language,
wi th regard t o i d en t i fi e r names,i s Basic and because some programs are
wr i t t en in Basic th i s f a c t brings the fol lowing. poss ib i l i t i es to name
variables, namely simple variables consist ing of a capital l e t t e r or
cap i t a l letter+number and subsceripted variables of a cap i ta l let ter.:
Scme longer i d e n t i fi e r s , however, are: used i n the computer” program
NULESP b e c a u s ei t i s w r i t t e ni n Algol which permits more complex va r i ‑
able names. rn NN

When some” formulås are deducted small l e t te rs and indexed variables are
a'so used. I n t ha t case the meaning o f these iden t i fie r s are found i n
the appropriate chapter.

Below are the used variables and functions l i s t e d . They are divided i n t o
three groups, LÅload spectrum i d e n t i fi e r s , E loadeffect spectrum ident i ‑
fi e r s and A computing a id i den t i fie r s . A summary i s made in FIG. N-1.

In the t e x t , matr ix indexes may be replaced with dots. (Example C(LÖ,T1,3)
becomes C ( . . . ) . ) The number of indexes may also d i f f e r between di fferent
programs but it should be c lea r from the context which ones are deleted.

The formulas are numbered concequtively within chapters N.M ( f o r example
wi th in Chapter 6 .3 ) .

NuTl may e i the r be wr i t t en as 0 or as I . D is used in order to prevent
nu l l from being in terpre t ted as the l e t t e r 0 .

f denotes densi ty funct ion and Fdistribution function.
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SIMPLE VARIABLE
T E A  v o

PR,FPRI,PL;PLET(A)
2 2 Rävg

AOSW (EE) ‑

|YSECYE), YL, VH(A)

Load s p e c t r u m Iidentifiers
"Loodeffect spectrum identifiers
Computing aid identifiers

FIG. N-T. Used identifiers.

ARRAY - VFUNCTION PROCEDURE

INFLADD, INFLTOYG,
INITL (EJ

2

ME, MOVY (E)

YQTOYQ,YYDISVE (E)
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omomemsoRRREORAARAARARKRÅr

weight class number
vehicle weight
weight class width (KN)
region number (also RE)
number of regions
vehicle type number (negative TI in I ( . . . ) denotes meeting vehicle
type influence l i ne )
number of vehicle types
lowest weight class in al l -vehicle gross weight lane occurence
d is t r ibu t ion
highest weight class in a l l - veh ic le gross weight lane occurence
dis t r ibut ion |
lowest weight class in axle gross weight lane occurence dis t r ibut ion
highest weight class in axle gross weight lane occurence d i s t r i bu ‑
t i o n (Z1-Z4 are incorporated in matrix C ( . . . ) in the Algol program)
equiva lent time (see also TE)
road length (km)
to ta l number of vehicle lane occurences per year
t o t a l number of axle lane occurences per year
(N1-N2 incorporated in matrix K l . . . ) in the Algol program

C(TI:1)

C(Tl.2)
C(F:TT53)

C(LÖ,T1,4)
C(LÅ,T1 ,5 )

I1 = I t o ta l axle distance (m) f o r vehicle type T1,
axle distance between ax les , I 1 , I 1 -1 , from f r o n t
weight d is t r ibut ion on axles (11) from f r o n t
vehicle type T1
lowest weight class in vehicle type to ta l weight
r e g i s t r a t i o n d is t r ibu t ions
highest weight class ...
lowest weight class in vehilce type gross weight
lane occurence distr ibut ion by lane LÖand type TI
highest weight class ...
lowest weight class in vehicle type equivalent



C(L0TT.0)
D(TI.T)

D(TI.2)

G(TL.C)
GILA. TT.C)

H(TT.11.12)

k(TT-1)
K(LP,T1,2)

L O T.  I )

N(TIL.C)

P(1,6)

P(2.6)

V(TT.1)

N/4

gross weight lane occurence d is t r ibu t ion by lane
L9 and type TI
highest weight class ...
average yearly d r i v ing distance (km) per year f o r
lowest and highest weight class in vehicle type
to ta l weight reg is t ra t ion distr ibut ion
vehicle type gross weight (a lso to ta l weight in
LOSP) Tåne occurence distr ibut ion (absolute 1 year
in LOSP or re la t i ve in NULESP)
axle distance fac to r (I1=1) and dis t r ibut ion (11=2)
f o r vehicle type TI (number of classes, index I 2 ,
is equal to M(3.T1))
to ta l number of registered vehicles of type T1
to ta l number of lane. occurences in lane LA, vehicle
type T I . (1 year or YPyears)
coefficients o f loading level d i s t r i bu t i on , vehicle
type T I , see fi g u r e below.

[geIS - : vå Loading level
"7 9 by total weight

5 Loading level
öy total load

tare weight/ total weight port ion
over weight/ total weight port ion
tare weight / to ta l weight
max. gross weight/ total weight (normally = 1)
overload/total load
mean load/total load
max gross weight/total weight port ion

vehicle type to ta l weight reg is t ra t ion d is t r ibu t ion
(absolute 1 year)
a l l -veh ic le gross weight lane occurence d is t r ibu t ion
(absolute 1 year). (Also G(LP.-1,C) lane LJ)
axle gross weight lane occurence dis t r ibut ion (abso‑
l u te 1 year). (Also G(LP.M.C) lane LP)
number of axles f o r vehicle type TI .



FNC(P) = INT(P/P1) + 1 tha t is the weight class number
defining loads P. ;
(See also function NBR(P.P1)

FNP(C) = P1-C-P1/2 tha t is the mean weight defining
weight class C
(See also function VAL(C.P1)

END(C) = = average year ly d r i v ing distance in km f o r
weight class C. see also figure below.

ET 2

CELN C(TI2) Weight class, C
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number of classes in loadeffect amplification
d is t r ibu t ion
mean loadeffect ampl ificat ion factor
influence l ine displacement in vehicle type i n ‑
fluence l i n e calculations
ranges tha t are less E9 are not counted in pro‑
cedure LECOUNT

la te ra l influence fac to r f o r middle t rack , lane 1
la te ra l influence fac tor f o r middle t rack, lane 2
greatest pos i t ive and negative var iat ion of middle
track fac to rs , lane 1 and 2
fac to r on calculated meeting probabi l i ty
fac to r oncalculated overtaking probability
fac tor on calculated queuing probab i l i t y
number of occurences f o r a certain overlap event
if equal - 1 , JA indicates tha t the second lane is
a meeting lane, +1 otherwise
influence ( longi tudinal) l i n e type. Negative i f
meeting
number of influence l i ne types
number of nullreadings ( less E9) to sa t i s f y re turn
from LECOUNT

lane number
lane configurat ion, = 1 s ing le lane, = 2 para l le l
lanes, = -2 meeting lanes
distance between meeting sections
po in ter to load or loadeffect class
number of meeting .sections
pointers to classes in equivalent overlap load
distributions
overlap occurence counter
number of breakpoints in Q( . . )
if = f queue meets queue not calculated
region number (also R)
number of counted ranges in LECOUNT
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Xf
1 5 2 3 3
X6.X7;X8B
Y
Yp
YT
Y4
Y T ;Y G
Y7

YC
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shor test and longest queue distance in queue d is ‑
tance d is t r i bu t i on
mean queue distance
queue distance increment in overlap calculations
number of queue distances in overlap calculations
(S4QM in the queuemeeting case)
overlap occurence accumulating counter
pointer to load distr ibut ions used in 1loadeffect
CalcUulations. TA = 1 to ta l load, = f a x l e load
and = 1 type Toad
pointers to vehicle types
c r i t i c a l gueue time (sec.)
equivalent time
vehicle speed (m/s)
loadeffect range
loadeffect range increments
number of classes in equivalent overiap load d i s t ‑
r ibut ions
highest calculated range class
coordinate along the bridge
length of influence l i n e (m)
influence l i n e coordinates
relat ions describing influence l i n e appearance
coordinate across the bridge ( la tera l )
loadeffect calculation period (years)
load distr ibut ion i d e n t i fi c a t i o n , run number
l a te ra l track d is t r ibut ion variation width (m)
relat ions describing la te ra l track distr ibut ion
number of breakpoints (column elements) in the
TirsStT and Second row ot Matrix Y. (Y(1s231:Y7)):
number of breakpoints (column elements) in the
t h i r d and fourth row of matrix Y. (Y(3:4,1:Y8))
numberof seconds per YfP years (including equiva‑
l en t time factor)
loadeffect level
loadeffect level increments
highest calculated level class
number of negativ levels



AM( 11,12)

T O T . . .12)

I l l .12)

M(I1,12)

O ( L Ö .TI.IL.N)

ONB(L(,T1)

Q(TT-12)

R(I1:12)

RNB (11)

S( IT. 12)

SONB(L(,T1)

W(IT)
X(LÖSTI,N)
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ampl ificat ion factor (I11=1) and distribution
(11=2). Number of classes is A l .
vehicle type influence l i n e (type TI or -T1, meet‑
ing), I2 = breakpoint number, I1=1, 3, 5 gives X‑
values f o r axle distance factors H(T1,1,13) (I3=
=1, 2, 3). I1=2, 4,6 gives the corresponding i n ‑
fluence values ;
Tongitudinal influence l i n e (type J1 or -J1, meet‑
i n g ) , I2 = breakpoint number, I1=1 gives X-values
and I1=2 corresponding influence values
number matr ix
I1=1: number of breakpoints f o r influence l i n e

type I2
11=2: number of breakpoints f o r vehicle type i n ‑

fluence l i n e I2
I11=3: number of axle distance factors f o r vehicle

type I2
equivalent overlap loads (I1=1) and dis t r ibut ion
(11=2) f o r vehicle type T1 and lane LÖ. Number of
classes (index N) is WI.
number of involved vehicles, type TI and lane L f ,
in a loadeffect calculation case
storage f o r p a r t of loadeffect process. X-value
when I1=1 and process value when I1=2. Number of
breakpoints (index I 2 ) is 09.
range ( I 1 = 1) and corresponding level (1I1=2) as
a resu l t of a LECOUNT. Number of range-levels
(index 12) is R9. |
to ta l number of calculated pos i t i ve (I1=1) nu l l
(11=0) and negative (11=-1) loadeffect ranges.
accumulated range (class I1)- level (class 12) load‑
effec t distr ibut ion (absolute)
accumulated number of involved vehicles, type TI
and lane LP, from d i f f e ren t calculation cases
equivalent load d is t r ibut ion input

: equivalent load (gross weight) lane occurence d i s t ‑
r ibu t ion , lane L Å , vehicle type TI



Y(TI . 12)

FNI(W)
FNW(N)
FNJ(Z)

FNZ(N)

DYNCONV(S,SRL,SRH,SLL,

INFLADD(Y ,Y7,Y8,0,09)

INFLTOYQ(J,.JT.AX.MI,0,

INIT(T)

E A T I N T ( Y 4SYS SYG.YL.YH;

LECOUNT(Q,Q9,R.R9.J09,E

ME (LA2,LAT,TQ,T)

MOVY(YS,Y.Y8,MOV)
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storage f o r influence Tines and parts of T0oad‑

e f f e c t processes. X-value when I1=1 (or 3) and
corresponding process values when I11=2 (or 4) .
Number of breakpoints (index I2) is Y7 (or Y8)

= INT(W/WP)+1 same as NBR

= WO-N-WP/2 same as VÄL

used in program INFLU. Same as NBR and FNI. Used
f o r levels Z, giv ing class FNJ
used in program INFLU. Same as VAL and FNW, class
N gives level FNZ

SLH3SAT.AM.T.IRESTRHSTELSTEH)
dynamic ampl ificat ion of loadeffect range d i s t r i ‑
bution ' $ ( . . ) . Result put I n T ( . : )

adds loadeffect processes Y(1:2,I1) and Y(3:4,I11).
Result in QC1:2,IT)
JPsLOSYSSYSY78)
moves an influence l i n e or a vehicle type influen ‑
ce l i n e , influence values mult ip l ied with 0, to
Y(YS:YS+1;IT1);: AX denotes axle distance f a c t o r. IT
JÄ9=-1 the meeting influence l i ne is used. That is
JT AS Put negative on t rans fe r.
resets variables before an overlap case calcula‑
t i o n or single vehicle passage calculation
LP)
calculates the in tegra l between YL and YHof the
la tera l track d is t r ibu t ion . Lane 109

2)
does a loadeffect count on the loadeffect process
Q(2,.)Y and puts the resu l t in R ( . . ) . If Q9 break‑
po in t s are read before J8 unchanged process values
are read, e x i t is made. Range fluctuations less than
t E9 are not considered.
calculates meeting or overtaking overlap cases.
Result in T ( . . ) . Involved lanes LAI and LA2:
moves Y(YS:YS+1,I11) the length un i t MOV forwards
in time (the vehicle arrives la te r )
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NBR(W,W0) : Class number f o r load or loadeffect W if the
class width is WP

PRINTLSP (SW,LP:,PRSPL)
load spectra (SW=1) and equivalent load spectra
(SW=2) p r i n t - (PR=1) and p l o t - (PL=1) procedure
f o r lane LJ. Both l inear (relat ive) and loga r i t h ‑
mic (absolute, f o r YPyears) are pr inted and
p lo t ted .

PRINTSTCT)TRESTRHSTEESTEH3TO+0CCSONB.TEXTSPRSPD)
p r i n t and p l o t procedure f o r loadeffect spectra.
If PR=1 spectra are pr in ted if PL is not equal f
the procedure t r i e s to p l o t PL curves "evenly"
spread over the p l o t area. Each curve is g u i l t y
f o r ranges with levels greater than or equal to
a s p e c i fi c level .

OM(LO,LSST) :- calculates the queuemeeting overlap case. Queues
in lane LQ and s ing ie vehicles in lane LS. Result
i n  I R )

QQ(T) : Ccalculates the queue meeting queue overlap case.
Result In t l :).

QU(LQ.TPST) : calculates the queue overlap case. Queues in lane
; LO: Result in I ( E : ) ‑

RLSTORE(R,R9,FACT,T.TRL,TRH,TLL.TLH)
: store the range-levels (R9 pairs) in the temporary

loadeffect d i s t r i b u t i o n , T ( . . ) , (absolute) assum‑
i ng tha t each range level has occured FACT times

ST(ESSTAST) : calculate loadeffects of single vehicles d r i v i n g on
lane LS. Result stored in T ( . . ) ‑

STLINSPCONV(T.TRL.TRH,TLL.TLH)
converts a loadeffect distr ibut ion i n t o a spectrum

TADDS (T3 ERE STRHS TEL sTEH.S-SRL5SRH3SLL sSLH)
: )=S(--TT(E:) and adjusts tne array

dimensions SRL, ... tf the ar ray S ( . ; ) becomes
calcutates Sl(.:

larger
VAL (N.;WP) : load or loadeffect value f o r class N if the class

width is WP
YOTOYO(YST YISYZIYS2 ;Y2 :Y8)

i Ca lculates
Y O ( Y S E STIYO SYT(YSTST:YD)
Y2(YS2+T;T:YZJEYT(YSTFIST:IYY)
Y8=Y7
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Y Y D I S Y P G ( YSY7 YSTDIST)
moves Y(3:4,1:Y8) to be situated DIST a f t e r
(greater X) Y(1:2,1:Y7) see figure below.

V ( S : 4 ;1SKB)

| å



H2
I 1-I9,N5-N9,58-S9
JA1=J92=J9
J5, JG

K1-K9
LA1=LP2=Lg
LQ
LS
M5-M8B

MOV

PR,PRT
PL.PLT
Q.01-Q3
YT-Y3

YZ
Y3
YLESYR

LER:HTRSETESHTLÉ

LSRYHSRYCSL,HSL

T R E STRH. TEE STEH

SRL..SRHA SECSSCH

N/12

max. allowable ampl ificat ion fac to r, due to com‑
puter array dimensions
po in ter to axle distance factor
used in subroutine boxplot
used in procedure YYDISY2
= F1 or F2 depending on regarded lane
height of la tera l track distr ibut ion, procedure
LATINT
temporary storage f o r axle distance factors
counters and pointers

min. and max. values of loadeffect process p a r t ,
procedure LECOUNT

temporary storages

po in te r to queue lane
po in te r to lane with s ingle vehicles
used to axis grading in subroutine BOXPLOT

used in procedure MOVY

= 1 p r i n t = d o not p r i n t
= ) d o not p l o t
loadeffect process values in procedure LECOUNT

used in LATINT to describe la tera l track d i s t r i ‑
bution (coordinates to breakpoints)

=N,plot N curves

tabulator parameter
character size in p l o t rout ine (mm)
used in procedure LATINT

Timitstöt T ( C ) and S(C5) mmdices L=1Tow H=high
R=range L=level
T(LTR:HTRSCTC:HTL)
S(LSR:HSR,LSL:HSL)

the lowest (L) and highest (H) of the fi r s t (R=range)
and. second (L=level) Indices of T ( . . ) and S( . . ) used
in calculations.



RBI(Ila12)
T L L

TEXT(IT)

FNX(T1)
FNU(14)
FPCOUNT

READQ

STOQ

STOREZMW
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I 1 = ) l i n : 1152 lög . curve counter inrprocedupe
PRINTST
convert indices I 1 , I 2 to one index F ( . . ) . (The
Basic in te rp re te r can handle max. two-dimensional
arrays)
level class number f o r curve number I2 in l i n .
(11=1) or log ; (IT=2) loadeffect spectra. Used
in procedure PRINTST. :
remembers the spectrum value f o r vehicle type TI
when i t has been p lo t ted ( f o r a certain range). I f
several values overlap a + is p lo t ted.
s t r i n g array containing c h a r a c t e r s-to be p lo t ted
to i d en t i f y d i f fe ren t curves in loadspectra and
loadeffect spectra. Used in procedures PRINTLSP
and PRINTST
temporary R(...) matrix in procedure S I .
temporary storage f o r loadeffect range (cläss IT)
level (class 12) distr ibut ions and spectra
contains heading f o r l i n . and log . spectra p r i n t s
and p l o t s :

(A)

=Tl AFd l20L IR4 Rs INFLU
=N(sowk4) If J5=Iand: Gt 4 ) .1f-15=3 in LOSP

fou r po in t count. Finds a closed loop in the load‑
e f f e c t process. Used in LECOUNT

reads a new loadeffect process value in LECOUNT

stores a loadeffect process value in matrix U( . ) .
Used in procedure LECOUNT

store a loadeffect range level in R ( . . ) . Used in
procedure LECOUNT
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1 "BACKGROUND TO THE INVESTIGATION. OBJECTIVES. PERFORMANCE.

The research ob jec t was i n i t i a t e d i n 1972 b y the National Road Administ‑
r a t i o n because a theoretical model forming a background to the ongoing
work on the development of the "Nordic Load regulations f o r Highway
Bridges" was meant to be of great importance f o r the fol lowing reasons:

To increase the understanding of the influence of d i f fe rent va r i ‑
ables on the appearances of load and loadeffects in connection with
highway br idges.

To be a complement to and extension of fi e l d invest igat ions.

To give a p ic tu re of the rare but high amplitude loadeffects a r i s ‑
i n g from overlap events involving several vehicles at a time.

To estimate loadeffect spectra (stress range distr ibut ions) in con‑
nection wi th fat igue design.

The research ob jec t i ve was to put up p robab i l i s t i c models by which load
spectra and loadeffect spectra could be estimated by using vehicle and
bridge characteristics tha t were as or ig ina l as possible. The fol lowing
sub-object ives were formulated:

Provide a more sophis t icated descr ip t ion of the heavy loads and t h e
loadeffects in terms of stochastic variables, instead of using the
usual determinist ic description.

Provide a theoretical model which can be used to estimate 1oad
spectra f o r lane sections o f d i f fe ren t regions and optional points
o f  t ime.

Provide a theoretical model which uses the load spectra as input to
estimate loadeffect spectra va l id f o r d i f ferent parts of the bridge
St ruc tu re and op t iona l points o f time.

Provide p o s s i b i l i t i e s t o get a p ic tu re o f the re la t ive and absolute
influences of d i f f e ren t variables on the appearances of the load
spectra and loadeffect spectra.
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Provide a method to estimate the intensi t ies of rare but high ampli‑
tude overlap l oade f f e c t s , caused by several vehicles a t a time.

Intermediate resul ts were published in internal reports in March 1973,
" l a s t - och påkänningsspektra f ö r vägbroar" and in February 1975, "Under‑
l a g för bedömning av föreslagen utmattningslast f ö r vägbroar". An i n t r o ‑
ductory l i t e r a t u r e review was also published in Ju ly 1973, Christiansson
/1/ . The internal repor t , March 1973, contained a fi r s t version of the
load spectrum model, LOSP, and an analyt ica l s ta t i s t i ca l approach to des
termine loadeffec t spectra from a loadeffect process, which is also
found in Chapter 6.3 of t h i s repor t . The analyt ical approach was abando‑
ned in favour of a simulation solut ion technique, systematic sampling,
which was assumed to lead to more apprehensible and general solutions
wi th less complicated mathematical expressions and algori thms.

Because of an para l le l invest igat ion now in progress on dynamic e f f e c t s ,
in connection wi th vehicles d r i v i ng over coupled bridge slabs, the i n ‑
vest igat ion became somewhat delayed. From autumn 1974, however, a l l r e ‑
sources were put on completion of the invest iga t ion , resu l t i ng in two
complete numerical models, LOSP and NULESP, in the summer of 1975.
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2 LITERATURE REVIEW.

During the past years there has been a growing in te res t i n fat igue re la ‑
ted problems in connection with highway bridges subjected to t r a f fi c
loading espec ia l l y in the form of heavy vehicles.

The research going on may be divided i n t o three main fie l d s : namely mea‑
surments and interpretat ions of loadeffect processes and the correspond‑
i n g vehic le weight d i s t r i b u t i ons , construction o f theoretical models f o r
calculat ion and pred ic t ion of load spectra and loadeffect spectra and
fi n a l l y , t ranslat ions of the loadeffect spectra i n t o terms of fa t igue .

The author of t h i s repor t wrote a repor t in 1973, Christiansson / 1 / ,
which gave an in t roductory review of related l i t e ra t u re .

Betow some of those references found in the reference l i s t , Chapter 10,
are sho r t l y presented. Most of the references are made in Chapter 4,
CALCULATED AND MEASURED LOAD SPECTRA and in Chapter 9, DISCUSSION.

A grea t deal of work seems to have been done in the USA concerning co l ‑
l ec t i on of load and loadeffect data f o r research purposes, see f o r exam‑
p l e Cudney / 2 / , Chr ist iano et a l . / 3 / , Douglas / 4 / , Heins et a l . / 5 / ,
McKeel et a l . / 6 / , Galambos et a l . / 7 / , Turner et a l . / 8 / , Bowers / 9 / ,
Goodpasture et a l . / 1 0 / , Ruhl et al. /12/ and in Great B r i t a in Nunn et
a k t a

The wanted charac ter is t i cs , which are to be reflected in the fina l r e ‑
su l t s , play a central ro le in the analysis of a loadeffect process. In
connection wi th fa t igue the variations of the loadeffect are judged to
be of special in te res t . The variations of the loadeffect process are
cal led loadeffect ranges and may be defined in many more or less useful
ways. A comprehensive review of d i f f e r en t so cal led s t a t i s t i c a l counting
methods are found in D i j k /13/ , Dowling /14/ and Mercer et a l . /15/.
Tnese methods may be used through d i f f e r en t counting devices (or manual‑
l y ) , e i t he r d i rec t on the process or via recordings to pick out ranges
from a loadeffect process.

It is of course of great in terest to have access to theoretical models
which can be used to pred ic t load spectra and loadeffect spectra and to
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increase the understanding of the coupling between par t ic ipat ion variab‑
les and t h e i r influences. The spectrum of loadeffect ranges may be r e ‑
garded as a fina l expression of a.-stochastic load variable which can not
be fur ther reduced to some characterist ic value, before a proper consi‑
deration of the fa t igue of used materials and structural detai l layouts
are taken, tha t is before a comparison to the load bearing capacity is
made.

Todays e f f o r t s concerning structura l sa fe t y are being directed towards
greater refinements in the treatments of loads and load bearing capaci‑
t i e s in the respect tha t the stochastic (non-deterministic) nature of
the involved variables is considered. In t h i s case the loadeffec t spect‑
ra may be regarded as the loads which shall be compared to the design
loadeffect spectra which are derived outgoing from fat igue phenomena. A
l o t of work is being done concerning structural safety at many places
including the Division of Bui ld ing Technology. For further references
see f o r example the LITERATURE REVIEW /16/ published in 1972.

Those models found in the l i te ra tu re to calculate loadeffect spectra are ,
of course, a l l more or less sophist icated with regard to the fo l low ing :
degree o f s imp l i c i t y t ha t the stochastic input data are put up w i t h , the
actual var ia t ion width of the input variables that the model w i l l cover,
the resolut ion of the results and how easi ly the model is handled.

Through regression analyses on the registered vehicle weights and the
corresponding stress ranges, defined as the difference between the maxi‑
mum an minimum response during vehicle passage, relations between these
quan t i t i e s were found f o r the studied ob jec t s , see f o r example Heins e t
al 5/sandRuhl+et al:e /T27.

A pure ana ly t ica l approach is very hard to f u l fi l l without farreaching
s imp l i fica t i ons . Tung / 17 / , /18/. calculates peak probabi l i ty density
functions and expected rate of threshold crossings under the assumption
of Poisson or Pearson Type I I I distr ibuted vehicle flows, concentrated
vehicle loads and piece wise linearized influence l ines. Ditlevsen /19/
introduces queues in the vehicle flows and calculates probabi l i ty den‑
s i t y functions f o r the bridge response. These density functions may
only be transformed to loadeffect spectra under certain circumstances.
I t is probable that more analy t ica l work concerning loadeffect spectra
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f o r highway bridges w i l l come up from the fi e l dof structural response
of S t ruc tu res to.sStochastic. loads.

Numerical simulation models, l i k e the one described in th is repor t , may
also be put up, which w i l l al low more complicated inpu t , output and mo‑
del c r i t e r i a to be formulated, though l i k e l y at the expense of computa‑
t i o n times and immediate comprehensibil ity of the underlying casual
connections.

Moses et a l . /20/ uses a simi lar simulation technique to the one -descri‑
bed in t h i s repor t to calculate stress range histograms, f o r calculat‑
i n g bridge fa t i gue l i ves . Although tha t model and the one described in
t h i s repor t were developed completely independent of each o the r, they
do have some character is t ic features in common. They ca l l the used so‑
l u t i on technique a discrete convulotion or summing procedure and work
wi th the stochastic variables truck type, truck weight, truck headway
and lane occupancy. The vehicle headways were assumed to be exponential‑
l y d i s t r i bu ted (vehicle flow described as a Poisson flow) and used both
f o r passing and fo l low ing vehicles. The stress ranges were defined as
the difference between the maximum and minimum stress values during
vehicle passage or overlap event. They do, however, give a somewhat
d i f f e r en t defin i t i o n t o be used i n case o f short influence l ines . Fa t i ‑
gue l i ves are calculated by means of cumulative damage theory, and t he i r
s en s i t i v i t y t o changes i n certa in input variables are tested. Measured
vehicle weight d is t r ibut ions are used as load i n p u t .No consideration
is given to the l a t e ra l track d is t r ibu t ion of the vehicles during pas‑
sage and furthermore the dynamic ampl ificat ion factor is supposed to be
deterministic. Compability between measured and calculated stress h is to ‑
grams i s reported though "because o f the re l a t i ve l y small number o f
t ruck crossings reported in most measurments, comparisons of the h is to ‑
grams in the important high stress region due to rare heavy vehicles and
mul t ip le crossings could not be done".

Fothergehi l l e t a l . /21/ describe in four reports (o f which unfortuna‑
t e l y only two /21:2/ and /21:3/ were available to the author of t h i s
report ) four stand alone computer programs which are used to simulate
bridge t r a f fi c load patterns and the dynamic response to these loads of
a carely spec ified bridge structure. The used technique seems to be a
simulation of a real chain of t r a f fi c events which are stored and la te r
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used in a dynamic fi n i t e element analysis of the vehicle br idge system,
during which stress maxima and minima and ranges are picked out and sto‑
red .

F i n a l l y , i t sha l l be mentioned tha t in Sweden a welding regulat ion /22/
was published in the year 1974 which contains typ ica l design stress
spectra which are to be used in the fa t igue design of welds. These spec‑
t r a are defined in the same way as is done in th is report namely as a
curve t ha t represents the logar i thm of the number of exceedings of dif‑
ferent st ress range amplitudes. Scme comments on the basis of the regu‑
l a t i on are found in Alpsten /23/ and Ja r f a l l /24/. Further references to
fa t igue a r e found in Moses et a l . /20/ and in Fatigue of Concrete /25/.
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3 THEORETICAL MODEL FOR CALCULATION OF LOAD SPECTRA.

This par t of the repor t deals wi th a numerical model, LOSP, f o r calcula‑
t i o n of LOad SPectra, o r load density func t ions , va l id f o r different
road sections and time periods. The calculated load density functions
w i l l l a t e r be used as inpu t f o r another theoretical model, NULESP, which
analysis the ar i s ing loadeffects in d i f f e r en t parts of a bridge st ruc ‑
t u r e , caused by the passing loads, vehicles.

3.1 Derivat ion of model

3.1.1 "Introductory discussion

Through the evaluation of the model a more: sophisticated expression f o r
the loads, vehicle weights, tha t w i l l d r i ve over a road section w i l l be
achieved, than wi th a conventional deterministic load approach. That is
the non-determin is t ic , s tochast ic , nature of the loads w i l l be conside‑
red.

The only loads considered here are those of heavy vehicles, t ha t is pas‑
sanger cars are omitted. It is furthermore the s ta t i c load, the actual
vehicle weights, which are studied with no superposed time varying dyna‑

mic fo rces .

Beside the stochast ic variable total vehicle (or axle) gross weight, a
more or less complex col lect ion of determinist ic and non-deterministic
variables are required to give an adequate description of the loads f o r
a cer ta in app l ica t ion . I t a l l depends on how accurate the load transfer
to the road surface has to be specified. In order to make possible ca l ‑
culations of axle load spectra, a determinist ic distr ibut ion of the to ‑
t a l vehicle gross weight on d i f f e r en t axles were assumed f o r d i f f e r en t
vehicle types, which then are characterized by th is d is t r ibut ion and the
axle-configurat ion.

Once a model f o r the calculat ion of lane occurence load density func‑
t i o ns , or load spectra, is put up, i t can be used to study the influen ‑
ces o f d i f f e r e n t variables and f u r t h e r, with rather easi ly estimated i n ‑
put var iable values, to calculate predicted load spectra, hopefully with
grea te r accuracy than can be made from extrapolated measured spectra.
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The derived load spectrum model, LOSP, w i l l form a p a r t , together wi th
the loadeffect spectrum model, NULESP, of a theoret ical system to de‑
scribe the load-loadeffect behaviour in a s t a t i s t i c a l manner.

The produced load densi ty functions are not given in e x p l i c i t formulas
through a purely ana ly t i ca l so lu t ion , since such a solution was judged,
at t h i s stage, to incorporate too many assumptions about the involved
density funct ions and to be too laborious to f u l fi l l without fargoing
s i m p l i fi c a t i o n s . Instead a numerical technique was used i n the solut ion
trus requ i r i ng a computer to br ing about reasonably short calculation:
times. The computer program is wr i t ten in the Basic language f o r a Hew‑
l e t t Packard 2116C computer, wi th 16K words of memory, belonging to the
STructurad: d i v i s i on .

3. 1.2 . Chosen input variables.

The i n p u t variables were chosen to be as simple and as easy to p r e d i c t
as poss ib le . There are two fundamental variables, namely the available
fl e e t of reg is tered vehicles, w i th t h e i r basic data about loading capa‑
C i t y , tare weight and type of vehic le, expressed through the vehicle
type t o t a l weight reg i s t r a t i on density functions and the studied "geo‑
graphical" region. The region concept should be widely unde rs tood .A
region can f o r example be constituted of a l l the main roads in a typical
wood producing d i s t r i c t or of the main t ransfer roads f o r heavy goods
and so on.

To be able to estimate the load spectra f o r a certain region one also
has to know to what degree the vehicles are loaded, the loading level
distribution, and the average year ly dr iv ing distance f o r the vehicles
on the roads of that reg ion, expressed through the dr iv ing distance d is ‑
tribution and region road length.

These are the chosen inpu t variables to which information about the
weight d is t r i bu t ion f o r the d i f fe ren t vehicle types shall be added in
order to make possible the calculations of axle load spectra.
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3.1.3 Representation of resu l t s .

The fi na l r e su l t s , the output, o f the load spectrum model are vehicle
type (axle) gross weight lane occurence density functions: In order to
make them more comprehensible, and to s imp l i f y the comparison with the
l a t e r calculated loadeffect range-level d i s t r i bu t i ons , the load density
funct ions are fi n a l l y transformed to load spectra, that is almost the
inverse dis t r ibut ion funct ion. (The spectrum expresses namely probabil i‑
t i e s f o r an observation to be greater or equal and not only greater
than.)

The spectra can be drawn in both l i near and logarithmic scales thus em‑
phasizing d i f f e r en t domains, see also FIG. 6.1.3-2. In most cases the
logar i thmic representation is used here, which makes it easier to study
the not so common, bu t important, loads with great amplitudes.
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3.2 Descript ion of inpu t variables.

3.2.1 Total weight regist rat ion dist r ibut ion and vehicle type
characteristics:

It was judged tha t an estimation of the main vehicle types, with appro‑
ximate to ta l weight d i s t r i bu t i ons , t o appear i n the future and the i r
shares of the to ta l fl e e t of vehicles, could be done with enough accu‑
r a c y, to serve as i npu t to a load spectrum model.

FIG. 3.2.1-1 shows the main elements of th i s part of the input section
which is found in subroutine SUB 1500 called at l i n e 240 of computer
program LOSP.

N(12,E)

TT |

N(T1,C)
N(1,C)

|
LiRN efte p e l

Cl,1) I
E(1,2)

Weight class,C Veh. t y p eI
F r e vehicle t ype . |
fe = number of vehicle 1Iypes
N (T1,C) type total weight registration density function (absolute)
C(TI,1), C(TI,2) lowest, highest weight class; k,,k> corresponding
loads.
INPUE: k r , ke COLI SCC 2 1 )

NOT E C EDD) for checking for vehicle types
: | l e f 0 T E
NICI CE(T1,20)

FIG. 3.2.1-1. Vehicle type to t a l weight registrat ion density function
inpu t . L£OSP: . :

The vehicle type input could have been l imi ted to the deterministic
weight d is t r ibut ion on axles f o r each vehicle type, but i t also compri‑
ses information about the axle configuration in order to establish a
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closer connection to the loadeffect analyses program, where t h i s i n f o r ‑
mation is used. What is said below, therefore can also be found in Chap‑
t e r 6.2.1 which f o r c l a r i t y is par t l y reproduced below.

The t o t a l number of vehicle types, T2, may be max. 10 each type having
max. 5 axles. The l a t e r introduced axle distance factor distr ibut ions
are not used in LOSP.

B(T1,3)
ÅSEr | | blkelative)
= A T ) A T I J A f å

(Metre)z A C E ) S N

INPUT: V(TI,1) number of axles For vehicle types
Ä T hel A C h o l e F R

Br(bLJI25BL5 l ö ) , BlEL 343 oc

FIG. 3.2.1-2. Vehicle spec ificat ion inpu t , LOSP.

3.2.2 Average year ly d r i v i ng distance dis t r ibu t ions f o r the region.

I t i s through the d r i v i ng distance d is t r ibut ion that i t i s determined
how o f t en , in average over a time period, vehicles of a certain type TI
and t o t a l weight class Cwill drive over a road section. It is assumed
tha t the t r a f fi c is evenly s p r e a din both dr iv ing di rect ions, over the
ent i re reg ion road length , L .

I t is also supposed that the same dr i v ing distance dis t r ibut ion is val id
f o r a l l the vehicles of the same type, T1, and that it is the to ta l
weight of the vehicle that decides how f a r it w i l l t ravel .
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The yea r l y determin is t ic d r i v i ng distance d is t r i bu t ion f o r vehicle type
TI and t o t a l weight class C-is defined through function FND(C, TI) ac‑
cording to FIG. 3:2.2-1.: In th i s report the simpliest shape, a straight
l i n e was selected, but other a r b i t r a r y functions may be chosen. I t is
only the funct ion values f o r integer arguments, weight class C, which
are used.

The corresponding input section is found in subroutine SUB 2000 which
is ca l led at l i n e 300 of LOSP.

NFND(C), driving distance

BOREN

ö ( k 2 )

| | Weight class, C
EbEA 1) C(TLE)

INPUT: O(ELI), D ( I LÉ ) For veh. types Tl=1 to T2

FIG. 3.2.2-1. Yearly deterministic d r i v ing distance dis t r ibut ion func‑
TiOn-Input; LOSP:

Both the road length L and driving distances are expressed in the un i t
1000 metres = 1 km.

3.2.3 Loading leve l d is t r ibu t ions f o r the region.

The l a s t necessary input to do, supplies information about the degree of
u t i l i z ed available load bearing capacity of the regarded vehicles. A
sStochastic var iab le , the loading l e v e l ,is introduced, which is a factor
by which the vehicle t o t a l weight shal l be mul t ip l ied, to be transformed
to the actual gross weight of the vehicle running on the road.

loading leve l = vehicle gross weight (1)
vehicle to ta l weight

In the LOSP-mode1l each loading level density function is val id f o r a l l
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vehicles o f the same type, which o f course is as imp l i fica t ion among
others. It is also possible to define several vehicle types which are
a l i k e , and to apply d i f f e r e n t loading level distributions on them, thus
r e fi n i n g the calculat ions.

In the LIST OFTERMS are some vehicle weight related terms explained,
which are used below.

(Jr: I0deR LL JA A C L

Loadinglevel by total weight

NE ad
Loading level by total load

Vehicle »overloaded
Vehicle carrying max load

Vehicle corrying no load

INPUT: Q , D , & , 0 , 0 CALCULATED: D),&) ,Dö |

FIG. 3.2.3-1. Loading level d is t r ibu t ion input , LOSP.

The loading leve l densi ty functions consists of four main parts. Three
o f them are probab i l i t i es f o r discrete values o f the loading level to
occur and the four th is a continuous function par t . FIG. 3.2.3-1, which
is commented below, shows the pr inc ip le appearance of the function. The
ringed numbers r e f e r to index I1 in variable L(T1,I1). (See also FIG. at
var iable L(T1,I1) in the NOTATIONS.) |

As can be seen there are two loading level axes of which the upper is
the one normally re fer red to here. The lower axis expresses the loading
leve l as a r e l a t i o n between actual load and maximum permissible Toad,
t o t a l load. This representation of the loading level may be of in te res t
when pure loading parameters are considered. (Here L(T1,5) and L(T1,6).)
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Loading level GG) expresses the re la t ion tare weight/total weight, va l id
f o r an unloaded vehicle. It is assumed that th is loading level together
wi th the max. gross weight/total weight level (normally equal to 1) are
more specific and probable to occur, than other loading levels. There‑
fo re the loading level continous.dens i ty function is not defined in
these points, in return histogram staples, representing probabil ity va‑
lues, GD) and (a are introduced. Point (4) is normally equal to I
since the maximum gross weight equals the total weight, but to gain fl e ‑
x i b i l i t y i t i s possible t o provide i t optional values.

The loading level though can exceed (4) and that is when the vehicles
car ry overloads. This is taken i n t o account through staple 2) at level
(9) (or (5)). I f the assumed, point d is t r ibu ted , overload loading level
i s not estimated to be sa t i s f a c t o r y i t i s possible t o put (4) greater
than 1 thus adding a distr ibuted overload loading level par t .

The loading level values between 3) and (4) are supposed to be uniform‑
l y d is t r ibuted and defined by parameters ÖT 3) and (4). In Chapter
3.4 is shown the s l i g h t influence the shape of th is function has on the
fi n a l l y calculated gross weight lane occurence distr ibut ions.

The only s t a t i s t i c a l property used to describe the loading level densi‑
ty funct ion is the mean loading level (6) which is input together with
(3. (DD. 5) , (2 and 4) leading to two more values to be calculated,
namely areas 7) and (8). thus completely defin ing the function. This i s .
done under the fo l lowing condi t ions, the tota l area of the density func‑
t i on to be 1 and the mean value to be equal to (6). In th i s way the area

is automatical ly calculated, that is the probabi l i ty f o r a vehicle
to carry max. load can not be d i r e c t l y forecast. The input is made th i s
way because it is judged that 0 and (2) is more eas i ly estimated than
CEand (8).

The re la t ions between the loading level parameters are fur ther explained
and deduced in Appendix A.

The loading level input is found in subroutine SUB 2500 which is called
at l i ne 320 in LOSP.
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3.3 Descript ion of load spectrum model, LOSP.

This chapter describes the numerical model f o r calculation of load spec‑
t r a , LOSP, and the corresponding computer program wr i t ten in BASIC (Hew‑
l e t t Packard Basic) with the same name. The program l i s t i n g is found in
Appendix B.

F i r s t is the model described inc luding a summary chart followed by a
flow chart of the program. No examples on runs are given here, instead
reference is made to Chapter 4 CALCULATED AND MEASURED LOAD SPECTRA

30 Description of the model inc lud ing summary chart .

The load spectrum model, LOSP, is a numerical calculation model by which
loads, par t i cu la r l y loads of heavy vehicles, appearing a t a road section
can be determined and expressed in s ta t i s t i ca l terms outgoing from para‑
meter values possible to estimate. The load amplitudes are thus repre‑
sented as d is t r ibu t ions and not as constant values.

The fo l l ow ing descr ipt ion of the program is made outgoing from the sum‑
mary char t presented in FIG. 3.3.1-1.

The calculations are pr inc ipa l ly executed in two subroutines, of which
the fi r s t transforms the vehicle type to ta l weight registrat ion absolute
densi ty func t ions , N(ITT;:); to vehicle type to ta l weight lane occurence
absolute (one year) density funct ions, G(T1,.) by means of the dr i v ing
distance d i s t r i b u t i o n s , see FIG. 3.3.1-2. The second subroutine then
transformes G( . . ) to vehicle type gross weight lane occurence absolute
densi ty funct ions, by means o f the loading level d is t r ibu t ions , see FIG.
I . 3 . 1 = 3 ;

From FIG. 3.3.1-2 it can be seen how the number of lane occurences f o r
each vehicle type to t a l weight class is calculated. It is assumed that
a l l vehicles of the same class and type travel equal distances per year,
FND(C), inc lud ing both d r i v i ng direct ions.

FIG. 3.3.1-3 shows how the conversion of G(T1,.) from a to ta l weight
d is t r ibu t ion (here cal led G'(T1, . ) ) , to a gross weight distr ibut ion is
done. Each to ta l weight class, I2 with weight K4, is spread and accumu‑
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ED /nput section
; CD ‐ Lalculation sectionNumber of vehicle types Y- CO Output section

For each vehicle type: SUB 1000 Number of registered SUB 1500
vehicles BVPB?00)

Number of axles ; OUTFUT
Weight distribution onaxles
(Axle distances) foral weight

Region:
road length

JUB 3000
Calculationis

Driving distance SUB2000
distribution. Each vehicle
lype. Drivingeisronce£ach vehicle type

Lane accurencesYear
Total. weight

Loading level SUB 2500
distribution. Each vehicle
/IPE = level

Loading level

Total. weight

SUB351
Calculations

SUB 7000
bross weight

Veh. types
SPECTRA
LIN=LOG

Number >=

Dens. func. SUB 6500
Lone occurences

Calculations Calculations

SUB 7000JUB 7000Axle ; Gross weight
Gross weight All vehicles

SPECTRA : SPECTRATIN-LOG Each vehicle type UN-LOG

Number >= Number >=
Gross weight

DENSITY FUNCTION SUB 8000 lOUTPUT ON DENSITY FUNCTION
PAPER TAPE

FIG. 3.3.1-1. Summary chart of LOSP. (See also flow chart FIG. 3: 3211 )
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Jäted in G(TI;.)> pr imar i ly in an a ld matrix Y(.):s according to the 1l0oa‑
d ing level densi ty funct ion.

NET, C)

FOR EACH VEHICLE TYPE

ECE = C(TI,2) Total weight class,C

FND(C)

D(TI,1) Driving distance distribution

Fno(e) || Tocrne)

&

6(T1,C)

6(T1,C)-N(T1,C).SBC
L=Region road length

COD CC‐ C(TI,2) Total weight class,C

FIG. 3.3.1-2. Calculation of to ta l weight lane occurence distr ibut ions.
SUB.3000- in -.LOSP.

F i r s t the no load , max. load and overload loading levels of the 1load‑
i n g level d is t r ibut ion are treated and then the continuous part (8).
The contribution to class G(T1,I3) becomes f o r each I3 ( I3 is incremen‑
ted between the "lower I 3 " and 14, FIG. 3.3.1-3).

G(TI Le
‐g

area = GTI NL2) CYL(TTIS) Mode = a (TT IE) Rå (2)
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FÖR EACH VEHICLE" FYFE

C(T1,1) CS C(Il,2) Total weight c lass ;C
Weight

| Pl =class width
CE O =index in| 0)

FSG (TE) ra
ZEN; S

6(T4I2XDM | SS 3
7”Areos see N

- formula 2 y : |
LJCJEA ovl o lemere

levels

Sa

I3=C(TLI) Ad 14 ‐ C(TI,4) Gross weight class,C
Kk4-3) K4& K4-:0M Weight

"lower I3 ' (K4+:Q iF O D )

FIG. 3.3.1-3. Calculation of gross weight lane occurence dist r ibut ions.
SUB:-3500; in -EOSP:

The main calculations are now gone through. F ina l l y the axle gross
weight lane occurence and to ta l ( " a l l vehicle") gross weight density
functions are calculated. The former is determined by means of the
weight d i s t r i bu t i on on axles information.

The fo l lowing output is obtained during a RUN.

Vehicle type spec ifica t ions , pr inted during input

Dr iv ing distance d is t r ibu t ions , printed during inpu t .
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Loading leve l d i s t r i b u t i o ns , pr inted during i npu t .

Input to ta l weight reg is t ra t ion distr ibut ions and gross weight lane
occurence dis t r ibut ions plo t ted as density functions together with
schematic vehicle type descr ipt ions. Subroutine DENS PLOT.

Vehicle type, axle and t o t a l gross weight spectra plot ted in l inear
and logar i thmic scales. Subroutine SPECT PLOT.

F i na l l y may the t o t a l and axle gross weight absolute (one year)
density funct ions be punched on to papertape, if switch = 1, o r ,
i f switch = 2, the t o t a l , axle and vehicle type gross weight abso‑
l u t e densi ty functions are punched. Subroutine PUNCH.
The format of the punched tape i s :

run No., region No.

weight class wid th , lower class number, upper class number,
number of occ. /year

| Number of occurences lower class

| Number of -occurences upper classi
3.3.2 Computer program flow chart .

Below is a flow chart presented which includes the main elements of the
Basic program LOSP. As the program is in te rp re ta t i ve no certain input ‑
output catalogue is necessary as f o r the NULESP program. The program
Tisting-ts- föound-1Tn Appendix B.



from line
To line
100 Variable block
165 Define functiona |

200 Run number

230 Vehicle spec. input 5UB 1000

240 Total weight distr. input, N(TI,.). 5UB150D0

250 Region number input

(0 370 Drivins distance inpu t; 59 =1= Fes>
LTD

300 Drivina distance distribution input
Region road length SUB 2000

305 Loading level input ; 58=1 = DD

Was loading level input (58=1) or
driving distance input ‐ (59=1)

e s )
327 Calculate total weight lane

occ. distr ibutions, 6 ( T ! , . ) . ‐ SvB 3000

325

330 Calculate gross weight lane occ.
distributiona. Y ( . )=G(TI,+:). SUB 3500

335 (Calculate total and axle gross
weight distrubitions P(1,.),P(2,.).SUB4000

360 Dens plot SFP) 75 Dens plot 5VB6500CE
380 Spec! plor E221395 Spect plot SUB 7000ÖR
400 Punch SLE2415 Punch SUB 8000

(2) Ar

FIG. 3.3.2-1. Flow chart LOSP. (See also summary chart FIG. 3.3.1-1 and
Appendix B.)

SUBROUTINES

INPUT

5UB 1500
TOTAL WEIGHT DISTRIBU‑
TION INPUT

SUB 2000
DRIVING DISTANCE
INPUT

SUB 3000
CALCULATIONS

SUB 2500
LOADING LEVEL
INPUT

SUB 3500
CALCULATIONS GROS55
WEIGHT LANE OCCURENCE

SUB 4000
TOTAL CALCULATIONS.
Axle and "all vehicle"
gross weight distr.

SUB 6500
DENS FLOT
Plot density functions

SUB 7000
SFPECT FLOT
Flot spectra.

5UB 6000
PUNCH.
Density functions.

SUB 6000
BOX PLOT
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3.4 Discussion of certain variables influence on the result.

This chapter brings out an idea about the relative importance of the
three main variables loading leve l , d r i v ing distance and input load
dis t r ibut ions. The results are presented as spectra which are calculated
and drawn by a Basic rout ine LLTEST. The influence of the dr i v ing d is ‑
tance and load d is t r ibut ion shapes is related in Chapter 3 .4 .2 , which can
also be looked upon as an i l lus t ra t ion o f the spectrum appearance in
r e l a t i o n to the underlying dens i t y function. Further discussion on the
influence of weight distr ibut ion on axles are held in Chapter 4, calcu‑
lated spectra, and 6 .5 , variable influence in loadeffect spectrum model.

3.4.1 Loading leve l d is t r ibut ion influence.

00od

- ER MD
TOTAL WEIGHT LANE OCCURENCE ÖDE Load

ha 5 FUNCTIONS

o | NY, 4 . ( I - a , )X x  M i  E n  E f  . ( A - 9 a ). (EF) &) I - r =E
a&

g(x) RE
ON Rd fa AN By LE MF na lA= 56)r:(x,-00) É :

(s]

(4) 2 A=oe bd 0)
Xx

i

ö," ac | « Loading a by total weight

gp tg . Loading level by total load

go ir Monsdimensional- mean ot g(0)

FIG. 3.4.1-1. Five loading level distribution types and three load d i s t ‑
r ibut ion types. Notations see Appendix A.
(fload to ta l weight lane occurence density function)



3.4/2

As mentioned in. the LOSP description, Chapter 3.3.1, a loading level
distr ibut ion of type 3, see FIG. 3.4.1-1 and Appendix A, was used in the
calculations of load spectra. In order to study the influence of the
loading level distr ibution appearance, expressions f o r four more dijstri‑
butions were deduced, Appendix A, and used on three main shapes of load
distr ibut ions in a computer program LLTEST. The five types of loading
level density functions and three types of load density functions are
explained in FIG. 3.4.1-1, which also contains some important formulas
picked from Appendix A. Notations are also explained in Appendix A.

In the tes t runs the overload part of the loading level distr ibution
was not included. Instead a the max. gross weight which normally is
one, w i th i t s related area-probability M, is increased to show the i n ‑
fluence of loading levels greater than one.

To give an idea about the relat ions between the loading level parameters
and to show the inpu t combinations used in the LLTEST runs, FIG. 3.4.1-2
is drawn.

& =RUN combination 0195 | 0.474

Yr: vb bj: 00 Yu00.3
LR RR 05 IA
Ör = (9.5 SÅR 0.6 4; 2 0 5

0x,"B.65 i: oc" 0.728 ll "005

FIG. 3.4.1-2. Relation between tare/total weight por t ion, E, and max./to‑
t a l weight port ion, M, f o r non-dimensional g(o) mean, r,
equal :to,0:353.-0.5. and=0-65.
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The resul t is presented as computer plotted curves in FIGS. 3.4.1-3 to
3.4.1-5. The calculations are performed for discrete input load d i s t r i ‑
butions in a similar manner asdescribed in Chapter 3.3.1, description
of LOSP. The resu l t ing spectra are plotted under the assumption of uni‑
form dis t r ibu t ion of vehicle gross weights within each c lass , correspon‑
ding to a lower envelop of a load spectrum produced by LOSP.

FIGS. 3.4.1-3a-c

FIG.-3:4.1-4

FIG: 3:4.1-6

With input values according to FIG. 3:4.1-2å. The
calculations are performed f o r the three types of
i n p u t load distributions. The mean loading level,
23 is put ,to 0:65.

With inpu t values according to FIG. 3.4.1-2b. The
calculations are performed f o r load type 3. The mean
loading l e v e l , A33 is increased to 0.72 and the
max./total weight por t ion, M, retained equal to 0.2.

With input values according to FIG. 3.4.1-2c. Load
type 3 is used. Mean loading l e v e l , 23 is equal to
0.65. The max./total weight, a4a is increased from
1  t o l : 1 5 ,

Fixed points have been placed in the figures , coordinates (10 2, 150) and

(1 2, 300), to make the comparisons between figures easier.

The main conclusions about the loading level influence are

The shape influence of g(a) is comparatively small even f o r d i f f e r ‑
ing g(a) mean, r.

A change in the to ta l loading level d is t r ibut ion mean, Aa raises
or Towers the inner parts of thé spectrum to a corresponding degree.
The difference is more protruding in the l inear representation.

It can also be seen from the figures that increasing variance of the
loading level d is t r ibu t ion raises the high load and Towers the Tow
load parts of the spectrum. This involves a great importance to the
max./total weight port ion value, M.
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Load

02 HA oE=02 0,03
3 5 Load M=0:2 = OEI400

A=0.6..; 4 ,05
Lood, type 1,2,3,4,5

300

200

100

400

300

200 |

lype 3,4, J E ,

00

2 i
6 HÅ

Log (absolute number >=)

FIG. -3.4:1-3a



3.4/5-‑ ‑
E£=0.2 0 =0:3

0 4 , | /200 ( Load M=0D.2 Xx, 2

A=0D.6 8, =0.5
0.0.6

rr. =0.5300

200 ‑

0 0  -

Load, type 1,2,3,4,5
(Type I E=M=Q5)

Lood, type 3;450, E; U

400

300

200 -

00

Type 5,4,3,2,1, load

‐f
P>=

1 0 :

FIG. 3.4.1-3b

Log (absolute number >=)
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E S  D E L A  d d
er M=02 BA

AROIEET Od

0.=0.6
Lödd, type l) ,2,3,49 r = 0 3

2 0 0 ‑
‐=lG0d, type. 3,4, I K E

i 0 0 ‑

Z 0 20 30 40 50 60 70 å0 30 Ho

400 04

300 ‑

Type 5,4,3,2,(1),loade00: ‑

Q

100. TF

IV

| i SE ES E | i sl0 7 2 3 4 5 6 G
Log (absolute number > = )

FIG: 3.4: 1=3C



3.4/7

NR FR E=0 CR 0.3
400 ; SR M=0.2 ol

; A=0.0 = Bb,” 0.6
| Load, type 1,2,3,4,5 | «= 0.72

300 | a ; F a l

q <> (Type I E=0.4 iM=06)

200 NW
Lood, type &,4,3,2,!

i00 a , ”0.6
(fig 3.4.1-3c)

0 I 1 I [EE
0 20 SI 0 Sf 00 AR 00 0 AS

400 07

300 ; ; SN V

Type 5,4,3,2,1, load. |
200 N

NT
0

100 3 |
” (fig3.4.1-30)] NN

| ve |

0 i AT SE St | de TER i
/ 2 5 4 5 6 7

Log (absolute number > = )

FIG: 3:4.:1-4
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Load

0 ÄR 0:93
400 Ne Lö0d M=0.2 a = 115

BA," 0.5
Types 2,4". r=0:35 E=0195 00.6
Types 2,3,4 r=0.5 > E>0.376

MOT lypese.4 ‐r-0.65 E-0.474

00

400

a, =!la
(fig3.4.1-30)3 0 0‑

2 0 0‑

100 - |

ol ä > 3 5 6 7 le

FIG. 3:4.1=5

Log (absolute number > =)
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The upper l i m i t of loading level values, that is 04 (or the over‑
load loading level 0)» affects the spectrum appearance noticeable,
at least when represented in a logarithmic scale, in that an i n ‑
crease of t h i s value raises the spectrum, in the high load regions,
to a corresponding degree.

3.4.2 Dr iv ing distance dist r ibut ion and registered vehicle dist r ibu ‑
t i on influence.

The dr i v ing distance distributions are not treated as stochastic variab‑
les but as constants, which together with the region road length trans‑
formes the vehicle to ta l weight reg is t ra t i on density funct ions, class by
class, according to F IG .3 .3 :1 -2 .

A careful analysis of the shape influences of the dr iv ing distance d is ‑
t r i bu t ion and reg is t ra t ion to ta l weight density function was not consi‑
dered essent ial to car ry through in detail. Instead simple density func‑
t ions were transformed to l inear and logari thmic spectra to give an idea
about the relat ions between density functions and corresponding spectra.
The resu l t is shown in FIG. 3.4.2-1. The calculations and plots are per ‑
formed wi th a computer routine LLTEST.
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4 - CALCULATED AND MEASURED LOAD SPECTRA

In th i s chapter load spectra are calculated f o r three d i f f e ren t time pe- .
r i ods , years 1965 and 1973 and f o r a future time period. The calculated
1965 spectra are compared with measured spectra and the calculated 1973
spectra are l a t e r used as input to calculations of loadeffect spectra,
which are compared with a few measured loadeffect spectra f o r the same
per iod . F i n a l l y, two predicted load spectra are calculated which are
used as input to tests of the loadeffect spectrum model and to calculate
pred ic ted loadeffect spectra.

The determination of input data w i l l of course be par t l y coupled to
Swedish regulat ions about vehicle weights but w i l l , however, show a pro ‑
cedure to put up the input data.

The region types are picked from the table below, FIG. 4-1, which shows
a possib le rough main c lass ifica t ion o f region types. See also FIG. 4-2.

Long distance (furopean highway) I
Short distance (National main road ) Ile
Special (ex. wood d i s t r i c t )

L o n g+ short distance
Short distance [AA
Speciol (ex. factory approach)
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4.1 Comparison -between measured and calculated load spectra f o r the
year 1965.

Load spectra are calculated f o r two rural regions, one subjected to main‑
1y long distance, and the other to short distance, t r a f fi c , (regions 11
and 12). The underlying data is picked from "Lastbi lar och Lastbi ls t ra ‑
fi k " / 28 / , "Fordonskombinationer" / 2 9 / , "Bilismen i Sverige" /30/ and
Jonsson /31/. The input is determined with guidance from this l i te ra tu re
and does of course not claim to exactly describe the state of things in
1965:

The calculated spectra are compared to measured spectra from the 1965
loadometer study in Sweden.These resul ts were picked from Brinck /32/.
The 1965 loadometer study was the la tes t performed in Sweden of tha t
extent.

A fi n e r val idat ion of the model may hopeful ly be made during the planned
fi e l d investigations which are mentioned in Chapter 7.

4.1.1 Values of input variables, 1965.

In Sweden the maximum permissible axle/tandem weights at that time were,
and s t i l l a re , 8/12 and 10/16 Mp (= 80/120 and 100/160 kN) with maximum
permissible gross weights, also re lated to the total axle distance, equal
to 37.5 and 41.5 Mp respect ive ly : (= 375 and 415-KkN). The vehicle to ta l
weight r eg i s t r a t i on density functions per the fi r s t o f January 1966 were
found in "Lastb i lar . . . " /28/ divided on lo r r i es , t ra i l e rs and semitrai‑
l e r s . On the basis of these density functions, maximum axle/tandem weighs
100/160 and maximum gross weight 415 kN vehicle types according to FIG.
4.1.1-1 were defined. .

The axle distances are not specified here because th i s information is
no t used in the load spectrum,calculations. The ringed vehicle weight
distr ibut ion is such that permissible weights are not exceeded. Accord‑
i ng to Jonsson /31/ axle overweights, besides those achieved with an over‑
weight loading leve l , were common among the heavy vehicle types. This f a c t
was regarded by a complementary set of weight distributions f o r types 3
to 5, wi th in squares in FIG. 4.1.1-1, calculated under the assumption,
that the heaviest ax le , inner if possible, has got 20 Z overweight which
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FIG. 4.1.1-1. Vehicle types f o r the year 1965. Weight distr ibut ion on
axles r inged, with 20 2 overweight on one axle squared.

The to ta l weight reg i s t ra t i on distr ibutions are not l i s t ed . Instead they
are found in the p l o t output from the LOSP runs, see next chapter, FIG.
4.1.2-2. As the distr ibut ions were o r ig ina l l y divided on lorr ies and
t r a i l e r s a pa i r ing o f f according to the vehicle type specifications had
to be made. Thereby i t was, assumed that a l l the t ra i l e rs were always a t ‑
tached to a l ö r r y Which according to "Lastbilar . . . " /28/ is f a i r l y
true (94 2 of the l o r r y dr iv ing distance) f o r at least trailers with
more than two axles. The density functions were truncated f o r low to ta l
weights so tha t the lowest axle to ta l weight mult ip l ied by the lowest
loading level ( ta re / to ta l weight, specified la ter ) became greater than
12.5 kN as th i s was the lowest axle weights registered in the loadometer
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study.

Driving distance/year, kilometre (km)
Long distance

80000

60000

40000 i ;
Short distance

20000 i

SS | Sä JE ST Else SEE SANNE
0 J30 60 30 120 50 180 210 24

Lorry total weight, KN

FIG. 4.1.1-2. Dr i v ing distance as f u n c t i o nof l o r r y to ta l weight.
"Fästbrlar cc f29/

pe Lorry (KR) TOG] (KN Driving distance distribution

dl ( 65=1657 65-165

é (135-215) 135-215

(695245) 1 0 3 5- 4
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115 - 2 8 5 ) HRpstan Np
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FIG. 4.1.1-3. Dr iv ing distance distr ibutions f o r long distance and short
distance regions related to vehicle to ta l weight, 1965.
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From the same source was FIG. 4.1.1-2 constructed giv ing an idea about
the d r i v i ng distances as a funct ion of vehicle to ta l weights. These cur‑
ves served as guidance when the d r i v i n g distance distributions f o r Tong
and shor t distance regions were put up. See FIG. 4.1.1-3.

The same loading level d ist r ibut ion was used f o r a l l vehicle types. The
mean loading level by tota l load, picked from "Lastbilar . . . " /28 / , was
put to 0.65 and 0.55 f o r t h e two regions.

The tare/total weight share was found to be approximately 0.45, from
" l as tb i l a r . . . " / 28 / , wi th somewhat higher values f o r l i g h t l o r r i es and
lower f o r t r a i l e r s . The probabi l i ty f o r a vehicle to drive without load
was estimated from "Bilismen . . . " /30/ to 15 2 (25 2) and the over/total
load share and por t ion 1.2 and 20 4 respectively from Jonsson /31/.

Vx
151 long distance né00 [a loading level by toral weight

1 short distance Å 4 =loading level by total load
Ö Å( oa

j Vör
0.45 IR

p A  d o
0.6 M long distance
0.55[ ”EAN Ishort distance

FIG. 4.1.1-4. Loading level input 1965.

For the ru ra l long distance region i t was supposed that only a f rac t i on ,
here put to 0.5 of the avai lable amount of single l o r r i e s , type 1 and 2,
were running on these roads. This is accomplished by reducing the d r i v ‑
i n g distances, according to FIG. 4.1.1-3 to a corresponding degree. The
reason f o r t h i s reduction is that it is assumed that many single lo r r ies
of the urban regions seldom make long distance travels on. rural roads.

It was assumed that the to ta l road length of both regions were 10000 k i l o ‑
metres, based on the f a c t tha t the t o t a l main road length with paving at
tha t time were 10000 kilometres.
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4.1.2 Calculated änd measured load spectra, 1965.

The calculated spectra f o r regions rural long distance and rura l short
distance are compared with corresponding measured spectra on the follow‑
i ng pages. |

The measured vehicle gross weight spectra are rather summarily presented
in Brinck /32 / , but it was not considered that essential f o r the author
of t h i s repor t to make a fur ther evaluation of the source mater ial . The
measured axle gross weight s p e c t r u mfor region long distance was prepa‑
red by Bo Eriksson-Vanke, The National Road Administration, in a memo on
fat igue in highway bridges 1972.

From the calculated vehicle type gross weight lane occurence density
funct ions, see FIG. 4.1.2-2, figures f o r vehicle type lane occurences
are put up and compared to observed, photographic data collected 1962‑
1963, from "Fordonskombinationer" HEI See R I G A

a  E E
61 "I
IL

2 0 6aga f o o t
od

FIG. 4.1.2-1. Vehicle type lane occurences. Measured (European highway +
5 national main road) and calculated.

Calculated
l o n g - s h o r t distance

ZZ77 Z

FIG. 4.1.2-3 shows calculated spectra f o r rural long distance region and
FIG. 4.1.2-4 f o r rural short distance. The dashed curves represents the
measured spectra. A second axle gross weight spectrum was calculated f o r
the long distance region using the or ig ina l (c i rceld in FIG. 4.1.1-1)
w e i g h t .onaxles distribution.
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Ås can be seen the agreement between measured and calculated spectra is
f a i r l y good, especia l ly f o r the axle spectra. The discrepancy between
vehicle gross weight spectra is more pronounced in the l inear than in the
logar i thmic scale. The measured logarithmic spectrum was calculated out‑
going from the l i nea r spectrum wi th the same to ta l vehicle flow as calcu‑
la ted. No information is available about measured spectra above the 400
kN level other than the upper l i m i t lays around. 500 kN. Jonsson /31/.

In FIG. 4.1.2-3 rural long distance region, are also sketched parts of a
l inear vehicle gross weight spec t rumand a logarithmic axle gross weight
spectrum calculated by means of a loading level dis t r ibut ion with tare/
t o t a l weight por t ion equal to 40 2 and max./total weight port ion equal
to 35 2, (see the dotted curves). This increase of the variance of the
loading level densi ty funct ion moves, as expected, the calculated spect‑
rum towards the measured in the upper sectrum region. An increase in
mean load/total load to 0.7 (from 0.65) has approximately the same e f ‑
f e c t , but wi thout the lowering e f f e c t f o r low loads.

As mentioned a be t te r agreement could be achieved between calculated and
measured spectra. It was though considered more essential here to show
t h a t it is possible to get rather close to real spectra through t rea t ‑
ment of simple underlying data.
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4.2 Calculated load spectra f o r the year 1973.

In th i s chapter load spectra are ealculated fo r the rural long distance
(11) and ru ra l short distance (12) regions. The load spectra are inten ‑
ded to be representat ive f o r the European highway south of Stockholm,
highway bridge across Söder tä l je canal, and the other f o r main road 45
at Köpmannebro in Västergötland. These load spectra w i l l l a te r be used
a s input t o c a l c u l a t i o n so f loadeffect spectra, Chapter 8.1, which are
compared to two loadeffect spectra collected from the highway bridges
a t these s i t es . | :

The input data are mainly picked from "Stat ist iska meddelanden NRT
1974:47" / 3 3 / , "Bilismen i Sverige" 1971 and 1973 /30 / , "Lastbi lar och
l a s t b i l s t r a fi k " /28/ and a memo o n f a t i g u eo f highway bridges 1975 b y
the author where load spectra are put up with somewhat d i f fe ren t input
values. Considerations are also given on the input sources used and r e ‑
s u l t s obtained, of the preceding chapter, load spectra f o r the year 1965,
since information about the 1973 conditions is scanty.

4.2.1 Values of input variables, 1973.

The maximum permissible axle/tandem weights in Sweden were and are 80/120
and 100/160 kN. The corresponding maximum gross weights as function of t o ‑
t a l axle distance are found in FIG. 4.2.1-1.

gross weight, kN
Maximum 514sd

| I00/I60kll roads
400

|300 80/120 kl roads

200 FE RS IG
S S  e e n

00

U0-2 db BM -12-J0]b-10--22
Total. axle distance, m

FIG. 4.2.1-1. Maximum permissible vehicle gross weight as function of
t o ta l axle distance.
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FIG. 4.2.1-2. Vehicle type specificat ion f o r the year 1973. Weight d i s t ‑
r ibut ion on axles ringed.
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f o r highway bridges w i l l come up from the fi e l dof structural response
of S t ruc tu res to.sStochastic. loads.

Numerical simulation models, l i k e the one described in th is repor t , may
also be put up, which w i l l al low more complicated inpu t , output and mo‑
del c r i t e r i a to be formulated, though l i k e l y at the expense of computa‑
t i o n times and immediate comprehensibil ity of the underlying casual
connections.

Moses et a l . /20/ uses a simi lar simulation technique to the one -descri‑
bed in t h i s repor t to calculate stress range histograms, f o r calculat‑
i n g bridge fa t i gue l i ves . Although tha t model and the one described in
t h i s repor t were developed completely independent of each o the r, they
do have some character is t ic features in common. They ca l l the used so‑
l u t i on technique a discrete convulotion or summing procedure and work
wi th the stochastic variables truck type, truck weight, truck headway
and lane occupancy. The vehicle headways were assumed to be exponential‑
l y d i s t r i bu ted (vehicle flow described as a Poisson flow) and used both
f o r passing and fo l low ing vehicles. The stress ranges were defined as
the difference between the maximum and minimum stress values during
vehicle passage or overlap event. They do, however, give a somewhat
d i f f e r en t defin i t i o n t o be used i n case o f short influence l ines . Fa t i ‑
gue l i ves are calculated by means of cumulative damage theory, and t he i r
s en s i t i v i t y t o changes i n certa in input variables are tested. Measured
vehicle weight d is t r ibut ions are used as load i n p u t .No consideration
is given to the l a t e ra l track d is t r ibu t ion of the vehicles during pas‑
sage and furthermore the dynamic ampl ificat ion factor is supposed to be
deterministic. Compability between measured and calculated stress h is to ‑
grams i s reported though "because o f the re l a t i ve l y small number o f
t ruck crossings reported in most measurments, comparisons of the h is to ‑
grams in the important high stress region due to rare heavy vehicles and
mul t ip le crossings could not be done".

Fothergehi l l e t a l . /21/ describe in four reports (o f which unfortuna‑
t e l y only two /21:2/ and /21:3/ were available to the author of t h i s
report ) four stand alone computer programs which are used to simulate
bridge t r a f fi c load patterns and the dynamic response to these loads of
a carely spec ified bridge structure. The used technique seems to be a
simulation of a real chain of t r a f fi c events which are stored and la te r
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used in a dynamic fi n i t e element analysis of the vehicle br idge system,
during which stress maxima and minima and ranges are picked out and sto‑
red .

F i n a l l y , i t sha l l be mentioned tha t in Sweden a welding regulat ion /22/
was published in the year 1974 which contains typ ica l design stress
spectra which are to be used in the fa t igue design of welds. These spec‑
t r a are defined in the same way as is done in th is report namely as a
curve t ha t represents the logar i thm of the number of exceedings of dif‑
ferent st ress range amplitudes. Scme comments on the basis of the regu‑
l a t i on are found in Alpsten /23/ and Ja r f a l l /24/. Further references to
fa t igue a r e found in Moses et a l . /20/ and in Fatigue of Concrete /25/.
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3 THEORETICAL MODEL FOR CALCULATION OF LOAD SPECTRA.

This par t of the repor t deals wi th a numerical model, LOSP, f o r calcula‑
t i o n of LOad SPectra, o r load density func t ions , va l id f o r different
road sections and time periods. The calculated load density functions
w i l l l a t e r be used as inpu t f o r another theoretical model, NULESP, which
analysis the ar i s ing loadeffects in d i f f e r en t parts of a bridge st ruc ‑
t u r e , caused by the passing loads, vehicles.

3.1 Derivat ion of model

3.1.1 "Introductory discussion

Through the evaluation of the model a more: sophisticated expression f o r
the loads, vehicle weights, tha t w i l l d r i ve over a road section w i l l be
achieved, than wi th a conventional deterministic load approach. That is
the non-determin is t ic , s tochast ic , nature of the loads w i l l be conside‑
red.

The only loads considered here are those of heavy vehicles, t ha t is pas‑
sanger cars are omitted. It is furthermore the s ta t i c load, the actual
vehicle weights, which are studied with no superposed time varying dyna‑

mic fo rces .

Beside the stochast ic variable total vehicle (or axle) gross weight, a
more or less complex col lect ion of determinist ic and non-deterministic
variables are required to give an adequate description of the loads f o r
a cer ta in app l ica t ion . I t a l l depends on how accurate the load transfer
to the road surface has to be specified. In order to make possible ca l ‑
culations of axle load spectra, a determinist ic distr ibut ion of the to ‑
t a l vehicle gross weight on d i f f e r en t axles were assumed f o r d i f f e r en t
vehicle types, which then are characterized by th is d is t r ibut ion and the
axle-configurat ion.

Once a model f o r the calculat ion of lane occurence load density func‑
t i o ns , or load spectra, is put up, i t can be used to study the influen ‑
ces o f d i f f e r e n t variables and f u r t h e r, with rather easi ly estimated i n ‑
put var iable values, to calculate predicted load spectra, hopefully with
grea te r accuracy than can be made from extrapolated measured spectra.



3: Ve

The derived load spectrum model, LOSP, w i l l form a p a r t , together wi th
the loadeffect spectrum model, NULESP, of a theoret ical system to de‑
scribe the load-loadeffect behaviour in a s t a t i s t i c a l manner.

The produced load densi ty functions are not given in e x p l i c i t formulas
through a purely ana ly t i ca l so lu t ion , since such a solution was judged,
at t h i s stage, to incorporate too many assumptions about the involved
density funct ions and to be too laborious to f u l fi l l without fargoing
s i m p l i fi c a t i o n s . Instead a numerical technique was used i n the solut ion
trus requ i r i ng a computer to br ing about reasonably short calculation:
times. The computer program is wr i t ten in the Basic language f o r a Hew‑
l e t t Packard 2116C computer, wi th 16K words of memory, belonging to the
STructurad: d i v i s i on .

3. 1.2 . Chosen input variables.

The i n p u t variables were chosen to be as simple and as easy to p r e d i c t
as poss ib le . There are two fundamental variables, namely the available
fl e e t of reg is tered vehicles, w i th t h e i r basic data about loading capa‑
C i t y , tare weight and type of vehic le, expressed through the vehicle
type t o t a l weight reg i s t r a t i on density functions and the studied "geo‑
graphical" region. The region concept should be widely unde rs tood .A
region can f o r example be constituted of a l l the main roads in a typical
wood producing d i s t r i c t or of the main t ransfer roads f o r heavy goods
and so on.

To be able to estimate the load spectra f o r a certain region one also
has to know to what degree the vehicles are loaded, the loading level
distribution, and the average year ly dr iv ing distance f o r the vehicles
on the roads of that reg ion, expressed through the dr iv ing distance d is ‑
tribution and region road length.

These are the chosen inpu t variables to which information about the
weight d is t r i bu t ion f o r the d i f fe ren t vehicle types shall be added in
order to make possible the calculations of axle load spectra.
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3.1.3 Representation of resu l t s .

The fi na l r e su l t s , the output, o f the load spectrum model are vehicle
type (axle) gross weight lane occurence density functions: In order to
make them more comprehensible, and to s imp l i f y the comparison with the
l a t e r calculated loadeffect range-level d i s t r i bu t i ons , the load density
funct ions are fi n a l l y transformed to load spectra, that is almost the
inverse dis t r ibut ion funct ion. (The spectrum expresses namely probabil i‑
t i e s f o r an observation to be greater or equal and not only greater
than.)

The spectra can be drawn in both l i near and logarithmic scales thus em‑
phasizing d i f f e r en t domains, see also FIG. 6.1.3-2. In most cases the
logar i thmic representation is used here, which makes it easier to study
the not so common, bu t important, loads with great amplitudes.
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3.2 Descript ion of inpu t variables.

3.2.1 Total weight regist rat ion dist r ibut ion and vehicle type
characteristics:

It was judged tha t an estimation of the main vehicle types, with appro‑
ximate to ta l weight d i s t r i bu t i ons , t o appear i n the future and the i r
shares of the to ta l fl e e t of vehicles, could be done with enough accu‑
r a c y, to serve as i npu t to a load spectrum model.

FIG. 3.2.1-1 shows the main elements of th i s part of the input section
which is found in subroutine SUB 1500 called at l i n e 240 of computer
program LOSP.

N(12,E)

TT |

N(T1,C)
N(1,C)

|
LiRN efte p e l

Cl,1) I
E(1,2)

Weight class,C Veh. t y p eI
F r e vehicle t ype . |
fe = number of vehicle 1Iypes
N (T1,C) type total weight registration density function (absolute)
C(TI,1), C(TI,2) lowest, highest weight class; k,,k> corresponding
loads.
INPUE: k r , ke COLI SCC 2 1 )

NOT E C EDD) for checking for vehicle types
: | l e f 0 T E
NICI CE(T1,20)

FIG. 3.2.1-1. Vehicle type to t a l weight registrat ion density function
inpu t . L£OSP: . :

The vehicle type input could have been l imi ted to the deterministic
weight d is t r ibut ion on axles f o r each vehicle type, but i t also compri‑
ses information about the axle configuration in order to establish a
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closer connection to the loadeffect analyses program, where t h i s i n f o r ‑
mation is used. What is said below, therefore can also be found in Chap‑
t e r 6.2.1 which f o r c l a r i t y is par t l y reproduced below.

The t o t a l number of vehicle types, T2, may be max. 10 each type having
max. 5 axles. The l a t e r introduced axle distance factor distr ibut ions
are not used in LOSP.

B(T1,3)
ÅSEr | | blkelative)
= A T ) A T I J A f å

(Metre)z A C E ) S N

INPUT: V(TI,1) number of axles For vehicle types
Ä T hel A C h o l e F R

Br(bLJI25BL5 l ö ) , BlEL 343 oc

FIG. 3.2.1-2. Vehicle spec ificat ion inpu t , LOSP.

3.2.2 Average year ly d r i v i ng distance dis t r ibu t ions f o r the region.

I t i s through the d r i v i ng distance d is t r ibut ion that i t i s determined
how o f t en , in average over a time period, vehicles of a certain type TI
and t o t a l weight class Cwill drive over a road section. It is assumed
tha t the t r a f fi c is evenly s p r e a din both dr iv ing di rect ions, over the
ent i re reg ion road length , L .

I t is also supposed that the same dr i v ing distance dis t r ibut ion is val id
f o r a l l the vehicles of the same type, T1, and that it is the to ta l
weight of the vehicle that decides how f a r it w i l l t ravel .
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The yea r l y determin is t ic d r i v i ng distance d is t r i bu t ion f o r vehicle type
TI and t o t a l weight class C-is defined through function FND(C, TI) ac‑
cording to FIG. 3:2.2-1.: In th i s report the simpliest shape, a straight
l i n e was selected, but other a r b i t r a r y functions may be chosen. I t is
only the funct ion values f o r integer arguments, weight class C, which
are used.

The corresponding input section is found in subroutine SUB 2000 which
is ca l led at l i n e 300 of LOSP.

NFND(C), driving distance

BOREN

ö ( k 2 )

| | Weight class, C
EbEA 1) C(TLE)

INPUT: O(ELI), D ( I LÉ ) For veh. types Tl=1 to T2

FIG. 3.2.2-1. Yearly deterministic d r i v ing distance dis t r ibut ion func‑
TiOn-Input; LOSP:

Both the road length L and driving distances are expressed in the un i t
1000 metres = 1 km.

3.2.3 Loading leve l d is t r ibu t ions f o r the region.

The l a s t necessary input to do, supplies information about the degree of
u t i l i z ed available load bearing capacity of the regarded vehicles. A
sStochastic var iab le , the loading l e v e l ,is introduced, which is a factor
by which the vehicle t o t a l weight shal l be mul t ip l ied, to be transformed
to the actual gross weight of the vehicle running on the road.

loading leve l = vehicle gross weight (1)
vehicle to ta l weight

In the LOSP-mode1l each loading level density function is val id f o r a l l
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vehicles o f the same type, which o f course is as imp l i fica t ion among
others. It is also possible to define several vehicle types which are
a l i k e , and to apply d i f f e r e n t loading level distributions on them, thus
r e fi n i n g the calculat ions.

In the LIST OFTERMS are some vehicle weight related terms explained,
which are used below.

(Jr: I0deR LL JA A C L

Loadinglevel by total weight

NE ad
Loading level by total load

Vehicle »overloaded
Vehicle carrying max load

Vehicle corrying no load

INPUT: Q , D , & , 0 , 0 CALCULATED: D),&) ,Dö |

FIG. 3.2.3-1. Loading level d is t r ibu t ion input , LOSP.

The loading leve l densi ty functions consists of four main parts. Three
o f them are probab i l i t i es f o r discrete values o f the loading level to
occur and the four th is a continuous function par t . FIG. 3.2.3-1, which
is commented below, shows the pr inc ip le appearance of the function. The
ringed numbers r e f e r to index I1 in variable L(T1,I1). (See also FIG. at
var iable L(T1,I1) in the NOTATIONS.) |

As can be seen there are two loading level axes of which the upper is
the one normally re fer red to here. The lower axis expresses the loading
leve l as a r e l a t i o n between actual load and maximum permissible Toad,
t o t a l load. This representation of the loading level may be of in te res t
when pure loading parameters are considered. (Here L(T1,5) and L(T1,6).)
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Loading level GG) expresses the re la t ion tare weight/total weight, va l id
f o r an unloaded vehicle. It is assumed that th is loading level together
wi th the max. gross weight/total weight level (normally equal to 1) are
more specific and probable to occur, than other loading levels. There‑
fo re the loading level continous.dens i ty function is not defined in
these points, in return histogram staples, representing probabil ity va‑
lues, GD) and (a are introduced. Point (4) is normally equal to I
since the maximum gross weight equals the total weight, but to gain fl e ‑
x i b i l i t y i t i s possible t o provide i t optional values.

The loading level though can exceed (4) and that is when the vehicles
car ry overloads. This is taken i n t o account through staple 2) at level
(9) (or (5)). I f the assumed, point d is t r ibu ted , overload loading level
i s not estimated to be sa t i s f a c t o r y i t i s possible t o put (4) greater
than 1 thus adding a distr ibuted overload loading level par t .

The loading level values between 3) and (4) are supposed to be uniform‑
l y d is t r ibuted and defined by parameters ÖT 3) and (4). In Chapter
3.4 is shown the s l i g h t influence the shape of th is function has on the
fi n a l l y calculated gross weight lane occurence distr ibut ions.

The only s t a t i s t i c a l property used to describe the loading level densi‑
ty funct ion is the mean loading level (6) which is input together with
(3. (DD. 5) , (2 and 4) leading to two more values to be calculated,
namely areas 7) and (8). thus completely defin ing the function. This i s .
done under the fo l lowing condi t ions, the tota l area of the density func‑
t i on to be 1 and the mean value to be equal to (6). In th i s way the area

is automatical ly calculated, that is the probabi l i ty f o r a vehicle
to carry max. load can not be d i r e c t l y forecast. The input is made th i s
way because it is judged that 0 and (2) is more eas i ly estimated than
CEand (8).

The re la t ions between the loading level parameters are fur ther explained
and deduced in Appendix A.

The loading level input is found in subroutine SUB 2500 which is called
at l i ne 320 in LOSP.
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3.3 Descript ion of load spectrum model, LOSP.

This chapter describes the numerical model f o r calculation of load spec‑
t r a , LOSP, and the corresponding computer program wr i t ten in BASIC (Hew‑
l e t t Packard Basic) with the same name. The program l i s t i n g is found in
Appendix B.

F i r s t is the model described inc luding a summary chart followed by a
flow chart of the program. No examples on runs are given here, instead
reference is made to Chapter 4 CALCULATED AND MEASURED LOAD SPECTRA

30 Description of the model inc lud ing summary chart .

The load spectrum model, LOSP, is a numerical calculation model by which
loads, par t i cu la r l y loads of heavy vehicles, appearing a t a road section
can be determined and expressed in s ta t i s t i ca l terms outgoing from para‑
meter values possible to estimate. The load amplitudes are thus repre‑
sented as d is t r ibu t ions and not as constant values.

The fo l l ow ing descr ipt ion of the program is made outgoing from the sum‑
mary char t presented in FIG. 3.3.1-1.

The calculations are pr inc ipa l ly executed in two subroutines, of which
the fi r s t transforms the vehicle type to ta l weight registrat ion absolute
densi ty func t ions , N(ITT;:); to vehicle type to ta l weight lane occurence
absolute (one year) density funct ions, G(T1,.) by means of the dr i v ing
distance d i s t r i b u t i o n s , see FIG. 3.3.1-2. The second subroutine then
transformes G( . . ) to vehicle type gross weight lane occurence absolute
densi ty funct ions, by means o f the loading level d is t r ibu t ions , see FIG.
I . 3 . 1 = 3 ;

From FIG. 3.3.1-2 it can be seen how the number of lane occurences f o r
each vehicle type to t a l weight class is calculated. It is assumed that
a l l vehicles of the same class and type travel equal distances per year,
FND(C), inc lud ing both d r i v i ng direct ions.

FIG. 3.3.1-3 shows how the conversion of G(T1,.) from a to ta l weight
d is t r ibu t ion (here cal led G'(T1, . ) ) , to a gross weight distr ibut ion is
done. Each to ta l weight class, I2 with weight K4, is spread and accumu‑
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ED /nput section
; CD ‐ Lalculation sectionNumber of vehicle types Y- CO Output section

For each vehicle type: SUB 1000 Number of registered SUB 1500
vehicles BVPB?00)

Number of axles ; OUTFUT
Weight distribution onaxles
(Axle distances) foral weight

Region:
road length

JUB 3000
Calculationis

Driving distance SUB2000
distribution. Each vehicle
lype. Drivingeisronce£ach vehicle type

Lane accurencesYear
Total. weight

Loading level SUB 2500
distribution. Each vehicle
/IPE = level

Loading level

Total. weight

SUB351
Calculations

SUB 7000
bross weight

Veh. types
SPECTRA
LIN=LOG

Number >=

Dens. func. SUB 6500
Lone occurences

Calculations Calculations

SUB 7000JUB 7000Axle ; Gross weight
Gross weight All vehicles

SPECTRA : SPECTRATIN-LOG Each vehicle type UN-LOG

Number >= Number >=
Gross weight

DENSITY FUNCTION SUB 8000 lOUTPUT ON DENSITY FUNCTION
PAPER TAPE

FIG. 3.3.1-1. Summary chart of LOSP. (See also flow chart FIG. 3: 3211 )
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Jäted in G(TI;.)> pr imar i ly in an a ld matrix Y(.):s according to the 1l0oa‑
d ing level densi ty funct ion.

NET, C)

FOR EACH VEHICLE TYPE

ECE = C(TI,2) Total weight class,C

FND(C)

D(TI,1) Driving distance distribution

Fno(e) || Tocrne)

&

6(T1,C)

6(T1,C)-N(T1,C).SBC
L=Region road length

COD CC‐ C(TI,2) Total weight class,C

FIG. 3.3.1-2. Calculation of to ta l weight lane occurence distr ibut ions.
SUB.3000- in -.LOSP.

F i r s t the no load , max. load and overload loading levels of the 1load‑
i n g level d is t r ibut ion are treated and then the continuous part (8).
The contribution to class G(T1,I3) becomes f o r each I3 ( I3 is incremen‑
ted between the "lower I 3 " and 14, FIG. 3.3.1-3).

G(TI Le
‐g

area = GTI NL2) CYL(TTIS) Mode = a (TT IE) Rå (2)
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FÖR EACH VEHICLE" FYFE

C(T1,1) CS C(Il,2) Total weight c lass ;C
Weight

| Pl =class width
CE O =index in| 0)

FSG (TE) ra
ZEN; S

6(T4I2XDM | SS 3
7”Areos see N

- formula 2 y : |
LJCJEA ovl o lemere

levels

Sa

I3=C(TLI) Ad 14 ‐ C(TI,4) Gross weight class,C
Kk4-3) K4& K4-:0M Weight

"lower I3 ' (K4+:Q iF O D )

FIG. 3.3.1-3. Calculation of gross weight lane occurence dist r ibut ions.
SUB:-3500; in -EOSP:

The main calculations are now gone through. F ina l l y the axle gross
weight lane occurence and to ta l ( " a l l vehicle") gross weight density
functions are calculated. The former is determined by means of the
weight d i s t r i bu t i on on axles information.

The fo l lowing output is obtained during a RUN.

Vehicle type spec ifica t ions , pr inted during input

Dr iv ing distance d is t r ibu t ions , printed during inpu t .
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Loading leve l d i s t r i b u t i o ns , pr inted during i npu t .

Input to ta l weight reg is t ra t ion distr ibut ions and gross weight lane
occurence dis t r ibut ions plo t ted as density functions together with
schematic vehicle type descr ipt ions. Subroutine DENS PLOT.

Vehicle type, axle and t o t a l gross weight spectra plot ted in l inear
and logar i thmic scales. Subroutine SPECT PLOT.

F i na l l y may the t o t a l and axle gross weight absolute (one year)
density funct ions be punched on to papertape, if switch = 1, o r ,
i f switch = 2, the t o t a l , axle and vehicle type gross weight abso‑
l u t e densi ty functions are punched. Subroutine PUNCH.
The format of the punched tape i s :

run No., region No.

weight class wid th , lower class number, upper class number,
number of occ. /year

| Number of occurences lower class

| Number of -occurences upper classi
3.3.2 Computer program flow chart .

Below is a flow chart presented which includes the main elements of the
Basic program LOSP. As the program is in te rp re ta t i ve no certain input ‑
output catalogue is necessary as f o r the NULESP program. The program
Tisting-ts- föound-1Tn Appendix B.



from line
To line
100 Variable block
165 Define functiona |

200 Run number

230 Vehicle spec. input 5UB 1000

240 Total weight distr. input, N(TI,.). 5UB150D0

250 Region number input

(0 370 Drivins distance inpu t; 59 =1= Fes>
LTD

300 Drivina distance distribution input
Region road length SUB 2000

305 Loading level input ; 58=1 = DD

Was loading level input (58=1) or
driving distance input ‐ (59=1)

e s )
327 Calculate total weight lane

occ. distr ibutions, 6 ( T ! , . ) . ‐ SvB 3000

325

330 Calculate gross weight lane occ.
distributiona. Y ( . )=G(TI,+:). SUB 3500

335 (Calculate total and axle gross
weight distrubitions P(1,.),P(2,.).SUB4000

360 Dens plot SFP) 75 Dens plot 5VB6500CE
380 Spec! plor E221395 Spect plot SUB 7000ÖR
400 Punch SLE2415 Punch SUB 8000

(2) Ar

FIG. 3.3.2-1. Flow chart LOSP. (See also summary chart FIG. 3.3.1-1 and
Appendix B.)

SUBROUTINES

INPUT

5UB 1500
TOTAL WEIGHT DISTRIBU‑
TION INPUT

SUB 2000
DRIVING DISTANCE
INPUT

SUB 3000
CALCULATIONS

SUB 2500
LOADING LEVEL
INPUT

SUB 3500
CALCULATIONS GROS55
WEIGHT LANE OCCURENCE

SUB 4000
TOTAL CALCULATIONS.
Axle and "all vehicle"
gross weight distr.

SUB 6500
DENS FLOT
Plot density functions

SUB 7000
SFPECT FLOT
Flot spectra.

5UB 6000
PUNCH.
Density functions.

SUB 6000
BOX PLOT
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3.4 Discussion of certain variables influence on the result.

This chapter brings out an idea about the relative importance of the
three main variables loading leve l , d r i v ing distance and input load
dis t r ibut ions. The results are presented as spectra which are calculated
and drawn by a Basic rout ine LLTEST. The influence of the dr i v ing d is ‑
tance and load d is t r ibut ion shapes is related in Chapter 3 .4 .2 , which can
also be looked upon as an i l lus t ra t ion o f the spectrum appearance in
r e l a t i o n to the underlying dens i t y function. Further discussion on the
influence of weight distr ibut ion on axles are held in Chapter 4, calcu‑
lated spectra, and 6 .5 , variable influence in loadeffect spectrum model.

3.4.1 Loading leve l d is t r ibut ion influence.

00od

- ER MD
TOTAL WEIGHT LANE OCCURENCE ÖDE Load

ha 5 FUNCTIONS

o | NY, 4 . ( I - a , )X x  M i  E n  E f  . ( A - 9 a ). (EF) &) I - r =E
a&

g(x) RE
ON Rd fa AN By LE MF na lA= 56)r:(x,-00) É :

(s]

(4) 2 A=oe bd 0)
Xx

i

ö," ac | « Loading a by total weight

gp tg . Loading level by total load

go ir Monsdimensional- mean ot g(0)

FIG. 3.4.1-1. Five loading level distribution types and three load d i s t ‑
r ibut ion types. Notations see Appendix A.
(fload to ta l weight lane occurence density function)
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As mentioned in. the LOSP description, Chapter 3.3.1, a loading level
distr ibut ion of type 3, see FIG. 3.4.1-1 and Appendix A, was used in the
calculations of load spectra. In order to study the influence of the
loading level distr ibution appearance, expressions f o r four more dijstri‑
butions were deduced, Appendix A, and used on three main shapes of load
distr ibut ions in a computer program LLTEST. The five types of loading
level density functions and three types of load density functions are
explained in FIG. 3.4.1-1, which also contains some important formulas
picked from Appendix A. Notations are also explained in Appendix A.

In the tes t runs the overload part of the loading level distr ibution
was not included. Instead a the max. gross weight which normally is
one, w i th i t s related area-probability M, is increased to show the i n ‑
fluence of loading levels greater than one.

To give an idea about the relat ions between the loading level parameters
and to show the inpu t combinations used in the LLTEST runs, FIG. 3.4.1-2
is drawn.

& =RUN combination 0195 | 0.474

Yr: vb bj: 00 Yu00.3
LR RR 05 IA
Ör = (9.5 SÅR 0.6 4; 2 0 5

0x,"B.65 i: oc" 0.728 ll "005

FIG. 3.4.1-2. Relation between tare/total weight por t ion, E, and max./to‑
t a l weight port ion, M, f o r non-dimensional g(o) mean, r,
equal :to,0:353.-0.5. and=0-65.
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The resul t is presented as computer plotted curves in FIGS. 3.4.1-3 to
3.4.1-5. The calculations are performed for discrete input load d i s t r i ‑
butions in a similar manner asdescribed in Chapter 3.3.1, description
of LOSP. The resu l t ing spectra are plotted under the assumption of uni‑
form dis t r ibu t ion of vehicle gross weights within each c lass , correspon‑
ding to a lower envelop of a load spectrum produced by LOSP.

FIGS. 3.4.1-3a-c

FIG.-3:4.1-4

FIG: 3:4.1-6

With input values according to FIG. 3:4.1-2å. The
calculations are performed f o r the three types of
i n p u t load distributions. The mean loading level,
23 is put ,to 0:65.

With inpu t values according to FIG. 3.4.1-2b. The
calculations are performed f o r load type 3. The mean
loading l e v e l , A33 is increased to 0.72 and the
max./total weight por t ion, M, retained equal to 0.2.

With input values according to FIG. 3.4.1-2c. Load
type 3 is used. Mean loading l e v e l , 23 is equal to
0.65. The max./total weight, a4a is increased from
1  t o l : 1 5 ,

Fixed points have been placed in the figures , coordinates (10 2, 150) and

(1 2, 300), to make the comparisons between figures easier.

The main conclusions about the loading level influence are

The shape influence of g(a) is comparatively small even f o r d i f f e r ‑
ing g(a) mean, r.

A change in the to ta l loading level d is t r ibut ion mean, Aa raises
or Towers the inner parts of thé spectrum to a corresponding degree.
The difference is more protruding in the l inear representation.

It can also be seen from the figures that increasing variance of the
loading level d is t r ibu t ion raises the high load and Towers the Tow
load parts of the spectrum. This involves a great importance to the
max./total weight port ion value, M.
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Load

02 HA oE=02 0,03
3 5 Load M=0:2 = OEI400

A=0.6..; 4 ,05
Lood, type 1,2,3,4,5

300

200

100

400

300

200 |

lype 3,4, J E ,

00

2 i
6 HÅ

Log (absolute number >=)

FIG. -3.4:1-3a
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E£=0.2 0 =0:3

0 4 , | /200 ( Load M=0D.2 Xx, 2

A=0D.6 8, =0.5
0.0.6

rr. =0.5300

200 ‑

0 0  -

Load, type 1,2,3,4,5
(Type I E=M=Q5)

Lood, type 3;450, E; U

400

300

200 -

00

Type 5,4,3,2,1, load

‐f
P>=

1 0 :

FIG. 3.4.1-3b

Log (absolute number >=)
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E S  D E L A  d d
er M=02 BA

AROIEET Od

0.=0.6
Lödd, type l) ,2,3,49 r = 0 3

2 0 0 ‑
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i 0 0 ‑
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400 04
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Type 5,4,3,2,(1),loade00: ‑

Q
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FIG: 3.4: 1=3C
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NR FR E=0 CR 0.3
400 ; SR M=0.2 ol

; A=0.0 = Bb,” 0.6
| Load, type 1,2,3,4,5 | «= 0.72

300 | a ; F a l

q <> (Type I E=0.4 iM=06)

200 NW
Lood, type &,4,3,2,!

i00 a , ”0.6
(fig 3.4.1-3c)

0 I 1 I [EE
0 20 SI 0 Sf 00 AR 00 0 AS

400 07

300 ; ; SN V

Type 5,4,3,2,1, load. |
200 N

NT
0

100 3 |
” (fig3.4.1-30)] NN

| ve |

0 i AT SE St | de TER i
/ 2 5 4 5 6 7

Log (absolute number > = )

FIG: 3:4.:1-4
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Load

0 ÄR 0:93
400 Ne Lö0d M=0.2 a = 115

BA," 0.5
Types 2,4". r=0:35 E=0195 00.6
Types 2,3,4 r=0.5 > E>0.376

MOT lypese.4 ‐r-0.65 E-0.474

00

400

a, =!la
(fig3.4.1-30)3 0 0‑

2 0 0‑

100 - |

ol ä > 3 5 6 7 le

FIG. 3:4.1=5

Log (absolute number > =)
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The upper l i m i t of loading level values, that is 04 (or the over‑
load loading level 0)» affects the spectrum appearance noticeable,
at least when represented in a logarithmic scale, in that an i n ‑
crease of t h i s value raises the spectrum, in the high load regions,
to a corresponding degree.

3.4.2 Dr iv ing distance dist r ibut ion and registered vehicle dist r ibu ‑
t i on influence.

The dr i v ing distance distributions are not treated as stochastic variab‑
les but as constants, which together with the region road length trans‑
formes the vehicle to ta l weight reg is t ra t i on density funct ions, class by
class, according to F IG .3 .3 :1 -2 .

A careful analysis of the shape influences of the dr iv ing distance d is ‑
t r i bu t ion and reg is t ra t ion to ta l weight density function was not consi‑
dered essent ial to car ry through in detail. Instead simple density func‑
t ions were transformed to l inear and logari thmic spectra to give an idea
about the relat ions between density functions and corresponding spectra.
The resu l t is shown in FIG. 3.4.2-1. The calculations and plots are per ‑
formed wi th a computer routine LLTEST.
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4 - CALCULATED AND MEASURED LOAD SPECTRA

In th i s chapter load spectra are calculated f o r three d i f f e ren t time pe- .
r i ods , years 1965 and 1973 and f o r a future time period. The calculated
1965 spectra are compared with measured spectra and the calculated 1973
spectra are l a t e r used as input to calculations of loadeffect spectra,
which are compared with a few measured loadeffect spectra f o r the same
per iod . F i n a l l y, two predicted load spectra are calculated which are
used as input to tests of the loadeffect spectrum model and to calculate
pred ic ted loadeffect spectra.

The determination of input data w i l l of course be par t l y coupled to
Swedish regulat ions about vehicle weights but w i l l , however, show a pro ‑
cedure to put up the input data.

The region types are picked from the table below, FIG. 4-1, which shows
a possib le rough main c lass ifica t ion o f region types. See also FIG. 4-2.

Long distance (furopean highway) I
Short distance (National main road ) Ile
Special (ex. wood d i s t r i c t )

L o n g+ short distance
Short distance [AA
Speciol (ex. factory approach)
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4.1 Comparison -between measured and calculated load spectra f o r the
year 1965.

Load spectra are calculated f o r two rural regions, one subjected to main‑
1y long distance, and the other to short distance, t r a f fi c , (regions 11
and 12). The underlying data is picked from "Lastbi lar och Lastbi ls t ra ‑
fi k " / 28 / , "Fordonskombinationer" / 2 9 / , "Bilismen i Sverige" /30/ and
Jonsson /31/. The input is determined with guidance from this l i te ra tu re
and does of course not claim to exactly describe the state of things in
1965:

The calculated spectra are compared to measured spectra from the 1965
loadometer study in Sweden.These resul ts were picked from Brinck /32/.
The 1965 loadometer study was the la tes t performed in Sweden of tha t
extent.

A fi n e r val idat ion of the model may hopeful ly be made during the planned
fi e l d investigations which are mentioned in Chapter 7.

4.1.1 Values of input variables, 1965.

In Sweden the maximum permissible axle/tandem weights at that time were,
and s t i l l a re , 8/12 and 10/16 Mp (= 80/120 and 100/160 kN) with maximum
permissible gross weights, also re lated to the total axle distance, equal
to 37.5 and 41.5 Mp respect ive ly : (= 375 and 415-KkN). The vehicle to ta l
weight r eg i s t r a t i on density functions per the fi r s t o f January 1966 were
found in "Lastb i lar . . . " /28/ divided on lo r r i es , t ra i l e rs and semitrai‑
l e r s . On the basis of these density functions, maximum axle/tandem weighs
100/160 and maximum gross weight 415 kN vehicle types according to FIG.
4.1.1-1 were defined. .

The axle distances are not specified here because th i s information is
no t used in the load spectrum,calculations. The ringed vehicle weight
distr ibut ion is such that permissible weights are not exceeded. Accord‑
i ng to Jonsson /31/ axle overweights, besides those achieved with an over‑
weight loading leve l , were common among the heavy vehicle types. This f a c t
was regarded by a complementary set of weight distributions f o r types 3
to 5, wi th in squares in FIG. 4.1.1-1, calculated under the assumption,
that the heaviest ax le , inner if possible, has got 20 Z overweight which
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FIG. 4.1.1-1. Vehicle types f o r the year 1965. Weight distr ibut ion on
axles r inged, with 20 2 overweight on one axle squared.

The to ta l weight reg i s t ra t i on distr ibutions are not l i s t ed . Instead they
are found in the p l o t output from the LOSP runs, see next chapter, FIG.
4.1.2-2. As the distr ibut ions were o r ig ina l l y divided on lorr ies and
t r a i l e r s a pa i r ing o f f according to the vehicle type specifications had
to be made. Thereby i t was, assumed that a l l the t ra i l e rs were always a t ‑
tached to a l ö r r y Which according to "Lastbilar . . . " /28/ is f a i r l y
true (94 2 of the l o r r y dr iv ing distance) f o r at least trailers with
more than two axles. The density functions were truncated f o r low to ta l
weights so tha t the lowest axle to ta l weight mult ip l ied by the lowest
loading level ( ta re / to ta l weight, specified la ter ) became greater than
12.5 kN as th i s was the lowest axle weights registered in the loadometer
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study.
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FIG. 4.1.1-2. Dr i v ing distance as f u n c t i o nof l o r r y to ta l weight.
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FIG. 4.1.1-3. Dr iv ing distance distr ibutions f o r long distance and short
distance regions related to vehicle to ta l weight, 1965.
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From the same source was FIG. 4.1.1-2 constructed giv ing an idea about
the d r i v i ng distances as a funct ion of vehicle to ta l weights. These cur‑
ves served as guidance when the d r i v i n g distance distributions f o r Tong
and shor t distance regions were put up. See FIG. 4.1.1-3.

The same loading level d ist r ibut ion was used f o r a l l vehicle types. The
mean loading level by tota l load, picked from "Lastbilar . . . " /28 / , was
put to 0.65 and 0.55 f o r t h e two regions.

The tare/total weight share was found to be approximately 0.45, from
" l as tb i l a r . . . " / 28 / , wi th somewhat higher values f o r l i g h t l o r r i es and
lower f o r t r a i l e r s . The probabi l i ty f o r a vehicle to drive without load
was estimated from "Bilismen . . . " /30/ to 15 2 (25 2) and the over/total
load share and por t ion 1.2 and 20 4 respectively from Jonsson /31/.

Vx
151 long distance né00 [a loading level by toral weight

1 short distance Å 4 =loading level by total load
Ö Å( oa

j Vör
0.45 IR

p A  d o
0.6 M long distance
0.55[ ”EAN Ishort distance

FIG. 4.1.1-4. Loading level input 1965.

For the ru ra l long distance region i t was supposed that only a f rac t i on ,
here put to 0.5 of the avai lable amount of single l o r r i e s , type 1 and 2,
were running on these roads. This is accomplished by reducing the d r i v ‑
i n g distances, according to FIG. 4.1.1-3 to a corresponding degree. The
reason f o r t h i s reduction is that it is assumed that many single lo r r ies
of the urban regions seldom make long distance travels on. rural roads.

It was assumed that the to ta l road length of both regions were 10000 k i l o ‑
metres, based on the f a c t tha t the t o t a l main road length with paving at
tha t time were 10000 kilometres.
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4.1.2 Calculated änd measured load spectra, 1965.

The calculated spectra f o r regions rural long distance and rura l short
distance are compared with corresponding measured spectra on the follow‑
i ng pages. |

The measured vehicle gross weight spectra are rather summarily presented
in Brinck /32 / , but it was not considered that essential f o r the author
of t h i s repor t to make a fur ther evaluation of the source mater ial . The
measured axle gross weight s p e c t r u mfor region long distance was prepa‑
red by Bo Eriksson-Vanke, The National Road Administration, in a memo on
fat igue in highway bridges 1972.

From the calculated vehicle type gross weight lane occurence density
funct ions, see FIG. 4.1.2-2, figures f o r vehicle type lane occurences
are put up and compared to observed, photographic data collected 1962‑
1963, from "Fordonskombinationer" HEI See R I G A

a  E E
61 "I
IL

2 0 6aga f o o t
od

FIG. 4.1.2-1. Vehicle type lane occurences. Measured (European highway +
5 national main road) and calculated.

Calculated
l o n g - s h o r t distance

ZZ77 Z

FIG. 4.1.2-3 shows calculated spectra f o r rural long distance region and
FIG. 4.1.2-4 f o r rural short distance. The dashed curves represents the
measured spectra. A second axle gross weight spectrum was calculated f o r
the long distance region using the or ig ina l (c i rceld in FIG. 4.1.1-1)
w e i g h t .onaxles distribution.
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Ås can be seen the agreement between measured and calculated spectra is
f a i r l y good, especia l ly f o r the axle spectra. The discrepancy between
vehicle gross weight spectra is more pronounced in the l inear than in the
logar i thmic scale. The measured logarithmic spectrum was calculated out‑
going from the l i nea r spectrum wi th the same to ta l vehicle flow as calcu‑
la ted. No information is available about measured spectra above the 400
kN level other than the upper l i m i t lays around. 500 kN. Jonsson /31/.

In FIG. 4.1.2-3 rural long distance region, are also sketched parts of a
l inear vehicle gross weight spec t rumand a logarithmic axle gross weight
spectrum calculated by means of a loading level dis t r ibut ion with tare/
t o t a l weight por t ion equal to 40 2 and max./total weight port ion equal
to 35 2, (see the dotted curves). This increase of the variance of the
loading level densi ty funct ion moves, as expected, the calculated spect‑
rum towards the measured in the upper sectrum region. An increase in
mean load/total load to 0.7 (from 0.65) has approximately the same e f ‑
f e c t , but wi thout the lowering e f f e c t f o r low loads.

As mentioned a be t te r agreement could be achieved between calculated and
measured spectra. It was though considered more essential here to show
t h a t it is possible to get rather close to real spectra through t rea t ‑
ment of simple underlying data.
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4.2 Calculated load spectra f o r the year 1973.

In th i s chapter load spectra are ealculated fo r the rural long distance
(11) and ru ra l short distance (12) regions. The load spectra are inten ‑
ded to be representat ive f o r the European highway south of Stockholm,
highway bridge across Söder tä l je canal, and the other f o r main road 45
at Köpmannebro in Västergötland. These load spectra w i l l l a te r be used
a s input t o c a l c u l a t i o n so f loadeffect spectra, Chapter 8.1, which are
compared to two loadeffect spectra collected from the highway bridges
a t these s i t es . | :

The input data are mainly picked from "Stat ist iska meddelanden NRT
1974:47" / 3 3 / , "Bilismen i Sverige" 1971 and 1973 /30 / , "Lastbi lar och
l a s t b i l s t r a fi k " /28/ and a memo o n f a t i g u eo f highway bridges 1975 b y
the author where load spectra are put up with somewhat d i f fe ren t input
values. Considerations are also given on the input sources used and r e ‑
s u l t s obtained, of the preceding chapter, load spectra f o r the year 1965,
since information about the 1973 conditions is scanty.

4.2.1 Values of input variables, 1973.

The maximum permissible axle/tandem weights in Sweden were and are 80/120
and 100/160 kN. The corresponding maximum gross weights as function of t o ‑
t a l axle distance are found in FIG. 4.2.1-1.

gross weight, kN
Maximum 514sd

| I00/I60kll roads
400

|300 80/120 kl roads

200 FE RS IG
S S  e e n

00

U0-2 db BM -12-J0]b-10--22
Total. axle distance, m

FIG. 4.2.1-1. Maximum permissible vehicle gross weight as function of
t o ta l axle distance.
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FIG. 4.2.1-2. Vehicle type specificat ion f o r the year 1973. Weight d i s t ‑
r ibut ion on axles ringed.
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On the basis o f the l a t e r described to ta l weight reg is t ra t ion d is t r ibu ‑
t ions and the 1975 weight regulations valid f o r 100/160 kN roads, vehicle
types according to FIG. 4.2.1-2 were put up. Only one set of weight d is ‑
t r i bu t ion on axleées was assumed. The influence of the weight d is t r ibut ion
shape on the appearance of axle load spectra and loadeffect spectra is
fu r the r studied in Chapter 6 .5 .3 . A proper axle overweight weight d i s t r :
bution on axles w i l l be chosen in Chapter 8.1 where the corresponding
loadeffect spectra are calculated. The vehicle type specificat ions also
include values on axle distances which are used in the loadeffect spectra
calculat ions. ; i ;

The t o t a l weight distr ibut ions f o r lo r r ies and tractors f o r semitrai lers
were found in "Stat is t iska . . . " /33/”as well as distr ibut ions f o r load
capac i t ies f o r semitrai lers and t r a i l e r s . The t r a i l e r load capacity d i s ‑
t r ibut ions were transformed to t r a i l e r t o t a l weight disStributions by as+
suming tare/total weight equal. to 0.25 which seems to beadequate enough
a t least f o r high t o t a l w e i g h t s .

A -pal r i n g o f f o t l o r r i es and t ra i l e rs was then made assuming as before,
t h a t a l l the t r a i l e r s were always attached to a l o r r y. A truncation was
also made o f the type 1 l o r r y t o t a l weight reg is t ra t ion d is t r i bu t ion be‑
low 70 kN, which corresponds to unloaded lo r r ies with f r o n t and rear axle
weights below: 70-:0.35/5 = 4.9 respect ive ly 19.6 kN. Furthermore, a l l
l o r r i es and trailers with to ta l weights below 30kNwere removed. The
class width was put to 10 kN.

The to ta l weight reg i s t r a t i on distr ibutions are not l i s ted . Instead they
are found in the p l o t output from the LOSP runs. FIGS::4.2.2=2 and - 4 .

From "Bilismen ... 1973" /30/ obtained information about dr iv ing distan‑
ces d id no t provide anything new besides the already shown distributions
used in the 1965 calculat ions, see FIG. 4.1.1-2. Therefore the same as
Sumptions about d r i v i ng distance distr ibutions as function of l o r r y t o ‑
t a l weights were made in the 1973 calculations. The chosen values are
found in: FIG. 4:2.1-3.

The same loading level distr ibut ion was chosen f o r both regions as a r e ‑
s u l t of a study of the 1965 calculations and due to lack of base data.
The chosen distr ibut ion has a tare/total weight por t ion equal to 0 .3 , from
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Driving distance distributionIype ‐ LorrylkN) ‐ Total (KND
; Km/ycar
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| 2 4.
‐ ‐ ‐ S h o r t distance "2!t0l weight, s d|

Long distance

FIG. 4.2.1-3. Driving distances related to vehicle to ta l weight, 1973.
Rural long distance and short distance regions.

"Bilismen ... 1971" /30 / , giv ing the loading level density function a
relatively great variance. The tare/total weight loading level was put
to 0.35 which a f t e r a study of vehicle spec ificat ions was judged to be a
representa t i ve figu re . The mean load/total load loading level was estima‑
ted from "Bilismen ... 1971" /30/ to 0.65. The same overweight por t ion ,
though with lower overload/total load loading leve l , as in the 1965 ca l ‑
culations was assumed, which may be jan underestimation of the observance
of the regulat ions. The assumed distr ibut ion is shown in FIG. 4.2.1-4.
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o a=loading level by total weight
42 loading level by total load

3070 28 COSS
0.35 EA

mean=D.65 I LJ NS

FIG. 4.2.1-4. Loading leve l input 1973. Rural long distance and short
distance regions.

The same rather a rb i t r a r y chosen fac to r 0.5 , as was used i n the 1965
calcu lat ions, was also used here to reduce the number of single lo r r ies
involved in long distance t r a f fi c . The region road lengths were s t i l l
supposed to be 10000 kilometres.

Tne r e su l t of the runs are shown in the next chapter with some comments
made.

4.2.2 Calculated load spectra, 1973.

Below the calculated spectra f o r rura l long distance and short distance
regions are presented. In the figures dashed spectra are also drawn rep=
resenting 1965 measured spectra.

FIG. 4.2.2-1 shows the calculated vehicle type lane occurences.

[ ö r ]a n|

FIG. 4.2.2-1. Vehicle type lane occurences. Calculated 1973.
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FIG. 4.2.2-1 may be compared to FIG. 4.1.2-1 which is val id f o r the 1965
calculat ions. Most of the di fference between the vehicle type lane occu‑
rence figures is explained by the f a c t that the number of registered two‑
axle t r a i l e r s has increased by about 80 2.
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4.3 Predicted load spect ra .

In t h i s chapter e f fo r t s are made to calculate predicted load spectra.
The predic ted input values are not brought out from comprehensive ana‑
lyses of the fu tu re and do not of course claim to give a correct p ic ture
of the fu tu re . Hopefully though comparisons to the before calculated
spectra, todays spectra, can give an idea about a possible change in the
spectra appearances.

The predic ted spectra w i l l be used in the analyses of d i f ferent variab‑
les influence on the appearances of those loadeffect spectra calculated
wi th the l a t e r described numerical model, NULESP.

4.3.1 Predicted values of the input variables.

In "Vägplan 70" /34/ concerning the planning of roads in Sweden and out
of comments from "Preliminära nordiska lastbestämmelser f ö r vägbroar" ‑
"Preliminary Nordic Load Regulationsf o r Highway Bridges", it can be
found tha t in the fu tu re higher permitted axle/tandem loads may be ex‑
pected (130/210 kN) as well as somewhat higher to ta l weights. The maxi‑
mum permissible t o t a l axle distance is now 22metres but it is qu i te
conceivable tha t t h i s w i l l be decreased to around 18 metres.

I t i s probable that a higher u t i l i za t i on o f the load ca r r i e r w i l l lead
to more reg is te red vehicles of type tractor-semitra i ler where the t rac ‑
tors are not t i e d to spec i fi c t r a i l e r s . Furthermore a more wide spread
use of standardized loads, such as containers, may lead to fewer, and
more exact ly defined, vehicle types.

On the above mentioned circumstances the vehicle types according to FIG.
4.3.1-1 were put up. Noalternative set of weight distr ibut ion on axles
was made as t h i s w i l l be done in the loadeffect analyses. At that stage
axle distance fac to r distributions are also introduced.

Through extrapolat ions of the number of reg is tered vehicles, two-axle
lorr ies excluded, f o r the years 1965 and 1973 a to ta l of 100000. reg is ‑
tered heavy vehicles were found to be representat ive f o r the year 1999.
This time po in t l i e s in the middle of an expected bridge l i f e time of 50
years. A simi lar ex t rapo la t ion f o r vehicles with more than two-axle/tan‑
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dems gave 60000 regis tered vehicles which were a r b i t r a r i l y divided in t o
types 2 and 3, tractor-semitrai ler and l o r r y t r a i l e r , in the ra t i o of 2
to 1. That is the number of registered two-axle t r a i l e r s has increased by
41 2 and the number of semit ra i lers has increased 10 times since 1973.
The corresponding figure f o r s ing le lor r ies is 14 2.

‐ Jot: lö m
&

FIG. 4.3.1-1. Predicted vehicle type specificat ions. Weight d i s t r i bu t i on
on axles r inged.

The vehic le type to t a l weight reg i s t ra t i on distr ibut ions upper weight
l im i t s were given through the maximum axle/tandem weights and weight d i s ‑
t r i bu t i on on axles. The lower l im i t s and the forms of the dist r ibut ions
were now to be chosen. The lower l im i t s were given such values that un‑
loaded vehicles should have axle weights greater than 12 kN, which was
in accordance with the 1965 and 1973 spectra. The distr ibut ions were g i ‑
ven rectangular forms as nothing d i r ec t l y perferenced any other shape.
The dist r ibut ions are found in the p l o t output from itne :-LOSP runs. FIG:
4.3.2-2 (the hatched areas).

FIG. 4.3.1-2 shows the assumed dr iv ing distance dis t r ibut ions. As can be



4.3/3

seen the vehicles are supposed to drive a longer distance per yea r, in
the f u t u r e , than they do today. However, the to ta l road lengths of the
region have increased to an estimated value of 20000 kilometres.

Type Lorry (KN) ‐ Zoral (KN) Driving distance distribution

Fk /gear

Å ( 1 9 5 - 2 6 5 ) [ SG =E 100000 100000

50000 50000
195: 265

2 ( 2 9 9 - 4 8 9 ) ‐ PRR-F0G HN
JF

200000
3 (175 -265 ) 3 0 5 - 7 5 100000 00000

| 50000
: 385 D/5

‐‐ ‐ Short distance Total weight , kN
Long distance

FIG. 4.3.1-2. Driving distances related to vehicle to ta l weight, predic‑
ted values. Rural long distance and short distance regions.

The loading level distr ibut ions are supposed to be fixed f o r a l t regions
and vehicle types wi th appearances according to FIG. 4.3.1-3. It is as‑
sumed tha t the p robab i l i t y o f meeting an overloaded vehicle has decrea‑
sed, compared to today, to about 10 4 and so has the corresponding 1oad‑
i ng level by to ta l weight to about 1.1. This is a consequence of higher
u t i l i z a t i on of the Toad bearing capaci ty, standardized loads and b u i l t
in weighing machines in the vehicles. .

In the calculat ions, the number of single lor r ies t ravel l ing in the long
distance region were reduced, as before, to ha l f of the available amount.
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FIG. 4.3.1-3. Predicted loading level d is t r ibut ion.

4.3.2 Calculated predicted load spectra.

The following pages show the calculated predicted load spectra f o r rura l
long distance, 11, and short distance, 12, regions. FIG. 4.3.2-1 shows
the vehicle type lane occurences f o r the two regions.

l o n g - s h o r t distance22 Tor] an]
2 E Z Z A[358 | e n
FIG. 4.3.2-1. Predicted vehicle lane occurences.

In the figures are also calculated 1965 and 1973 spectra drawn for. com‑
par ison.
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5 COMMON DISCUSSION OF LOADEFFECTS.

5.1 Loadeffects in connection with vehicles dr iv ing over highway
br idges.

5.1.1 Loadeffect descr ipt ions.

Several types of 1loadeffects occur when vehicles drive over a highway
br idge. Some examples of such ef fec ts caused by the vehicles (loads)
are listed below.

Loadeffects a r i s i n g in d i f f e r e n t parts of the bridge structure:

forces : shearing stresses, normal stresses, react ions,
moments

deformations: deflections, angular deflec t ions , angular rotat ions
between members.

Loadeffects of the vehicle and i t s passengers:

forces : contact pressure between t i r e and bridge

deflections: vertical movements and rotations of the whole
vehicle body.

The loadeffect amplitudes may be represented as a function of time or
Töad pos i t i on according to FIG. 5 i l a l - ] k

[ m e

FIG. 5.1.1-1. Par t of loadeffect process.

It is p o s s i b l eto convert a vertical deflection processof a bridge pave‑
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ment to a corresponding acceleration process which may be used to ex‑
press uncomfortable feel ings f o r pedestrians. It is obvious that th is
acceleration could be the studied loadeffect instead.

In t h i s repor t the loadeffects are expressed through superposition of
influence l i nes mul t ip l ied with corresponding load values. The influence
l ines are generated by constant speed passages of single un i t loads over
the bridge deck. As the load is also allowed to move in a transverse d i ‑
r e c t i on , an influence funct ion over an area has to be defined. This is
also done but the long i tud ina l and transverse influences are separated
"which s imp l i fies the calculations if a vehicle during passage do not
make transverse moves.

If the time scale is changed in a par t of a loadeffect process, the ap‑
pearance of the process is usual ly also modified, depending on the dyna‑
mic proper t ies of the vehicle-bridge system. A dis t inc t ion between "sta‑
t i c " and "dynamic" loadeffect processes is made in the report where the
"s ta t i c " process par ts are caused by slowly running vehicles and en t i r e ‑
ly determined by the vehicle axle gross weights and the s ta t i c proper‑
t i e s of the br idge.

The dynamic e f f ec t s may be of d i f fe ren t kinds such as extra osci l lat ions
or dynamic ampl ificat ion to a greater or lesser extent. An example of
great amp l i fica t ion is the before mentioned vert ical acceleration o f a
bridge pavement which in fact is non-existent in the stat ic case. The
dynamic e f fec ts are f o r a given vehicle bridge system dependent on the
vehicle speed and la te ra l track and the i n i t i a l conditions of the bridge
and vehic le at vehicle bridge entrance.

In th i s repo r t the s t a t i c loadeffect process is fi r s t analysed and then
a modificat ion of the s t a t i c resul ts are performed by means of a stocha‑
s t i c amp l i fica t ion f a c t o r . |
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5.1.2 Analysis of -loadeffect processes.

The loadeffect process i t s e l f contains too much information to serve as
an apprehensible characterization of the process. Analyses performed on
the stochastic process w i l l lead to more condensed and useful properties
which may be expressed in terms of stochastic or non-stochastic variab‑
l e s . T v

The processes in question can in a fi r s t stage be s impl ified to process
parts separated byexponen t i a l l y d is t r ibu ted time distances. This i s be‑
cause the flow of vehicles is supposed to f o l l ow a Poisson process.

The condensed propert ies may be reached in d i f f e r en t ways which are more
o r " less prac t i cab le depending on the complexity o f the input bridge-ve‑
hicle-traffic characteristics and the wanted output.

The loadef fec t process consists o f e f fec ts caused by single vehicles and
Of over lapping:effects from two or more vehicles. Small influence areas
give r i s e to e f fec t s that are mainly dependent on vehicle axle weights.
and the l a te ra l track of the vehicle. As the influence area is increased,
e f fec ts w i l l occur o f several axles o f the same vehicle and i f the area
is b i g enough several vehicles may influence at the same time causing
overlapping e f f e c t s : The vehicle character ist ics as well as the t r a f fi c
proper t ies then becomé more important making the desired breakdown of
the process mö r e d i f fi c u l t t o perform.

The wanted condensed loadeffect process properties are formulated from a
desired fi e l d o f app l i ca t ion . In th i s repor t i t i s $upposed tha t the out‑
put sha l l be pr imar i ly usuable in fa t igue studies in pract ice and theory.
The most important character ist ics of the loadeffect process are judged
to be the changes of the amplitude, in some defined way. The time depen‑
dency was dropped but can without great d i f fi c u l t y b e regarded i n the
used numerical analyses model:

The changes in amplitude, from now on cal led loadeffect ranges, may be
defined in many ways. The of ten very simple and unsatisfactory defin i ‑
t ions or ig inate from the l im i t ed poss ib l i t i t i e s o f the used stress range
counters in the fi e l d tes ts . In FIG. 5.1.2-1 four d i f fe ren t stress range
defini t ions are sketched. For further references see the LITERATURE
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REVIEW.

Kange
Level

Absolute Level.crossing F e k LECOUNT
MIN. MAX. counting counting

FIG. 5.1.2-1. D i f f e ren t stress range defin i t i ons .

The next Chapter 5.2, Counting rout ine LECOUNT, describes the range defi ‑
n i t i o n of the loadeffect process breakdown method used in th i s repor t ,
which cont inuously picks out closed range cycles and corresponding 1e‑
vels from the process.

The wanted output w i l l thus be loadeffec t range d is t r ibut ions, i f pos‑
s i b l e multi-dimensional incorporat ing range occurence level and in se‑
cond hand a time var iable, as range durations.

FIG. 5.1.2-2 p r inc ipa l l y shows some ways to tackle the problem o f break‑
i n g down the loadeffect process.

If the nature of the process is known or is possible to estimate, analy‑
ses may be done by means o f s t a t i s t i c a l methods, depending on the comp‑
l e x i t y o f the wanted condensed propert ies and the br idge-veh ic le - t ra ffic
proper t ies . The short descr ipt ion may consist o f density function des‑
cr ip t ions and characterist ic qua l i t i e s .

Tha ana ly t i ca l s t a t i s t i c a l approach i s only made use o f i n th is repor t
in the study of short t r iangular shaped influence l ines and loads repre‑
sented by uniformly distr ibuted axle gross weights. The s ta t i s t i ca l app‑
roach rap id l y becomes laborious with complex input and output.
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FIG. 5.1.2-2. Methods to analyse loadeffect processes.

The process may, of course, be also described purely mathematically in
few terms, f o r example the amplitude frequency pairs of a Fourier series
expansion. This short mathematical description can, as well as loadeffect
range d is t r ibu t ions , be used to generate a load process f o r a test ing
machine, or it can be used to evaluate dangerous vibration modes of the
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regarded system. I t shal l though be pointed out here that the d i f fe ren t
ser ies of the Fourier expansion can not be d i rec t l y used to pu t up 1load‑
e f f e c t range distr ibutions in the sense mentioned above, except f o r spe‑
c i a l cases.

The s t a t i s t i c a l counting methods provide a d i f fe ren t solution t o the
problem of analysis of loadeffect processes. These methods perform a
range counting on the e i ther measured or simulated process fol lowing
ru les which may be more sophisticated if a computer is included in the
counting device, human counting disregarded. In th is work use is made
of the counting rout ine LECOUNT, which has the a b i l i t y to make rather
sophist icated continuous counting, tha t is without having access to the
whole Tloadeffect process p a r t . A small port ion of minima and maxima must
though be remembered and t h i s w i l l be counted o f f when the process par t
i s  o v e r .

F i n a l l y, approximate t r a n s f e r models or rules may be put up, by means
of evaluating the above described analyses, by which the bridge-vehicle‑
t r a f fi c inpu t can be converted to output in the form of loadeffect
range- level distr ibut ions.
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57:2aCounting routine: LECOUNT:

The counting rout ine used in th is report is called LECOUNT and isär par t
of the Basic program INFLU and the Algol program NULESP. It is conside‑
red to be an essent ia l pa r t of the loadeffect calculat ion model and is
therefore described separately below. It can be d i r ec t l y picked out and
used in the analyses of a real loadeffect process or ig inat ing from f o r
example the stra ins of a s t r a i n gauge glued to a point in a bridge
St ruc tu re .

5.2;1I: sDescretption of :LECOUNT:

The method was derived by the author because no suitable method was
found in the l i t e ra tu re . Later on, however, a very simi lar method was
discovered which is used in the analyses of loadeffects ar is ing in a i r ‑
c r a f t structures. This method is sometimes cal led the "rain flow count‑
i n g method". See also Chapter 2, LITERATURE REVIEM.

The ob jec t i ve was to produce a counting routine that was able to conden‑
se the loadeffect process during a minimum of information loss . The im‑
po r tan t variables were considered to be the magnitude of the closed
loadeffect ranges and the level they ar ise on, see FIG. 5.2.1-1. As can
be seen it was assumed tha t no account should be given to where the c1o‑
sed loadeffect range loop star ted.

fange

Lever.
Null level optional

FIG. 5.2.1-1. Three examples of closed loadeffect ranges with equal mag‑
nitude and level .

The time scale was not considered that important but it is of course pos‑
s ib le to introduce one more variable namely the frequency, the inverse
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time of duration, f o r the counted loadeffect ranges.

FIG. 5.2.1-2 shows two cases when it is possible toeliminateone closed
loadeffect range loop from each example. It can be seen from the figure
that the range values are given wi th signs. This fac t is commented below.

Condition: Å ] Condition:
/J==3=<=2<=4 4<=2P<=3<>=/

Range (W) Range(mw)
(neg) (pos)

7 LEVEL (2) Level (Z)

a. b.

FIG. 5.2.1-2. A loadeffect range is eliminated, with the help of four
po i n t count, FPCOUNT, subroutine from an increasing (a)
and decreasing (b) pa r t of the loadeffect process.

The only values considered to be of interest to the loadeffect process
are the maxima and minima, tha t is between which the derivatives of the
process have the same sign. In the example, FIG. 5.2.1-2, there are four
such po in t s 1-4, which are defining alternatingly maxima and minima. The
path of the process through points 2-3 can be seen as a deviation from
the dashed l i n e of a respect ively increasing and decreasing par t of a
loadeffect process. Such an elimination of a loadeffect range is called
a four p o i n t count, subroutine FPCOUNT, and leads to storage of the e l i ‑
minated range- leve l , Z and W, through subroutine STOREZW and the removal
of po in ts 2 and 3 from the process.

The rout ine continuously reads values from the loadeffect process u n t i l
a maximum or minimum is reached. They are stored as they come up with
the help of subroutine STOQ and the fi r s t FPCOUNT attempt is made when
there are fou r values stored. If it is then impossible to eliminate a
range the next maximum (or minimum) is read and stored and the FPCOUNT

is repeated. I f a range is counted the second and th i rd points are re ‑
moved from the stored sui te of maxima and minima and a new FPCOUNT is
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attempted. The f o u r po in t count subroutine FPCOUNT is l e f t when only 3
stored values remain or when the count is unsuccesful.

The FPCOUNT is unsuccesful when the conditions according to FIG. 5.2.1-2
are impossible to f u l fi l l . This is the case, as can be seen in FIG.
5.2 .1-3 , when the t h i r d po in t is a minimum and less than the l a s t mini‑
mum (a) or it is a maximum and greater than the l a s t maximum (b) . It can
also happen if the four th po in t is a maximum and less than the l a s t ma‑
ximum ( c ) or it is a minimum and greater than the l a s t minimum (d) .

3) I2Å] |NåW
/ SAAA ALA

ås d
a. b. & ä.

FIG. 5.2.1-3. Four cases when the fou r point count, FPCOUNT, is unsuc‑
cessful .

The readings of values from the loadeffect process is continued u n t i l
the LECOUNT rout ine reaches an end condi t ion, which occurs i f a t o t a l . o f ,

Q9 readings has been done or if I8 unchanged values has been read.

The end condi t ion - l i m i t e d number of readings - is used in the 1oadef‑
f e c t calculat ion model NULESP, which is described l a t e r , when i t is de‑
fi n i t e l y known a t the entrance o f the counting rout ine, how many read‑
ings tha t p a r t o f the loadeffec t process includes. The other end condi‑
tion also indicates t h a t the. current loadeffect ac t i v i t i es have ceased
and therefore a fi n a l count on the remaining stored values can be made.
When determining the end condition one must have in mind what the lowest
permiss ib le f requency, longest durat ion, of the counted loadeffect ran ‑
ges are... i

As the end condition is reached and LECOUNT has stopped reading, the
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concluding count is performed, by the subroutine ENDCOUNT, on the remai‑
n ing stored maxima and minima tha t could not be eliminated by the four
po in t count subroutine. The pr inciple shapes of the remaining process
are shown in FIG. 5.2.1-4.

FIG. 5.2.1-4. Results of ENDCOUNTs on the remaining parts of two load‑
e f f e c t processes at end condition.

The ENDCOUNT analysis is performed in the fo l l ow ing manner. The greatest
maximum and the smallest minimum are found, FPCOUNT and STOQ provide
pointers f o r t h a t . Those two values, which w i l l be located adjacent to
each o t he r, form the greatest loadeffect range of the remaining process.
Loadeffect ranges are then formed in the same way by pair ing o f f maxima
and minima on both sides of the s t a r t i n g range. The procedure can be
studied in FIG. 5.2.1-4. As can be seen, it might happen that the l a s t
counted ranges at both ends only include one maximum or one minimum ex ‑
cept f o r the s t a r t i n g and c los ing points.

, ;5
4 £9

E9

FIG. 5 ; 2 . 1 - 5 . The reading is dropped if it d i f f e r s Tess"than +E9 from
the l a s t val id reading.
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If it is undesirable to count ranges with amplitudes below a certa in
magnitude th i s is accomplished by set t ing the variable E9 to h a l f the
amplitude of the greatest tolerable "noise", see FIG. 5.2.1-5.

F i na l l y the negative and pos i t i ve sign of the loadeffect range shall be
commented on. The sign r u l e was appended by gaining fur ther information
from the counted loadeffect range level density functions. I f a range
is determined as a deviation from an increasing par t of the loadeffect
process it is given a negative sign and it is given a posi t ive s ign if
it is a deviation from a decreasing par t of the process. See FIG.
ö.2: 1=2a; Db. During the ENDCOUNT procedure it is not possible to t a l k
about increasing or decreasing parts of the process but rather about i n ‑
creasing and decreasing loadeffect range amplitudes, fol lowing the same
sign r u l e as mentioned above. The fi r s t counted and also greatest range
during the ENDCOUNT procedure is given a posi t ive sign.

I n t h i s repor t the sign f a c i l i t y i s only used t o count the to t a l number
of pos i t i v e and negat ive ranges. ( I n procedure RLSTORE, variable RNB(.),
in the NULESP program.) No information about the time scales is stored,
but as pointed out before it is easy to expand the LECOUNT rout ine to
cover analyses where the time is also incorporated. Of course it is also
possib le during the counting to sor t out cer ta in loadeffect range-levels
which pocess special character ist ics.

5.2.2 Summary chart and example.

Below is a summary char t over the LECOUNT rout ine shown. A more detailed
description and program l i s t i n g f o r both the Basic and Algol version is
found in Appendix C.

FIG. 5.2.2-1 shows an example of a loadeffect count made by the LECOUNT

rout ine . The order in which the ranges are counted is shown and the cor ‑
responding range- levels gathered to the r i g h t of the figu r e . For the
sake of clearness the fina l count made in ENDCOUNT is showed separately.

I n the figu re are also shown the number o f maxima and minima that have
to be stored during the procedure.
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Read valves until a signi‑
ficant 'deviatron, E9;x16
reached.

End condition:
t00 many null‑

readings,18
to0 many

readings, 49

End condition:
too many
readings,039

tore the last reading
but one

do a four point count

Store the last reading
do a four point coun t

Do end count

4

FIG. 5.2.2-1. Summary chart over LECOUNT.

Number of stored readings ;
f r e 4 0 60 GD 435676 8

FIG. 5.2.2-2. Example on loadeffect range-level counting with the
LECOUNT routine.
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6 THEORETICAL MODEL FOR CALCULATION OF LOADEFFECT SPECTRA.

" 6 . 1 Derivat ion of theoret ical models.

6.1.1 In t roduc tory discussion.

As has been pointed out e a r l i e r , there are d i f f e r en t ways to analyse a
loadeffec t process. One obvious way is to theore t ica l l y generate a pro‑
cess, which can eas i l y be done by a computer by means of a Monte Carlo
simulation method, and during the simulation make a s ta t is t i ca l counting,
f o r example in the same way as i t is done in the LECOUNT rout ine. This
i s a ra ther p r im i t i ve method, compared to a s ta t i s t i ca l sampling method,
as it brings in long computer run times to get acceptable resolution in
the r e su l t .

Of course a purely theoret ical approach to the evaluation of a 10oadef‑
f e c t process and calcu la t ion of loadeffect spectra is of great in te res t
if it resu l ts in simple expressions and formulas through which the d i f ‑
fe rent variables influence on the resu l t can be studied and also the
loadeffect spectra d i r e c t l y calculable. Such a solution is shown f o r
t r i angu la r influence l i nes and evenly distr ibuted loads in Capter 6.3.
Though ra ther large s imp l i fica t ions regarding the input (loads, axle
configurat ion, influence l i n e appearance) are made, the calculations
leads to ra ther unsurveyable expressions f o r the loadeffect d is t r ibu t ion .

As the inpu t variables to a loadeffect spectrum model become more comp‑
l e x , the solut ion methods tend to be more numerical, f o r example numeric
integrat ion methods become convenient or even necessary. The numerical
methods are well suited f o r computer treatment.

Because the c r i t e r i a f o r the loadeffect analysis are rather hard to de‑
scr ibe mathematically and to make the solution more understandable a
s t a t i s t i c a l sampling method was chosen as solution method, namely sys ‑
tematic sampling. This f a c t i s , of course, also dependent on the sto‑
chastic nature of the problem. That is most of the variables are non-de‑
t e rm in i s t i c , i n other words they are observations o f density functions.

The systematic sampling is more refined than the simple Monte Carlo s i ‑
mulation, because it is possible to increase the calculation e f fo r t s f o r
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cer ta in in te res t ing variable values. In Monte Carlo simulation random
values are drawn from the d i f f e ren t density functions, and if one is un‑
l ucky, resu l ts that have a small probabi l i ty of comming up w i l l not be
calculated and poor resul ts w i l l be obtained. Unfortunately, these rare
combinations are important in t h i s case because they are of ten associa‑
ted with high loadeffects.

The systematic sampling method used, which is fur ther described in Chap‑
t e r 6 .4 .1 , is systemat ic in the respect tha t a l l possible combinations
of variable values are made, the ar is ing parts of the loadeffect process
are analysed and the r esu l t f o r each combination is added to the fi na l
solut ion with a weight t ha t is proport ional to i t s probab i l i t y of coming
up. The stochastic variables are supposed to be independent of each
other. The density functions have to be made discrete, else the variab‑
les can take an i n fi n i t e number of values. The discrete density functions
are f o r some calculations fur ther reduced. The new variable values are
though mean values of those values they could take within t he i r former
(wider) var iat ion widths (class widths).

The results of the calculations w i l l be unbiased and w i l l also contain
information about rare loadeffect values at the cost of a somewhat les ‑
ser resolut ion f o r lower loadeffects. Furthermore, the method is easy to
understand and fo l low and is not too complicated to translate i n t o a
computer program.

6.1.2 Chosen input variables.

The inpu t variables to the model are of more or less stochastic nature.
I f a var iab le is judged to remain near ly constant or i f a small change
o f i t s value w i l l not a f f ec t the solut ion s ign i fican t l y, i t i s treated
as deterministic. A good reason to hold the number of non-deterministic
variables low is tha t the amount of calculations increases rap id ly with
the number o f these variables (too many poss i b i l i t i e s t o combine va r i ‑
able values). A l l variables both deterministic and non-deterministic are
supposed to have the same propert ies in the calculations during t he r e ‑
gärded time pe r i od , f o r example 50 years - a bridge l i f e time.

The applying forces are the vehicle gross weights, acting through the
vehicle axles. The load (gross weight) density funct ion, expressed as
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occurences per lane and time per iod, is two-dimensional with the va r i ‑
ables vehicle type and load (gross weight). It can also be represented
as a one-dimensional to ta l gross weight density function (the vehicle
represented as one load) or an axle gross weight density function ( a l l
vehicle axles gathered in one density function). The vehicle type appea‑
rance is fixed as well as the dist r ibut ion of weight on axles, ( an
axle distance density function though is used in some calculations).
Each "geographical" region is defined by a specific load density func‑
t i o n and an equivalent t ime, a f a c t o r tha t expresses the re la t ion be‑
tween the time the vehicles are in motion/real time. It is fur ther sup‑
posed t ha t the vehicles run f r e e l y from each other withing the region.
The load input is achieved as an output from the load spectrum model
(computer program LOSP).

The regarded bridge st ruc ture carr ies the load spectrum. The bridge pro ‑
pe r t i e s are supposed to be determinist ic but the bridge-vehicle sys‑
tem causes dynamic effects tha t are of stochastic nature. These ef fec ts
though are not considered un t i l a s ta t i c loadeffect density function has
been calculated. The bridge propert ies are expressed through influence
volumes f o r each lane. The influence volume is defined by a length shape
(influence l i n e ) and a la te ra l shape ( la te ra l influence function), which
are determined b y, in which po in t of the structure, structural po in t ,
the loadeffect process are studied.

The l a s t group of input parameters is the traffic data, which i nd i r e c t l y
describes how the load w i l l act on the br idge. What track w i l l the ve‑
hicles follow? Wil l they cause overlapping loadeffects? The vehicle
speed w i l l determine the time scale of the loadeffect process. This
scale is not considered in the calculated loadeffect spectra. The vehic‑
l e speed is important though because i t a f fec ts the probab i l i t y o f two
vehicles meeting on the br idge. The fas te r they go the shorter time they
w i l l spend on the br idge. As the vehicle drives over the bridge the
vehicle speed is supposed to be constant f o r a l l vehicles in both lanes.
I t i s possible t o show theo r e t i c a l l y that the assumption about undis‑
turbed t r a f fi c flow is sa t i s f ac to r y also f o r pa r t i a l flows o f l o r r i es .
However, when the time distances are too short the rules are not gu i l t y
and queues are formed. When the vehicles drive over the bridge to close
to each other loadeffect overlapping can again occur. In the model f o r
calculat ion of loadeffect spectra the input considering queues consists
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of a c r i t i c a l queue distance, in seconds, that determines if two vehic‑
les w i l l queue and if a queue is formed, the distance between the vehic‑
les is picked from a queue distance density function. F ina l ly it is as‑
sumed tha t the vehicles, independent of each other, fol low d i f f e r en t
tracks when they dr ive over the bridge, according to a la te ra l t rack
density funct ion.

In a l l calculations made in t h i s report the bridge can carry e i ther a
s ing le lane , two meeting lanes o r two pa r a l l e l lanes. Also i f there are
two meeting lanes the number of vehicles per time un i t in each lane are
equal .

6.1.3 Representation of resu l t s .

The fi n a l r e su l t of the loadeffect analysis is a two-dimensional discrete
range level densi ty funct ion, where the funct ion gives the number o f ,
r e l a t i ve or absolute, loadeffect ranges tha t have occured on d i f f e ren t
loadeffect leve ls .

In the derived count ing procedure, LECOUNT, it is also. possible to s p l i t
the densi ty funct ion i n t o two functions where one is va l id f o r ranges
tha t have occured during increasing loadeffect process and the other
during decreasing process. This qua l i t y is not made use of in the load‑
e f f e c t spectra calculat ion model presented in th i s repo r t , except f o r
determining the share of negative ranges.

In order to make the t o t a l p ic tu re of the density function more compre‑
hensible it is advantageous to integrate it and represent it as a d i s t ‑
r ibu t ion funct ion or a spectrum. These functions are s t i l l two-dimen‑
sional bu t monotonously growing in every po in t .

FIG. 6.1.3-1 shows the differences between two possible two-dimensional
representat ions of the range-level density function. I t is obvious that
the spectrum representat ion is more convenient to handle, f o r example
when a comparison to a prescr ibed spectrum shall be done but it is har‑
der to see the underlying dens i t y funct ion in detail.

The spectrum can be described as one minus the dis t r ibut ion function with
the axle directions changed. The X-axis denotes the "number of ranges
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greater than or equal" the "range" values of the Y-axis. If the spectrum
contains many curves each curve is va l id f o r loadeffect ranges that has
occured on or over a spec ific loadeffect leve l .

ÅLevel ÅRange

| Onlevel greater or equal
CS | 6reater equal

al l levelsSEN ‑
Range Number of ranges

greater than ör equal

FIG. 6.1.3-1a. Isolevel rep re - FIG. 6.1.3-1b. Spectrum representat ion
sentation of a of a range-level densi‑
range-level den- ty funct ion.
s i t y funct ion.

Ba
100 bo Z

Number (2,) > = Log(absolute number >=)

FIG. 6. 1.32. Two spectrum curves in a l inear and a logarithmic spectrum.

As the loadeffect spectrum contains important in format ion, in the high
range region, it is hard to accurately reproduce it in a l inear repre‑
sentation. Therefore the spectra are also reproduced with the number of
ranges in a logarithmic scale. In a logarithmic representation the sha‑
pes (curve placements) are depending on the regarded time period. Thus
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these spectra are only va l i d f o r a spec ific time period, the bridge l i f e .
The l i n ea r spectra are reproduced in a l inear relat ive scale, 021. F I G
6.1.3-2 shows how the two representations complement each other.

6.1.4 Computer program INFLU.

The fo l l ow ing chapter serves as an introduction to the loadeffect spec‑
trum model described l a t e r , NULESP. The calculations and print-outs are
performed in a computer program, INFLU, wr i t ten in Basic language and
run at the minicomputer at the Departement. The program is fur ther des‑
cibed in Appendix D.

In the inpu t sect ion, two vehicle types are described regarding number
o f ax les , axle distances and weight d i s t r i bu t i on on axles.

There are three main types of influence l ines and the i r shapes are de‑
termined from inpu t values. Their p r inc ip le appearances are shown below,
FIG. 6.1.4-1. The same influence l ines are found in NULESP.

LÖPET + SETYPE & Types

FIG. 6.1 .4-1. Pr inc ip le shapes of influence l i nes .

The vehicle type influence l ines are then calculated and plot ted. The
calculat ions are done in the fo l l ow ing way. Each vehicle axle determines
an influence l i n e , where the influence values are mult ip l ied with the
re la t i ve axle weight , the to ta l vehicle weight i s u n i t y, and the X-coor‑
dinates are re la ted to the first axle through a displacement of the i n ‑
fluence l i n e . The axle influence l ines are added successively in the pro ‑
cedure INFLADD. The same procedure wr i t ten in Algol is found in NULESP.

The vehicle 'type influence l ines are analysed in procedure LECOUNT, also
found in NULESP, and the resul t is p lot ted, showing closed loop of load‑
e f f e c t va r ia t i ons , the i r ranges and levels. These ranges are stored in a
two-dimensional density function and l a t e r converted to l inear loadef‑
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f e c t spectra and p lo t t ed . These spectra are found in the upper r i g h t o f
the p l o t t i n g a rea .Nodist inct ions due to levels are made.

To show what happens when the vehicle type influence l ines overlap,
overlap calculat ions are performed in the fo l low ing way. The two vehicle
types are given weights through mult ipl ications with loadeffect fac to rs .
The vehic le type influence l ines are overlapped, added a certain number
of times ( input) equal to the number of evenly distributed meeting sec‑
t i ons (see Chapter LIST OFTERMS). As there are two vehicles involved in
a l l the overlap ca lcu la t i ons , the obtained number o f ranges must be r e ‑
duced according to number of meeting sections, before a comparison to the
corresponding non-overlap spectra can be made. The overlap spectra are
two-dimensional in the respect tha t each curve is val id f o r loadeffect
ranges wi th levels greater or equal to a certain value. This value is
p l o t t e d i n the figu r e s .

If the influence l i n e is non-symmetric (type 3) it is important if it is
created by a vehicle running in the same or the opposite direction to
the other vehic le. The program asks if a turned influence l i n e type
sha l l be used, type -J1 instead of type J1. The corresponding vehicle
type is re fe r red to as -T1.

The fo l l ow ing figures show results from runs with INFLU. The runs are
commented below. Among other things the e f f e c t of an increase in the
number of meeting sections on the resolution of the resul t is shown.

FIG. 6.1.4-2. Influence l i n e type 2 with a to ta l length of 5 metres. The
la rges t axle distance is 5 metres that is no overlapping
occurs due to axles belonging to the same vehicle. The
resul ts of LECOUNT are seen to the r i gh t of the vehicle
type influence l i nes . The pr inc ip le changes in spectra
shapes when going from the upper r i g h t to the upper l e f t ,
non-overlap to overlap spectra, are tha t the tota l number
of ranges decreases and the range amplitudes increase.

FIG. 6.1.4-3a-b. Influence l i n e type 1, length 24 metres. FIG. a is ca l ‑
culated with 5 and FIG. b with 25 meeting sections. As
can be seen there is a difference in the resolution of
overlap spectra but it is not unexpectedly great espe‑
c i a l l y f o r higher range values.

FIG. 6.1.4-4a-b. Influence l i n e type 3, length 10 metres. FIG. b shows
the resu l t with vehicle type 2 meeting influence Tine
used in the calculations.
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As expected the range values tend to decrease.
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6.2 Descript ion of i npu t variables.

The fo l lowing chapters describe the inpu t variables to the "numerical
model f o r calculat ion of loadeffect spectra", NULESP. The same input
variables are in p r i nc ip le va l id to the analy t ica l solut ion made in
Chapter 6.3 though with much less freedom f o r var iat ions. The input spe‑
cifications are described in deta i l in the input-output catalogue in
Chapter 6.4.9.

6.2.1 Load spectra and vehicle spec ifica t ions .

I n the vehicle spec i fiac t i on input pa r t the number o f vehicle types
(max. 10) and t he i r propert ies are spec ified. The vehicle properties are
fixed except f o r the axle distances which can be mul t ip l ied by a factor
H ( . . . ) belonging to a discrete density funct ion. FIG. 6.2.1-1 shows the
vehicle i npu t .

The corresponding section in the computer program NULESP is found at
label VETN.

The vehic le gross weights are inpu t a s ' a discrete re la t i ve two-dimensio‑
nal vehic le type gross weight lane occurence density function G(T1,.),
which is va l i d f o r lane 1: Vehicle types TI = -1 and O means a l l vehic‑
l es treated as s ing le loads respect ively a l l vehicle axles running f r ee ‑
1

The number of vehicle types, T2, may be 0 or 1-10 when it is inpu t . I f
T2- =O only the to t a l andsaxle parts o f -G( . . ) are read. If T2 is greater
than 0 only the vehicle type parts of G(. . ) are read. In th is case the
program automatical ly calculates the to t a l and axle parts of G( . . ) .

It is assumed t h a t the same load spectrum is va l id f o r both lane 1 and 2
at leas t regarding shape. (The to ta l number of vehicles can be changed
during the equivalent load spectra calculations.)

Together with G( . . ) are also input : the to ta l number of lane occurences
per year f o r each vehicle type, the regarded time period YP (years) and
the class width P1.
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FIG. 6:2.1-1. Vehicle inpu t spec i fica t i ons , label VEIN,

FIG. 6.2.1-2 explains the load spectrum input . The input par t is found
at label LOIN in NULESP.
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FIG. 6.2.1-2. Load spectrum inpu t , label LOIN.
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It is possible to get the inpu t load spectra pr in ted, PR=1, and plot ted
PL=1, on the l i n e p r i n t e r, in both l i nea r and logarithmic scales.

6.2.2 Lateral influence function and la tera l track distr ibut ion.

As the vehicles dr ive over the bridge they are supposed to fol low a cer ‑
t a i n track wi th in the lane. The track posit ion is an observation of the
la te ra l track densi ty func t ion , see FIG. 6.2.2-1, and is independent of
other variables. Depending on the chosen la te ra l track the vehicles
cause more or less influence on the loadeffect process. ;

The la te ra l influence function and la te ra l track dis t r ibut ion are used
when the equivalent load spectra are calculated. The corresponding input
sect ion is found at label LINF in NULESP.

The la te ra l influence functions are supposed to be s t ra igh t l ines speci‑
fi e d through FT, F3 and F2, F4. The F1 and F2 values are val id f o r the
middle tracks of lane 1 and lane 2, which do not necessarily equal the
mean tracks. The la te ra l influence specificat ions f o r the second lane
(F2, F4) are always inpu t though th is lane is not used in some loadeffect
calculat ion cases.

The l a t e r a l track densi ty functions are specified through the variables
Y4, Y5 and Y6. Y6 denotes the slanting port ion towards the higher i n ‑
fluence values FI+F3 (resp. F2+F4) i f Y6 is pos i t i ve , and towards Tower
F2-F4, f o r lane 2 if Y6 is negative. Y4 is the to ta l track variation
width and Y5 is the fl a t port ion of the function. (The Y4 value is opt io ‑
nal but must no t be equal to zero.)

It is possible to get the calculated equivalent load spectra pr inted,
PR=1, and p lo t ted , PL=1, on the l i n e p r i n t e r. This i s done f o r both lanes
in l i n ea r and logari thmic scales. .
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Influence

Irack [ r a c k
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IF YV6=>0 IF Y6 <0

a = + KF 4 ‑
FIG. 6.2.2-1. Lateral influence functions and lateral track distr ibut ion

spec ifica t ions , label LINF.
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6.2.3 Influence l i n e type. Structural po in t .

As a single load drives over the bridge it causes loadeffects of d i f f e ‑
r en t kinds in d i f f e r e n t structural points of the bridge (- vehicle)
system. In the model presented here, NULESP, the influence function is
s p l i t i n t o two par ts , the la te ra l influence funct ion, described above,
and the ( longi tud inal ) influence funct ion, influence l i ne . That i s , i t
is supposed that the influence function can be separated i n t o a product
of a l a t e r a l influence funct ion and a longi tud inal influence function.
The actual loadeffect process caused by a single load is received when
the influence l i n e is mul t ip l ied by the equivalent load value, which is
the product of the load value and la te ra l influence value.

In order to speed up the calculat ions the influence l ines are made d i s ‑
cre te . There are three main types of influence l i n e s , two symmetric and
one non-symmetric, which shapes can be varied to fi t d i f f e ren t structural
po i n t s . I t is also possible to input an optional four th type.

The influence l ines are used in NULESP when the vehicle type influence
l ines are calculated. They are described in FIG. 6.2.3-1 and the corre ‑
sponding inpu t sect ion is found at label SINF in NULESP. Influence Tine
type = J1 , t o t a l number of types = J2.

Influence Type 4 ( J 1 = 4 )

I(4,1,2) INPUT:
SK I L o R R I I , A O

Optional origo = MIL IT )
( L E D T I TA N )

RS
Number of breakpoints M|(1,4)= 182 T E E S00, LO 1E,M O I

X-values Infl. values

FIG. 6.2.3-1a. Optional influence l i n e spec ifica t ion , J1=4, label SINF.
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6.2.4 Direct ives f o r calculat ion of equivalent overlap load
density funct ions.

In the described loadeffect spectra calculation model NULESP, a systema‑
t i c sampling solution technique is used. This gives f o r some calculation
cases (overlap cases) a rap id ly growing amount of computations with the
number of possible combinations of variable values. Therefore special
overlap discrete densi ty functions are calculated where the number of
discrete values t ha t the stochastic variable can get are reduced to a
few, less than 7. This is done f o r the discrete equivalent load density
funct ion which is thus also represented as a discrete equivalent overlap
load densi ty func t ion .

The corresponding input section in NULESP is found at label OVDI. F i r s t
the desired number of classes, Wi, is input followed by the (W1-1) grea‑
tes t s tap les , but no t the corresponding variable values. The staple
(probabi l i ty) f o r the lowest class W(1) is calculated in the program.

This inpu t density funct ion is used as a pat tern when the discrete
equivalent load dens i ty funct ions, t o t a l - , ax le- and type- , O ( . . . . ) , are
calculated f o r each lane.

7 2 W1 N

FIG. 6.2.4-1. Input of desired discrete equivalent overlap load density
function, label OVDI.
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6:2.5 T r a f fi c data.

Beside the la te ra l track dist r ibut ion some further data is necessary to
describe the t r a f fi c .

It is supposed tha t a l l t r a f fi c with the vehicles concerned takes place
during a f r a c t i o n , equivalent time TE, of the day. It is also supposed
tha t a l l vehicles have the same speed, VE, when they drive over the
br idge .

In the model the p robab i l i t i es f o r meetings and overtakings within the
influence area are calculated under the assumption of Poisson d is t r ibu ‑
ted flows. The expression f o r the number of meetings during a time pe‑
r i o d contains the mean flows during the time period (adjusted f o r equi‑
valent time TE) and the vehicle speed VE. It is also possible through
input o f a mu l t i p l i c a t o r, F8, t o adjust the meeting probabi l i t ies . Cor‑
responding f a c t o r on overtaking probab i l i t i es is F7.

In the same manner the number of d i f f e r en t queuing events are calculated.
These calculations requi re knowledge about the c r i t i c a l queue time, T9,
which denotes the longest time between two vehicle passages in the lane,
tha t (w i th probab i l i t y = 0.5) w i l l cause queue conditions. The calculated
number o f queuing events can also be adjusted b y a mu l t i p l i c a t o r , F9.

If a queue has ar isen , the queue distance is picked from a queue distan‑
ce densi ty funct ion wi th shortest and longest queue distances Sf and S1.

The inpu t sect ion is found at label TRIN in NULESP. The input parame‑
ters are sho r t l y described below.

VE vehicle speed, m/s
TE equivalent time ( f ract ion of day)
F8 fac to r on meeting probab i l i t i es
F7 fac to r on overtaking probabi l i t ies
T9 c r i t i c a l queue t ime, s |
Sp shortest queue distance, m
S1 longest queue distance, m
F9 factor on queuing probabi l i t ies
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6.2.6 Loadeffect calculation d i rec t i ves .

There are some v a r i a b l e sand constants in the loadeffect calculation
model, NULESP, which are used to d i r ec t the calculations. The two main
var iables are L1 and T ( . I f Ll=1 only a single lane is assumed. I f L1=2
pa ra l l e l lanes are assumed and i f L1l=-2 meeting lanes. TA can be given
three values -1 , P and.1 which causes t o t a l- axle and vehicle type
equivalent load spectra respect ively to be used in the calculations. As
sha l l be seen in Chapter 6.4 (descript ion of NULESP), d i f f e ren t calcula‑
t i o n cases are performed depending on the values of LI and Tf.

WDand ZP denotes the desired increment f o r loadeffect ranges and Toad‑
e f f e c t leve ls in the calculated s p e c t r a .A9 is an upper level f o r the
dynamic amp l i fi cä t i on f a c t o r . This value i s input before the dynamic
fac to r d i s t r i b u t i o n ;because dynamic arrays (matrices) are declared with
the help of an algor i thm at t h i s stage of the program (NULESP, l i n e 948).

The g rea t , " i nfin i t e " number o f meeting sections and queue distances are
reduced to N3ånd S4which are equally distr ibuted along the overlap
lengths:

" To : get p r i n t s of intermediate (part ia l ) loadeffect spectra; that is r e ‑
sul ts from the overlap and single passage calculat ions, PRis put to 1.
To get the corresponding p lo ts on the l i ne p r i n te r PL is put to a value
between Ta n d 25. PL=P means no plot. The intermediate loadeffect spect‑
"ra ä r e then p l o t t ed in l i n e a r and logarithmic scales with PL curves, f o r
d i f f e r e n t " levels greater o r equal" , evenly spread over the p l o t t i n g area.

In the same manner but through the input variables PRT and PLT it is
se t t led how or i f the fi n a l loadeffect spectra, before dynamic ampl ifi ‑
ca t ion , a re to be pr inted and plot ted.

The loadeffect calculat ion di rect ives input section is found at Tabel
LEDI. The input variables are shor t l y described below.

Wp loadeffect range increment
Z0 loadeffect level increment
A9 maximum dynamic ampl ificat ion fac tor
E1 s ing le , pa ra l l e l o r meeting lanes (1, 2 , -2)
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TQ t o t a l ; axle or type equivalent load spectra ( - 1 , DB, 1)
N3 number of meeting sections
S4 number of queue distances
PR = I p r i n t of intermediate (par t ia l ) spectra
PL = f no p l o t of intermediate (par t ia l ) loadeffect spectra

1-25 p l o t intermediate (par t ia l ) loadeffect spectra f o r PL
di f ferent loadeffect levels "greater than or equal"
I p r i n t of t o t a l ( fina l ) loadeffect spectra
fp no p l o t of t o t a l ( fi n a l ) loadeffect spectra
1-25 p l o t t o t a l ( fina l ) loadeffect spectra.

PRT

PET

6.2.7 Dynamic amp l i fica t i on fac to r distr ibution.

In the NULESP model it is supposed tha t the only dynamic e f f e c t that has
to be considered in the calculations is the dynamic ampl ifica t ion fac to r.
This fac to r is of stochastic nature, therefore it is spec ified as a den‑
S$ity functions diserete, in the iNputs saccording.to FIG. 6.2.7-1.

AMP (2,N)

Al number of classes < II.
AMP (I, AI) m u s t be less AJ.(lch.b.2.6)

Y 7  ”Amolfica t ion
I | I RN | AMP (1, N)

SA Ts
FIG. 6.2.7-1. Dynamic amp l i fica t i on factor distribution inpu t , label DYDI.

A f te r the calculations are performed, the loadeffect spectra are p r i n ted ,
both l inear and logar i thmic, if PRT=1. The corresponding plots are out‑
put on the l i n e p r i n t e r i f PL does not equal P. The p lo t t i ng area w i l l
then be evenly covered with PL, 1-25, curves, each g u i l t y f o r a spec ific
"level greater than or equal".

The dynamic factor distr ibut ion input is found at label DYDI in NULESP.
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6 .3 -Introductory study f o r t r iangu la r influence l i n e .
Ana ly t ica l  so lu t ion .

This chapter deals wi th a purely analy t ica l determination of loadeffects
of a bridge st ruc ture . The so lu t ion is made f o r a very s impl ified v a r i ‑
able input. As the solution is rather apart from the numerical model,
NULESP, and due to s imp l i fica t ions in the wr i t i ngs o f the deductions,
some computer variables are abandoned and new, simple and indexed v a r i ‑
ables and constants are introduced. They are found in the l i s t below.

I t should be mentioned t h a t the very s imp l i fied input leads to solutions
which are on ly comparable to the numerical solutions f o r some special
cases. Though an ana ly t i ca l approach is described one should keep in

mind tha t a more complex model rap id ly leads to expressions which have
to be solved numerically and therefore no fi n a l analytical solution can
be put up.

Variable explanat ion:

| densi ty funct ion

sd dis t r ibut ion funct ion

| p robab i l i t y function

u(X) funct ions used to describe

alX) loadeffect range amplitudes

lane index SS :index vehicle gross weight

lane index .index maximum loadeffect

Tane index SS :index number of vehicles per year

LVSTA2SA78 zones 1552; 3

p probab i l i t y o f meeting

Le hSR a l f the bridge length
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Variables explained in the NOTATIONS:

TES IT equivalent time
VES-V vehicle speed
X br idge length coordinate
XD length of influence l i n e
W loadeffect range

6.3.1 - Descr ipt ion of inpu t variables:

The load spectra, which f o r example are picked from the load spectrum
model, LOSP, do not have a regular form. In the analytical solution it
is assumed t ha t there is j u s t one type of vehic le, having one axle with
a gross weight e i t he r rectangular ly d is t r ibu ted between a lower value,
Gg> and an upper value, G7? or wi th a fixed mean gross weight, 6, - The
flow of vehicles per lane andyear is K.

IG
6 kol Vehicle

lane:year
I I| 6 K o c h Jane I
& - ”03 6, G, 6ross weight K S K Jane é

FIG. 6.3.1-1. Load dens i ty funct ion and vehicle type input f o r both
lanes. Analyt ical solut ion.

A11 vehicles in the lane are supposed to fol low the same t rack , causing
a la te ra l influence of 1.

The st ructura l po in t considered might be a point in the flange in the
middle of a transverse member, car ry ing both lanes. The stress variat ion
in tha t point is the loadeffect considered, see FIG. 6.3.1-2. The corre‑
sponding influence l i n e is shown in FIG. 6.3.1-3 (see also FIG. O Z , IB
type 2 ) .

The vehicle speed is VEm/s f o r a l l vehicles as they drive over the
bridge. A11 t r a f fi c is concentrated to the fract ion TE, equivalent time,
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of the day. It is assumed that the shortest queue distance is longer
than the influence l i n e , which implies no overlap effects from queuing
vehicles. Furthermore no account is taken to dynamic effec ts .

Regarding the lane configurat ion i t is of no importance i t the second
lane is a meeting or para l l e l lane because of the symmetric influence
l i n e . |

(Type é, FIG 6.2.3 -16)

FIG. 6.3.1-3: Influence l i ne . Analyt ical solution.
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6.3.2 Method of analys is .

With the assumption made about the lateral influence function and the
influence l i n e , the maximum value of the loadeffect, U, produced by a
vehic le w i l l be numerically equal to the vehicle gross weight , that is

U(G) =G.

The density funct ion fo rU : is: shown im FIG: <63.250.

Ey ;
U = U lane ll
Ul lane 2

= | VTU
Ug U, U, Maximum loadeffect

of one vehicle

FIG. 6.3.2-1. Density function f o r maximum 1loadeffect during single
vehic le passages. Analyt ical solution.

If the dynamic effec ts are not considered a loadeffect process f o r
example l i k e the one in FIG. 6.3.2-2 w i l l a r i se .

C3)

FIG. 6.3.2-2. Par t of Toädeffect process. Analytical solution.

Ås can be seen there are three main types of loadeffect variations mar‑
ked Z1, Z2 and Z3. Z1 and Z2 each consists of two overlapping vehicle
influence l ines ar is ing from di fferent lanes. As has been pointed out
ea r l i e r overlap effects of queuing vehicles can not occur. Dependent on
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meeting zone, the analyses of the Toadeffects produced by two meeting

FIG. 6.3.2-3. The three meeting zones, Z1, Z2 and Z3. Analyt ical solu‑
t i o n .

If the vehicles meet at section X in Z3, L < ABS(X), there w i l l be no
overlap e f fec t s and two loadeffect ranges, W, on zero level w i l l be
counted.

T i m exV E
RT RE

FIG. 6.3.2-4. Vehicles meeting in zone 3, Z3. Two loadeffect ranges, W,
counted. Analyt ical solut ion.

If the vehicles meet at X in FASTA ESABSCAY IEELT That 15. tne outer
- q u a r t e r sof the br idge , the loadeffects w i l l overlap and give r i s e to
Toadeffect variations corresponding to FIG. 6.3.2-5.
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HOV EK
U öda

u = 2 4-1
mul(X)

I |
I
I
I
|

j

Time «VE NARE ABS (X)

FIG. 6.3.2-5. Vehicles meeting in zone 2, Z2. Two loadeffect ranges, MW,

counted. Analyt ical solut ion.

The analysis of t h i s pa r t of the process is done in the same way as de‑
scribed in counting rout ine LECOUNT, see Chapter 5.2, and two loadeffect
ranges w i l l be added to the fi n a l resu l t . Namely range U ' on level f pand
range u(X)-:U" on leve l (1-u(X)):U", where X is the meeting section. FIG.
6.3.2-5 also shows the expression f o r u(X). If U' had been smaller than
U", the same resu l t should be va l i d wi th U' substituted f o r U".

F i na l l y a meeting a t section X in Z1, A I< ABS(X) < L /2 , w i l l cause a pro‑
cess p a r t according to FIG. 6.3.2-6, which a f t e r analysis can be descr i ‑
bed as one loadeffect range U'+a(X)'U" on level AO. I f U" is greater than
U ' , U" and U' shal l change places. The expression f o r a(X) is also shown.

In the analys is no regard is given to the level on which the loadeffect
ranges occur.

The number of meetings on the bridge per year is calculated in the same way
as described l a t e r in Chapter 6 .4 .5 , under the assumption of t r a f fi c flow
fol lowing a Poisson process, which leads to the expression

&Fart Klar ikt
V B : YSEC

= K >:p = meetings on the bridge per year

where YSEC

p
number of seconds in one year
probab i l i t y f o r meetings



TSK

4 UPN L - Å(Xx): U 0 LE

o00-1-2:4

; ox(X)
W=U+0(X):U” )

o(X)-U" 2 j

Tine" VE H e l A B S )

od
FIG. 6.3.2-6. Vehicles meeting in zone 1, Z1. One loadeffect range MW,

counted. Analyt ical solut ion.

The deductions made are s p l i t i n t o two par ts , one f o r deterministic
loads, t h a t is they are a l l constant, and one f o r non-deterministic
loads wi th density funct ion fa. In the l a t t e r case the fina l resu l t is
presented separate in Chapter 6.3.5. The solutions are presented as den‑
s i t y func t ions :

F i n a l l y, examples are calculated and commented in Chapter 6.3.6.

6.3.3 Descript ion of analysis f o r deterministic loads.

Suppose tha t the vehicle gross weights are deterministic and a l l equal
to 6, f o r both lanes. The vehicle passages w i l l then cause a maximum
loadeffect Us in the studied structural po in t . The analysis f o r each
meeting zone w i l l y i e l d loadeffect ranges according to FIG. 6:3.3=1.

In one year there w i l l be K-:p vehicles per lane involved in meetings on
the bridge thus causing overlap e f fec ts . The meeting sect ions, X, are
evenly spread along the meeting zones and as Z1 and Z2 both cover L
length units of the b r i dge , there w i l l be 1/2:K-:p meetings in Z1 and
1/2-K-p in Z2. The number of meeting sections outside the bridge is
K-(1-p) , t h a t is 2:K:(1-p) vehicles drive over the bridge without being
involved in overlapping.
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Zone /X ng
Amplitude ber DERE

Z I :
S U R S V N 2 [ E K )

Zå Il EKpU j e u ; |5 < AB5(V)<L C ; F E R

RN (1-200)-U, [ l ä g

FIG. 6.3.3-1. Loadeffect count f o r d i f f e r e n t meeting zones. Determinis‑
t i c loads. Analyt ical solut ion.

Zone Number of ranges W,in I yearz3 REÉ

, I
Z 3 : / e k

U SK
: på S

w
L E : K p

Z1 Je. Å Pp

sum =
frotal: 22:Kk-3 Kp =

=e-K(1-4p)

FIG. 6.3.3-2. Loadeffect range density functions. Deterministic loads.
Analyt ical  solut ion.



So

It has been shown t h a t u(X) has a l i nea r variat ion between f -1 f o r
L/2 S ABS(X) < L and tha t o(X) also has a l i nea r variation between 1-0

f o r D ö ABS(X) < L/2- and a s X i s uniformly d i s t r i b u t e d ; u(X) and olX)
w i l l a lso be uni formly d is t r i bu ted .

The fo l l ow ing density functions can now be put up. FIG. 6.3.3-2.

In FIG. 6.3.3-3 is shown the corresponding loadeffect spectrum and f o r
c l a r i t y - a l so the d i s t r i b u t i o n funct ion.

kel,=Frob(<W) | 2 probalility for
meeting

> VEllelo
lane -year

ET = 2K: (1 - 4 P) per yeor

D d e p Prob (=W)
4-p 4 - p

FIG. 6 .3 .3-3 . Loadeffect range d is t r ibu t ion function and loadeffect range
spectrum. Deterministic loads. Analytical solution.
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6.3.4 Descr ipt ion of analysis f o r non-deterministic loads.

To make the t e x t more survayeble th i s chapter is divided in to subchap‑
t e rs : |

Analysis zone 3, Z3
Analysis zone 2, Z2. Fixed X
Loadeffect range densi ty function zone 2, Z2
Analysis zone 1, Z1. Fixed X
:eLoadeffect range density function zone 1, Z1

The combined loadeffect range density function f o r a l l zones, non-deter‑
min is t i c loads, is summarized in the next Chapter, 6.3.5.

The meeting sect ion X is situated outside the br idge, ABS(X) z L, and a
meeting between two vehicles w i l l g ive r i s e to the loadeffect count ac‑
Cörding to FIG. 6.3.4-1.

Zone /X W
: Nums Number

Amplitude | be r

zö
LE ABSCX)

FIG. 6.3.4-1. Loadeffect count zone 3, Z3. Non-deterministic loads.
Analy t ica l  so lu t ion.

The loadeffect range density function f o r zone 3, TE becomes, (see FIG.
6.3.2=1)

fy (NW) = ‐ | | (1)

where Ug S N S Uq

The number of meetings in Z3, is K-(1-p), that is each lane causes
K-(1-p) loadeffect ranges in one y e a r.
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EK( l - p ) ranged/year

FIG. 6.3.4-2. Loadeffect range densi ty funct ion f o r zone 3, Z3. Non‑
determinist ic loads. Analytical solut ion.

The meeting section is determined by L/2 < ABS(X) < LÅ. The analysis is
made f o r L/2 < X <L as the analysis f o r negative X w i l l y i e l d the same
resu l t .

Study FIG. 6.3.4-3. It shows the pr inc ip le appearances of the loadeffect
var iat ions f o r d i f f e r e n t X (three sections). Uh is the greatest of the
maximum loadeffects U' and U" and U, is the lowest.

Ur = MARE (UNS US

MIN-TUl3 UD

As can be seen each meeting section X causes

1 Toadeffect range Un and
1 Toadeffect range HOAT VU,

Remember the fol lowing densi ty and distr ibution functions.

Variabel d is t r i bu t ion function density function

Up Fun (U>X) 0

u(X)-Ug ar 0, ( C K o u )
U, FUND fy, (UV)
U! Fy: (U) = Fy(U) fy (U) = fylU)
UU: Fyn(U) = FylU) Fyn(U) = fi (UV)
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sg
Time

Time

FIG. 6.3.4-3. The p r i nc ip le loadeffect variations f o r three meeting sec‑
t i o ns , X, in zone 2, Z2. Non-deterministic loads. Ana ly t i ‑
cal solut ion.

The aim is to put up expressions f o r SUN and Rd and i n t e ‑
grate over the zone X = L/2 to X = L, to form the fina l density funct ion
f o r Z2. The in tegrat ion is made in the next subchapter.

Un is the maximum of U' and U" and Uk can therefore be writ ten

Fup(UsX) = Fyrl(U) tEjuelU) S F ) (VD) (3)

The density function is achieved by a derivation

| d ; US Ug
f o s (fr U N R U (4)



fy

SR
U-G

vn ö
FIG. 6.3.4-4. Density funct ion, fUp> f o r loadeffect ranges Up in zone 2,

Le: fy and Fy is also shown, see formula (4). Non-determi‑
n i s t i c loads. Analyt ical solut ion.

In the same manner fy can be derived. U, is the minimum of U' and U"
2

therefore

Fy, (UY =A-(T = Fy = F y l l ) SB Fl (Fy(U))? (5)

fy, (U) = (Ca SA AN f y ) =
2 sfelUjnsofab(UjNe. 2 ER (6)

3 Ön (Uj - Up)?

The dens i ty func t ion f o r the loadeffect range W= H(X) Ul can now be
put up

u(X) > (Up > TT )
för 0) u |

nrUgssa pixjE (07 - ug)”

se Lv RN (7)NA

where ul(X) - Ug z US ( K E Uh

FIG. 6.3.4-5 shows the function f o r two values of the meeting section X.
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uu

fö É ]E S  M E )
IN

N XL pu l l j e t
NÅ

; 7 ff2 MGöl , U,

FIG. 6.3.4-5. Density funct ion, US f o r loadeffect range H(X)-U, in
zone 2, Z2. Non-deterministic loads. Analytical solution.

Above is the density functions shown f o r the loadeffect ranges Un and
r(K)-Da which are caused by meetings at section X in zone 2, Z2. The
fi n a l densi ty funct ion f o r zone 2, a is achieved by integrat ion over
the en t i re zone remembering that the meeting sections are uniformly d i s ‑
t r ibu ted over the zone.

LZ ske £2,2rg dr | (8)

Z 2 5 1Where fr = f i) dx
zone 2

LEsew f ev, dx
zone 2

As Fu 00) is not dependent on X, ve can be wri t ten direct

W.- U
fr (HM) = fy ( N Å - (9)

where Ug z< Wo Uq

At the calculation of RE
par ts to prevent Wfrom f a l l i n g outside the definit ion area of Cr U.”'

få

the integrat ion has to be divided in to two
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This area varies with X.

It sha l l be remembered tha t u(X) is a l inear function varying between 0
and 1 over the zone, tha t is f o r L/2 s< Kö< h .

Thus fy ”” becomes (see FIG. 6.3.4-5).

LS
Up

é SLS Al; Fu du = fu where PD<M<Ug
I
AR

ÄR RE
TE RANE (10)

fi EJ (Wu) ">du mf where Ug EW Uq
W
ET

and after in tegra t ion

2 IST (Ug Su Un en(‐=)) where Öd<M< UgO T O F
L e sfu = CET)

2 = (W= US I r n ) where” WUA N A S N 0 ) 1(U Uz) U1 fd 1

Ronges/yeor =3-K-p RE Ranges/year =$-K-p"zee
W

‐ & be:W W4g G 4g 4,

FIG. 6.3.4-6. Pr inc ip le appearance of 1loadeffect range density functions
räsdä ae and nea of zone 2, Z2. Non-deterministic loads.

Analy t ica l  so lu t ion.
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The to ta l number of ranges in the zone is as before K-p equally d i s t r i ‑
buted on the two types of ranges.

The meeting sections are uniformly distr ibuted over ff <£ABS(X) <
As before, analysis is only performed f o r pos i t ive X.

It has been shown before, FIG. 6.3.2-6, that in th is zone, Z1, there
will be one loadeffect range, wi th amplitude Un? f o r every meeting. That
is

1 loadeffect range Un

where

Un = WETT (KK) UN i U s a

UEFRO0 US if US UN (112)

The d is t r ibu t ion function f o r Un? Fy , becomes
m

1 2= Pyn(UsX) + PU LUX) (13)

where

Py (U.X) = Prob. (U" + olX) ss ed and Ylnas Ut)m

Pl (UsX) = Prob. (UN + alk) ” B l ä and Un > UU)m

The maximum loadeffects U' and U" are observations of fy: and fyn- The

u'uUr iS shown in FIG. 6.3.4-7. This
figu re also indicates l ines U = U' + al(X) - U" and U' = U", which inc lu ‑
j o i n t p r o bab i l i t y densi ty function f

ding the boundaries of the defin i t i on area of fyyn forms the integration
areas explained below.

The aim is to calculate lt f o r a fixed X, thatr is a fixed olX). This is
done by an in tegra t ion over the hatched area o f FIG. 6.3.4-7. To simpl i fy
the calculations Ef is s p l i t i n t o two functions På! and de

mm m



U=(1+200)-U,

U=Upt (KX) Ug

(o(X)=1)
ox(X)=4

7 ä
? o x ) = 1

LR
g Xx

FIG 6. 3.4-7. In tegra t ion areas in the j o i n t probabi l i ty density func‑
t i o n fyryn zone 1, Z1. Non-deterministic loads. Ana ly t i ‑
cal sSoTutton.

12n Umun! U,X) | (14)(U,X) = P
m

T is calculated as the integra l over the hatched area and 2 as 5
mminus the integral over the dotted area.

1; U t ) o p
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where (1 + a(X)) Ug £<Us Us alX) > Ug

U U-y
1+0(X) al X)

12 1Sr (UX) RN f fyr l y ) Y É I fyn(Z)> dz] dy (16)

where

U7 + olX) e Uj SME AT k r ) 2 U,

The corresponding function På f o r U" > U' is not calculated, because
m

f . , , is equal to f , , . , which causes Po to be equal to på . Thus, a f t e rU U Um Um
calcu la t ion of Nr and ae the density function f o r U . , fy » becomes

m m U S S

far s t e e e n negar Bar s atellk) est (UR)Um TUFOR UC Uj Um” Um” ””

(17)

where

FL V X ) s=2sQye (PyabUs8) a ‐ - Ug) (18)
m m (Ur - Ug) 1 FA00

where (1 + alX)) : Ug z<U= Uq + 0:00) Ug

f 0(0.0) = 2= p P y( R O S r fl L N ( 1 9 )
m m (Up -Ug)E > a(X) I + a x )

where UqFO Ug< U E (1ERO00 Ua=
FIG. 6.3.4-8 shows fy (U.X) f o r three values of the meeting section X.

m



ÖL 15 So
(1+0X)-Ug UU (100)-0, |

FIG. 6.3.4-8. Density funct ion, SR> f o r loadeffect ranges Umin zone 1,
Z1. Non-deterministic loads. Analytical kölltivn.

To get the fina l densi ty func t i on , Än f o r zone 1 , Z1, un i s i n teg ra ‑
ted over the zone, tha t is from X = P to X = L /2 , (only posi t ive X): IE
shal l be remembered tha t a(X) is a l inear function between f and I ö v e r

the zone.

fw - fa fd (20)
ö zone 1 m

As f o r zone 2, the integrat ion has to be divided i n t o subintegrals,
"otherwise Wcould f a l l outside the defini t ion area of 0 This area
varies with X, see also FIG. 6.3.4-8. The integration limits f o r a(X) are
thus defined from the condition that RR may not be moved outside
current Wduring the in tegrat ion.

Below are the 5 subintegrals defined, together with integration l im i t s
f o r a and thé proper defini t ion areas. The expressions are valid f o r
2"Ug s Uq:

1 ZV32 Z133 Z1,4 Z1354 +FAR + f (21)



As before the to ta l number of ranges is Kp per year in zone 1
: Z1
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Density funct ion In tegra t ion l im i t s Defin i t ion areas

W-U,4Z131 | | :0 RE M S E eg Ug <MW< 2 Ug

Z1,2 1ER (w) = I fy (Ha)-da o r g 2:Ug <W< Uj

W-UZ13,3 1 1
0 (= 0 are U; < d e l Up <W< UptUg

W-U W-UZT3 2 1fö MN) = Sf fö (Na) da TJ 0 Up <W< UptUg
m 1 (

W-UZ1;5 2 1i (= US OE Sd ST UstUg <W<2-U,

A f t e r f u l fi l l e d in tegrat ions a to NS becomes

lg (Wen (M-)-WEU,) Ur <WY 2-0W 2 U p (d 9
(U+-Ug) g1 - 4

Bl MN 2)-UL) le eVW RA g D 1(U+-U4)1 - 9
W+U,+-U

fö (HR ( 2 ) Uk en HeW 2 / U 1(U3-U4) D1 0
U, < Woo UytUg

U W+U.-UZ£1V,4 2 1 1fö (HN) = ‐ (Ujren(glanen(‐))
Uq <W UytUg

W-U W-UZ1,5 2 1 IIN E S EV ANSATS) Van U| F I N N )
(Ug-Ug) 1

UrtUg <MW< 2"U,7

(22)

(23)

(24)

(25)

(26)

(30)

(31)

FIG: 6.3.4-9 shows the pr inc ip le shapes and subfunctions of fy s WTCh

Ug>4 and Uj=l4.
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Ranges/year "$ Kp

FIG. 6.3.4-9. Pr inc ip le appearance of loadeffect range density function
with subfunetions., zone 1, Z1. Non-deterministic

loads. Analytical solution.

6.3.5 Analyt ical solut ion f o r non-deterministic loads. Computer
program EF2.

In the preceding chapter derivations have been made of the loadeffect
range dens i ty function f o r non-deterministic loads. FIG. 6.3.5-1 below
contains the subdensi ty functions together with the number of ranges per
year they stand f o r .

A computer program EF2 has been made which draws l inear and logarithmic
spectra f o r both deterministic and non-deterministic loads. The program
is found in Appendix E.
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LÖbe Number of Name in
SS FANGEeS: Ih.oRE «>FP 2
w year

23 2:K:U-p) fy = FNA

U
Ug U,Bal

WZé SKP hy FNB

Zz2 fo ÄN

fy = FND

2 fy” = FNE

fö = FNF

fö = FNG

fö CS FNH

KEN
Totalt: f,, Sum: 2K-(1- 2) fy = FNW

FIG. 6.3.5-1. Loadeffect range subdensity funct ions. Non-deterministic
loads. Analyt ica l solut ion.

It is assumed that 2-0, < U; that is 2:60, < G , .(4 1 0 1
The input to the EF2 program consists of

K number of vehicles per lane and year
YP ‐ regarded time period (years)

length of bridge (m)
vehicle speed (m/s)
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i equivalent time
69 ‐ Towest vehicle gross weight
G1 ' highest vehicle gross weight

" 6 . 3 . 6 Calculated examples.

The method of solut ion described above is analytical in the sense t ha t ,
an analyt ical expression is put up f o r the loadeffect range density func‑
t i o n . It is of course possible to expand the solution to comprise more
complex inpu t and to express the dens i ty function as two-dimensional,
inc lud ing the loadeffect leve l .

But it is obvious tha t a more complex solution w i l l y i e l d much more work
if it-has to lead to simple expressions in the end. It is furthermore
probable tha t numeric methods must be used in solv ing the integrals.

alt. Mays sin sp i t e o f the s imp l i fied i npu t , be o f some in te res t to see the
di fferences in spectrum between the one val id f o r deterministic loads
and the other f o r non-deterministic loads.

FIG. 6.3.6-1 shows what happens when f ree l y running axles with load
5 amplitudes uni formly distributed between GPand G1, dr ive

over a br idge with the Tength 5 metres. The vehicle speed
is put to 18 m/s and the equivalent time to 1. Two time
periods (a) 50 years and (b) 1 year is considered. The
corresponding spectrum with a l l loads fixed and equal to
the average G2 = (GA+G1)/2 is also shown.

FIG. 6.3.6-2 shows the loadeffect spectrum caused by vehicles, regarded
" a s concentrated loads, d r i v ing over a bridge with the
length 30 metres, speed 18 m/s. Equivalent time is put to
1. The vehicle gross weights are uniformly distributed be‑
tween Gf and G1. The corresponding spectrum f o r determini‑
s t i c loads, equal to G2, is also shown. For comparison
the corresponding spectra with meeting probabi l i t ies equal
to Ö are also shown.

The main l im i ta t ions of the model are

the vehicle loads must be uni formly distributed

the loads are concentrated
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the influence l i n e must have t r iangu la r shape

no account is g i v e n to latera l influence function and lateral track
d i s t r i bu t i on (gives equivalent loads):

only meeting overlap considered

' AOdynamic e f f e c t s .

The next chapter describes a numerical model for calculation of loadef‑
föct spectra, NULESP, which takes i n t o consideration those circumstances
no t incorporated in the analytical solut ion.
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6.4 Descript ion of numerical model f o r calculation of loadeffect
spectra, NULESP.

This chapter describes the numerical model f o r calculation of loadeffect
spec t ra , NULESP and the corresponding computer program written in Algol
(Nualgol f o r Univac 1108) with the same name. The program l i s t i n g is
found in Appendix F with fu r the r comments and sample output from a
RUN.

F i r s t the method of solut ion is sho r t l y described and then a schematic
descr ip t ion of the model is given, followed by further explanations of
some central par ts o f the model. F i n a l l y , a flow chart over NULESP i s
presented as wel l as an input-output catalogue.

6.4.1 Method of solut ion. Systematic sampling.

To get a fl e x i b l e and eas i l y understandable method of so lu t i on , a simu‑
l a t i on technique was preferred to a purely analyt ical solution. In addi‑
t i o n t o the already mentioned d i f fi cu l t i e s t o handle the stochastic va‑
r i ab les without making use of numeric methods, as numeric in tegrat ion,
the d iscre te variables vehicle type, influence l i n e type and overlap
case f u r t he r complicates the analyt ical solut ion. The procedure used to
analyse the loadef fec t process, computer subroutine LECOUNT, is called a
counting method and is hard to apply mathematically on an analytical
breakdown of a loadeffec t process.

In a simulation method the wanted resu l t , output, is not given in fina l
formulas which are functions of the input var iab les , but as a spec ific
resu l t of the variable values which were given at the inpu t . So instead
of spending e f f o r t on making the dependence between input and output
variables c l e a r, the o r i g i na l , or par t ly developed conditions descr ibing
the problem are used several t imes, in a f a i r l y uncomplicated algorithm,
to produce output values f o r ' a great number of simulated input values.
Those variables whose values are simulated are stochastic.

The progress of the simulation technique is of course a consequence of
the growing access ib i l i t y t o computers. The computer performs in the
simulation model a rather simple algorithm but does it many times and
does i t f a s t .
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The main advantages of the simulation methods are that the simulation
model is ra ther simply formulated, the model is uncomplicated and easy
to understand ( i t can of ten be a copy of a real chain of occurences) and
it is easy to make changes in the model. The main disadvantage is tha t
it requires many "runs" to get a complete pic ture of the input variables
influence on the output.

It has been mentioned before that it is important to choose a simulation
technique tha t gives an opt iona l r e s u l t in shortest computer time. The
most simple form of Monte Carlo simulation is not sat isfactory in this
case because the most interest ing pa r t of the resul t w i l l get re la t i ve l y
too low reso lu t ion , because the probab i l i t y o f coming up f o r dangerous
variable combinations is too low.

There are d i f f e r e n t m e t h o d sto d i rec t the simulation. The one used in
t h i s work is cal led systemat ic sampling. In contrast to the simple Monte
Carlo method, where a l l drawings from the input stochastic variables are
randomly distr ibuted according to t h e i r density functions, the systema‑
t i c sampling includes " a l l " possible combinations of variable values.
The calculated output f o r each combination is added to the fi n a l resu l t
w i th a weight equal to the probab i l i t y f o r the combination of coming up.
It is c lea r t ha t the input variable density functions have to be made
discrete and through a proper choice of division emphasis on certain i n ‑
teresting input circumstances can be made, see FIG. 6.4.1-1.

9. EN + ev beer at us 0
” oskar otla BAR aTan anARR

SS fe ;

/C .R s A ‐ F Tr g3 S e n S S R

FIG. 6.4.1-1. Aspects on making density functions discrete before input
in a systematic sampling. The underlined parts are consi‑
dered to be of special in terest . In th is example i t is
supposed that the density functions (1) and (2) are added
resul t ing in a density function (3).
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The number of possible combinations of variable values increases rapid ly
wi th a fi n e r d i v i s i on , therefore the number o f discrete values a var i ‑
able can take should be held at a minimum.

6.4.2 Schematic description of NULESP.

It is supposed that the bridge can carry one lane, two para l le l lanes or
two meeting lanes. The number of vehicles that pass on a lane section
during a time per iod is equal f o r a l l lanes but can eas i l y be al tered in
the model. In the case of para l le l lanes i t i s supposed that no vehicles
dr ive in the second lane, except when overtaking.

Laneå2 Lanel

ERS RR Re
( 6 1 ( l k e r e ) ( L I =2 )

FIG. 6.4 .2-1 . Three types of lane configurat ion in NULESP.

The vehicle flow is described through a Poisson process, that is the
vehicles t rave l independent of each other, with time distances between
passages of a lane section exponential ly distr ibuted. Also par t ia l flows
of vehicles are assumed to be described by a Poisson process, a fac t
made use of in the calculations of probab i l i t ies f o r meeting, queuing
and overtaking. While dr iv ing over the bridge the vehicles are assumed
to keep the same speed.

The flow in t ens i t y varies during the day and during the yea r. As a simp‑
l i fi c a t i o n a l l t r a f fi c i s supposed t o take place during a f rac t i on , equi‑
valent t ime, o f the day, with constant flow in tens i t y. The t r a f fi c cha‑
r ac te r i s t i c s are fu r t he r discussed in Chapter 9.3.2.

The number of vehicles per year and lane and the density function f o r the
vehic le gross weights form the load 'spectrum' input together with the
vehicle type spec i fica t i ons . The load density function input i s s p l i t up
i n t o a to t a l ( a l l veh ic le ) , axle and vehicle type pa r t , and may be p icked

from the output of the load spectrum model LOSP.
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Type 4 (T1=4 )
Type 3 (T1=3)

Type2 (T1=2)

= f )

Load

FIG. 6.4.2-2. Pr inc ip le appearanceof the discrete load density function
: i n pu t , NULCESPs

Ås the vehicles dr ive over the bridge they give r i s e to varying kinds of
loadeffects, f o r example stresses and deformations, in d i f f e ren t points
o f the s t ruc ture . These variat ions form the loadeffect processes which
are to be analysed. The shape and magnitude of a process is determined
by the appropriate influence volume and the load (vehicle weight) magni‑
tudes. The influence values are defined by a function which is separated
i n t o two func t ions namely the long i tud ina l influence l i n e and the la te ra l
influence func t ion . A f te r the structural point is determined these func‑
t ions are defined. The separation of the influence function was judged
to be acceptable by the f a c t tha t i t extensively s imp l i fies the model
(el iminat ion of the la te ra l track variable from the systematic sampling
procedure). I t i s , however, possible to define separate longitudinal i n ‑
fluence l ines f o r the two lanes through small changes in the program.

The influence l i nes and lateral influence functions are bui ld up of
s t r a i g h t l i nes in order to s imp l i f y the analyses. This s imp l i fica t ion is
f u r t he r discussed in Chapter 6.5.1. :

It should be pointed out tha t at t h i s stage it is assumed that no dyna‑
mic e f f e c t s , except those already incorporated in the influence funct ion,
occur during the passage. This assumption is also made to speed up the
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ca lcu la t ions , obtained by el iminat ing a stochastic variable namely the
dynamic ampl ificat ion f a c t o r , from the systematic sampling procedure
used in the analysis of the loadeffect process.

The vehicles d r i ve over the bridge fo l l ow ing d i f f e ren t tracks in the
lane according to the latera l track density function. Dependent of the
corresponding values of the la te ra l influence functions (see FIG.
6.4.2-3, influence l i n e correction factors are brought out which also
may be described as vehicle weight correction fac to rs .

Xx ‐JOrvenee ne

IM mInfluence line function

fin
(L6 Deg. I C E dé s e e Laleral track

density functions

FIG. 6.4.2-3. Example on influence volume f o r a structural point (stes‑
| ses in the flange of a two span longitudinal g i rde r in

lane 2) . The la te ra l track density functions are also
shown.

The vehicle (and axle) weights can now be translated in to equivalent
vehicle loads where the equivalent load is not properly a Toad but a
loadeffect as it is mul t ip l ied bya loadeffect fac tor expressed through
the lateral influence function. The equivalent load spectrum is to the
s t ruc tu ra l po in t a load spectrum createdby vehicles fo l low ing the same
track but with adjusted weights. This is true because the vehicle axles
are treated as concentrated loads act ing through the center of the axles,
which w i l l y i e l d the same resu l t as , on the wheels equally distributed
weight making influence through the l i nea r la tera l influence function.

The lateral influence functions are separately defined f o r each lane.
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The l a t e r a l t rack densi ty funct ions have the same shape f o r the two
lanes but may be turned (mirrored) f o r lane 2. (See Chapter ANAL)

It sha l l also be mentioned here that when vehicles cause overlap loadef‑
f ec ts through overtaking the equivalent loads f o r the lane in which they
overtake are used as if it was a meeting lane. Therefore the same o r i ‑
gina l load densi ty function must be used (same shape) when the equiva‑
l en t load density functions are calculated, however, the to ta l lane flow
in tens i t i es do no t have to be equal.

The calculations of equivalent load spectra are described in Chapter
6.4.3.

The vehic le type influence l ines are then calculated. The dis t r ibut ion
of vehicle weight on axles is defined in the vehicle type specificat ions.
As there are M(3,T1) axle distance factors f o r each vehicle type T I , the
same number of spec i fi c vehicle type influence l ines can be calculated
f o r each vehicle t y p e and lane. This section of the proaram is commented
on in Chapter 6.4.4.

I t is now possible to make loadeffect process analyses by means of the
loadeffect counting rout ine, LECOUNT, f o r single vehicles passing the
br idge. F i r s t , however, to keep the analyses assembled some preparations
f o r the overlap calculation cases must be made, namely creation of equi‑
valent overlap load densi ty functions, probab i l i t ies f o r meeting, over‑
tak ing, queuing, queuemeeting and queue meeting queue and the vehicle
behaviour at these events and fi n a l l y direct ives about the overlap cases
tha t are va l i d and the type of loads, t o t a l , axle or vehicle type, that
sha l l be used at the calculations.

same th ing as the equivalent load density function but with less resolu‑
t i o n . In order to shorten the calculation time, and not spending time on
calculations that w i l l contribute l i t t l e to the fina l solution, the num‑
ber of possib le equivalent load values are reduced according to pr inc ip ‑
les shown in FIG. 6.4.1-1c. This pa r t of the program is fur ther descri‑
bed in Chapter 6.4.3.

The road sections where the meeting takes place, re fe r r ing to the f ron t
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axles of the vehicles, are uniformly distributed along the road and
br idge, as the same density function f o r a r r i va l times is va l id f o r
every sect ion. With the assumption about Poisson distributed flows as a
basis, the number of meetings (and overtakings) between the di f ferent
vehicle types can now be calculated. These numbers can be altered
through input factors.

sö QUEUVEMEETING
OVERTAKING GUEUVEMEETING MEETING -QUEUE

l a t a

==
Meeting section

FIG. 6.4.2-4. Overlapping can be caused by meeting (or overtaking), by
queues consist ing of 2 vehicles or by a single vehicle
meeting a queue or by queue meeting queue in the NULESP
model.

Calevlation I Total. TO=-1 Axle [ 0 - 0
TCOSES IT |

8,
Jon,8g

PERFORMED

F7 eQ and
F9=-0 &

F920 DV

FIG. 6.4.2-5. Calculation cases and overlap cases in the loadeffect ana‑
lyses of NULESP.
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In a s im i la r manner the number of queues are calculated. This number can
also be al tered through an input f ac t o r. A queue is assumed to come up
(by a p robab i l i t y equal t o 0.5) i f the a r r i va l time f o r the fol lowing
vehicle i s less than the c r i t i c a l queue time T9, and once a queue has
been formed the queue distance is determined by a queue distance density
funct ion. Those overlap cases which are treated in the model are shown
in FIG. 6.4.2-4. The number of vehicles in the queue is put equal to two
vehicles because it is estimated tha t longer queues w i l l be so long that
a l l the vehicles can not influence at the same time. The calculations of
corresponding p robab i l i t i e s are described in Chapter 6.4.5. |

The loadeffect calculations are divided i n t o d i f fe ren t calculation cases
depending on the type of used loads (ax le , to ta l or vehicle type, va r i ‑
able TP), and on the assumed lane configurat ion (single lane, meeting
lanes o r pa r a l l e l lanes, variable L I ) . A diagram over these cases i s
shown in FIG. 6.4.2-5.

I t can be seen in the table tha t the axle load case, TO= $, is not ca l ‑
culated f o r queuing vehicles. This is because a l l axles are supposed to
run independently of each other in these calculat ions, even when belong‑
ing to the same vehicle, which excludes influence lines longer than the
shortest axle distance. Thus no overlapping of axles belonging to the
same vehicle and par t i cu la r l y not o f queuing vehicles can occur.

The type load case, T(/ = I, excludes the queue meeting and queue meeting
queue cases because they are of rather ra re occurance compared to the
queue case, and it is possible through th is elimination to considerably
reduce the computing t ime. The e f f e c t of the reduced calculations can be
studied if the t o t a l load, TÅ = - 1 , is used instead, as the queuemeeting
and queue meeting queue cases are incorporated f o r th is load, ( fur ther
discussed in Chapter 6 .5 .5 ) .

When two pa r a l l e l lanes are assumed there i s no flow i n lane 2 except
when: an overtaking is to be made. It is fu r the r supposed that no queues
ar ise on the 2 pa ra l l e l lane roads, instead the vehicle overtake one
another as they get too close.
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In the case of meeting lanes no overtaking is assumed if queues are
allowed to ar ise. The behaviour of queues of heavy vehicles and the i r
overtaking behaviour is not very well known. I t is here supposed that
the durat ion of a queue is long in comparison to the time it takes to
dissolve it by overtaking. The queue does not have to be dissolved
through a regular overtaking but f o r example the f ron t vehicle can make
room f o r passage by moving to a side lane. This case w i l l though probab‑
l y be bet ter treated as a two para l le l lane case.

If queues are not allowed to a r i se , that is f o r low vehicle flow inten‑
s i t i e s , which is accomplished by se t t i ng F9 = f, the vehicles in each
meeting lane behave l i k e in the parallel lane case, that is they are
allowed to overtake each o the r. Of course overlap effec ts of meetings
w i l l a r i se and be added t o the fi na l r e s u l t .

Because of the poor knowledge about the queuing and overtaking behaviour
of heavy veh ic les ; it was considered that the assumption made tha t queu‑
i n g and overtaking can not both a r i se during a specified time period is
sa t i s f ac to r y u n t i l fu r ther knowledge about these circumstances is gained
(see a lso discussion in Chapter 9.3.2) .

The calculat ions of loadeffect ranges and corresponding levels are now
performed wi th the help of rout ine LECOUNT f o r a l l overlap cases and va‑
r i ab le combinations. These calculations are described in Chapter 6.4.6,
s i n g l e vehicle passages and in Chapter 6.4.7 f o r the overlap cases.

The results of the calculations are loadeffect range level density func‑
t ions which are pr in ted and p lo t ted as loadeffect spectra in l inear and
:Togarithmic (base 10) scales. It is also possible to get output pa r t i a l
spectra f o r the d i f f e r e n t overlap cases.

There is now one th ing l e f t to do and that is to correct the 1loadeffect
spectra f o r dynamic e f fec ts . One dynamic e f fec t may be expressed as a
time varying wheel force which superposes the s ta t i c fo rce , also some of
the vibrat ion modes of the bridge w i l l be s ta r ted up causing larger 10ad‑
e f fec ts and extra osci l lat ions which continue even a f t e r the vehicles
have l e f t the br idge.

In FIG. 6.4.2-6 the appearance of a s t a t i c , that is slow vehicle passage,
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and corresponding dynamic pa r t of a loadeffect process are sketched out .
In the current version of NULESP only the ampl ificat ion effect is taken
i n t o consideration. It is judged that the extra oscillations can be trea‑
ted separately when the dynamic behaviour of the various vehicle bridge
system is f u r t he r studied and surveyed from a dynamic point of view.

FIG. 6.4.2-6. Part of loadeffect process modified f o r dynamic e f fec ts .

The dynamic amp l i fica t i on fac to r i s assumed to belong to a density func‑
t i o n described through inpu t data. The loadeffect range level density
function is converted to a fi n a l dynamic loadeffect density function by
means of a redist r ibut ion of each range according to the ampl ificat ion
fac tor d is t r ibu t ion . The modification o f the loadeffect spectra f o r dy‑
namic e f fec ts is fu r t he r described in Chapter 6.4.8 and discussed in
Chapter 9 .3 .3 .

The loadeffect spectra calculation model, NULESP, with i t s essential
par ts is summarized in FIG. 6.4.2-7.
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6.4.3 Calculat ion of equivalent load distr ibut ions and equivalent
overlap load d is t r ibu t ions .

Each vehicle d r i v i ng over the bridge chooses a track and through the 1a‑
t e r a l influence funct ion (see also FIG. 6.4.2-3 and FIG. 6.2.2-1) the
weight of the vehicle can be translated to a corresponding equivalent
load, which mul t ip l ied with the vehicle type influence l ine gives a par t
of the loadeffect process. This par t can be superposed by process parts
caused by other vehicles.

The input load density function f o r vehicle weights is transformed to an
e q u i v a l e n tload density funct ion i na manner described below. The corre‑
sponding section in the program is found at label EQCA, and the corres‑
ponding inpu t section at label LINF.

FIG. 6.4.3-1 shows how each discrete load value, by mul t ip l icat ion of
l a t e r a l influence funct ion values between two l im i t s , is transformed to
equ iva len t load values varying wi th in the var ia t ion width o f a spec ific
discrete equivalent load value, class I 1 . That is the loads of class N
wi th values K3 are moved to class Il of the equivalent load density func‑
t i o n , w i th a weight explained below. The greatest la tera l influence func‑
t i on value, K2/K3, by which the load value, K3, shall be mult ip l ied to
f a l l below the upper class border, K2, of I1 is calculated as well as
the corresponding l a t e r a l track value YH. The smallest la tera l influence
function value, wi th corresponding la tera l track YL, is picked from the
upper l i m i t o f the preceding c lass , I1-1 . The probab i l i t y f o r the la te ‑
r a l influence funct ion values to f a l l wi thin the above mentioned l im i t s
is calculated as the in tegra l of the la tera l track density funct ion be‑
tween the corresponding tracks YL and YH. This is done in the procedure
LATINT (Y4, Y5, Y6, YT, YH, LP), and G(TI,N) w i l l be added to the
fi n a l equivalent load density function X ( . . . ) with that weight.

This procedure is then repeated, u n t i l Y becomes equal to Y4, ( tha t is
the greatest l a te ra l t rack value) f o r each discrete load value, each
type of load and each lane. :

The procedure f o r calculat ing equivalent load density functions is the
same f o r each lane. The only difference is that the middle la tera l i n ‑
fluence funct ion value, F9, gets another value (see also FIG. 6.2.2-1)
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and t h a t the track d is t r ibut ions are anti-symmetric if Y6 is negative,
(see also FIG. 6.4.2-3).

båt track

AVALON,EIK3
| Z a I A R E

Class C(LO,TI,3) ClassN ‐ Class CILB,.TI,4) LATINT (V4,V5,
V6, VL,YH, LO)

KULD, TI I D K A ,tLIDfequiv. load
+G(TI,N)-LATINT(V4,V5,Y6,YL YH, L0)/

FERolanecFö (2 lane &
I | | d| | Ike | Equiv. loa
I | «| Hass. Il I S

Class C(LB,TI,5) Class C(LA,T16)=1e

FIG..6.4-3-1. Calculation of equivalent. .load densi ty functions. Labels
ÉOCA and LINF ( i n p u t )in NULESP. (VAL function see NOTA‑
TIONS-.N

The equivalent overlap load densi ty function is used in the analyses of
loade f fec t process parts caused by more than one vehicle. Chapter 6.2.4
describes the inpu t section where the desired discrete density function
is specified by menas of histogram staple areas.

At label OVCA in NULESP the equivalent overlap load density functions
are ca lcu la ted, in a manner described below, see FIG. 6.4.3-2.For each
lane, L8, and load type, T I , the load density function is gone through
from the greatest load value to the lowest. As soon as enough staples
are collected to form an area (probabil i ty) greater or equal to the de‑
s i r e d , a new class is formed with an equivalent overlap load value equal
to the mean of the collected load classes. This is repeated u n t i l one
class is l e f t to be formed, the lowest , which automatically w i l l consist
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of the remaining classes of the load density funct ion. The equivalent
overtap Ioad density function is stored "in O(LOSTI,..)..

Desired overlap density function

W(1)

W(I1)
4

Ww(W'1)EE ee
Load

Equivalent load density function
Lane LD
Load Fl

Load
I Equivalent overlap load density function

Lane LB
L Ö TL2 I ) > = WII |O(LO, Tl e k ) ol 2 , SC wWwåå ) L o g a TI

O(LO,TI,2, Wi)

Load
O(C0; I Idde OCD T I L ) O(CO T I M )ad =

FIG. 6.4.3-2. Calculation of equivalent overlap load density functions.
Labels OVCA and OVDI (input) in NULESP.
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6.4.4 Calculation of vehicle type influence l ines .

The influence l i n e is input at label SINF in NULESP and stored in
J ( J 1 , . . ) . There are four main types, J1, o f influence l ines o f which the
fou r th has optional appearance, (see also Chapter 6.2.3 Influence l i ne
type . S t ruc tu ra l po in t . Input) . A f te r the influence l i ne is input the
corresponding influence l i n e produced by a uni t load t rave l l i ng in the
opposite d i rec t ion is calculated, by a turning of the X axis round X = f.
This influence l i n e i s reached by pu t t i ng J1 negative i n J ( - J1 , . . ) .

The vehicle type influence l ines are calculated at label VINF, in a man‑
ner descr ibed below, and in FIG. 6.4.4-1.

For each vehicle type, t r a ve l l i n g d i rec t ion and axle distance f a c t o r
H ( . . . ) the influence l ines generated by each vehicle axle are added to
each other, one at a t ime, by means of procedure INFLADD and stored in
I ( . . . ) . Before addi t ion the influence l i n e is displaced one axle d is tan- .
c e , D3 in INFLU, counted from the current axle to the f r o n t axle and
mu l t i p l i ed by the share, B(T1,1), o f the to ta l vehicle weight (= 1 ) that
axle ca r r i e s .

The number of vehicle type influence l ines w i l l thus be 2:M(3,T1) because
there are two t r a ve l l i n g d i rec t ions and M(3,T1) axle distance factors
f o r each vehicle type. The meeting vehicle type influence l i ne is reached
by pu t t i ng T1 negative in f e t a ) : The influence l i ne corresponding to
axle distance fac to r two and three is reached by adding 2 respectively 4
t o the second index i n I ( . . . ) , see the scheme below.

Vehicle type influence l i n e meeting direct ion axle distance fac to r
number

I(Tl.1. I T ) = X value IETIs1.15 i
I (T1 ,2 , I1 ) = influence value I ( = T 1 3 2 5IT)
I (T I . 3 . I 1 ) = X value E S T ) )
I(T1,4, I1) = influence value I(-T1,4,11)
LCI:5S.IT) = XCvalue RHET1:551T) 3
I(TI1,.6,I1) = influence value I(-T1,6511)
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Number of breakpoints =M(1,3I1)
N ITRA, I ! ) / Xx

I S T IE)

=  J T  E I N
Number of breakpoints = M(2,T!)
Number of axle distance

factors =M (3, T1)

front wheel position X
I(EET TD

A(TL2)-: H ( T I , I, I I ) > First axle distance
A(TI3)-H(TI,. I, I1)=S5econdaxle distance

ACER) E H( L I L I ) X 0
LV >

FIG. 6 .4 .4-1 . Calculat ion of vehicle: type influence Tines.

TT sha l l be pointed out t h a t it is on ly in connection with J ( . . . ) and
I ( . . . ) t ha t negative JI1 and TI can be used thus meaning meeting di rec ‑
t i o n . A negat iv TI ( -1 ) used in connection with load descriptions means
t h a t the vehicle weights are treated as concentrated loads ( to ta l loads)
in the calculat ions.
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6.4.5 Calculat ions o f p robab i l i t i e s f o r meeting and queuing.

It has been mentioned before that the tota l flow of vehicles and the
flow of subgroups, characterized by f o r example vehicle type, can be
t rea ted as Poisson processes. This means tha t the a r r i va l times f o r the
vehicles to a cer ta in lane section are exponentially d is t r ibuted and
fu r t he r t ha t the time can be counted from an a rb i t r a r y po in t o f time. I t
may ce r t a i n l y be discussed if the assumption about Poisson process is
co r r e c t enough when the flow of vehicles is not undisturbed. This is for
example the case when meeting lanes are assumed and the overtaking pos‑
s i b i l i t i e s are l im i t ed . This f ac t i s t o a cer ta in extent r e c t i fi ed
through the in t roduct ion of optional fac tors F8 and especial ly F7 and F9.
These fac tors are used to ad jus t the p robab i l i t i es f o r meeting, overtak‑
i n g and queuing respec t i ve l y.

FIG. 6.4.5-1 shows two vehiclesiwhich meet at a sect ioh situated so that
overlapping loadéffects w i l l occur.

(e:AD +Å;- +
Åe Al
SES Heeting FELB section Er

”DUNN [ A S Flow Ko»

en Lane I

AlTength of influence line!
(bridge)

FIG. 6.4.5-1. Two vehicles meet causing overlapping loadeffects.

Vehicle 1, which is Aq long, belongs to a flow of vehicles with Ka vehic‑
Jes passing the lane section during the time period YSEC, that is with
mean in tens i t y Ky/YSEC. Vehicle 2 , i n lane 2 with a length Ass belongs
to a flow with the mean in tens i t y KA/YSEC.

AT1 vehicles are assumed to drive over the bridge with constant speed
equal to VE. The value of the regarded time period YSEC is optional ( f o r
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example the estimated br idge l i f e time) mul t ip l ied by the equivalent
time TE, which is a f a c t o r tha t can be used to reduce the available time
if the t r a f fi c flow is very small or non-existent during a fract ion of
the day. Also weekly, monthly and year ly fluctuat ions can be compensated
i n t h i s way. i

The density functions f o r a r r i va l times t at a lane sect ion, of vehicles
in flow K;> where the time is referred to the f r o n t axle passages of the
veh ic les , becomes

YSEC = (1)f e d EAS

YSEG
i

The number of meetings between vehicles in flow Ka and Ko that w i l l
cause overlapping loadeffects can now be calculated.

A vehicle from flow Ka ar r i ves at section ÅA, see FIG. 6.4.5-1, at time
pont t=A. If a vehicle from Ka ar r ives at the same section with in the
time per iod - A,/VE to (XO+A,+XP0)/VE overlapping loadeffects w i l l a r ise .
The corresponding meeting section var iat ion range is marked in FIG.
RS Thus a vehicle from Kohas to a r r i v e to section Bnot l a t e r
than En a f t e r the vehicle from Ka passed i t . The probab i l i t y f o r th i s
event becomes

ta PR t Ka 4 i hatöm
5 2 YSEC 3 YSECP a f O e S TS : a G S e S0; ISEC

K £å m
= (4)

YSEG

where

2 : XP + Åq + ÅA,
ta =
| VE

arrival i s s imp l i fied to the fi r s t two terms o f the Taylor Serie o f
e e l-x+x R E . This i s j u s t i fi e d b y the fac t that the expo‑
nent Xxis small and tha t it is an approximation on the safe side.
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The p robab i l i t y t ha t a certain vehicle from Kameets a vehicle from Ko
is Poo r o a . The t o t a l number of meetings during YSEC, ks now becomesa r r i va l i l

fiKkgivabe bre0yt Aq di A»)
I arelvat å "a

VET SSYSEC (:F7/2)

As mentioned before a fac to r F8 f o r meeting and F7 f o r overtaking is i n ‑
t roduced, which normally is put to 1, in order to make adjustment possi‑
b l e : |

The same discussion as above can be made f o r a vehicle 2 overtaking a
vehicle 1. It is assumed tha t vehiclé 2 is in lane 2 during the” overlap
per iod . I f vehicle 1 passes section A at time t=P, then vehicle 2 must
pass the same section wi th in - (XO+A,)/VE to (XP+A,)/VE, that is the same
time d i f f e r ence as above, tu: The occurence i n t ens i t i e s , however, have
to be d iv ided by-two because each event is counted twice (K, followed by
Ky, and Ko ahead of Ka). The reason f o r exoressing the probabi l i ty f o r
overtaking in th i s way is tha t the same computer routine can now be used
to ca lcu la te overlap e f f e c t s of meeting and overtaking.

Approximate expressions f o r the number of queues cons is t ing of one vehic‑
le from flow Sa fol lowed by one from Ka is discussed below.

" A s mentioned before there are great uncertainties about the vehicle queue
behaviour. The problem is deal t w i th in the fo l low ing way. F i r s t the pro‑
b a b i l i t y f o r a queue d r i v i n g over the bridge is estimated then the d i s ‑
tance between the vehicles at bridge passage is picked from a queue dis‑
tance dens i t y f unc t i on , which i s found in Chapter: 6.4.7 Analyses o f d i f ‑
f e ren t overlap cases. It is assumed that overlapping of more than two
vehicles in one lane can not occur, because it requires a too long i n ‑
fluence l i n e . A l l the vehicles have the same speed during passage of
the br idge.

In sect ion A, which is si tuated a distance apart from the br idge, FIG.
6 .4 .5-2 , the time gap between two vehicles in the Poisson flow is ob‑
served. I f t h i s time i s less than the c r i t i c a l queue t ime, T9, i t . i s
assumed tha t condit ions f o r a queue to ar ise ex is t with a probabi l i ty
equal to Ö l . The figu r e 0.5 is an estimation based upon an idealized



FIG. 6.4.5-2. Two vehic le forming a queue causing overlap loadeffects.

assumption t ha t in h a l f the cases the second vehicle is running fas te r
than the fi r s t vehicle a f t e r the passage of section A. The queue is

. s t i l l t rea ted as two separate vehicles in the flow which involves that
subsequent vehicles w i th in T9 seconds to the queue may be parts of other
two-vehicle-queues together with the vehicles ahead. In th i s way a queue
of n vehicles w i l l be treated as (n-1) two-vehicle-queues and 1cadeffects
of (n-2) extra singel vehicles are introduced. The advantage is tha t
vehjcles situated ins ide the queue are allowed to cause overlapping
effects wi th neighbouring vehic les, see FIG. 6.4.5-3.

F i rs t gueve
q ät SÅ

Second gueve

FIG. 6.4.5-3. Treatment of queues longer than two vehicles.

The p r obab i l i t y t h a t a vehicle 2 belonging t o flow Ko w i l l a r r i v e a t
sect ion A, see FIG. 6 .4 .5 -2 , T9 seconds a f t e r vehicle 1 belonging to S
has passed t ha t s e c t i o n , is calculated in a s im i l a r manner as arrival
above.

- ss SR : 2 So SEC SO |
SR SN FA)
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The probab i l i t y tha t a spec ific vehicle from Ka is followed by a vehicle
from Ko SER thus the to t a l numbers of queues, Ka 23 dur ing YSECfollow?
becomes

S R s o c k o r (5)
fol low YSEC = 2

The number of queues can be adjusted through the f a c t o r F9, which nor ‑
maTTy 18 put to‑

An example of how the queue can ar ise is shown. The time gap between two
vehicles at section A is 10 seconds, which in t h i s case is judged to be a
c r i t i c a l queue time. Suppose that vehicle 2 travels wi th the average
speed 22 m/s during the bridge approach and vehicle 1 wi th 20 m/s. 10
seconds time gap corresponds to >=200 m length gap. If the vehic le
length is neglected it takes 2004 (22-20) = 100 seconds" to reduce the
length gap to a queue gap, which is done on 22-100=2200 m road length .

f o r the other overlap cases tha t are used in the model. See the t a b l e ,
FIG. 6.4.5-4 below.
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: vehicle belonging to Flow K;
OVERLAP
CASE Vehicle Eng =AG Bridge l e n g t h=X0

i '" Qveve distance =5
MEETING:

OVERTAKING:
- ACK ( C A D

U VE=YSEC-2

QUEVE MEETING:s o  A A1
hå( 3 ) VE-VSEC

A r K K ( C A R < AKÅtA t a ) T 9

VESVIEC >VSECE2

QUEVE MEETING OUEUE:

TMA R A ANABE NR Få
VE- VSEC

HA k te ADA Ar rRReB T I T S
VE-VSEC-VSEC-YSEC 4

B f ö s F g e r (6)

FIG. 6.4.5-4. Number of overlap occurencés involv ing p a r t i a l vehicle
flows. ,
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6.4.6 Analyses of loadeffect process caused by single vehicles.

At label LEDI di rect ives are given f o r the loadeffect calculations made
in NULESP. The calculations are performed at label LECA. The analyses of
those par ts of the loadeffects which are caused by single vehicles or
axles are described separately in th i s chapter so as not to burden the '
overlap analyses descr ipt ion in Chapter 6.4.7.

LECA: Slark o f l ogde r f e ck calc:

IS L£l==2 (meerning.lanes)
Ce

a the andlysis-3l (2, 14, T)

Add-Ihe p å s u l t in TG . 106 S G )
FADDS ( en rs )

Convert the absolute density
function TE( : . ) to a linear specelkdn
STLINSPCONV sl ä v )

Print and plot SF( = ) ‑
ER PL (npul) Says. sö
ERINTSY( C o l ta

JADDO r(öres s o s s a r

SELINSPCONV (++ s e s

RRINDOT: 6s m sor sor

FIG. 6.4.6-1. Analyses of loadeffect process of single vehicles.

The actual analyses of the loadeffect process are performed in procedure
S I E ) ESIng le t )

ST(LSSTO,T)

where LS = lane I or 2 carry ing single vehicles
TA = type of used load
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T(...) = ar ray in which the resu l t is stored

FIG. 6.4.6-1 shows, through a flow chart, the main elements of the single
vehicle analyses, which have to be executed a f t e r the overläap analyses,
because those vehicles already involved in overlapping must be extracted
from the t o t a l number of vehicles, K(LS,T1,2), passing a lane section
during the studied time per iod, bridge l i f e .

Procedure' SIT(LS,TP,T) does the fo l lowing:

SIF TA.= 1 or P, tha t is concentrated ( t o t a l ) loads or axle loads
are used, the proper influence l i n e is picked from J ( . . . ) and trans‑
fered” t oQ(.:"); b yprocedure I N F E T O Y Q ( S S U TI I , 50 5 , 0 3 :) + TNG

LECOUNT(Q,.5R,...) procedure does the loadeffect process analysis
S to r ing the counted ranges and corresponding levels in NET)E

För" e a c h' load class, Ny o fi t h e equivalent load density funct ion, the
corresponding value of the load

: VACCNSPT)

and number of vehicle passages ( 9 - 1 or 19=0)

FACT"=""X(LSTOSNY > (K(ESST0,2Y "=SONB(LS,T0))

are calculated. As can be seen the to ta l number of vehicles are r e ‑
duced with SONB(..), which is the sum of vehicles of type TI and
lane LS, already used in the overlap calculations.

Each counted loadeffect range-level is now mult ip l ied with the load
value, VAL(N,P1), of the class and added to matrix I l e s ) WIEN ä
weight equal to FACT.

If TP = 1, t ha t is vehicle type loads are used, the analyses are
carried out pr inc ipa l l y in the same manner. Two more pointers are
introduced, namely vehicle type T6 and axle distance factor AXand
instead of t ransferr ing J ( . . . ) the proper vehicle type influence
line I ( : r . o)iisatransferred by I N F L T O Y Q ( U;T6 ;AX us fi o i . . ). The
weight , FACT, w i l l be altered to
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FACT = X ( L S . T E Nur: HOTERRAR) Sad KULBSTG2) soSONB(LS:T6))

For fur ther study of procedure S I ( . . . ) reference is madeto the NULESP

program.

6.4.7 Analyses o f d i f f e ren t overlap cases.

At: Täbel TRIN, t r a f fi c data inpu t , and LEDT, Toadeffect calculation d i ‑
r e c t i v e s , the necessary information is given f o r guiding the overlap
calculat ions. FIG. 6.4.7-1 shows the main elements of the analyses and
furthermore describes how the analyses are guided through the d i f fe ren t
calculat ion cases (see å l s o the table in FIG.:6.4.2-5).. The. main.proce‑
dures used are (except those l a t e r described which do the actual 1load‑
effect: process analyses) dADDS ( : + - . s s e mme) which adds result matrix T( . .
TO cumula tive mat r i x , S l :de SILINSPCONVI: s i n e n ) which converts the abso‑
l u t e loadeffect densi ty function T ( . . ) to a l inear spectrum and fina l l y
SRINTS easier f r a ) which p r in t s and plo ts the spectrum if desired.

The approximation is made, on the safe s ide, that the vehicles involved
in an overlap case s t i l l par t ic ipate in the to ta l undisturbed Poisson
flow. If TA = -1 or ff, tha t is concentrated ( to ta l ) vehicle loads or
axle loads are assumed, the influence l i n e J ( . . . ) is used and if TÅ = 1,
type loads, the vehicle type influence l i nes I ( . . . ) are used. In a l l the
calculations the equivalent overlap load spectrum O(LkÖsTl.vsh) is used
instead of X(LP,TI,N) (LP = lane number, TI = vehicle type (-1 to T2)
and N = class number).

Before som comments on the d i f f e r en t parts o f the analysis are made, the
technique used to calculate the overlap loadeffect range-levels of meet‑
ing and queuing influence l ines w i l l be described.

The influence l ines which are meeting in a way that overlapping occurs
are placed in matrix Y ( . : ) . Each meeting section along the meeting zone
has equal p r obab i l i t y t o be subjected t o a meeting. Therefore i t i s
assumed tha t the meetings take place in N3, along the to ta l meeting
zone, un i formly d is t r ibuted meeting sections, where each section gets
1/N3 of the t o t a l number of meetings. This gives a meeting increment
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L i = - 2 AND TO=-1 AND F8 :F I HA

"LANEI QUEUVES MEET LANE 2 QUEVES” Skip if
GO(T) TADDS() STLINSPCONV() PRINTST( ) Q0Q5W41

"TANE?2 QUEUES MEET LANE SINGLES!
: GMi(2,1,.T) TADDS () STLINSPEONV( ) PRINTST ()

MLANE=I GUEUES: MEET LANE2 "SINGLES"
aM (1,2, T) TADDS () STLINSPCONV() FPRINTST (1)

RR< L I = =2 AND TA=(-1 ORI) AND F J4 >
| CER

"LANE2 QUEUES"
0 0 2 TA. I) TADDS C) STCINSPCONVCI PRINTST.()

0 L i = ( I OR- 2 ) AND TO=(-1 ORI) AND FI Hf

"LANEI QUEVES"
QU(I, TA TT) TADDS() STEINSPGONVC VaPRINTSESC)

ABS ( L I ) = 2 AND F I = 0 AND F 7 H f

" L A N E2 DVERTAKING LANE I"
ME:(1, 1,T O . T ) TADDS( ) ;STLINSPCONV(0)PRINTST()

sg FA ae a Ng

L l i= -2 AND F9I9=0 AND F?40

"LANE 1 OVERTAKING LANE 2"
ME(2,2, TO, T) TADDS ( ) STLINSPCONV( ) PRINTST()

No)- E |
L 1= - 2 AND F8 40 es |
"LANE2 SINGLES MEET LANEI JINGLES”
ME (1,2, TO,T) TADDS() STLINSPCONV() PRINTST()

L i s one: lane RZ ST aGIOK OM
"2 mMeenng lanes over taking prob.
2 parallell laries

EÖ. - (ac lo f om
TÖ--1 total load EPEPmeenng prob.

O axle lood
KRJYgpE l ö g d Eh arskaGlon s0R

gueve prob.

BEG. 6.4.7-1. Analyses of overlap loadeffect process with procedure calls.
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distance M3 = (24t20)/N3 by which the overlapping influence l ines shall
be moved r e l a t i v e to each other before an addition and loadeffect count
by means of procedures INFLADD and LECOUNT are made.

M3 = a 22 V I I I ) V(3,12)
(4 12)

(Ex. N 3 = 6 ) F E a l a

MOVY(....)

FIG. 6 .4 .7 -2 . Meeting influence l i n e s .

To s t a r t w i t h , the r i g h t influence l i n e , (2 in FIG. 6.4.7-2 is moved,
by procedure YYDISY2(Y,Y7,Y8,DIST), so that section A is situated DIST jä
= M3/2 to the r i g h t of section B of influence l i n e (1). A f te r t h a t , (2)
is moved -M3, by procedure MOVY(YS,Y,Y8,MOV), to section C,INFLADD and
LECOUNT are made and the r e s u l t stored by means of procedure RLSTORE.

This is repeated N3times and a f t e r each time the counted loadeffect
range- levels are stored wi th a weight 1/N3 mul t ip l ied by the to ta l number
of meetings between the two influence l i n e s , according to formulas 3, 6
ör ot Chapter 0 .4 .5 .

The queue distances are assumed to be distr ibuted according to FIG.
6.4.7-3.

As before the influence l ines are placed in Y( . . ) . The queue case is ca l ‑
culated f o r S4 discrete queue distances between Sf and S1.

If the largest queue distance S1 is greater than the bridge length XP,
S1 is pu t equal to XP and F9, the fac to r by which the number o f queue
OCCaSsions can be adjusted is automatical ly reduced. If the shortest
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queue distance SP is greater than XP, F9 is put to P.

Queve distance
density function S l å ALLA

Queue
distance

S2 =Average queue distance

AS me
S0 Je St

Queue distance

FIG. 6.4.7-3. Queue distance density funct ion.

D Ö .
CT V(3,12)
(Ex. 54=3) V(4, I 2 )

hö kö

AXLE 2
DISTANG 2 sg
A(T6,1) 50 Si JA

a A0 nd
DISP2 ( s a n3) a VYBIDFe (vasn)

j u e Lag

FIG. 6.4.7-4. Queuing influence l ines .

Influence l i n e (Z is now placed S1+$S3/2 behind the las t axle of i n fl u ‑
ence l i n e (D by procedure YYDISY2(Y,Y7,Y8,S1+S3/2-XP). S3 = (S1-Sp)/S4
is the queue distance increment. Af ter that & is moded - $ 4 by proce‑
dure MOVY to section C, INFLADD and LECOUNT are made and the resu l t s to ‑
red by means of procedure RLSTORE. This is repeated 54 times and each
time the counted range-levels are stored with a weight 1/54 (because the
gqueue distances are supposed to be uniformly distr ibuted) mult ip l ied by

the t o t a l number of queues involving the two influence l ines, which are
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calculated according to formula 5: of Chapter 6 .4 .5 .

The actual analyses of the loadeffec t process is done by the procedures
described below. It is supposed that a vehicle subflowis defined by
lane, vehic le type and load class.

QQ(T): Queues meeting queues

Only concentrated ( t o t a l ) vehicle weights, T/Å = - 1 , are used in
this overlap case. To reduce the counting e f f o r t the mean queue
distance (SP+S1)/2 represents a l l queue distances. The number of
meeting sections are N3 and the number of occasions is calculated
according to formula 7 of Chapter 6.4.5 f o r each vehicle subflow
combination and temporarily stored in FACT.

QM(LQ,LS,T): Queues in lane LQmeet single vehicles in tTane LS:

Only concentrated ( t o t a l ) vehicle weights, TAP = -1 , are used in th i s
overlap case. The number of meeting sections is N3and the number
of queue distances is S40QM. The number of occasions are calculated
according to formula 6 of Chapter 6.4.5 f o r each vehicle SATTOW
Son nat ion and temporari ly stored in FACT...

QU(LQO.TAST): Queues in lane LQ.

This case comprises concentrated ( t o t a l ) vehicle loads, T(/ = - 1 ,
and vehic le type loads, T9 =, DUtsnot- axte Dadss.10 = ff. S4 d i s ‑
cre te queue distance values are used. If TÅ = 1 the number of vehic‑
le subflows is increased, pointers T6 and T7 to vehicle types, lead‑
i ng to two more calculat ion loops and greater counting e f f o r t . The
number of meeting occasions f o r each subflow combination is calcu‑
l a ted according to l e n'5 of Chapter"6.4:5 and FR sto‑
Ped=ineFACTE:

ME (LAT, LA2 ,T9,T): Single vehicles o f lane LA1 meeting
| single vehicles of lane LA2 (LAl+LA2).

Single vehicles of lane LA? |
overtaking single vehicles of lane LAI (LA1T=LA2).
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A l l types of loads can be treated in t h i s overlap case. The number
of meeting sections (overtaking sections) is N3. The number of
meeting (overtaking) occasions f o r each vehicle subflow combination
is calculated according to formula 3 of Chapter 6.4.5 and tempora‑
r i l y stored in: FACT.

In a l l of the above mentioned procedures the proper influence l ines and
vehicle type influence l ines are t rans fer red to a temporary matrix by
procedure INFLTOYQ(..:.,.0,;J93.;...). The influence values are mu l t i p l i ed
by O-and if JA = -1 the "meeting" influence l i n e is transferred. ;

The "number of vehicles involved of d i f f e ren t types and lane belongings
are counted in ONB(LP,T1) f o r each overlap case and accumulated in
SONB(LQ9,T1) when the overlap case calculations is l e f t . In the same way
the number of occurences. f o r each overlap case are counted in OCC:and
accumulated in SOCC.

In order to give an idea about the number of loadeffect process parts
which have to be analysed by LECOUNT, some guiding figures are presented
below i l PIG. 6 4 - 7 5 5 |
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SUPPASGT ‐LCiE Kr WVERIElE. YPES NI = 10 meeting sections
WI = 6 overlap coses 34 = 10 QUeEve Alstonces
L P S 2 mecnng lanes S54QM= 3 gqveve distances

7 0= - ) T o - p [ p e l
PROCEDURE rotal Axle Type

ME «2 ÅN3-2 = (720) | WIN3-2 (720) | (Te-WIEÉN3-2= (18000
(overtake)

SUppOSe" ther the :nomber om vehicle resp., axe weight
classes M - A l ( : . +) = 60 resp. CO.
Put the number or axlé "distance ”föcters to J3.
Ån approximation of the number of process pa r t s
caused by Sihgle vehicles con now be måde .

(T2-Wi)R$ & = /G000

B U S T A :INE -JöDD



6.:4/32

6.4.8 M o d i fi c å t i o n o f loadeffect spectra f o r dynamic e f f e c t s .

The modificat ion of the loadeffect range-level density function f o r a
dynamic amp l i fica t ion fac to r i s found a t label DYCA in the NULESP pro ‑
gram. The stochast ic dynamic amp l i fica t ion fac to r i s input a t label DYDI
and fu r ther described in Chapter 6.2.7 Dynamic ampl ificat ion fac tor
d is t r ibu t ion .

The modificat ion calculations are executed in procedure DYNCONV(S,....s
AT,AM,T, . . . . ) , where S ( . . ) i s converted and stored in T ( . . ) . The dynamic
amp l i fica t i on fac to r densi ty funct ion i s stored in AM(..) and consists
o f  A l  c lasses .

FIG. 6.4.8-1 shows how the conversion is made f o r one range-level value.
The loadeffect range amplitude is enlarged according to the ampl ifica ‑
t i o n f a c t o r values. The number of new range amplitudes is equal to the
o r i g i n a l number mu l t i p l i ed by the corresponding probab i l i t i es f o r the am‑
p l i fi c a t i o n fac to rs o f coming up. The new levels are calculated outgoing
from a symmetric range amplitude amplification. The dynamic e ffec ts are
f u r t h e r discussed in Chapter 9 .3 .3 .



- Dynamic amplification factor
Level+KEE density function

NA AM(2, I I ) ,dens.func..;
Level=& i

Amp.Factor
AM(1,A1)id 1,1)

FIG. 6 .4 .8-1 . Dynamic ampl ificat ion of a loadeffec t range.
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6.4.9 Flow char t and input-output catalogue.

This chapter contains a flow chart inc luding the main elements of the
algol computer program NULESP. The input-output catalogue is aimed to be
a support f o r the memory when arranging the input values and determining
the output.

FLOWCHART "NULESP:

Declaration of variables

Procedure block

O SAR T

Ö VEIN: > Vehicle spec ificat ions i ad

DS LOIN: Load spectra input NN

Lateral influence specificationsLINF:

EQCA:

SINF : Structural point. Inflvence line. |

VINF : ‐ Calculation of vehicle type inflvence lines

Equivalent load spectra calculat ions

OvOL: ‐ Overlap distribution input

(e) MCA: > Calculation of equiv. overlap load spectra

0 TRIN: Traffic data input

LEDT: Loadeffect calculation directives

LECA: ‐ Loadeffect calculations

DYDI: ‐ Dynåmic ampliftcation factor Input
x

DYCA: ‐ Calculation of dynamic loadeffect spectra

60 TO "Number"
»x
Sub. block where T( . . ) STOP
and 5(. . ) are declared
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6.5 Discussion of cer ta in variables influence on the resu l t .

This chapter contains information about the response of the loadeffect
spectrum model to changes in certain input values. Information is also
given about the absolute influence were it is judged to be meaningful.
The studies are only made on the logar i thmic spectra representations
which w i l l emphasize the high loadeffect ranges. No regard is given to
the levels on which the loadeffect ranges occur.

Of course it is not possible to make the studies complete because of the
great number of possible input values and the rather l imi ted computer
time resources avai lable. Neither is i t the authors aim to make a too
comprehensive study because, as pointed out ea r l i e r , there are great un‑
certaint ies in the underlying data and NULESP, therefore, has to be r e ‑
garded as a rather coarse too l or aid f o r calculation of loadeffect
spectra. |

Three types of influence lines were used in the study. In pract ica l ca l ‑
culations the best estimations of input values are used at a fi r s t stage
and then the obtained resu l t may be studied and adjusted by means of the
conclusions drawn in th i s chapter and if necessary new runs w i l l be per ‑
formed.

The shapes of the used influence l ines , see FIG. 6.5-1, are the same as
the standard shapes of the NULESP model and may be representative of the
moment at support of a two-span beam, the deflect ion or dynamically smoo‑
thed moment at midspan of a simply supported beam and fi n a l l y, shear f o r ‑
ces at midspan of a simply supported beam. The used base load spectrum is
picked from Chapter 4.3, Predicted load spectra, and val id f o r the r u r a l
long distance region. The latera l influence function was supposed to
vary between 0.4 and 0.6 f o r the two lanes with a corresponding uniformly
distr ibuted lateral t rack. The dynamic amplification factor influence is
studied separately. |

Much of the obtained results from the runs are not reproduced here. Samp‑
les from a run are found in Appendix F.

In the fi r s t chapter below, 6.5.1, influences of variables which are en‑
t i r e l y t i e d to the chosen model and solution technique are discussed. In
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the l a s t Chapter, 6.5.8 Summing up resu l t s , a short summing up of the
most important input variables is made and suggestions are given to va‑
lues of var iables, which could be held fixed.

ocg älg ERE gen aa
lype I lYpe. < JYPE 33

"FIG: 6 . 5 = ) » Used influence. l i nes .

6.5.1 Number of meeting sections. Appearance of overlap load. distribu‑
t i o n . Influence l i n e deta i l appearance.

The number of meeting sections N3 and queuing distances S4 (S4QM) must
be great enough in the overlap calculations so tha t great and dangerous
loadeffect ranges are not l o s t , that is loadeffect process parts: f o r
cer ta in meeting sections do not a r i s e . The number of meeting: sections
ought to be odd, thus al lowing two vehicle influence l ines of the same
type to coincide exac t ly (the vehicles w i l l meet in mid section of.-the
bridge) causing maximum loadeffects if the influence l i ne is symmetric.

»There are algorithms placed at label LEDI in the NULESP progråmiwhich
»automat ica l ly calculates N3, S4 and S4QM i f the input values are negat i ‑
«ve (pos i t ive values are not changed). The value of the negative: figure
which may be even, is equal to the desired n u m b e rof increments in the

i.calculat ions per-counted range of the or ig ina l influence l i n e : The to ta l
number of. increments, meeting sections -N3, and queuing distances S4, is

: then -calculated one f o r a l l , f o r the worst case, namely meeting (queuing)
between the longest. vehicle types (see the program l i s t i n g , A p p e n d i xF,
at label LEDI).

One ana ly t i ca l l y calculated loadeffect spectrum, picked from Chapter.
0.3.6, va l i d f o r uniformly distr ibuted axle loads, tr iangular influence
l ines and meeting lanes, was compared to NULESP calculated. This compa‑
r ison confirmed that N3 ought to be odd. This is of course more true -for
symmetric influence l ines as one is then assuredof ge t t i ng the maximum
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possib le ranges counted. The maximum loadeffect ranges became about 5 4
smaller than those of the analyt ica l solution. For N3 = 19 ( i n th i s case
corresponding to -9 in input) the differences between the analyt ical

. and the numerical solut ions were wi th in the l i n e pr in te r p l o t resolut ion.
For N3 = 9(N3 = -4 in input) the maximum ranges were counted but a devia‑
t i o n of less than 5 Z, on the safe side, arose in the upper 20 2 spect‑
rum reg ion.

S imi la r tes ts wi th influence l i n e type 1 (20 metres and meeting vehicle
type loads) showed a deviation of less than 2 2, on the safe s ide , in

t he upper 20 Z region f o r N3 = -1 compared to N3 = -3 or -5 . For the
l a t e r two values the spectra d id no t d i f f e r . No deviations f o r N3 = "-1,
- 3 , -5 were found when influence l i n e of type 3 was used instead, under
a l l the same condit ions. If p a r a l l e l lanes were supposed though devia‑
t ions occured, on the safe s ide , f o r th is non-symmetric influence l i n e ,
in the upper 50 4 region of the spectra which amounted to less than 6 4
f o r a change of N3 from -5 to -1 and less than 2 2 f o r a change of N3
f r o m  = 3  t o  = .

The number of queue distances, S4QM, in the queue meeting single (QM)
case is recommended to be manually given (posit ive sign) a small fi ‑
gure, t h a t is if t h i s rather cos t ly calculation case is judged to be r e ‑
levant , according to the resu l t of a comparison between the shortest
queue distance and the length of the vehicle type influence l ines .

The conclusion drawn is that with N3 and-S4 equal to -3 enough accuracy
is obtained in the calculations.

The desired equivalent overlap load d is t r ibu t ion is input a t label OVDI
and used in the calculations at label OVCA (see FIG. 6.4.3-2). As well
as i t i s o f in te res t to keep N3and 54 small, the number o f classes W1
in the equivalent over lap load d i s t r i bu t i on should also be kept low in
order to reduce the computer run time, (see also Appendix F f o r estima‑
t i o n of computer run times). Tests were performed with influence Tine
type 1 (20 m and meeting vehicle type loads) with di fferent desired
equivalent over lap load distributions.

The conclusions drawn are that three classes are not enough to keep the
spectrum free from "steps" below the correct spectrum. Five classes seem
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to be enough provided they are given proper values. It is important that
the highest class i s given a small p r o b a b i l i t y of'coming u p (0.1 0/00
o r less) leading t o i n c o r p o r a t i o n 'o f only the highest class o f the d i f ‑
fe rent equivalent load dis t r ibut ions i n to the overlap distr ibut ions. The

= fo l l ow ing d i s t r i b u t i o n i s suggested (=) ; 0.15, 0.03, 0.005 and 0.001.

The used influence l ines are b u i l t up of s t r a i gh t l i nes , which of course
i s a s i m p l i fi c a t i o n . I n the NULESP program there i s also a n optional
fourth influence l i n e type which may be: used to bui ld up influence l ines
wi th a greater number of break points than the standard shapes provide,
thus approaching the real influence l i n e . Calculations were performed

w i t h two additional influence l i n e s , beside type 1 of FIG. 6.5-1, a l l
20 metres long (meeting vehicle type loads). The influence l ines and the
essent ia l resul ts of the calculations are shown in FIG: 6.5.1-1.

UNS SE

E S Log ( n u m b e r>=)
R A  A A

FIG. 6.5.131. Influence of the.detail appearance of the influence l i n e .

The differences between the spectra based on influence l i n e I, and the
more exact with eleven breakpoints, I I , were negligible (less-than 2 2) .
The maximum stress ranges of the spectrum based on influence line I I I
were increased by 4 2 compared to the I- and II-spectrum, which could be
predicted from the increase in the relevant ranges obtained from counts
on the vehicle type influence l ines. Furthermore an i n c r e a s eof about
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8 Zzwas received in the upper 50 4 of the IIIl-spectrum which may be a
consequence o f the greater p robab i l i t i es f ö r high loadeffect values in
t h i s case. As can be seen:from:FIG: 6 : 5 : 1 - 1 athe probability f o r the i n ‑
fluence l ines to be equal to: t h e i r maximum is 100 2 greater f o r shape
I I I than f o r shape I , f o r an:arb i t rary, moment during the vehicle passage.
This f a c t may be roughly expressed as a doubling of the number of over‑
lap ranges of the III-spectrum: compared to the I-spectrum.

6.5.2 Latera l t rack d is t r ibut ion and la te ra l influence funct ion.

The la te ra l influence funct ion is: used together with the lateral track
d i s t r i b u t i o n i n the calculations o f equivalent load spectra, which i s
performed at label EQCA in the NULESP program (see also Chapter 6.4.3) .

A change in a deterministic l a t e ra l influence value causes a correspon‑
ding ver t i ca l displacement of the equivalent load spectrum and 1oadeffect
spect rum. In a t es t r u n , four d i f f e r en t symmetric shapes of the la te ra l
track densi ty functions were used to represent a l inear variation of the
l a te ra l influence: functiom between 0.4 and 0.6, that is with mean value
equal to: 0 .5 . The r e s u l tof the runs: and the used density functions are
sketched in FIG. 6.5.2-1. The four calculated equivalent load spectra
d i d not d i f f e r more than 4 2 in: the upper 50:24 of the spectrum: and were
placed between: the spectra: va l id f o r deterministic la tera l influence va‑
lues 0.5 and 0 . 6 .

Suppose t h a t the same lateral: influence functions are val id f o r two 1la‑
nes and t ha t a n e s t i m a t i o n :are t o b emade o f the e f fec t o f a n decrease
of one of the fac to r s . It is then suggested tha t the reduction should be
made on the d i f f e r en t pa r t i a l Toadeffect spectra (which w i l l be added
l a t e r ) ,to the same: degree as the maximum la te ra l influence values i n d i ‑
cates. For example, suppose that F is distr ibuted between 0.4 and 0.6
(mean 0.5) f o r two: lanes and the e f f e c t of a decrease in these values to
0.15 and: 0.35 (mean 0.25) f o r one lane is to be estimated. The reduction
factors w i l l then become (0.35+0.6)/(0.6+0.6) = 0.8 fo r the par t ia l meet‑
i ng loadeffect s p e c t r u mand 0:.35/0.6 = 0.6 f o r the reduced par t i a l s ingle
läne spectrum (the other is unchanged). It is suggested that the lateral
track density function may be held constant and equal to the rectangular
density function at least f o r estimated moderate maximum variations of
the la tera l influence function. This is j u s t i fi ed by the re la t ive ly
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small influence a change in the shape was shown to give r i s e to and by
the f a c t t h a t very l i t t l e is known about the real lä te ra l t r ack d i s t r i ‑
butions. N ;

Equivalent load

Distributed F=(I)
F=0:6

‐‐ Distributed F
Constant F

Log( n u m b e r>=)
0Gg- 0g 0.6 INMJEncerr

FIG. 6.5.2-1. Pr inc ipa l influence of lateral track distribution and
la te ra l influence funct ion. i

6 .5.3 Axle distance fac t o r d i s t r i bu t i on . Dist r ibut ion o f vehicle
weights on axles.

In the NULESP model it is supposed that the to ta l axle distances are
stochastic through mu l t i p l i ca t i on by vehicle type axle distance fac tors .
The: re lat ions between the di f ferent axle d i s t a n c e sof the vehicle type
is thus kept constant. To reduce the calculation e f f o r t s the axle d i s t r i ‑
bution f a c i l i t y was used only in the single vehicle passage calculations.
The d is t r ibu t ion of vehicle weight on axles is assumed to be determinis‑
t i c f o r each vehicle type, th is of course is a simpl ificat ion.

The reason f o r keeping the number of stochastic variables low is tha t the
number of possible variable value combinations in the systematic sampling
procedure w i l l r ap i d l y increase f o r each additional stochastic variable
that is introduced. This circumstance ska l l be put in relat ion to other
uncertaint ies and assumptions made which w i l l also reduce the resolution
of the received resul ts . For example it is assumed that a l l vehicles
have the same speed during bridge passage. This w i l l cause: a l l time
lengths f o r each vehicle type to be equal. Furthermore the assumptions
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made about fixed vehicle propert ies must be shown: in - re la t i on to the
approximate handling of the dynamic e f fec ts .

To give an idea about the influences of changes in the axle distance
factors and the d is t r ibu t ion of vehicle weight on axles, a few tes t runs
were made.

It is c lear tha t when short influence l ines (shorter than the axle d i s ‑
tances) are used a var ia t ion of the axle distances w i l l have no e f f e c t
on the appearance of the loadeffect spectrum ( i n these cases the axles
may be assumed to run f ree l y on the road according to the discussion in
Chapter 6 .5 .5 ) . An increase in the amount of carr ied vehicle weight of
an axle w i l l though be recognized as a proport ional l i f t of the spectrum
if the axle which already carr ies the greatest weight is used. This was
confirmed in t e s t runs.

The very Tong influence l i n e s , in comparison to the t o t a l axle distances,
w i l l y i e l d low sens i t i v i t y i n the resul ts f o r variations i n both axle
distance factors and weight d is t r ibut ion on axles becäuse the vehicle
weights may be treated as concentrated loads in t h i s case.

Calculations invo lv ing influence l ines of medium lengths w i l l be more
sensi t ive to the variations under discussion. Test runs f o r influence
l i n e of type 2 (20 metres, meeting vehicle type loads) were performed
resu l t ing in a l i f t in the loadeffect spectrum equal to 8 4$in the over‑
lap region and 19 42in the middle region. The 84 was caused by a 20 £
axle overweight and could be predicted from the re la t ion between those
ranges, of counts performed on the vehicle types, causing maximum e f f ec t s .
The 192 percent l i f t was caused by a change from a deterministic axle
distance fac to r (equal to 1) to a distributed factor with the same mean
value. An addit ional l i f t to a concealed 28 4 (instead of 19 4) in the
upper regions of the p a r t i a l s ingle vehicle passage spectra (consealed
by the overlap par t ) indicates that in th is case an additional l i f t of
the t o t a l spectrum in the upper regions would be expected if the dange‑
rous axle distance fac to r or factors were also used in the overlap ca l ‑
culations. The l i f t was caused by the 0.8 value of the discrete axle
factor d is t r ibut ion, which in the calculations was set to 1, 0.8 and 1.2
a l l values having the same probabi l i ty of coming up.
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It is hard to give simple rules to pred ic t the influence of changes in
the determinist ic d is t r ibut ion of vehicle weight on axles and of var ia ‑
t ions in the axle distance factors (ei ther these factors are treated as
determinist ic or stochastic variables). A preliminary study of the range
counts, made on the vehicle type influence l i n e s , and maximum vehicle
weights w i l l though give guidance to a proper choice of the most dange‑
rous inpu t combinations. For example one ought to place the most dange‑
rous (causing high loadeffects) axle distance fac tor as the fi r s t in the
veh ic le specification inpu t en ta i l i ng tha t it w i l l beused in the over‑
lap calculat ions. ( I n the example above the input dist r ibut ions 0 .8 , 1,
1.2 or 0 . 8 , 1 .2 , 1 , w i l l y i e l d the same resu l ts . )

6 .5.4 Influence l i n e appearance. Traffic properties and lane configura‑
t i o n .

The NULESP model o f f e r s the. user the opportunity to choose between three
types of lane configura t ions namely s ing le lane, two meeting lanes or
two para l l e l lanes. The single lane and two paral le l lane cases are both
supposed to involve the same number of vehicles per time uni t (the lane
1 flow) . Queues are not allowed to be formed in the two paral le l lane
case, the vehicles w i l l instead overtake one another. In the case of
meeting lanes it is possible to choose between overlapping of queuing
vehicles or overtaking vehicles, but not of both cases in the same run.
The thought behind th i s is that in case of low vehicle flow intensi t ies
the p o s s i b i l i t i e s f o r the heavy vehicles t o overtake one another are
much greater than i n the case o f dense t r a f fi c .

The derived formulas by which the number of occurences f o r d i f fe ren t
overlap cases are calculated is found in FIG. 6 . 4 . 5 - 4 , The intensit ies
of occurences are received if the expressions are divided by the to ta l
regarded time period (YSEC). As can be seen the occurence intens i t ies
are not dependent on the regarded time period. This entails that ca l ‑
culated, or measured, loadeffect spectra val id f o r a time period t.
simply through mul t ip l i ca t ion by a factor f w i l l represent the new time
per iod f - t . This is accomplished by a horizontal displacement equal to
l o g ( f ) , see FIG. 6.5.4-1.

If f is greater than 1 it can be seen from the figure that formerly con‑
cealed parts of the spectrum ought to appear (only possible f o r calcula-.
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ted spectra). In the same figure b) the e f fec t on the appearance of the
loadeffect spectrum of a doubling of the probabi l i ty f o r meeting is also
p r inc ipa l l y shown ( f o r example through a change o f equivalent time value,
TES "from 1 t0 :0 :5) .

Range
Upper limit -‑

Ofmeeting

2 fa log (EC)

Of single
lane

= I 0? Fd Log(number >=)
Log (number >=)

i0

(SJ Dj

FIG. 6.5.4-1. a) Change in regarded time period length by a fac to r f .
b ) The probab i l i t y f o r meeting is doubled ( f o r example

equivalent t ime, TE, changed from 1 to 0.5).

FIG. 6.:5.4-2 shows collections of calculated loadeffect spectra. The i n ‑
fluence l i n e shapes and influence Tine lengths were varied in the calcu‑
la t ions. The main lane configuration was put to two meeting lanes. In
the case of non-symmetric influence l i nes , especial ly of the osc i l la t ing
shear force type (shape 3) , i t is also in terest ing to study the influence
Of meeting lanes replaced by parallel lanes, which accordingly was done.

Queues were allowed to arise in the shape 1 calculations with queue dis ‑
tances equal ly distributed between 20-30 metres. As expected the queue
distances were too long to give r i s e to noticable effects on the appea‑
rance of the load spectrum. The used c r i t i c a l queue time was equal to 6
sec. . In the next Chapter, 6.5.5, the effec t of shorter queue distances
is fur ther discussed in connection with effects of vehicle weights repre‑
sented as concentrated loads, in which case the NULESP model can also
handle the queuemeeting and queue meeting gqueue overlap cases.
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. figures the upper parts of :the loadeffect spectra.(= 1..0/00 of the coun‑
- s.ted .ranges). o r ig ina te from, overlapping, effects of meeting vehicles and

t h e lower parts from single: vehicle passages. The knee between these
two contr ibut ions tended to be straightened out when distributed axle
distances were used, which caused the pa r t i a l s ingle vehicle l1oadeffect
spectra to be raised.
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7.44! [o ta l number of ranges if -just one range per vehicle cotPrey ID
se = [0tal"eqölvalektelöad. |
R o m s r or Axle equivalent load.

Le 6.5.4-2. Co l lec t i on o f loadeffectspectra, calculated for different
influence l i n e shapes andET meeting Tanes and'no
dynamic e f fec ts .

The shaded areas to the r i g h t of the arrows (a t Togarithmic number of
exceedings =,/ .44) reflect the. e f fec t -of.the complete. range countings
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made by means o f the LECOUNT routine in comparison to a reg is t ra t ion o f
j u s t one maximum range f o r each single vehicle passage or meeting occu‑
rence. The relat ions between the to ta l number of ranges counted in
these two ways were 3 to 4 f o r influence l i n e shape 1, 1.3 to 2.4 f o r
shape 2 ( the smaller re lat ion va l id f o r 10 metres influence l i ne ) and
fi n a l l y , about 3 f o r shape 3 . The average number o f axles per vehicle
was 3.1 f o r the predicted ru ra l long distance load spectrum.

The e f f e c t o f a change from meeting lanes to para l le l lanes in the i n ‑
fluence l i n e shape 3 calculat ions, considerably l i f t s the loadeffect
spectrum especia l ly in the case of long influence l i ne though the amount
of involved vehicles is halved. For explanation see FIGS. 6.1.4-4a and
4b.

In the figures are also drawn the equivalent load spectra va l id f o r a l l
vehicles ( t o t a l ) and only axles. If the vehicle weights were treated as
concentrated loads the theoretical maximum loadeffect range would have
been twice ( o f meeting) tha t of the t o t a l equivalent load spectrum and
twice t ha t of the equivalent axle load spectrum if the vehicle axles
were assumed to run f r e e l y on the roads.

The shown spectra are drawri to give hints of expected results of loadef‑
f e c t spectra calculat ions, and farreaching conclusions sha l l , therefore,
no t be drawn from studies of such a l imited selection of spectra.

6.5.5 To ta l , axle and type load.

It is poss ib le to choose between three vehicle weight representations in
the NULESP model, namely the vehicle weight represented as one concentra‑
ted load, t o t a l load, as a set of axle load, type loads, or as axle loads
with no connection to each o the r, axle loads.

The most correct form f o r representing the vehicle loads is the type
load form. It is though adventageous if it is possible to use the tota l
or axle load representation instead as the computing time then gets con‑
siderably reduced.

If the influence l i n e is shorter than the shortest vehicle axle distance
it seems as if the deterministic g roup ingof axles to vehicles have no
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not icable e f f e c t on the appearance of the loadeffect spectrum compared
to spectra which are calculated under the assumption of f r e e l y running
axles. Of course those events when f ree axles are nearer each other
than the shortest axle distance are disregarded in the calculations.

From the derived expressions f o r the number of occurences of d i f ferent
overlap cases during the regarded time per iod, FIG. 6.4.5-4, it can be
seen that these expressions are reduced f o r each additional vehicle i n ‑
volved, roughly by a factor equal to the t o t a l vehicle flow per lane and
second. From the predicted ru ra l long distance spectrum th is factor is
estimated to 0.01. Therefore the overlap cases involving three and four
vehicles, the queuemeeting, QM, and queue meeting queue, QQ, cases which
were expected to be ra re , are only considered in the to ta l load and not
in the type load calculations. In th i s way the type load calculation
times could be grea t l y decreased, (see also FIG. 6.4.7-5).

The tes t runs presented below are intended to give an idea about the e f ‑
fects the queuemeeting (queue meeting single) and queue meeting queue
overlap cases have on the appearance of the loadeffect spectrum. To get
noticable e f f ec t s of queuing the queue distances must be held short in
comparison to the influence l i ne length (the queue distance is counted
from rear to f r o n t axle) . The resu l t of the run and the main input data
are shown in FIG. 6.5.5-1, which is commented below.

The loadeffect spectrum va l id f o r type loads may be compared to spectrum
IV of FIG. 6.5.4-2a which is calculated under the same assumptions but
f o r longer queue distances and deterministic axle distance factors. The
differences are found in the middle parts of the spectrum where the be‑
fore mentioned knee has been straightened out due to effects of queuing
and non-deterministic axle distances. If the QQand QMoverlap effects
are excluded from the to ta l load loadeffect spectrum the two spectra app‑
roximately d i f f e r by a factor equal to the range re la t ion, counted on
the vehicle type influence lines, causing the highest loadeffects (=
0.73). As the pa r t i a l loadeffect spectra of the QQand in par t i cu la r the
QMoverlap cases are added the spectrum according to the figure is re ‑
ceived. The effec ts of the QQcase are only noticable at the very top
(8 ranges) of the spectrum.

The hatched area represents the adjustment made by simply using the 0.73
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fac to r on the upper p a r t of the t o t a l load loadeffect spectrum. The up‑
per dotted l i n e is calculated by means of a factor 0.81 corresponding to
a range relat ion involving axle fac tor number two instead of number one.
Factor number one is used in the type load overlap calculations.

QQ=queue meeting queue
1000 OM=Quevue meeting single

‐ ‐ - ‐ o t a l equ. load= single vehicle
300 passage loadéeffect s p e c i r a for total

loads. i

0 INPUT:
No dynarmic effects

otal load
Meeting lanes

Type load Queuvuing permitted

Qveve distance limits
2=12 metres. type load
20-30 metres total load ( b a s e d on
the longest axledistance 18meters)

Iaflvence line-type I

Distributed axle distances

Log (number > = )

FIG. 6.5.5-1. Vehicle type load loadeffect spectrum adjusted f o r queue‑
meeting and queue meeting queue influences.

The described approximate relat ion between loadeffect spectra calculated
by means of t o t a l loads and type loads seems to be usable to estimate
the queue meeting s i n g l e , QM, and queue meeting queue, QQ, influences on
the appearance of the type load loadeffect spectra. Similar comparisons
made on calculations comprising overlap effects of meeting or overtaking
and influence l ines longer than 25 metres showed that the upper regions
of the type load loadeffect spectra could be well estimated, always
s l i gh t l y (< 8 2) on the safe side. However, in the case of non-symmetric
influence l i n e and meeting lanes th is approximation do not seem to be
usable.



6.5/14

6.5:6 sloadispectrum:

Together with the bridge specificat ions, the load spectrum-and vehicle
spec ifica t ions form very important input par ts . The load spectrum
may be characterized by the to ta l number of lane occurences, the maximum
possible load amplitude and the principal shape of the spectrum. If the
values of these characteristics are varied a corresponding variation is
reflected in the appearance of the loadeffect spectrum.

The poss i b i l i t i e s f o r variations of the load spectrum characteristics
are great and a too comprehensive study of t he i r influence is beyond the
scope of t h i s inves t iga t ion .

Range (AN)

400

300

200

100

0 ER ES EA EL RESAS a D

0 2 3 4 A S T NANINe 3 4 56 7
Log (number > = ) ; Log (number >=)

loädetfectk spectrum-‐‐ equivalent axle load s p e c t r u mfor two lanes
OO& fixed points

AV b,

FIG. 6.5.6-1. a) E f f e c t of a radical change of axle load spectrum shape
( a l l axles assumes the former max. weight = 240 kN).

b) Predicted and 1973 rural long distance spectra used.
Influence l i n e type 2 (5 metres), meeting lanes.

Two examples are presented above. The fi rs t example, FIG. 6.5.6-1a shows
the resu l t of a rad ica l change in the load spectrum shape and the second
example, FIG. 6.5.6-1b, shows two loadeffect spectra val id f o r a predic‑
ted load spectrum and a 1973 load spectrum. Only free axle loads and
meeting lanes were treated. The latera l influence function was as before
supposed to be uniformly distr ibuted between 0.4 and 0.6 with mean 0.5.
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The influence l i n e was of type 2 and 5 metres long. In Chapter 8.1 where
measured and calculated spectra are compared, the corresponding predic‑
ted loadeffect spectra are also drawn.

6.5.7 Dynamic ampl ifica t ion fac to r d is t r ibu t ion .

The dynamic ampl ificat ion e f fec ts are handled by means of a stochastic
amp l i fica t ion f a c t o r which is input as a discrete density funct ion (see
also Chapter 6 . 4 : 3 ) . The nature of the influence of t h i s density func‑
t ions appearance is very much l i k e tha t of the la tera l track distribu‑
t i o n together w i th the lateral influence funct ion. However, one has com‑
p l e t e freedom to shape the d is t r ibu t ion in th is case.

FIG. 6.5.7-1 shows the resu l t of a t e s t run performed with three deter‑
m i n i s t i c ampl i fica t ion fac to r values equal to 1 , 1.15 and 1.3 and f o r
distributed fac to rs a l l wi th mean equal to 1.15. As can be seen from the
fi g u r e the value of the upper fac to r l i m i t is of great importance.

Relative distribution,Ö

pedofil
I &AAA
Mm OA
IavrDD |
torofsb

0 a ; = ZI Amplification
U r e t 00 Be , I FIS TS0 factor

Log (number >=)

FIG. 6.5.7-1. Influence of dynamic ampl ificat ion fac tor d i s t r i bu t i on .
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6.5.8 Summing up resu l ts .

The discussions carr ied out in the preceding chapters are only intended
to give an over-a l l p i c tu re of the NULESP model response to variations
i n d i f f e r e n t var iable values. Only influence l ines o f standard shapes
(type 1, 2 and 3 in the model) were used. Furthermore the model response
was only studied through the logarithmic loadeffect spectrum representa‑
t i o n and no regard was given to wether the ranges had posit ive or nega‑
t i v e sign (counted during decreasing or increasing process) or to the
levels they occurred on. Below though some general l ines are sketched
which are intended to s imp l i f y the administration of input data.

The number of discrete meeting secticns (per mean influence l i n e
range length) and queuing distances (N3, 54) may be put to -3
in the case of symmetric or anti-symmetric influence Tines. How‑

ever, i f dynamic e f f e c t s i n the form o f a n o s c i l l a t i n g loadeffect
is superposed it may be necessary to use smaller values to ensure
reasonable computing times. (N3 = -1 or a manually estimated posi‑
t i v e odd value.) The number o f d iscrete queue d i s t a n c e si n the
queue meeting s ing le (QM) calculations should, f o r the same reason,
be held low ( f o r example equal to 3) and preferably manually calcu‑
la ted in connection wi th estimations of dangerous queue distances.

The la te ra l track distribution may beassumed uniformly distr ibuted.
The extreme la te ra l track value causing the highest la te ra l i n fl u ‑
ence funct ion value is important. (ÅA reasonable s tar t ing value is
= I metre, if the mean track is put to P, according to the la te ra l
t rack d is t r i bu t i on of .F I6 : 9 . 3 . 2 - 1 ) :

The desired equivalent overlap load distr ibut ion may be put to ( - ) ,
0:153 0:03; 040053 0.001:

I f d is t r ibu ted axle distances (axle distance factors) are used,
tha t fac to r which causes the hiahest loadeffects. should be placed
as the fi r s t one at inpu t . (The inpu t order o f fac to r values is
op t iona l . The fi r s t fac to r is used in the overlap calculations.)

Axle loads may be used instead of vehicle type loads in connection
with calculations comprising influence lines shorter than the shor‑
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tes t ax le d is tance.

The e f f e c t of queue meeting single vehicle, QM, and queue meeting
queue, QQ, may be approximately translated from loadeffect spectrum
va l id f o r t o t a l loads to spectrum va l i d f o r type loads unless non‑
symmetric influence l ines plus meeting lanes are assumed.

The more vehicles involved in overlapping cases the areater re la t ive
importance these cases ge t . This is accomplished by an increase of
the vehicle flows and a decrease of vehicle speed and equivalent time.

Uniformly d is t r i bu ted dynamic ampl ificat ion factors may be used i f
basic data are lack ing.

F i n a l l y, it sha l l be pointed out that the favourable qua l i t y of using
r e l a t i v e l y few meeting sections can not b e safely used i n the case o f
non-symmetric influence l i n e s . Roughly if a resolution of 5 2 in the
calculated spectra is desired an "increase" on N3 to -9 should be done.
I t i s though hard to give any defin i te ru les , f o r example single influen‑
ce l i n e ranges with high amplitude and shor t duration may cause bad resöo‑

lution.: In those cases it is advised that a proper N3 value be manually
estimated.
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7 COMPUTER CONTROLLED LOAD SPECTRA AND LOADEFFECT SPECTRA RECORDINGS.

It is of course:of great interest to receive connected data on loads,
t r a f fi c properties and loadeffects in o r d e rto make a further validation
and ca l i b ra t i on o f the load spectrum, LOSP, and loadeffect spectrum,
NULESP, models possible.

The National Road Administration are f o r the time being planning future
fi e l d measurments of load spectra and loadeffect spectra. In cooperation
w i th the author o f th i s report a computer controlled dataacqu i s i t i on
system was proposed which w i l l make possible simultaneous counting on
several loadeffect processes a r i s i ng in d i f f e r en t parts of a bridge
s t ruc tu re . In order to get information about the load spectrum causing
the loadeffects the author of t h i s repo r t , during 1974-1975, developed
a mobile weighing transducer which can be. used without i n t e r f e r i n g with
the vehicle flow. The weighing transducer with i t s electronic equipment,
which may b ecomputer c o n t r o l l e dor. used b yi t s e l f , i s shor t l y described
below-as wel l as ' the proposed computer controlled acquisition system.

In connection wi th the descr ip t ion of the proposed acquisit ion system
comments are: älso made on the l a y out of the governing sof tware, compu‑
t e r programs:

7.1 Mobile weighing transducer.

The weighing transducer, f o r which patent has been pended, is b u i l t up
o f , in ver t i ca l d i rec t ion e las t i c s t r i p s , which act as capacitors in
pa r a l l e l connection. The t o t a l height of the transducer, including a
covering p la te , is 12 mm(1/2 inch). It may be placed directly on the
road surface and fastened by means of n a i l i n g or screwing without d i f ‑
f r e u l t y :

The transducer is enclosed by two ramps of which the off-ramp has metal‑
sheets embedded which act as la te ra l posit ion switches.

During a vehicle passage over the transducer a vert ical deflec t ion ,
which is l i near to the applied load, occurs underneath the wheel, caus‑
i n g the capacitance of the s t r ips to be increased. The change in capaci‑
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tance is detected by means of a special ly developed discharge to time
converter, which is placed a few metres from the transducer, and conver‑
ted to an analogue voltage which is transmitted to the signal condition‑
i ng and control u n i t , SCU.

The SCU contains signal conditioning c i r cu i t s as ampl ifier and analogue
memory and fu r the r it contains control electronics, analogue-to-digital
converter, data buffers and a real time clock.

An opt ional recording u n i t , f o r example a paper tape punch, may be con‑
nected to the SCU. The weighing stat ion w i l l then work as a stand alone
u n i t , recording binary data f o r each axle passing over. These data
groups consist of axle load, la te ra l pos i t i on , real time (resolution
1 ms) and the time f o r the axle to pass over the transducer (resolution
0.4 ms).

In case the weighing s ta t i on is to be used together with a computer, it
is possib le to use a SCU of less complex layout which w i l l only furnish
the computer w i th d i g i t a l information on axle loads and la tera l posi ‑
t i o n s .

Test runs involv ing a prototype have been made wi th promising resul ts .
The axle loads (wheel loads) were measured with an accuracy" Of ESTT2 KN;
which f o r the most pa r t is determined by the noice level of the electro‑
n i c device. (The change in capacitance per applied kN is about 0.005 4
over a t o t a l capacitance of 5600 pico farad.) The estimated l i nea r i t y is
wi th in + 32.

Further tests are planned in order to get a picture of the dynamic e f ‑
fects at high speeds.

The transducer wi th electronic devices is presented in Christiansson
/35/ (with summary in English).
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7.2 Computer con t ro l led acqu is i t ion system.

The proposed system, which: for: the time be ing . i s only p l a n ned : t ob e
b u i l t up» is meant to consist of a mini-computer, c on t a i n i n g :8' or 16
k i l o words of memory, a teletype-console and a mul t ip lexer, with attached
analogue-to-digi tal converter,:capable of-handl ing a b o u t ”10 anälogue input
s igna ls . i ; S A G Se

The main advantages of using a computer control led system is tha t it is
possible through programming e f f o r t s to make very: flex ib le system solu‑
t ions which are easy to adapt to d i f f e r en t test-objects. It is also pos‑
s i b l e to do a great deal of data processing immediately on the recorded
data. | i T |

The studied loadeffect (s t ra in ) processes w i l l be subjected to continuous
counting by means of the LECOUNT rout ine and the received range-level
data w i l l be stored in matrices in the computer memory. The coun t i n g‑
oowill-be performed simultaneously on: the processes by meäns of using the
computer i n t e r r u p t technique. i

The vehicle axle loads recordings, which w i l l be received from the above
described mobile weighing s ta t i on , may be grouped into vehicle types
through processing of the axle load: time distances. If the weighing:
transducer is passed over by:a queue of vehicles, en ta i l i ng small time
gaps between rea r axles to following. f ront :ax les , d i f fi c u l t i e s ärise in

. the class i fy ing of axles i n t o vehicle type groups, unless i t is assumed
tha t a s ing le wheel may only belong to a truck f r on t axle.-A single
wheel is dist inguished from a twin-wheel through the la tera l position
information. The twin-wheel w i l l namely act ivate a:greater numberof
lateral switches than the single wheel. |

The recorded time distances b e t w e e nthe axles of a vehicle may be trans‑
lated to metr ic lengths by using the recorded information on the time
duratiocns of vehicle axle passages over the weighing transducer. This
t rans la t ion requires knowledge about the transducer width.

I t is possible to make thorough studies of cer ta in vehicle characteris‑
t i c s . For example the following dist r ibut ions may be collected f o r each
vehicle type: weight d is t r ibut ion on axles distributions as function of
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vehicle gross weight , axle distance d i s t r i b u t i o n sa s funct ion o f vehicle
gross weight , vehicle speed dis t r ibut ions as funct ion of .vehic le gross
weight. The vehicle type gross weight spectra and axle gross weight
spectra w i l l be stored as matrices in the memory.

The t r a f fi c character ist ics may be expressed in terms o f : d i s t r i bu t i on
of time gaps between vehic les, d is t r ibu t ion of the number o f vehicles
formning a queue, d is t r ibut ion of time gaps between queues and within
queues and l a t e r a l t rack distributions as function of vehicle gross
weight and vehicle type. It is also possible to make cert ian studies of
the vehicle gross weight ra t i os of the vehicles par t ic ipat ing in queue
formations.

To be able to get information on the overtaking .behaviour of the trucks
two weighing t r a n s d u c e r shave t o b eused i n order t o make:a separation
of vehicle axle loads possib le.

Intermediate resu l ts may be wr i t t en out on the console ei ther automati‑
c a l l y at ce r t a i n time points or at special request.

I t is understood from the sketch of a computer controlled acquis i t ion
system above tha t a complex software i s required i f a l l the d i f f e r en t
data processings are to be implemented. In the fi r s t stage the d i f f e r en t
rout ines must be worked out and tested before they are collected to a
complete software package.
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8 CALCULATED AND MEASURED LOADEFFECT SPECTRA.

Very few measurements of loadeffect spectra have been done in Sweden.
This chapter contains comparisons between two spectra and the correspon‑
ding calculated spectra by means of the NULESP model. The measurments
were performedby the National Road Administration and comprise stress
range reg is t ra t ions at midspan of an endspan of a continuous steel g i r ‑
der, which was in composite act ion with a concrete deck res t ing on 7
supports and stress range reg i s t ra t i ons in a steel cross member which
car r ied a two pa r a l l e l lane or tho t rop ic steel deck. |

Further fi e l d investigations are planned by the National Road Admini‑
s t r a t i on p a r t l y in cooperation wi th the author of th is repor t . These i n ‑
vestigat ions are intended to involve a computer controlled load and
loadeffect spectra col lect ing system (see fu r t he r Chapter 7) .

Measurments of loadeffect spectra have been performed abroad f o r some
yea r s , especia l ly in the United States (see fur ther Chapter 2, LITERA‑
TURE REVIEW). In most cases the measurments involve structural members
of type medium to long main g i rders of highway bridges. The stress
range amplitudes are mostly calculated as the difference between the
maximum and minimum stress amplitude during vehicle passage.

The important but seldom occuring overlap occurences are d i f fi c u l t to
catch and consequently to get a nicture of during a fi e l d invest igat ion
of l im i ted time length.
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8.1 Calculated and measured spectra f o r the year 1973.

The stress histor ies were collected and automatically evaluated at the
bridge s i tes by means of a leve l crossing counter. Each time the signal
passed a predetermined level a counter was incremented on condit ion tha t
the signal was growing and that it had been below a predetermined return
level, associated with that counter, since the l a s t increment was done.
This method of breaking down the loadeffect process does not, except
under special condit ions, y i e l d the same loadeffect spectra at the end
as the ea r l i e r described counting rou t ine LECOUNT would have done. Depen‑
ding on the in te rp re ta t ion o f the level crossing d is t r i bu t ion , d i f f e ren t
loadeffect spectra w i l l be obtained. In the measurements presented below
the act ing loads have a. comparatively short extension in comparison to
the influence l i nes . This condition makes the appearance of the loadef‑
f e c t spectrum less sensit ive to the chosen method of evaluating the 1e‑
vel crossing d is t r ibu t ion .

In Chapter 9.3.4 the level crossing and pos i t i v e peak d i s t r i ‑
t ions in connection wi th analysis of loadeffect processes w i l l be
fu r the r discussed as these distr ibut ions may be analyt ical ly derived
under cer ta in circumstances (see also Chapter 2, LITERATURE REVIEW).

8.1.1 Longitudinal g i rder at Köpmannebro.

FIG. 8.1.1-1 p r i nc i pa l l y shows the bridge and the structural po int under
consideration. The bending stresses were measured in a flange of the
longi tudinal g i r de r at midspan of an endspan. The spectrum was collected
over a 45 day period in Apr i l and May 1974. =

Köpmannebro is si tuated in the rura l region, at a national main road in
the middle of southern Sweden. The 1973 rural short distance load spect‑
rum was used (12.1973) as load input (see Chapter 4.2) together with the
veh i c l e spec i fica t i ons also found in the same chapter. The or ig ina l
weight distr ibution on axles was used, that is no additional axle over‑
weights were assumed, besides the already accounted overload loading
level. Further the axle distances were assumed distributed through axle
distance factors with equal p robab i l i t i es f o r values 1 , 0.8 and 1.2 (base
data were l ack i ng ) . The lTongitudinal influence l ine was described by
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fi v e break points according to FIG: 8.1.1-1. Test runs gave fiser to i n ‑
fluence l i nes of s imi la r shapes.

0:85 D- Structural point

å RE ER

FIG. 8.1.1-1. View of highway bridge at Köpmannebro with assumed- longi‑
tudinal influence l i n e . Two meeting lanes.

FIG. 8.1.1-2 shows a cross section of the bridge and an approximate la‑
t e ra l influence func t ion , calculated under the assumption that the t o r ‑
sion of the br idge is carr ied only by the girders. The lateral track dis‑
tribution was assumed to be uni formly distributed between =]. and +1
metre (base data lack ing) . : |

The t e s t runs were performed with a 4.5 metres (axle d i s t a n c e )217 kN
2)/KN

was achieved. The dynamic ampl ificat ion fac t o r was assumed to be uniform‑
Torry. From th i s tes t runs a loadeffect fac to r equal to 0.077 (MN/m

ly distributed between 1and 1 .3 . The tes t r e su l t s , which were recorded
onanoscillograph, gave maximum amplification factors equal to 1.3 .

Two .different lane configurations were assumed in the NULESP runs. In
the first, I in FIG. 8.1.1-3, the.dofluenceof tne meeting lane was dis‑
regarded and in the second, I I , the effects of the meeting lane was in‑
corporated, however, with the variation width of the la te ra l track d i s ‑
tribution decreased, because the model can not handle negative equiva‑
Tent loads. The vehicle speed was put to 18m/s (65 km/h). Noregard was
taken to effects of queuing. The regarded time period was 50 years.

The effec t of inc lud ing the meeting lane in the calculations was l imi ted
to e f f ec t s of s ing le passages, because the high amplitude overlap effects



Lateral
influence F i = ] F3=0.2

FESUN9 EG 000

FIG. 8.1.1-2. Cross section of the Köpmannebro bridge and assumed l a t e ‑
r a l influence spec ifica t ions .

| Range, MN/méÉ
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FIG. 8.1.1-3. Calculated and measured loadeffect spectra f o r the highway

bridge at Köpmannebro.
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were too ra re to be noticable.

I t is hard to explain the differences between the measured and calcula‑
ted spectra because of the rather few underlying data that were used
when the measured spectrumwas constructed. It is though possible tha t
the underlying load spectrum used f o r the calculated Toadeffect spectrum
does not give a correct enough picture of the loading conditions of th i s
pa r t i cu l a r road: The di fferences indicate tha t the total number of vehi‑
cles should be decreased and that the amounts of very heavy and light
vehicles should be increased, which may be performed through changes in
the d r i v i n g distance dis t r ibut ions or loading level d is t r ibut ions.

8.1.2 Cross member a t Söde r t ä l j e .

FIG. 8.1.2-1 shows a pr inc ipal view of the orthotropic steel deck, car‑
r i e d by steel cross members, forming a par t of the two paral le l lane
highway br idge over Söder tä l j e Canal, j u s t south o f Stockholm. The
stress range spectrum f o r the structural point shown in the figu re was
col lec ted over a 14 day period (357 act ive Kkours) in September 1972.

The bridge is si tuated on the European Highway No. 4 and therefore the
r u r a l long distance (11.1973) load spectrum was used in the inpu t . The
o r i g i na l d is t r ibu t ions o f vehicle weight on axles were retained and are
found together w i th the load spectrum in Chapter 4.2.

The longitudinal influence l i n e , see FIG. 8.1.2-1b, was approximated
from resul ts of t e s t loadings performed in the year 1965. The la tera l
influence function wascassumed to be of t r iangular shape, FIG. 8.1:2-1c.
From the same tes t loadings the loadeffect fac tor was calculated to
0.242 (MN/m")/kN.

Lateral d is t r ibu t ions were in th i s case given rather small (0.5 metre)
var ia t ion widths which together with the assumed middle tracks was es t i ‑
mated to be on the safe side. ;

The vehicle loads were treated as f ree l y running axles, that is the axle
load case, TA = $, was used. Further a l l the vehicles were assumed to be
d r i v i ng over the bridge a t a speed o f 18 m/s (65 km/h).



& Structural point

FIG. 8.1.2-1. Cross member a t Söder tä l je . a ) Pr incipal view. b) Longitu‑
dinal influence l i ne . c) Lateral influence specificat ions.

Due to lack of basic data the dynamic ampl ificat ion factor in these ca l ‑
culations was also supposed to be uniformly distr ibuted between 1 and
1 3 ,

FIG. 8.1.2-2 shows the resul ts of the calculations and the corresponding
measured spectrum. For comparison tne predicted loadeffect spectrum is
also shown in the figu re , The regarded time period was 50 years.
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FIG. 8.1.2-2. Calculated and measured loadeffect spectra f o r the highway
bridge a t Söde r tä l j e . |

The computer time to calculate the loadeffect spectrum was 10 seconds.

Ås can be seen compat ib i l i t y i s obtained between measured and calculated
spectra.
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9 DISCUSSION.

I n this repor t two p r o b ab i l i s t i c numerical models are presented, one i s
used to calculate load spectra, LOSP, änd the other to calculate load‑
ef fec t spectra, NULESP. As mentioned before the research object ives were:
(a) to develop a method which could 'be easi ly used to make estimations
of the distributions of loads which would act ona bridge during a spe‑
Cified time period, (b) to estimate the corresponding loadeffect ranges
including the very rare tha t would ar ise in different points of the
bridge structure due to the load spectrum. Furthermore the method should
p rov i de abi l i t ies f o r estimations of the influence of different variab‑
les on the appearance of the Spec t r a . This chapter contains a diSCUuS‑
sion of the two models, which can be used independently of each other,
and a discussion of some of the made assumptions.

9.1 Introduction.

Many of the factors which contribute to the appearance of the load spec‑
t ra and Toadeffect Spec t ra are of a non-deterministic nåture to a grea‑
t e r extent than others, that is they ought to be treated as Stochastic
variables whose values are observations of different estimated density
functions. As a resu l t of the chosen solution technique, simulation per‑
formed as sys t ema t i c sampling, i t has been poss i b l e t o handle these sto‑
chastic variables under rather real is t ic design conditions and complex
Criteria f o r the analyses of the created loadeffect process. The main
groups of participating variables may be described as vehicle characte‑
r i s t i cs (load), bridge characteristics (Toad to loadeffect) and t r a f fi c
characteristics (overlapping loadeffects). Animportant step was taken
in the model design when the differences in model response between a
s ta t i c and dynamic bridge-vehicles SyStem was treated in a separate
stage, which introduced grea t simplifications in the model design work.
This separate treatment of the dynamic effects was judged to be j u s t i ‑
fied in comparison to the other uncertainties introduced into the model
due to the other assumptions made. |

A correct treatment of the dynamic influences, expressed as amplifica‑
tions and extra oscillations, is not an easy task. Much work concerning
this subject has been performed both in theory and p r a c t i c e . With the
exception of vehicle and bridge weights conditions and natural frequen‑
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cies of the vehicles and br idge , f ac t o r s such as vehicle speeds, surface
i r r egu l a r i t i e s , i n i t i a l condition o f bridge-vehicles system, vehicle ho‑
r i zon ta l acceleration and the la te ra t posit ions of the vehicles have in-.
fluence on the r e su l t i n g br idge response.

Vehicle- type specifications

Loading tevels
Driving distances.

BÖGR Region roadlength

Longitudinal and lateral
influence lines

Lateral track
Traffic specifications

FI6:59. 1 - 1 :Schematic description of the numerical Toad spectrum model,
LOSP, and loadeffect spectrum model, NULESP.

FIG. 9.1-1 shows a schematic scheme of the twomodels.:The fo l lowing
variables are assumed to be non-deterministic: vehicle type to ta l weight,
vehicle type axle distances, vehicle: type.loading l e v e l , vehicle lateral
t rack , distances between vehicles in undisturbed flow, queue distances;‑
and dynamic ampl ificat ion f a c t o r . The fo l lowing variables are treated
as determinist ic: vehicle type weight distr ibution.on axles, vehicle.
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dr i v i ng distances (mean values f o r each vehicle type to ta l weight class
wi th in the region), vehicle speed during passage, structural point i n ‑
fluence surface and vehicle flow intens i t ies during the equivalent time
o f  day.

If the assumed variable propert ies are estimated to vary considerably
during the regarded time period the calculations have to be divided in to
sub-time periods and the achieved results added up to fi n a l spectra
v a l i d f o r the whole time per iod.

Chapters 9.2 and 9.3 contain a discussion of some of the assumptions
made in the LOSP and NULESP models. Some possible model extensions,
which are qu i te simple to do without prolonging the computer times too
much, are also presented below. In connection wi th future fi e l d inves t i ‑
gat ions a fur ther validation of the models have to be done.
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9 . 2 Numerical model f o r calculation of load spectra, LOSP. Discussion.

Bymeans of the load spectrum model, LOSP, distributions are calculated
which are va l id f o r vehicle gross weights passing over an optional lane
sect ion of the regarded region during a specified time period. The ve‑
h i c l e type specificat ions are not needed unless axle gross weight d i s t ‑
" t r ibu t ions are also wanted at t h i s stage. The axle gross weight d i s t r i ‑
butions are recalcu lated, i f desired, in the NULESP model.

9.2.1 Loading l e ve l . Dr i v ing distance. Discussion.

The vehicle type loading levels are treated as stochastic var iables,
which are defined f o r each vehicle type. They are assumed to be indepen‑
dent of var ia t ions, as vehicle weight, wi th in the vehicle type: I f f o r
example it is judged t h a t the very heavy vehicles have other loading
spec ifica t ions which are noticable such as much higher probab i l i t y to
be overloaded, t h i s circumstance may be taken i n t o consideration by sim‑
p l y defining new vehicle types. Moderate shape differences between the
loading leve l d is t r ibu t ions though, do not have to lead to such act ions,
according to the discussion made in Chapter 3.4.1.

The typ ica l two maxima of the gross weight lane occurence distr ibut ions
(see f o r example FIG. 4.3.2-2) which occur because of empty and f u l l y
loaded vehicles, were also reported, from fi e l d tes t s , in Ruhl et a l .
F l e r

A fur ther mapping of the vehicle d r i v i ng distances in d i f f e ren t geogra‑
ph ica l regions has to be made in order to increase the knowledge about
the load spectra o f the d i f f e ren t regions.
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9.3 Numerical model f o r calculat ion of loadeffect spectra, NULESP.
Discussion. |

By means of the loadeffect spectrum model, NULESP, two-dimensional 1load‑
e f f e c t range-level d is t r ibu t ions are calculated f o r d i f fe rent s t ruc tura l
po in ts of a bridge structure. Below some comments are made on: the model.

9.3.1 Weight d i s t r i bu t ion on axles. Axle spacings. Discussion.

The vehicle type spec ifica t ions are supposed to be fixed in the overlap
calculat ion parts of the NULESP model. In the single vehicle passage
calculations dis t r ibu ted axle distances are though allowed through d i s ‑
t r i bu ted axle distance fac to rs . These factors are supposed to act with
the same value on a l l the axle distances of a vehicle type. Because of
the axle distance f a c t o r f a c i l i t y , i t i s also easy t o introduce d i s t r i ‑
buted axle distances in the overlap calculations. From the discussion in
Chapter 6.5 it seems to be acceptable if the most dangerous axle distan‑
ce factor is put in the fi r s t place at i npu t , which brings out that i t
w i l l be used in the overlap calculat ions.

From: Moses et a l . /20/ and especial ly Ruhl et a l . /12/ measured axle
distance dist r ibut ions are reported. These dist r ibut ions are in most
cases va l i d f o r the 3S-2 semitra i ler combinations (with tandem drive änd
rea r axles) which are very commonin:the USA. (The axle distance fac tor
distr ibut ions used in th i s present repo r t , 0 .8 , 1, 1.2 having equal pro‑
b a b i l i t i e so f coming up, are f a i r l y simi lar t o those reported from the
USA. However, in some cases should a higher probabi l i ty f o r the mean
value I as wel l as a greater variat ion width be used.)

The vehicle type weight distr ibut ions on axles are assumed to be fixed
and thus independent of the actual vehicle weight and other internal
vehicle type variables. This distr ibut ionmay have a considerable i n ‑
fluence on the loadeffect spectrum appearance especially f o r the short
influence l ines if there exists divergences f o r the high axle weights.
According to Moses et a l . /20/ who reported axle weight d ist r ibut ions,
as well as Ruhl et a l . / 1 2 / , the weight distr ibution on axles seems to
be stable f o r the high vehicle weights. Furthermore it is reported that
in c o n n e c t i o nwith semitrai ler combinations (3S-2) the f ron t axle weight
always l i es around 40 kN. (engine and chassi weights) which indicates
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t h a t these a x l e sget too Tow a weight port ion f o r the Tower gross weights.,
which therefore ought to be an approximation on the safe s ide ,

In those parts of the LOSP and NULESP models where the axle gross
weight distributions are calcu la ted, it is: qui te possible to introduce
special ru les f o r the d i s t r i bu t i on o f the vehicle gross weight on axles,
when further knowledge about these circumstances is available from fi e l d
measurements.

9:3.2 T r a f fi c characterist ics. Discussion:

In the der ivat ions of probabi l i t ies f o r meeting i t was assumed. that the
vehicle flows were described by means of Poisson processes, see f o r
example Kapacitetsutredning /26/. This assumption seems to be true f o r
low vehicle flow in tens i t i es and distances beyond some truck lengths
where the interact ion between the vehicles is negligable.: This entai ls
t ha t the meeting behaviour ought to be well. described as is done in
Chapter 6.4.5. In case of dense flows and rather short vehicle distances,
the t r a f fi c pat tern becomes more complex.

Not very much is known about truck behaviour: a t :shor t time distances..
I t seems though tha t in the case of para l le l tanes the Poisson assump=
t i o n w i l l underestimate the real n u m b e rof such occurences at low time
distances between -3-4 seconds and 1second. These time distances. comp‑
r i s e the gueue or platoon events, see Moses et a l . /20/.,. :Kapacitets‑
utredning /26/ ( a l l vehicles included). According:to Moses et a l . /20/
there are a lso i n d i c a t i o n sthat a t distances below =-1 second, including
overtakings, the number of occurences may be overestimated if Poisson
flow is assumed. Desrosier et a l . /27/ manually counted the frequencies
o f mu l t ip le truck l o a d i n g s ;o n two and three paral le l lanes within 100‑
400 "feet sect ions. They found tha t the truck volume was the best predic‑
t o r O f mu l t i p l e t ruck Toading. ;

In case of meeting lanes nothing has been found in the l i te ra tu re about
the truck béhaviour. However, t h e r eare stored data, w a i t i n g f o r evalua‑
t ion received from fi e l d measurements p e r f o r m e din 1973-1974 at t h e .
National Swedish Road and Tra ffic Research I n s t i t u t e ; i n connection with
v a l i d a t i o no f a t r a f fi c simulation model. I t i s probable that the eva‑
luation of these"data w i l l cast some l i g h t on the queue and overtaking
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behaviour o f heavy trucks t rave l l i ng on meeting lanes.

Due to lack of knowledge, only approximate expressions are put up in the
model f o r the calculations o f overtaking and queuing p robab i l i t i e s . As
f u r t he r information is achieved these expressions may be changed by
means of the introduced correction factors F7 and F9. The queue distan‑
ces are assumed to be uniformly distributed but may be changed, if ne‑
cessary, to an a rb i t r a r y distribution.

The vehicle speeds are assumed to be constant and equal during the
bridge passage. Besides the f a c t that the dynamic effects are dependent
on speed, the vehicle speed also affects the meeting and overtaking pro‑
bab i l i t i es , which can be interpreted as a change in the time durations
of the vehicle type influence l ines. The vehicle speed should be given
a Tow rather than a high value, which may be picked from an estimated
o r measured speed d i s t r i b u t i o n ,i n order not t o cause under estimations
o f the p r o bab i l i t i e s f o r meetings and overtakings. The e f f ec t o f d i f f e ‑
;rence in speeds between vehicles involved in overlapping was not studied
as it was estimated t ha t these effects would be concealed by the dynamic
e f f ec t s .

I (m i r r o r e d due t o
fo ward a El lome b e n e
second laneIrfe

(> AG fe AD fö 0E DM BA OD- 02 Uk 06 08 MMelrås

Få dl 0 / 3 fi

FIG. 9.3.2-1. I) Lateral t rack, Nunn et a l . /11/. (The lane surface
was pa r t of a tes t s i t e . May have disturbed the d r i ‑
vers. )

I I ) Lateral t rack, Ruhl et a l . /12/. (289 observations.)
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The truck t r a f fi c fol lows d a i l y ; weekly, monthly and long term yearly
va r ia t ions . I t i s supposed in the model that mean t r a f fi c flows are
used and only e x i s t d u r i n ga f rac t i on , the equivalent time TE, of the
day. In t h i s way it is possible to ad jus t the vehicle flows to in tens i ‑
t i e s tha t w i l l give conservative estimations of the overlap probab i l i - ”
t i e s .

The la te ra l track d is t r ibut ions are assumed to be equal f o r a l l vehic‑
les though it may be mirrored f o r the second lane. Very l i t t l e informa‑
t i o n was found in the l i t e r a t u r e about the Tateral track distributions
f o r t rucks. In FIG. 9.3.2-1 two dist r ibut ions are sketched, registered
on two pa ra l l e l lane configurat ions, picked from Ruhl et a l . /12/ ( I I )
and Nunn et a l . /11/ ( I ) . It was reported in the l å t t e r repor t that no
re la t i on between vehicle load and la te ra l track:was found. The Tateral
t rack is supposed to be fixed during vehicle passage. This f a c t is made”
use of in the equivalent load calculations together with the assumption
about separable influence func t ions . The e f f e c t of these assumptions,
which g rea t l y s imp l i fi e s the loadeffect spectrum model and-help t o keep:
to computing times low, shall be compared to the other uncertainties
introduced i n t o the model which have an e f f e c t on the appearance o f : the
vehicle type influence l i nes . Un t i l f u r the r knowledge is gained it is
p re fe rab le to spec i f y the la te ra l influence propert ies on the safe side.

9.3.3 Dynamic e t f e c t s . DiIScussion:

The assumed model f o r treatment of the dynamic ampl ificat ion e f f e c t is
described in Chapter 6.4.8 . As can be seen in FIG. 9.3.3-1 b) the amp‑
l i fi c a t i o n o f the ranges i s symmetric, causing the maximum loadeffect t o
be h a l f as much as tha t of a one sided ampl ificat ion procedure, FIG.
9.3.3-1 32). The reason why the symmetric ampl ificat ion was used is that
the delayed ac t ion of mass movementsto some extent was meant to be con‑
sidered in t h i s way. ; a

If the level is no t incorporated in the study of the loadeffect spectrum
there w i l l be no differences between the spectra calculatedby means of
one sided or symmetric ampl ifica t ion . I t should though be' strongly Se
phasized tha t the assumed model, characterized as a mul t ip l ica t ion of
the loade f fec t distr ibut ion by a dynamic ampl ificat ion fac tor d is t r ibu ‑
t i o n , involves too many s imp l i fica t ions to admit any deeper conclusions
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to be drawn about the leve ls tha t the ranges are supposed to occur on,
a f t e r the transformation of the spectrum is performed.

VON

FIG. 9.3.3-1. One sided (a) and symmetric (b) dynamic amplification of
a loadeffect  range.

The s t a t i c influence l i n e may a t inpu t b e superposed a n o s c i l l a t i n g
component as well as any desired deterministic shape adjustment,see
FIG: 9.3.3-2. However, if the loads are represented as vehicle type
loads ( tha t is no t as concentrated gross weights or f ree ly running axles)
i t is probably be t te r i f t h i s correct ion is d i r e c t l y applied on the ve‑
h i c l e type influence l i n e . (Such a complementary addition may be placed
at label VINF ind NULESP.) It is further suggested that the extra oscil‑
la t ions which ar ise a f t e r the vehicles have l e f t the br idge, FIG.
9.3.3-2 ( 1 ) , should be estimated separately with regard to the dynamic
proper t ies o f the br idge .

A> SNfö SS |N( < C X x 2 F aIet zP R E S S AS RS S E R E R S SANTE

FIG. 9.3.3-2. On the s t a t i c influence line superposed dynamic OSCILla‑
= t i o n . (I = separately treated f ree vibrations of the >

br idge.)

TÖput up the most proper dynamic specification input requires knowledge
about the dynamic proper t ies of the bridge and the structural members
involved in the bridge vehicles dynamic system. It was judged that stu‑
dies aiming at a mapping of such knowledge would lead too f a r to f a l l
within the scope of th i s investigation and would not even be necessary
as the proposed model already contains many approximate elements. For
further references and discussions on dynamic e f f e c t s , see f o r exemple
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Christiansson / 1 / , RuhT et a t . /12/ and Moses et a l . /20/.

Further information about the dynamic influences may la te r be brought
out from another i n ves t i ga t i on , performed by the author o f t h i s r epo r t ,
which is e n t i t l e d "Theoretical study of vehicles d r i v i ng over coupled
bridge slabs. Dynamic e f fec ts and method of solut ion". In th is invest iga‑
t i o n the e f f e c t w i l l be studied of superposing "dynamic" vehicle type i n ‑
fluence l ines among other th ings.

9.3.4 Counting of loadeffec t ranges. Discussion.

The s t a t i s t i c a l counting rou t ine LECOUNT described i n Chapter 5.2 i s
meant to be a c lea r l y defined count ing method which can be used on any
loadeffect process without res t r i c t ions . I t also provides information
about the levels on which the d i f f e r en t loadeffect ranges occur, which
w i l l r e s u l t in a two-dimensional loadeffect range-level spectrum at the
end:

Below some cursory comments are made on the comparison between spectra
received by means of the LECOUNT rout ine and those achieved by means of
peak counting or leve l crossing counting methods.

I f the loadeffect process has a pr inc ipal appearance according to FIG.
9.3.4-1a the peak densi ty function w i l l y i e l d the same spectrum as that
received from an LECOUNT. But this is obviously not the case with the
process according to FIG. 9.3.4-1b.

Loadeffect Loadeffect

FIG. 9.3.4-1 a) Peak count and LECOUNT y i e l d equivalent resul ts .
b) Peak count gives the same number of ranges but with

greater amplitudes (the resu l t of LECOUNT is shown as
dashed l i nes ) .
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The resu l t of a level crossing counting is shown in FIG. 9.3.4-2c.

By cut t ing out ranges from the level crossing density function according
to FIGS. 9.3.4-2c and d it is possib le to get a set of ranges that may
be compared to those shown in FIG. 9.3.4-2e, which are achieved by means
of the LECOUNT rou t ine . The principal difference between the two sets of
ranges is tha t those deduced from the level Crossing count do not have
to be b u i l t up in a close form, that is the individual ranges may be
composed of pa r t s which are impossible to fi t together without disregar‑
ding the actual occurence sequences. |

Levelcrossing

||
FIG. 9.3.4-2 a) Part of loadeffect process.

b) Counted level crossings during increasing process.
C) Level crossing density function.
d) From "CC" cut ovt ranges.
e) Counted ranges by means of LECOUNT.
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Appendix A : Load i ng level d is t r ibu t ion .

FIG. 3.4.1-1 shows a loading level d ist r ibut ion with parameters (3)
re f e r r i ng t o L(TI1,I1) (see also LIST OFTERMS). I n the figure new
iden t i fie rs are also introduced which are used in the deductions below
and in Chapter 3.4.1, Loading level d is t r ibut ion influence.

loading level

D-e P=M

PKgs OM Ma BÖR LI LING level by
total weight, «|

I
|

L il a
OL DA CE Loading level by
mean ‐ max total over total load, )3

FIG. A-1. Loading level distr ibut ion.

Parameters:

a loading leve l by t o t a l weight
B loading level by to ta l load
29 tare weight / to ta l weight

tare weight / to ta l weight por t ion
(6.4
] ;Sf gla)-da = area under g(a)

(04

max.we igh t / to ta l weight port ion
overweight / tota l weight portion
max.weight / to ta l weight
overweight/total weight
mean weight / to ta l weight
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max load/total loader MD
Ba (&) overload/total load
Ba (& mean load/total Toad :
m Ö mean of g(a) . mår) see below
g(a) distr ibuted loading level part
h parameter describing g(o)
S (3 parameter describing g(a)
r = (m-ag)/ (01-09) (A=1)

Non-dimensional mean of g(a). B<r<l |
m(r) = 4 rtog ( u r ) (A-2)

TR TREA I D ) points to type of vehicle, (however, used to po in t to
g la ) type in the not l i s t e d rou t ine LLTEST used in Chapter 3.4.1). In
LOSP are only parameters L ( . , I 1 ) with index I1 less equal 9 used.

The loading level is assumed to be described by input parameters

ag EE: a7> Bas 0 and mean Ba

( i f g lo) = 9 E is not given input value)

The loading level distr ibut ion is then completely described when Mand
g(a) have been determined. This is done only under the imposed s t a t i s t i ‑
cal conditions namely the to ta l area to be 1, formula (A-3), and the t o ‑
t a l mean to be 35 (A-4). This will give an i n fi n i t e number of solutions
M and g(a) , i f no res t r i c t ions are l a i d upon g la ) , (shape and mean)

A + M = 1 - E - 0 (A-3)

m : A + Og ” M = a 0 , ‑3 E s s + D (A-4)

The relations between a and B becomes

9 + Be (CI - og) , (A-5)
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Below fi v e d i f f e r e n t g(a) functions are described. Type 3 which
is used in the LOSP model is the only one with 0 not equal to Vv.

Though 0 is included in the universal re lat ion deduced f o r type 2,
formula (A-9).

f (0) INPUT:---CALCULATED:
[04 E

E M Oo
Xx, M

/83
Xx

297 24

ÉEis introduced-as a vartable which shall be calculated:

( Ä N M e l

( A - 4 )  ‐  M S

INPUT : CALCULATED:
X7 M

JA oz)

Xx, h

33
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( 2 0 0 = 3 )( A r A A G R

B a b O T Kr )
ME y e T O T T R E s ä l j a s

(KE > r ) ' (04 - 09) ) - or br V e r

(B3, - B 0) (1 - an) zA R  N N  R A
F ö r og) R

ps EM
NS) - 9

S = 2 « E R 3 r(a7 = og)

Test: P< M o l l Pis<h og < 5 < Ol

h ( r g O g£ a s$
( S e og)

H a j  =

TE 2) SE 04
(04 = 5)

TYPE3: gla) = h. Used in LOSP

fF(0) INPUT CALCULATED:
äg M

M E h
E («)Ah I 0 2

4,E |

Ag Er RE a
/Å,

The mean of g(a) is constant with r = (9.5

(A=2) (A-3) (A-4) (A-5) >

(A-9b)

(A-10)

(A-11)

(A=12)

(A=13)



2: (Ba 8, ts O)E(R E ON AR ; |U T  7  ( A - 1 4 )
ST

Ev (A-15)
S S  0

g(a) = h (A-16)

TYRESd

E(00 I N U : LALCULATED:
; AZ M

| É J
I
IV ; AX, h

! - S
; X 3a SA ax r

(A-2) (A-3) (A-4) (A-5) ‐>

Bs - Aa) i . i ;
M = 2 fe ((A-9a))

ON ” og) er 1 -r

po HT Mt) ((A310))
A j  a g

t r gg & (AI)

Tests: PV< M s| O c h og <S <a

. ( a - og) S N T R E p i p , T e i

h - od Ad SS (A-18)
( S T og)

IT
(04 = 0)fa S E A RN (A-19)
(04 = 5)
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TYPE 5: g å ) Estaple r i s

FOR) E N B A S E Ne NNPlr:UR TETEDERTED:
e n  M

å A

a. 5
SÅ;
Ve

( Å - 2 ) (A-3) (AM) (A-5) i a

P a ( E E 00) :

( T T r ) (a, - og) 1 ö r 1 e e

Ä T  E M

5 9 AR a og)

T e s t = SM c I V S A e

(A-9a))

AA-8))

(A-20)
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Appendix B. Basic-program LOSP. Numerical calculation of load SPeetra .

Below is l is ted the computer program LOSP, numerical cålculation of
load spectra. The program is wr i t ten in Basic f o r Hewlett Packard com‑
puters (2116C 16K words, 16 b i t , or memory). F i r s t , however, a short
p r e s e n t a t i o n o f the BOXPLOT subroutine i s made, FIG. B-1la, b .

Cl, CE>pre-set
plotter area

(EE
S S B REm Number M6.C7cm Fe

Nurmiber MåFe‐>4

E K G T

EXemple:

500
C6-=
4 cm 4590

300

L ö  M 5 = 2
ME=1 20 40 60 80 M?= 20
Mö=300 4 C E N - CZ= [ E n
C8 =) cm

FIG. B-1la. BOXPLOT parameters.
B-1b. Example.

The LOSP program requires = 10 K words ( K i lo words) of memory, of which
= 4 K are used f o r array allocations. .
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18 REM ök LOSP g ö k

15 REM » 4 & CALCULATION OF LOADSPECTRA a u k
20 REM ö k k PER CHRIST IANSSON, LT H 2 4 . 1 - 7 5 a v k
22 REM »k ORG 13576B
108 DIM NE1 8 . 701.GC 1 0 , 7 0 3 , YC701- AC100 1 0 3 , VC105 13, PL25702
1 0 5 DIM B C1 6 , 1 8 1 , C C 1 0 , 4 1 , . L C18,91],KCL10:22,DC10,21
11 0 LET Y 2 = 2 0
11 5 LET 19=70
117 LET Y 3 = . 2 7
158 DEF F N C ( P ) = I N T ( P / P 1 D ) + 1
160 DEF F N P ( C ) = P 1 x C - P 1 / 2
165 DEF FND(CC)=EDET1s 1 I + ( C - C L T I s II)KC(DETI52 1 - D E T 1 5 1 2 2 / C C E T 1 2 2 1 - C E T 1 5 1 2 )
200 PRINT "RUN N B e " 3 5
2 0 5 INPUT Y1
2 3 2 GOSUB 1809
2 4 0 GOSUB 1500
2 4 5 . PRINT
2 5 0 PRINT "REGION N B . ' ;
2 5 5 INPUT R
2 6 7 PRINT
2 7 0 PRINT " - - D R I V I N G D I S T : INPUT=+"3
2 7 5 INPUT S9
2 8 0 I F S 9 4 1 THEN 3 0 5
300 GOSUB 2 0 0 0
3 0 3  P R I N T
3 0 5 P R I N T ' " - - L O A D I N G LEVEL I N P U T - - " ;
3 1 9  I N P U T  S 8
3 1 5 I F S 8 4 1 THEN 3 2 5
3 2 0 GOSUB 2 5 0 0
3 2 5 I F S 8 4 1 AND S 9 4 1 THEN 3 5 5
327 GOSUB 3 0 0 0
330 GOSUB 3 5 0 0
3 3 5 GOSUB 4 0 0 0
3 5 5 P R I N T
3 6 0 P R I N T " - - D E N S PLOT - - " ;
3 6 5 I N P U T 11
3 7 0 I F 1 1 4 1 THEN 380
3 7 5 GOSUB 6 5 0 0
377 P R I N T
380 P R I N T " - - SPECT P L O T T - - " ; 3
3 8 5 INPUT 11
390 I F I 1 4 1 THEN 4 0 0
3 9 5 GOSUB 7 6 0 0
4 0 0 P R I N T " - - P U N C H ( O = N 0 , 1 = T O T , 2 = T O T + T Y P E )==";
4 0 5 INPUT S9
4 1 0 IF S9=0 THEN 4 2 0
4 1 5 GOSUB 8 8 0 0
4 2 0 GOTO 2 5 0
1 0 0 8 REM - - S U B V E H . S P E C - ‑
1001 PRINT "NB. OF VEHICLE TYPES";
1 0 8 2  I N P U T  T 2
1 0 6 3  P R I N T
1 0 0 5 P R I N T " A X L E D I S T = 4 VEIGHTDISTR=S ( F R O M F R O N T ) ADD Q : E "
1818 P R I N T
1015 FOR Tl=1 TO T2
1 0 2 0 P R I N T " - - V E H . : T Y P E " :T I
1030 P R I N T " N B . O F A X L E S " 3 T A B ( Y 2 ) ;
1635 INPUT U V C T I ,1 2
1 0 4 0 P R I N T " A X L E D I S T ( M ) " 3 T A B ( Y 2 ) ;
1 0 4 2 INPUT A C T I , 2 1 ; ACTIs; 3 1 ; A CT I , 4 I ; A C T I , S 1 I
1 0 4 4 L E T A C T I , 11 = 8 F
1 0 4 5 FOR 1 2 = 2 T O Y L T I ,1 1
1047 LET A C T I , 1 1 = A C T I >1]+ACTI,122
1 0 5 0 NIXT 1 2
1055 P R I N T " TOT A X L E D I S T = " ; A U T I s1 ]
1068 P R I N T "WEIGHT D I S T P ( R E L ) " ; T A B ( Y 2 ) 3
1 0 6 5 INPUT B U T I s 1 J , B L T I 1 ; 2 1 J , B L T 1 -31,BUTI,4).BLT1s5)
1070 LET 1 3 = 0
1 8 7 2 FOR I T O V C T I s1 2
1075 LET 1 3 = 1 3 + B LTI,121
1080 NEXT 12
1085 P R I N T ” WEIGHT D I S T R ( 2 / 1 0 ) " 3
1 0 9 8 FOR 1 2 = 1 TO V E T I » 1 2
1 8 9 5 L E T B U T I , 1 2 1 ] = B LT 1 , 1 2 1 2 / 1 3
11808 P R I N T I N T ( B L T I , 1 2 1 « x 1 8 0 0 + - 5 ) ;
11 8 5 NEXT 1 2
1107 P R I N T
111 8 NEXT T I
1119 RETURN
1 5 0 8 REM - - T O T WEIGHT I N P U T - ‑
1 5 6 5 P R I N T
1510 P R I N T " W E I G H T CLASS W I D T H » , K N " ;
1 5 1 2  I N P U T  P 1
1513 P R I N T " T U R N O N R E A D E R , RUN"
1 5 1 4 CALL ( 7 )
1515 FOR I 1 = 1 TO 108
1520 FOR 12=1 TO 19
1525 LET N I 1 1 , 1 2 1 = 0
1530 NEXT I2
1535 NEXT I1
1540 FOR T i = 1 TO T2
1556 INPUT K 3 , K 4 , 1 I 2
1555 LET C I T 1 , 1J=FNC(K3I)
15680 L E T C I T I , 2 1 = F N C ( K 4 )
1562 LET K U T I , ; 1 1 = 0
1565 I F C I T I , 2 1 = C LTI,11+12-1 THEN 1 5 7 0
1567 PRINT " N L 1 FAULT T Y P E " ;T I
1568 GOTO 1505
1570 FOR 13=09 TO 1 2 - 1
1575 INPUT N C T I , CET!» 12+132
1577 L E T KUT1s 1J=KOT1> 1J4+NCT I, CET12 13+132
1588 NEXT I3
1585 NEXT TI
1598 PRINT "TURN OF READER. RUN"
1595 CALL ( 7 )
1599 RETURN
2 0 0 8 REM--SUB DRIV ING D I S T INPUT= ‑
2 0 0 1 PRINT + + REGION ROAD LENGTH ( K M ) = " 3
2 0 0 2 INPUT L
2 0 0 3  P R I N T
2 0 0 5 PRINT " V E H . T Y P E " . , " L O W E S T W C C(KNå'", "HIGHEST W C ( K N ) .t t K M K M "
2007 FOR T i = 1 TO T2
2010 PRINT T I ; F N P C C C O T I s13). FNP(CET15220s
2 0 1 5 INPUT DCT1- 1 1 . D [ T 1 , 2 2
2020 NEXT TI
2 0 9 9 RETURN
2500 REM - - S U B LOADING LEVEL INPUT+ ‑
2 5 9 2 P R I N T ..
2 5 0 5 FOR T i = 1 T O T 2
2507 PRINT

PRINT
PRINT

""=VEH TYPE"I TIJ TA B ( Y 233
" T A R E / T O T , 2, QOVERLOAD/MAX LOAD»

PRINT T A B ( Y 2 ) 3
INPUT LOT15 3 3 , LCT1s L I , LCT1Is; SJ, LUT1,;2 ) . LCT1s42
LET L U T I - 13=LCT1511/108
LET LI T1!1,2I=LI T1,;22/100
PRINT "MEAN LOAD/TOT LOAD" :
INPUT LOT1567 /
LET LUT15 7 ] 1 = 2 4 ( 1 = L U T 1 531)/CLUT15 4J-LCT15 32)
L E T LUT1s71=LCT1s 7IKCLUTIs 6 J - L C T 1 ; SJALC T I , 2 2 ) =14+LUT1; 1I+LUT 1521
L E T L UTIs81)=(1-LUTI, 1 I - L C T 1 5 7 ) - L C T 1 5 2 2 ) / C L U T 1 ; 4I=LCT12 320)
I F L C T 1 , 7 1 > = & AND L C U T 1 , 8 ] > = Ö THEN 2575
PRINT " i i r a v
GOTO 2515
PRINT "MEAN/TOT. OVER/TOT vg
LET L OT 1 , 9 1 = L U T 1 53I+LCT1s SJAC1-LUT15 321)
PRINT L U T I 1 s 3 1 + L U T 1 -6Jx(1-LCT13 I ) 3 L E T 1 5 9 2
P R I N T " M A X / T O T ( 2 ) H -D ISTR
NEXT TI
RETURN
REM - - S U B CALC:«
FOR 11 = 1 T O 1 8
FOR 1 2 = 1 T O 1 9
LET GLI11.121=0
N E X T 1 2
NEXT I11
F O R T l = 1 T O T 2 ,
L E T K OT 1 , 2 1 = 9
FOR 1 2 = C L T I 1 ,1 ) T O C I T I 1 , 2 2
LET G C I T I 1 , 1 2 J = N C T 1 s 1 2 J + 4 F N D ( 1 2 ) / 2 / L
L E T K UT 1 s 2 ) = K LTI,21+GLT15122
N E X T I 2
N E X T  T 1
RETURN
REM - - C A L C . GROSSW.LANEOCC-‑
FOR T l = 1 T O T 2
FOR I 2 = 1 T O 1 9
LET Y [ 1 2 1 = 0
N E X T  I 2
FOR I 2 = C I T 1 ,1 1 T O CLT I522
L E T K A = F N P ( 1 2 )
L E T I 3 = F N C ( K 4 X L C T I ,31)
L E T Y C I 3 1 = Y ( 1 3 1 + G LTI,1 2 1 ] « L U T 1 > 1 2
L E T I A = F N C ( K 4 X L O T I 1 241)
L E T Y C I 4 ) = Y l ( 1 4 I + G LTI,12J«xLUT1572
L E T I S = F N C ( K 4 4 L U T 1 , 9 2 2
LET Y C I S J = Y L I S I + G ITI,1 2 ) 4 L U T 1 5 2 2
I F 1 3 4 1 4 THEN 3590
LET Y C I 3 I J = Y l I 3 I + ( L U T I ,4)-LUT15 3 ) ) A L U T 1 5 8 I X G E T 1 ,122
GOTO. 3640
L E T Y C I 3 J = Y C I 1 3 I + ( ( F N P ( 1 3 ) + P 1 / 2 )/K4-LUT1, 31)ALITIsBIAGITI,121
L E T Y C I 1 4 ) = Y C 1 4 I J + ( L U T 1 , ;4)-CFNPC14)-P1/2)/ K 4 ) A L E T I , B I A G I T 1 5 1 2 ]
LET I 3 = 1 3 + 1
I F I 3 = 1 4 THEN 3 6 4 0
LET Y L 1 3 J = Y l 1 3 I + ( P 1 / K 4 ) A L C O T I 1 , B I A G ITI.121
GOTO 3 6 0
N E X T 1 2
L E T CCUT1, 3 J = F N C C F N P C C C T I S11D4LET153120
L E T C IT I , 4 ) = F N C C F N P ( C ETI,21)«LIT15922
I F L O T 1 5 9 2 L C T 1 ,4 ] THEN 3 6 5 2
L E T COT1!, 4 ) = F N C C F N P O C E T I , 2 1 ) 4 L C T 1 5 422

MAX/TOT”

" F L U T I , 7I41003;LI 71582

TOTALW LANEOCC «==

P O R S T S S T T O TES
L E T G CT 1 I ; 1 2 2 = Y ( 1 2 2
N E X T  I 2
N E X T  T I
RETURN
REM => TOT CALC==
L E T N1=N2=0
F Ö R E T A ST UTOTT2
LET N I = N I + K ( T 1 > 2 I
L E T N 2 = N 2 + V CT1> 1JAKUT1521
N E X T  T i
F Ö R E T T = P I T O T 9
L E T P C15.1 1 2 = P l 2 , 1 1 2 = 0
NEXT 11
FOR I 1 = 1 T O 1 9
FOR T i = 1 T O T 2
L E T  P C  1 ;  11 2 = P C 1 - 111 + G E T 1 5 ; 11 2
FOR 1 2 = 1 T O V C T I >1 2
L E T I 3 = F N C ( F N P ( I D A B U T 1 , 1 2 1 2
L E T P l 2 , 1 3 1 3 = P l 2 , 1 3 1 + G C T 1 . 1 1 2
N E X T 1 2
N E X T  T I
N E X T  I 1
L E T Z 2 = Z 3 = 1 9
FOR 11 = 1 9 T O
IF  PC 15112=0
L E T  Z 2 = 11
GOTO 4 1 3 5
N E X T  I 1
FÖRST LST9C T O - T S T E P S A
I F P ( 2 , 1 1 ) = 0 THEN 4155
LET Z 4 = 11
GOTO 4199
NEXT 11
RETURN
REM: == BOX PLOT +=
LET K1=C3 /C1x9999
L E T K2=C4/C2+x9999
CALL (5;-1,;0, K 1 ; K 2 )
IF C7 <= G OR C7>CS THEN 6 0 4 5
FOR 11=1 T O I N T ( C S 5 S / C 7 ) ;
CALL ( 5 > 1 5 = 1 5 C 7 / C 1 4 9 9 9 9 > 0 )
GOSUB 63009
N E X T  I 1
CALL (55; 1 ; 1 ;K 1 + C S / C I X 9 9 9 9 , K 2 )
CALL ( 5 > 1 ; - 1 5 > 0 , C 6 / C 2 + x 9 9 9 9 )
CALL ( 5 ; 1 ; - 1 , - C 5 / C 1 + 4 9 9 9 9 ; 0 )
IF C8 <= G OR C8>C6 THEN 6105
CALL ( 5 ; 1;=-15 0, (INT(C6/CB8)+xC8=C6)/C249999)
FOR I11=1 T O I N T ( C 6 / C 8 )
GOSUB 6350
CALL ( 5 > 1 ; - 1 5 0 8 » - C 8 / C 2 + 9 9 9 9 )
NEXT 11
CALL ( 5 ; 1 ; I ; K 1 s ; K 2 2
LET 11 = 9
LET I 1=I11+MS .
IF I11+xC7 >= CS THEN 6145
CALL ( 5 5 - 1 2 1;K1+(1I1 x C 7 > - 4 ) / C I K 9 9 9 9 , K 2 = 1 - 2 4 Y 3 / C 2 4 9 9 9 9 )
GOSUB 6 2 0 0

LTSITER SA
THEN 4130



6 1 3 5
6140:
6 1 4 5
6 1 5 0
6155
6 1 5 7
6 1 5 8
6 1 6 2
6165
S I TA :
6 1 7 5
61892
6 1 9 9
6 2 6 0
6 2 0 9
6 3 0 0
63905
6309
6 3 5 0
6 3 5 5
6 3 5 9
6 5 0 0
6 5 0 5
6 5 1 9
6 5 1 2
6514
6 5 1 5
6 5 1 6
6 5 1 7
6 5 1 8
6 5 1 9
6520
6 5 2 5
6527
6 5 3 0
6 5 5 5
6 5 6 0
6 5 6 5
6 5 6 7
6568
6 5 7 9
Ö5STS
6s&e
6 5 8 5
6 5 9 8
6620
6 6 0 5
6€108
6 6 4 5
66508
6 6 E 5
66EC
6 6 6 5
6 6 7 0
€ 6 7 5
6 6 7 7
6 6 8 0
6 6 8 5
6 6 9 0
6 7 0 0
6 7 0 5
6 7 1 8
6 7 2 0
E Te S
6 7 3 0
6 7 5 0
675S
6 7 6 0
6 7 6 2
6764
6 7 6 5
6 7 6 6
6 7 6 7
6 7 6 8
6 7 6 9
6 7 7 0
6 7 7 1
6 7 7 3
6 7 7 5
67806
6 7 8 5
67908
6 7 9 5
6800
6 8 1 5
6 8 1 6
6817
6 8 2 0
6 8 2 5
6 8 2 7
6830
6 8 3 5
6 8 9 9
69092
7 0 0 2
7 6 0 5
7 6 1 5
70292
7 9 2 5
7 0 2 6
17027
7 0 2 8
7 0 3 0
7 0 3 5
7 1 0 5
71108
7115
FULT
7 1 2 0
11 2 2
7125
7132
71592
7 1 5 3
7 1 5 6
71628
2165
7178
2 1 8 9
7185

PRINT M 7 x I N T ( I 1 / M 5 )
GOTO 6 1 1 5
LET 11 = 9
L E T 1 1=11+M6 2
IF 11+xC8 >= C6 THEN 6180
L E T I 6 = M 8 x I N T ( I 1 / M 6 )
L E T 1 6 = ( 1 6 > 0 ) + ( 1 6 > = 1 0 ) + ( 1 6 > = 1 0 0 ) + 1
CALL ( 5 5 - 1 5 1;K1-164<Y3/C149999,K2+11 x C 8 / C 2 4 9 9 9 9 )
GOSUB 6208
P R I N T M 8 x I N T ( I 1 / M 6 )
GOTO 6 1 5 9 >
C A L L ( 5 5 - 1 2 1 »K1+Y3/C 1 4 9 9 9 9 , K 2 + ( C 6 - 1 . - 3 4 Y 3 ) / C 2 4 9 9 9 9 )
RETURN
CALL ( 6 , Y 3 / C 1 X x 9 9 9 9 > 0 , 0 , Y 3 / C 2 + x 9 9 9 9 )
RETURN
CALL (53; 1 5 - 1 5 0 ; - 2 / C 2 4 9 9 9 9 )
CALL ( 5 ; 1 s ; - 1 5 0 , ; - + 2 / C 2 4 9 9 9 9 )
RETURN é
CALL ( 5 ; 15-15 - 2 / C 1 4 9 9 9 9 > 0 )
CALL ( 5 ; 1 s - - 1 5 - + 2 / C 1 4 9 9 9 9 > 9 )
RETURN
REM -- DENS PLOT -‑
L E T C1=26
LET C 2 = 1 7 . 5
LET C 5 = S
L E T C6=7
L E T C7=C8=MS=M6=1
L E T M7=200
L E T M8=2
L E T K3=P1 /200 /C1+x9999
C A L L ( 5 - - 1 - 1 5 > 3 8 5 ; 9 7 1 3 )
GOSUB 62092
P R I N T "REG-TOTWs
P R I N T " K N H Ö R . "
CALL ( 5 ; 1 5 - 1 5 1 / C 1 + x 9 9 9 9 > 0 )
GOSUB 62008
P R I N T " = 5 M ( E X L E D I S T )

L A N E O C C - G R O S S W, 2 ( 0 R 2 / 1 0 ) VERT & ' ; P 1 :

= 1 0 0 2 ( V E R T WEIGHTDI S T R ) " ;
P R I N T '> N=REG/N=LANEOCC (1 Y E A F ) "
GOSUB 6 2 6 0
P R I N T R U N " S Y T 3 " - R E G I ON"3;R
L E T C4=16.S5
EET : - T l s 1
F Ö R = T O S O STD = S S T E P S
L E T C 4 = C 4 - &
L E T C 2 = - 4
F O R E T I E T ) - T O . - S + 1 2
EFT T S Te + T - THEN:-6899
L F T C3=C3+S5S
GOSUP. 6CFC
GOSUB 6 2€P
PRTENI: S T Y P E S : T ]
GOSUB. 6 2 0 6
PFEFINT K L T I 1 ]
G O S B  6 e c t
PEINE-KETI:29
CALL. ( E > = 1 > 1 > ; K 1 + 1 / C 1 X x 9 9 9 9 > ; K E + ( C E - = 1 . 5 S ) / C 2 4 9 9 9 9 )
L E T  T 3 = E C T 1 5 ; 1 1 / C E + 9 9 9 9
C A L L (565; 1 5 - 1 5 0 » -13).;
C A L L (E5135=1p 0 , 1 3 )
FOR=SLAST T O - Y E T paddel
C A L L (EE; 1 ; 7 1 5 A U T 1 5 1 4 4 + 1 1 / 5 / C 1 2 x 9 9 9 9 , 0 6 )
L E T 1 3 = E [ T 1 , 1 4 + 11 / C 2 + 9 9 9 9
CALE= ( 5 2 1 5= 1 5 0 - 1 3 )
C e r r ( 5 - 1 5 - 1 3 : 0 > ; 1 3 2
N E X T  1 4
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DEF FEUCIA4)=NCOT15 1 4 3 / K C T 1 s 1I«0(15=1)+Gl( T I ; LA4I/KOT 152IA0(15=3)
L E T 1 5 = 1
CALL ( 5 > - 1 5 1»K 1 + C C E T I I5SI-1)xK2,K2)
GCSUB 63922
L E T  K 4 = 5 P / C 2 4 x 9 9 9 9
L E T 1 6 = C
FOR L A S C I T 1 5 1 5 3 T O C E TI I S + 1 ]
I F I 1 6 > F N U C I 4 ) THEN 6 7 6 9 s
LET 1 6 = F N U C I 4 )
N E X T  1 4
I F 1 6 < . 1 7 5 THEN 6 7 7 3
L E T K 4 = K 4 / 1 0
FOR I A 4 = C ( T I , 1 S 3 T O C I T I . 1 5 + 1 2
C A L L ( 5 7 1 5 1 ;K 1 + ( 1 4 - 1 ) X K 3 ,FNUCI4 )&KA+K2)
CALL (55135 1»KI+(I4)XxK3> FNUCI4G)AKA+K2)
N E X T  I 4
CALL ( 5 5 1 5 I ; K I 1 + ( C E T I ,I 5 + 1 1 ) + x K 3 , K 2 )
GOSUB 6300
IF 15=3 THEN 6 8 2 5
L E T - I S 5 3
C A L L ( 5 , - 1 5 - 1 - 0 > 0 )
CALL. ( 7 3
GOTO 6 7 6 0
CALL ( 5 , - 1 5 - 1 5 - 0 > 0 )
C A L L ( 7 )
NEXT T1
NEXT 12
CALL ( 5 , - 1 5 > 1 5 9 9 9 9 , ; 9 9 9 9 2 )
RETURN
REM -‑
L E T  C 1 = 2 6
L E T C 2 = 1 7 . 5
LET C5=19 ,
LET C6=8
L E T C7=C8=MS5=M6=1
L E T M7=10
L E T M8=109
L E T K8=N1
L E T K 9 = N 2
CALL ( 5 , - 1 5 1 5 - 7 6 9 , 9 7 6 9 )
GOSUB 6 2 0 0
P R I N T "GROSSW SPECTRA K N - 2 K N - L O G ( A B S ) " ;
P R I N T " " ; :
PRINT "AXLEW SPECTRA RUN:REGION"SYI3R
REM == :

SPEGCTE-PLOT >

GOSUB 6008
GOSUB 6 2 0 6.PRINT " = NI/LANE="3K8
LET K3=1/C1+x9999 ‑
LET K4=P1/100/C249999
FOR T i = 9 T O T 2
VALLAGT
LET K5=Kl+18xK

7186
7187
7198
7 1 9 5
7200
T E R S
7210
7 2 1 5
7 2 2 0
7 2 2 5
7 2 3 0
7 2 3 5
7 2 5 0
7 2 5 5
7 2 6 0
7261
7 2 6 2
T 2 6 5
7267
7 2 6 8
7 2 7 0
1 2 7 5
7280
2285
7 2 9 0
7309
7 3 0 5
7310
T I S
7 3 2 0
7 3 2 5
7 3 3 2
7 3 3 5
7 3 4 0
7 3 4 5
7 3 5 0
7 3 5 5
7 3 6 0
7395
7 4 0 0
7 4 0 5
7 4 0 7
7 4 1 0
7 4 1 5
7 4 2 0
7422
7 4 2 5
7427
7 4 3 0
7 4 3 3
7 4 3 6
7 4 4 0
7450
7 4 5 5
7 4 6 0
7 4 6 5
7 4 7 0
T 4 T S
7 4 8 0
7 4 9 0
7 4 9 5
TA 9 T
7498
7 5 1 0
51:55
1:520
7 5 3 0
7505
7 5 4 2
TSAS
7.550
I D A :
7 5 6 0
7 5 6 5
7 5 7 0
1T5STS
7 5 8 0
7 5 9 0
7:599
7 7 0 0
7709
79006
7905
7 9 1 2
T91C
I A S
T917
7 9 1 8
7 9 2 2
7 9 2 9
g e ?
8025
82010
8015
8020
8022
8 6 2 5
B8i00
8 1 0 5
g€1i10
8 11 5
g 1 2 a
8130
8135
8140
8150
8160
8200
8205
8210
8215
8220
8225
8230
8 2 3 5
8240
8245
8250
8255
$ 9 9 9

IF T1=08 THEN 7190
LET KS=K1+KCLT1521/KBx10AxK3
LET K 6 = K 2
GOSUB 7900
FOR 11 = 1 T OC T I = 0 ) X Z 2 + ( T I 1AO) ACL ( C T I = B I K 1 + T 1 > 4 1
LET K6=K6+K4
GOSUB 7709
IF T140 THEN :7230
LET K S 5 = K 5 - P C1, 111/KB8x10xK3
GOTO 7235
L E T KS=K5-GOT15111/KB8+x10xK3
GOSUB 7 7 0 0
NEXT"UII
CALL ( 5 , = 1 > - - 1 - 0 , 0 )
NEXT T I
CALL ( 7 )
REM -‑
L E T C 4 = . 5
L E T M7=1
L E T K 3 = K 3 / L O G (10)
GOSUB 6000
GOSUB 6 2 0 0
PRINT " = N S 5 O / L A N E = " ; K 8 + 5 0
FOR T 1 = 0 TO T 2
CALL =C7)
L E T K 8 = ( T 1 4 0 ) «CL ( T I = O ) K 1 + T 1 > 4I+(TI=0)+4Z2
L E T K6=K2+KB+xKA4
LET KS=K1
LET 1 5 = 0
CALL ( 5 5 - 1 5 21 ;K 5 , K 6 )
FOR 16=K8 TO 1 STEP -1
L E T I 1 5 = 1 5 + ( ( T I 4 0 ) X G L C T I = 0 ) + X 1 + T 1 ,I 6 ] + ( T I = B ) X P C 1 5 1 6 1 ) + 5 0
L E T K S = K 1 + L O G ( I 5 K k ( 1 5 S > 1 ) + ( 1 5 < = 1A K I
GOSUB 7 7 0 0
L E T K 6 = K 2 + ( 1 6 - 1 ) + x K A 4
GOSUB 7700
NEXT 16
GOSUB 7 9 0 9
CALL ( 5 , - 1 > - 1 5 > 0 > 0 )
NEXT T I
CALL ( 7 )
REM -‑
LET C 3 = 1 4
L E T C4=9
LET T 8 = 2 . 5
L E T  M 7 = 1 0
LET K ä = K 4 x 2 . 5
LET K3=1/C1+x9999
GOSUB 6200
GOSUB 62006
PRINT " = N I / L A N E = " 3 K 9
LET K S = K 1 + 1 0 x K 3
L E T K 6 = K 2
CALL ( 5 5 - 1 5 1 , K 5 ; K 6 )
FOR I11=1 TO Z4

L E T K 3 = K 3 / L O G (10)
GOSUE 60092
GOSUB 6200
PRINT N S O / L A N E = " ; K 9 I X S 0

( 5 5 - 1 5 1 2 K 5 5 K 6 )
F Ö R 1 6 5 2 4 TO. L LOSTEP 4
LET 1 5 = 1 5 + P ( 2 , 1 6 1 + x 5 0
L E T KS=K1+LOGCUI SKkOI15S>1)+(1S5 <=
GOSUB 7 7 0 0
LET K 6 = K 2 + ( 1 6 - 1 ) x K A 4
GOSUB 7 7 0 0
N E X T  1 6
CALL ( 5 2 - 1 2 159999299992
RETURN
CALL ( 5 2 1 51 , K 5 S , K 6 )
RETURN
CALL (S5S;-=15> 1 ; K S 5 K 6 )
CALL ( 5 5 - 1 5 - 1 50 ; ( T 1 / 2 + 1 ) / C 2 x 9 9 9 9 )
GOSUB 6209
I F T l = 0 THEN 7 9 1 8
F R I N T  T I
GOTO 7 9 2 9
P R I N T : ope
CALL ( 5 3 - 1 5 1>K5>K6)
RETURN
REM - - S U B PUNCH - ‑
CALL ( 3 )
L E T YC13I=Y1
L E T Y l 2 ] = R
CALL ( 4 , Y C 1 3 . 2 2
CALL ( 3 )
L E T YC1J=P1
FOR I11=1 TO 2
LET YC21=1
L E T Y [ 3 ] = Z 2 4 ( 1 1 = 1 ) + Z 4 x 0 1 1 = 2 )
LET Y C 4 J = N I k ( I 1 = 1 ) + N 2 4 0 1 1 = 2 )
CALL ( 4 , Y C T I > 4 )
FOR I 2 = Y [ 2 1 T O YC31
CALL ( 4 , P l L I 1 1 - 1 2 2 > ; 1 )
NEXT I2
CALL ( 3 )
N E X T  I 1
IF S9=1 THEN 8255
FOR T i = 1 ' T O T 2
L E T Y C 2 ) = C l T 1 , 3 1
LET YC3)=CLT1,4I
LET Y C A J = K L T i ,2 1
CALL ( 4 > Y L 1 1 > 4 )
FOR I 1 = Y C 2 1 .T OY C 3 )
CALL ( 4 . G ET I > 1 1 1 . 1 )
NEXT 11
CALL ( 3 )
NEXT TI
RETURN
END

I D  A K I
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Appendix:C : Loadeffect counting routine LECOUNT

Variables:

Q(1,11) time value and corresponding
O(2,I1F) loadeffect value f o r the input loadeffect process
Q9 max. number of input readings T o d ööndtltions
J8 max. number of nu l l readings
E9 +E9, max. "noise" level
R(13ET) counted loadeffect range, number I 1 , with

R(235T1) corresponding level value
R9 number of counted ranges

Internal variables:= AVomArKOERAEERÅSORArARARKRSä

U(:) temporary storage f o r loadeffect values
Q loadeffect value
Q1 consecutive loadeffect readings
Q2 ; ; |
Q3 ET : 3
W counted loadeffect range with
Z corresponding level
16 po in te r to min. stored loadeffect value with
J5 corresponding value J5
I6 po in ter to max. stored loadeffect value with
J6 corresponding value J6
17 po in te r to las t value stored in U(.)
I9 pointer to l a s t read value from Q(. . )
18 nullreading counter

Flow chart:
dne > en om or An

In the flow chart the corresponding lines of the Basic version and labels
o f the Algol version are spec ified .
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Line ( 0 )
label
8005 - READAQ
8015 STOQ

T 8020 READQ dera |
ST

030: ABSlCL:02) S E S
(3

8040 I8=P
L e :

8045 - READQ
L33

8060 ‐SIGN(Q3-02) &SIGN
(02-01)

8065 Q2-A3

8067 I9=0Q9 5

8075-40 42
är ESTOO

[8085 FPCOUNT
SS

[e080 01-02 02-03)

8097 i E

Q!=-0

öleda I Te +
LS:

SBle5 I8<J8 AND I 9 4 0 9

Q=02
STOQ
FPCOUNT

j S u b r o u t i n e s

3UB 8200 READ A
READOQ VALUE

FROM Q(.)

SUB 8250 STORE
5700 Q IN

R C )

SUB 8400 FOUR
FRCOUNT POINT

COUNT

SUB 8800 STOREA
STOREZW COUNTED

RANGE"
LEVEL

;

FLOWCHART LECOUNT
: ENDCOUNT
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The method of working f o r the subroutine ENDCOUNT is sketched
below.

IR)

If 16 is less than I5 they change values, because I5 shall be
used as a counter to the l e f t . The maxima and minima are
paired o f f to the l e f t s ta r t i ng wi th I 5 - 1 , I5-2. I5 i s then
counted down by 2 and the procedure repeated un t i l one or no point
is l e f t , t ha t is I5 must be greater than 2 if a pair ing o f f
sha l l be poss ib le . In the same way the pa i r ing o f f to the
r i g h t is performed s t a r t i n g with I 6 - 1 , I6 (the greatest range).
I6 is then counted up by 2 and if I6 is less or equal I7 the
pa i r ing o f f continous.



gegga
8 0 g 2
8 e g 3
8 0 0 5
8 0 1 0
8 6 1 5
8 6 2 0
8 0 2 5
8 0 3 0
8 0 4 0
8 0 4 5
8 0 5 0
8 0 5 5
8 0 6 0
8 0 6 5
8 6 7 0
8 0 7 5
8 0 8 0
8 0 8 5
8 2 9 0
8 0 9 5
8 1 0 0
g 1 2 0
8 1 2 5
8 1 3 0
8 1 3 5
8 1 4 0
8 1 4 5
8 1 5 0
g 2 0 c
8 2 0 5

- 8 2 1 0
8 2 1 5
8 2 5 0
8 2 6 0
8 2 6 5
8 2 7 0
2 7 5
8 2 8 0
g 2 8 s
8 2 9 0
8 2 9 5
8 3 0 0
4 0 0
8 4 0 5
8 4 1 0

REM --- SUB. LECOUNT = - ‑

DIM YC301
LET J 5 = J 6 = 1 7 = 1 9 = 0 9
GOSUB 8 2 0 0
L E T 0Q1=Q
GOSUB 8 2 5 0
GOSUB 8 2 0 0
L E T 02=Q
I F A B S C ( Q 1 - Q 2 ) < = 0 9 THEN 8 0 2 0
L E T 18=02
GOSUB 8 2 0 0
L E T 0 3 = 0
I F A B S ( Q 3 - 0 2 ) < = 0 9 THEN 8 1 2 0
I F S G N C Q 3 - 0 Q 2 )4SGN( 0 2 - 0 1 ) THEN 8 0 7 5
L E T 02=03
GOTO 8 0 4 0
L E T 0=02
GOSUB 8 2 5 0
GOSUB 8 4 0 0
L E T 01202
L E T 02=Q03
GOTO 8 0 4 0
L E T 1 8 = 1 8 + 1
IF 18<J28 THEN 8 0 4 5
L E T 0 = 0 2
GOSUB 8 2 5 0
GOSUB 8 4 0 0
GOSUB 8 5 0 0
RETURN
REM --- S U B . READQ --‑
L E T 1 9 = 1 9 + 1
L E T Q = 0 ( 1 9 3
RETUEN =
REM - - - S U B . STOC - - ‑
L E T 1 7 2 1 7 3
L E T Y f I T 0 = 0
IF O<J6& THEN 8 2 8 5
E E T 1I6=17
LET JEeE=C
I F Q > J S THEN 8 3 0 0
L E T 15=1T7
L E T J S = C
RETURN E
REM = = = SOBT- F P C O C N T = & ‑

IF I T > 3 THEN. S841S
RETURN

REAL ARRAY O T , R ; INTEGER Q 9 , R 9 , . J 8
PROCEDURE LECOUNTLC OT, 0 9 , R> R 9 . J B , E 9 ) AR

3

B415'

REAL E9
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B420 IF K 9 = 1 THEN 8 4 4 0
8 4 2 5

LET K 9 = ( U U I É - 1 1 3="Ul172 3 1 ) x(UL17-22

8 4 3 5 RETURN
8440 LET Z=YlL17-22
8 4 4 5 I F 2 < Y l 1 7 - 11 THEN 8 4 5 5
8456 LET Z = Y l 1 7 - 1 2
8 4 5 8 L E T W E X C I 7 = 1 1 = Y U I 7 - 2 ]
8460 GOSUB 8800
8470 I F ( I 1 5 4 1 7 - 1 ) AND ( 1 5 4 1 7 ) THEN 8 4 7 4
8 4 7 2 L E T 1 S s 1 5 - 2
8474 I F ( 1 6 4 1 7 - 1 ) AND ( 1 6 4 1 7 ) THEN 8 4 9 0
4 7 6 LET 1 6 = 1 6 - 2
0 0 0 ( L E T YLITS21=YL172
8 4 0 5 L E T 1 7 = 1 7 - 2
8499 GOTO 8400
8500. REM --- S U B . ENCOUNT = = = ,
8 5 0 5 I F A B S ( 1 6 - 1 5 ) 4 1 THEN 8 6 0 5 "
8510 ' IF 1 5 < 1 6 THEN 8 5 2 5
8515 (LET T5R16
8520 LET I 6 = 1 5 + 1
8 5 2 S I F I S < = 2 THEN 8 5 6 5
8530 L E T W = - A B S ( Y C I S - 1 1 - Y [ 1 5 - 2 2 2
8 5 3 5 LET Z=eYl IS-11
8540 I F Z < Y l 1 5 - 2 1 ] THEN 8 5 5 0
8 5 4 5 LET IZRYL 1 5 - 2 1
8550 LET 15=15-2
8 5 5 5 GOSUB 8 8 0 0
85606 GOTO 8 5 2 5
8 5 6 5 LET W = A B S ( Y L I 6 ] - Y [ 1 6 - 1 2 2
8570 LET Z = Y [ 1 6 ) ]
8 5 7 5 I F Z < Y l 1 6 - 1 ] THEN 8 5 8 5
8 5 8 0 LET Z = Y C l 6 - 1 ]
8585 LET I6=I16+2 '
8587 GOSUB 8800
8590 IF 16 <= 17 THEN 8 5 6 5
8600 RETURN
8 6 0 5 PRINT "ERR.ENCOUNT"
8649 STOP
8800 PRINT " Z W ' > Z , W
8818 RETURN
9 9 9 9 END

3

B E G I N REAL ARRAY U ( 1 : 1 0 0 ) ; REAL 0 ; 0 1 , 0 2 ;03,Z,;W.J5,J6 I
INTEGER 1 5 5 1 6 , 1 7 , 1 8 > ; 1 9 ;

PROCEDURE STO0Q 3 Å
B E G I N 1 7 = 1 7 + 1 3 U ( 1 7 ) = Q 3 + :

I F Q L S S J6&6 THEN GOTO L I ELSE B E G I N 1 6 = 1 7 ; J 6 = Q END
SeL I : I F O GTR J S THEN GOTO L 2 ELSE B E G I N 1 5 = 1 7

L 2 : END S T 0 0 ;

PROCEDURE FPCOUNT ;
B E G I N
1:12: T E S I T LEO 3 THEN GOTO L 9 5 G

T E - C U L I ? = 1 3 G E Q U C I T S O ) D ) AND ( U ( I 7 = 2 ) GEO U C K T = 1 ) D AND
t C U C I T ) - G E 0 - U ( 1 7 - 2 3 ) O R
C U C I ? -1 ) LEO U C I 7 - 3 ) ) AND ( U t I 7 - 1 3 GEQ U C I 7 - 2 2 ) ) AND
( U ( 1 7 ) L E O U ( 1 7 = 2 ) ) THEN GOTO L 2 ELSE GOTO L 9 ; :

BT E a T E U C I 7S27.-LSS-UCTTS10- THEN : U t I T 2 2 )
W E U C L T = 1 ) > U C E T > 2 3  3 STOREZW 3
IF IS NEC ( 1 7 - 1 ) AND 1S NEC 17 THEN GOTO L3 ELSE 1IS=IS-2

L I : I F 1 6 NEO ( 1 7 - 1 ) AND 1 6 NEO 1 7 THEN GOTO L 4 ELSE 1 6 = 1 6 - 2
F A C E S MUCETI 3 I T = I 7 - 2 3 GOTO L 1 3
L 9 : END FPCOUNT ;

PROCEDURE READQO ;
B E G I N I 9 = 1 9 + 1 ; 0 = 0 T ( 2 > 1 9 )

PROCEDURE STOREZVW 3
COMMENT ( = ) ON W IF PROCESS GROWING
B E G I N R 9 = R 9 + 1 3 ; P C 1 I , R 9 ) = W 3 R ( 2 , P 9 ) = 2 Z
END PROCEDURE STOREZV 3

1 7 = 1 9 = R 9 = 9 3 JS5=J6=0 3
READO ; 0 1 = 0 3 STOOQ ;

3

END READCG ;

A

ELSE U C L ?

L 1 : R E A D Q Å ; 0 2 = 0 ; I F A B S ( Q 1 - 0 2 ) L E O E 9 THEN i s
B E G I N I F 1 9 EOL 0 9 THEN GOTO L 9 E L S E GOTO L I E N D; :

L 2 : 1 8 = 0 : 3
L 3 : READQ ; Q3=0 ; I F A B S ( 0 3 - 0 2 ) L E Q E 9 THEN GOTO L S i

IF S I G N ( 0 3 - 0 2 ) NEQ S I G N ( 022-012 THEN GOT O L A ;
0 2 = 0 3 ; I F 1 9 EOL G 9 THEN GOTO L 6 ELSE GOTO L 2 ;

L 4 : C=02 ; ST0OQO ; FPCOUNT 3 C 1 = 0 2 3 0 2 = 0 3  ;
IF 19 EGL 09 THEN GOTO L Ö : ELSE GOTO L2

L S : 1 8 = 1 8 + 1 : 3 I F 1 8 L S S J 8 AND 1 9 NEC 0 9 THEN GOTO L 3 3
L 6 : 0 = 0 2 ; STOOQ ; FPCOUNT 3
ENCOUNT:

PEUKSCKLSS 167 THEN: GOTO -E7:3 1SS16-31 68
Et FEEFSSKEC ee THEN GOTO-L8 3;

W = = A B S C U C T S - 1 X F U C P S - 2 2 )  3
ZELF: U L L S - 1 N I L S S U ( l 5 + 2 ) THEN U C K S = 1 )
1 S = 1 5 - 2 3 STOREZY 3 GOTO L£7 ;

L e : W = A B S ( U C I 1 6 ) - U C ( 1 6 - 1 2 ) 3
Z=1IF U C 1 6 ) LSS U t l 6 - 1 ) THEN U ( 1 6 ) ELSE
1 6 = 1 6 + 2 3 STOPEZVW ;
I F I L 6 L E C - 1 2 THEN GOTO L & - J

L 9 : END PROCEDURE LECOUNT ;

3

5 4 1  3

E L S E U ( I 5 - 2 ) 3

U T G E )

> =  U C 1 7 - 1 2 ) 4 C U U 1 7 )  > =  U C I 7 - 2 1 )

L E T K 9 = ( U l 1 7 - 1 1 ) < = U L I 7 - 3 1 ) x ( U L 1 7 - 1 ) > = U L I 7 - 2 ) ) 4 ( U L I 7 ) < = U L 1 7 - 2 2 )
8430 IF K 9 = 1 THEN 8 4 4 0
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Appendix D Flowchart Basic program INFLU

From line
to line

00 Constant block
CAO

505 Vehicle type specification
input SvB 1000

510 Inflvence line input.
‐ 3UB 2000

Calevlation of vehicle type
influence lines. 5YB 3000

520 ‐ Input: two vehicle types Tb, 17
509 l o g d e t f e c t : föctors 01-028

number of meeting points N3
It -neekagtlane IP = = ]

Do lecount on vehicle type,
S t o r e an Y(l:2), Y(3 :4 )

3UB:3500

597 Bolt veh:axle <tontig.,
veh. type influence line,

(605) ‐ lecount on vehicle type
JUB 4000

27 Vehicle number two >

B15 Flot><-separale vehicle
type spectra and their
sum (no overlap). All
leve ls 5UB 5000

2 Calculate overlap spectra
6C0 s t o r e I 4S E C O M R JUB 6500

830 ‐ LCalculate ond plot ‑
range level. spectrum. syg 9000

<< More vehicle types 2

|6 5 0 New influence line

JSubroutines

5UB 2000
INFLUENCE LINE TYPE
INPUT

5UB 3000
CALCULATION OF VEHICLE
TYPE INFLUENCE LINES

SUB3500
VEHICLE TYPE
LECOUNT

JUB 4000
VEHICEESTYPE
OUTPUT

SUB 5000
LUTA MEHIGLE -TYRE
RANGE SPECTRA

SUB 6000
BOX PLOT Standard
plott rout ine

3UB- 6500.
DVERLAP LECOUNT

SvB 7000
INFLADD addition of
influence lines

SUB 6000
LECOUNT
LOADEFFECT. COUNT

5UB 3000
TWO DIM. SPECTRA
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Comments on INFLU:

Those subroutines underlined in the flowchart , are f o u n din the complete
loadeffect calculation model, program NULESP, with small d i f fe rences ,
e i t he r as subroutines or parts of the main program. The complete INFLU
program is not l i s t e d , j u s t procedure INFLADD.

Addition of influence l i n e s , subroutine INFLADD.

This rout ine is also found in NULESP and is used to add two
optional influence l ines which are stored in matrix Y ( . . ) .
Both X-values and influence values are used and the number of
input values is denoted Y7 and Y8. The resu l t ing influence l i n e
15 stored in Ql(:.),. with 09 values

Y E ) X-value | VY:

Y E S ) influence value values

(35:) X-value I Y8
YR influence value values

( 1 5 5 ) X-value +
0(25-) influence value values

A flow chart over INFLADD is presented below.

The loadeffect counting rou t ine , LECOUNT, is used in both INFLU
and NULESP. It is described in deta i l in Chapter 5.2 and Appendix C.

The INFLU program requires = 10 K words (Ki lo words) of memory, of
which 2.44 K are used f o r array allocations.
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Subroutine INFLADD, references to both Basic and Algol version.

Basic Notations:U| CE| Algol label CIN V>=V L T ) VE V E T )
I =V(3,I7) Mot V G ) 4

(

Y, Y
7405 VI=V7+1 VB=VB"I 5 I

I7=1I8=I9=1 0:-0(519). = " 0 7 , "0219)

2 4 (4 ! I
1440 AE Na ho rg" NYsa
I R I 8 = I 8 + 1 S JE L I

7460 Tö=Vö RTÅ B O IRENE

l I 3
dra a dr
EZ [I =L9 + SORTSEI TGS UR

7550 EZ - 2 ;- YX 7520 I8 izEE(0) > (ÅNS ER Ya

”å 74 '/ 1 CC 4 Å 3
3 Arg” Kg ‐ Arg” Ma ER Arg ”Vig ‐ Arg ”Njg

E R E I 9 = 1 9 + ] "> [ I8= I8+1 I 9 = [ 9 + ]

7610 HIA TG 7580 I8 4 våJE AE
Be TU IEIST ;
(Big Kinsil EnSKÖR KÖR:

CE)
FLOWCHART INFLADD
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7 0 0 0 REM --- INFLADD - - ‑
7 4 0 5 LET Y7=Y7+1
7 4 1 0 L E T Y8=Y8+1
7 4 2 0 LET 17=1 I 8=19=1
7 4 3 0 I F Y L 1 » 1 7 1 < Y L 3 ,18] THEN 7470
7 4 4 0 LET Q C 2 > 1 9 1 = Y L 4 ; 1 8 ) ]
7 4 4 2 L E T ' OC : 1 > 1 9 1 = YC L 3 > 1 8 ) ]
7 4 4 5 LET I18=18+1
7 4 5 0 L E T I19=19+1
7 4 6 0 IF I18=Y8 THEN 7590
7 4 6 5 I F Y L 1 > ; 1 7 1 > Y L 3 » 1 8 1 O R Y C3 , I81=YC3, 1 8 - 1 2 THEN 7440
7 4 6 7 GOTO 75302
7 4 7 0 L E T Q C 2 , 1 9 1 = Y L 2 1 7 ]
TAT 2 E E T SOB b d I 9 3 = Y ER l » -7 3
7 4 7 5 EET 17=17+1
TATT BET: 1 9 = 1 9 + 1
7 4 8 5 IF 17=Y7 THEN 7 5 6 0 |
7 4 9 0 IF YL 1, 1 7 1 < Y L 3 , 1 8 1 OR YC1»171=YL1>» 1 7 - 11 THEN 7470
7 5 0 0 L E T Q l 2 » 1 9 1 = ( Y [ 2 ,171-YL2,17-11)X CYL3,181-YC1-17-121)
7 5 0 5 LET. Q C 2 > 1 9 1 = 0 L C 2 - 1 9 1 / ( Y L 1 » I 7 1 - Y L 1 s17-11)+Yl4,181+YLC2,17-12
7510: C E T O f » l ö d delg)] .
7 5 1 5 L E T I 8 = 1 8 + 1 :
7 5 1 7 LET I 9 = 1 9 + ] |
7 5 2 0 IF I18=Y8 THEN 7 5 9 0
7 5 2 5 I E Y C 7 1 3 = YL3> 1 8 ] THEN 7 5 0 0
7 .530 L E T OLE» 1 9I = t Y L A R181-YL Ar» I 8 - 1 1 0A Y 16-70 Yl t3 4 8 -11N
7 5 3 5 L E T OC25 191=00 2 51 9 1 / ( Y C3 »1 8)1-YL 3 5 1 8 - 1 1 )+YL2> I 71+YC45 18-11]
7 5 4 0 L E T Q C 1 5 I 1 9 3 E Y R l »17)
7 5 4 5 L E T I17=17+1
7 5 4 7 L E T I19=19+1
7 5 5 0 IF 17=Y7 THEN 7 5 6 0
1 . 555 15 o b e g r IHEN 7500
7 5 5 7 G0OT0-7530
7 5 6 0 L E T - 0 Q C 2 > I 9 1 = Y [ 4 > 1 8 )
7 5 6 2 L ET O l : 191=Y[ 3 , 1 8 ]
7 5 6 5 L E T 1 8 = 1 8 + 1
7 5 7 0 L E T I19=19+1
7 5 8 0 I F 1 8 4Y8 THEN 7 5 6 0
7 5 8 5 GOTO 7 6 2 0
7590- EET Q£2,191=Yr2>17]
7 5 9 5 LET: O l 13191=YC15173
7 6 0 0 "LET 17=17+1
7 6 0 5 LET I19=19+1 SS
7 6 1 0 IF 174Y7 THEN: 7 5 9 0
7 6 2 0 LET Q 9 = 1 9 - 1
7 6 2 5 L E T. Y 7 = Y 7 - 1
7 6 3 0 L E T Y 8 = Y 8 - 1
7 6 9 9 RETURN
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Appendix E Basic-prögram EF2. Ana ly t ica l calculation of loadeffect
spectra. b i j

The program is wr i t ten in: Basic. It plots load spectra according to the
ana l y t i c a l l y calculated loadeffect r änge density functions described i n
Chapter 6 .3 .

Flowcharr
; SUBROUTINES:from line

fö line SS
gg ACEov Section

Lin log: pilot check.
Converts the spectrum
valves KI io plotvariable| can Ulale.-Cconstanrs |

1330 functions
Density func t i ons for
non-deterministic loads

Distribution function for
deterministic loads

5UB 6000
Boxplot

510 Flot spec t rum fo r27390 ST ;
non-deterministic loads

2800 Pott spectrum for
deteriministic ioads

30003020 [5 he log‑
plot done



E/2

Except f o r the densi ty functions FNA-FNL, defined in Chapter 6.3.5, there
are some a id func t ions , FNM-FNP, defined in the program, which are used
to put the funct ion values to zero outside the i r defini t ion areas. There
are also functions FNK, FNL and FNJ, which are subfunctions used when
the o r ig ina l funct ion becomes longer than one line.

The loadeffect spectrum funct ion, FNU, f o r deterministic loads is defined
through two new funct ions, FNS and FNT (see also figure below).

FNU(W) = N > (FNS(W) + FNT(W))

'where

FNS(W) is va l i d for f <= W<= U2
FNT(W) is validifor ‐U2 <WE="2 2

> FNU AW)
"Number"of ranges per YD'
:years greater than
o r e q u a lW :



PRINT
INPUT
PRINT
INPUT
L E T  L
PRINT
INPUT
PRINT
PRINT
INPUT
PRINT
INPUT

LET. FP
L E T  G
L E T  U
L E T  U
L E T  U
L E T  N
L E T  N
L E T  N

REM

u r = - , ZONE 3 ,

E/£3

o m v PROGRAM EF2 M e e s e

' PER CHRISTIANSSON OCT 1975sena000999 090000 BNANBERNUNS RRBERNSKR RRKRNAKEN
" LOADEFFECT SPECTRUM CACULATIONS
' DETERMINISTIC AND NONDETERMINISTIC LOADS
' TRIANGULAR INFLUENCE L I N E
' "ANALYTICAL SOLUTION; ? ss

m v a n a r enan e n n e n R RR RR KA R R N RR NE R A NRA ; Å +

INPUT S E C T I O N , " = = = >"VEHICLES/LANE/YEAR=";TAR(45);
K
"LENGTH OF INFLUENCE L I N E = " ; T A B ( 4 5 ) 5 3
xo ‑

= X 0 / 2 / ;
" V E H I C L E SPEED EGUIVALENT T I M E = " ; T A B ( 4 5 ) ;
VT ; : år
"LOWEST ( > 8 ) HIGHEST ( gy
«+ VEHICLE GROSS WEIGHT="3 T A B ( 4 5 ) ;
G 8 , G 1 .  .
" T I M E P E R I O D = " 3 T A B ( 4 5 ) 3
YO

CALCULATE CONSTANTS
AL+AK/365/24736090/T/V

2 = ( G 2 0 + G 1 2 / 2
1 = G 1

2
2 = ( U l + U 0 ) / 2
3 = 2 + x K + « ( 1 - P 9 ) > Y 9
2=N1=1/2+XxK+xPI+YO
S2XxKXx( 1-P9I/4 AYO

= D E F I N E FUNCTIONS
U F  Ö n

z3
F N A C W ) = C ( U 0 < =

SONE 2 2 - 0 0 o me t
F N B ( W ) = ( ( U D < = W ) AND (VW < =
X 9 = 2 / ( U 1 - U 0 ) t2+xN2
F N K ( W ) = 0 ( 0 < = 1 ) AND ( W < =
F N L ( W V ) = C ( U O < W ) AND ( W < = U l ) ) A l ( W - U l - U I k L O G ( ( W + ( W < =

W<=U0- IN F N L TO PREVENT ARG < = 9 IN LOG
F N C C W ) E X I K U F N K U W ) + F N L ( W ) )

Z O N E  1 »  Z 1
X 8 = 2 / ( U 1 - U 0 ) t24N1
F N M ( W ) = ( ( U O < = W ) ANDE C E < 2 = U 0 ) ) >
F N N ( W ) = ( ( 2 4 U 0 < = 1 ) AND (VV < = U 1 ) )
F N O C W ) = C ( U l < > AND (Wo < = ( U l + U 3 ) ) )
F N P ( W )= CCCUT+U93<<) AND ( W< =2 x U 1 ) )
F N X ( W ) = Y + 2 x U l x 0 7  < =  U D

FNX TO PREVENT ARG <=2 IN

W ) AND ( V < = U l D ) ) x 1 / C U l - U D ) x N 3

U l ) ) + x 2 + < ( W - U 8 ) / ( U 1 - U 9 )t2xN2
U B ) ) + x C ( U B - U l + U I x L O G ( U 1 / U 8 ) )

U g ) ) / U 1 ) )

n g L O S

F N E ( W ) = X 8 + x ( W L O G ( W / U O ) - W + U B 6 )
F N F ( ) = X 8 x ( U + A X L O 3 ( 2 ) - U 0 )
F N G ( W ) =X8+x(WAxLO3(2) - U B - W + L O G C ( F I M O N ) + U C - U l ) / U C ) + W - U 1 )
FNH(W)=X8x (U l xLOG(U1 /UD)+W4LOI ( (F INX(W)+U9-U1 ) / 1 )D )
F N I ( W ) = Y 8 x ( V 4 L O G ( 2 ) - U TA X L O G C C F N X Y C H ) - U 1 ) / U I ) + F X L O G ( U I - U T / F N XCW)) )
F N J (WD =FNG (CY) +FNH C W )

F N D ( W ) = F N M C W ) A F N E C W ) +FNUCHD & F N F O J ) +FNOCH AFNJ OD +FNPCWDAFNI CW)
DEF INE TOTAL DENSI.TY FUNCTION = = =

F N U ( W ) = F N A C H ) + F N S ( U ) + F N O C W ) +FNDCYS)
DETERMINI S T I C LOADS --‑
( C F N U N B . OF RANSES GREATER OR ECUAL IN YO Y E A R S ) = - ‑

F N S ( W ) = 0 ( 0 < = VV) AND ( V < = U 2 ) ) + A ( 1 - W A P 9 / U 2 / ( 4 - P 9 ) 2
F N T ( W ) = 0 ( U 2 < W ) AND (VW <= 24U2))+&(24U2-W) / U 2 4 P 9 / ( 4 - P 9 )
F N U C W ) = N A C F N S ( W ) + F N T ( W ) )

OUTPUT
CALL ‐ - ( S $ 3 = 1 »1 1 1 T 1 5 9 8 0 0 )
L E T
L E T
GOSUB
P R I N T
GOSUB
P R I N T
GOSUB
P R I N T
GOSUB
P R I N T
GOoSUB
P R I N T
GOSUB
PRINT

LET

C1=18
C 2 = 2 5 . 5

6200
"FLOW/Y E A R / 2 L A N E S = " 32xK; TAB(30); "YEARS=";Y9
62022
"VEHSPEED AND EQU:
6 2 0 8
"INFLUENCE L I N E - LENGTH="3 TAB(25)3;X0
6200
"'NB:e
6 2 0 0
" N B . OF OVERLAP RANGES'"; T A B ( 2 5 ) ; 3/2+K+xPIXYO
6200 é
" M E E T.
6200
"MEETING N B . = " ; TAB(25);K+&PIAYO
6 2 0 0
"GO0="3G03"

T I M E " ;  TA B ( 2 5 ) ;  V ;  T

OF RANGES'"; T A B ( 2 5 ) 3 2 x K x ( 1 - P 9 / 4 ) +YO

(2)="3; T A B ( 2 5 ) ; P I X 1008P R O B :

G 1 = " ; G 1 3 ; " G 2 = " ; G 2

GOSUB 60008
GOSUB 6200
PRINT " R A N G E LINEAR E F 2 "

=3 STOP --‑REM = = = > I 3 = 1 L I N E A R = 2 LOGARI THMIC
REM = > K3»K4 SPECTRUM C O O R D I N A T E S===
LET 13=17 :
REM = = = NONDETERMINISTIC = = =
LET K 9 = 0
GOSUB 40800.
LET K4=2+xU1/20/C2+x9999
CALL ( 5 - 1 ;I» K1+K3s K2+K4)
FOR 11=19-=1 TO 8 STEP - 1 '
LET K9=K9+FNWC(I1/I9x2+xU1+U1/19/2)x2+xU1/19

iGOSUB 4000.
CALL (55; 1; 1; K1+K3> K 2 + K 4 )
LET K 4 = 11/19x2xU1/20/C24x9999
CALL ( 5 9 1 5 1» K1+K3s K 2 + K 4 )
NEXT 11 sd
REM - E V: H LT
REM ‐ > - DETERMINISTIC - - > ‑

L E T K 9 = F N U C 2 x U 2 )
LET K4=2xU2/20/C2x9999

2804
2806
2810
2 8 1 5
2820
2 8 2 5
2830
2 8 3 5
2840
2900
2 9 1 8
2 9 1 5
2920
2939
2 9 4 9
2950
2960
3000
3005
3006
3007
3008
30108
3 9 1 3
3020
4 0 9 0
4 0 0 5
4010
4015
4 0 1 7
4 0 2 0
4 0 2 2
4 0 2 5
4 0 3 0
60069
66062
6008
6019
6915
6920
6 9 2 5
60398
6 0 4 0
6 0 4 5
6 0 5 0
6 0 6 0
6 0 6 5
6 0 7 8
6075
6 0 8 0
6 0 9 8
6 1 0 0
6105
6 11 8
6 11 5
6 1 2 2
6125
6132
6135
6142
6145
6 1 5 8
B S S
6157
6 1 5 8
6 1 6 8
6165
6178
1 7 9 5
61809
6199
6208
6209
6 3 9 0
6305
63069
63.50
6 3 5 5
6359
92999

FOR 11 = 1

GOSUB 4009
CALL ( 5 S ; - 1 ;I ; K I + K 3 ; K 2 + K 4 )
FOR -T1919=1 1 0 0 STEP -84
LET K4=11/19+x2+xU2/20/C2+-9999
LET K 9 = F N U C I 1 / 1 9 x 2 + x U 2 )
GOSUB 4000
CALL ( 5 ; 1 ; I ; K I + K 3 , K 2 + K 4 )
NEXT 11
REM = E V. H L T
REM = = = LABEL X-=AXLE ==
CALL (5S»=12 1 ; K1+9 s 2 / C I K 9 9 9 9 , K 2 - + 4 / C 2 4 x 9 9 9 9 )
GOSUB 6200
I F 1 3 = 2 THEN 2950
PRINT " ( 2 GREATER E Q U A L ) "
GOTO 3000
PRINT : " ( 10Xx10LOG G E Q ) "
GOTO 3000 q
REM = = = CHECK 13 PREPARE LOGARITHMIC PLOT = = =
L E T I 3 = 1 3 + 1
IF - 13=3 THEN 9999
LET C 4 = . 5
GOSUB 6 0 0 0
GOSUB 62008
PRINT "RANGE LOGARITHMIC E F 2 "
GOTO 2 7 1 0 $
REM « e e L I N BOG PLOTGTICHECK = e >

IF 13=1 THEN 4025
I F K 9 > 1 THEN 4020
LET K3=0
GOTO 40622
L E T K 3 = L O G ( K 9 ) / L O G ( 1 8 ) / C 1 + 9 9 9 9
RETURN
LET K3=K9/N+xC5/C1+x9999
RETURN
REM BOX: PLOT
L E T K1=C3/C1+x9999
L E T K2=C4/C2+x9999
CALL ( S ; - = 1 > ; 0 ; K 1 > K 2 2 )
IF C7 <= & OR'C7>CS THEN 6045

T O  I N T ( C 5 S / C 7 )
CALL ( 5 > 1 5 > = 1 > C 7 / C 1 x 9 2 9 9 9 > 0 )
GOSUB 6 3 0 0
N E X T  11
CALL: (55 1 ; I ; K 1 + C S / C I F 9 9 9 9 , K 2 )>
C A L L ( 5 5 1 > ; - 1 5 0 , C 6 / C 2 + 9 9 9 9 )
CALL ( 5 > 1 5 > - 1 5 - C 5 / C 1 4 9 9 9 9 > 0 )
IF C8 < = ; 0 OR C8>C6 THEN 6 1 0 5
C A L L ( 5 5 ; 1 ; - 1 5 ; 0 > ( I N T ( C 6 / C 8 ) + C 8 - C 6 ) / C 2 + 9 9 9 9 )
FOR 11 = 1 T O I N T ( C 6 / C 8 )
GOSUB 6350
CALL ( 5 5 1 5 ; = 1 5 0 5 ; - C 8 / C 2 + 9 9 9 9 )
N E X T  I 1
CALL ( 5 ; 1 ; I ;K1 ;K22
LET 11 = 0
L E T 11 = 11 + M S
I F I 1 4 C 7 > = C S THEN 6 1 4 5
CALL (5;-15> 1 ; K I + ( I 1 4 C 7 = 0 4 ) / C 1 X 9 9 9 9 , K 2 = 1 0 2 4 Y 3 / C 2 x 9 9 9 9 )
GOSUB 62060
P R I N T M 7 x I N T ( 1 1 / M S )
GOTO 6 1 1 5
L E T  T 1 = 0
LET 11 = 11 + M 6
IF I11+xC8 >=. C6 THEN 6180
L E T 1 6 = M 8 X I N T ( 1 1 / M 6 )
L E T 1 6 = ( 1 6 > 0 ) + ( 1 6 > = 1 0 ) + ( 1 6  > =  1 0 0 ) + 1
CALL ( 5 2 - 1 2 1 ; K 1 - I 6 4 Y 3 / C 1 4 9 9 9 9 , K 2 + 1 1 x C 8 / C 2 4 9 9 9 9 )
GOSUB 62008
P R I N T M E x I N T ( I 1 / M 6 )
GOTO 6 1 5 0
CALL: ( 5 ; = 1 2 1 ; K1+Y3/C 1 4 9 9 9 9 ,K 2 + ( C 6 - 1 . 3 4 Y 3 ) / C 2 + x 9 9 9 9 )
RETURN
CALL ( 6 , Y 3 / C 1 4 x 9 9 9 9 > 0 , 0 . Y 3 / C 2 + x 9 9 9 9 )
RETURN
CALL (55; 1s-1>0> «2/C2+-9999)
CALL ( 5 5 1 s = 1 5 > 0 , - 6 2 / C 2 4 x 9 9 9 9 )
RETUPN
CALL ( 5 > 1 ; - 1 5 + 2 / C 1 + 4 9 9 9 9 5 ; 0 )
CALL ( 5 ; 1 > ; - 1 5 ; - + 2 / C 1 4 9 9 9 9 > 0 )
RETUEN
END
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Appendix F Algo1l-program NULESP. Numerical calculation of loadeffect
spectra:

Below the computer program NULESP, numerical calculation of 1loadeffect
spectra, is l i s t e d . The program is wr i t ten in Nualgol f o r a Univac 1108
computer. The program requires 23.4 Kilo-words f o r instruct ion storage
and 6.8 Kilo-words f o r data storage except f o r the dynamically allocated
fie l ds T ( . . ) and S ( . . ) whose sizes are dependent on the chosen range and
level increments. (Each element in T ( . . ) and S ( . . ) requires one add i t i o ‑
nal word of memory.)

The computer run times may, in case vehicle type loads are used, be app‑
roximately estimated from FIG. 6.4.7-5 by replacing N3 and S4 (N3 and 54
negative at input) wi th

N3 «|Jength of infl. line + longest axledist. . Nynflspanae. =?SKRIN SS
length of i n fl . l i n e rena |

:=0-00T7"NMaxle ” "brekpt

34fr rare EE NIE ne. EN
length o f influence l i n e i n fl . r a n g e

l a x oaIbekpt.. 0.0017

where Pa = mean number of axles per vehicle dr iv ing over the
bridge

Mbrkpt = number of influence l i n e break points

Ninfl.range = number of counted ranges f o r the influence l i ne

The value obtained in th i s way w i l l express the computer time in seconds.
( I f N3 o r S4 are pos i t i ve a t input these values replace the above expres‑
sions wi th in squares.) The 0.0017 constant are d e p e n d e n ton current algol
compiler version, the wanted degree of e r ro r checking during execution
and the computer characterist ics.

Sample output from a run (corresponding to the "calculated 1973" spectrum
in FIG. 8.1.2-2) is presented a f t e r the program l i s t i n g .
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B E G I N
COMMENT . PROGRAM NAME IS xx NULESP +

PER CHRISTIANSSON JULY 1975 NULESP
D I V I S I O N OF STRUCTURAL ENGINEERING
LUND I N S T I T U T E OF TECHNOLOGY

IN THE PROGRAM ARE SOME IMPORTANT COMMENTS MADE
THE F I R S T HALF OF THE PROGRAM CONSISTS OF SUBROUTINES

- - T H E PROGRAM DOES THE FOLLOWING ( L A B E L S ALSO M E N T I O N E D ) :
VEIN:READS VEHICLE SPECIFICATIONS
LOIN:READS LOAD DISTRIBUTION
L I N F : R E A D S LATERAL INFLUENCE SPEC. » LATERAL TRACK DISTRIBUTION
EOCA: AND CALCULATES EQUIVALENT LOAD DISTRIBUTIONS
SINF:READS INFLUENCE L I N E SPEC:
V I N F : AND CALCULATES VEHICLE TYPE INFLUENCE L I N E S
OVDI:READS DESIRED OVERLAP DISTRIBUTION

ND CALCULATES EQUIVALENT OVERLAP LOAD DISTRIBUTION
EADS TRAFFIC DATA
EADS LOADEFFECT CALCULATION DIRECTIVES
N D CALCULATES LOADEFFECT ( R A N G E - L E V E L ) DISTRIBUTIONS
EADS DYNAMIC AMPLIFICATION FACTOR DISTRIBUTION

DYCA: AND M O D I F I E S THE TOTAL LOADEFFECT DISTRIBUTION:«+
GOTO B=DYDI 1=LEDI 2=TRIN. 3 = 0 V D I 4 = S I N F S = L I N F 6=LOIN - 7 = V E I N

8=L99 ( E N D OF PROGRAM )«
CACULATED DISTRIBUTIONS CAN BE PFRINTED. PLOTTED OR BOTH PRINTED/PLOTTED i
REAL K l s K 2 s Y I » R E s Y O > P I s Y 4 s Y S ; Y 6FIsF3s F2sKISYLSY HXO,XK6,K TX EDI2

TEs F8> T 9 , SO» S1s F92 S2> WO, Z 0 , SOCCs E9» Å 2 , M32 S I ; FACTS OCC XI KX2sK3Is
Y SEC. V E ; F Ö , A9s F I , F4S FD 5

R E A L ARRAY A C 1 : 1 0 . 1 : 5 ) . B C ( 1 : 1 0 , 1 : 5 ) , H(1: 1 0 , 1 : 2 , 1 : 3 ) > » G ( - 1 : 105 1 : 7 0 2 >
X K ( 1 : 2 . - 1 : 1 0 , 1 : 9 0 ) , J ( - 4 : 4 , 1 : 2 2 1 : 1 2 ) , I ( - 1 0 : 105 1 : 6 ; 1 2 6 0 2 W C 1 : 7 )2

O C 1 : 2 , - 1 : 1 0 , 1 : 2 ,1 :7), SONB( 1:2,-1:10),AMC 1:25; 1 :1002
O C 1 : 2 , 1 : 1 3 0 ) , YC1:4, 1 : 1 3 0 ) ,R ( 1 : 2 5 1 : 1 3 0 ) , O N B ( 1 : 2 > ; - 1 : 1 0 0 3

REAL? ARRAY R N B ( - 1 : 1 2 ;
INTEGER T 1 , T 2 , 1 1 , 1 2 , 1 3 . - 1 4 , 1 5 ; H 2 , L O , J 1 , Y 7 > 0 9 , Y 8 , ; W I > L 1 5 T O , N 3 ; S 4 , J 8 , ; A l s

R9> T R L ; T R H ; TLL» TLHs S K L ; SPH> SLL» SLHs PRs PLs No; PRT> PLTs
L T R . H T R , L T L ; H T L , L S R , HSP,;LSL;HSL; NE, N 9 , 0CSW; SACM ;

INTEGER ARRAY V C 1 : 1 0 , 1 : 1 ) , M C 1 : 3 , 1 : 1 0 ) , C ( 1 : 2 , - 1 : 1 0 ; 3 : 6 0 »
K O 1 : 2 , - T : 1 0 5 2 7 2 ) 3

STRING T E X T ( 8 0 ) ;
SWITCH J U M P = L E D I ; T R I N , O V D I ; S INF,L INF,LOINs ,VEINs ;L99 ;

EXTERNAL PROCEDUPE INFLADD ;
EXTERNAL PROCEDUPE LECOUNT ;
INTEGER PROCEDURE N B R ( W > U P ) I

REAL VY, W e > B E G I N NBR=ENTI E R ( V / W 2 ) + 1 END 3

REAL PROCEDURE V A L ( C . W O ) 3
PEAL WA ; INTEGER C ; B E G I N VAL=WOxC-vw0/2 END ;

PROCEDURE P P I N T L S P ( S W , L E , P P > ; P L ) ;
COMMENT S L Ö A S P =2 ECUIV.LOAPSF LO=LANE "PR=1I F R I N T P L = 1 PLOT

I L I N S P . =2 LOGEP:.
1 2 = H I G E CLASS
N= CLASS

I (2 R e na POM FESTA

INTEGER SYSLOSPPSFPL 3
B E G I N INTEGET I 1 , 1 2 , 1 3 , 1 4 , 1 5 ,TI,N 3 REAL APPAY T ( - 1 : 1 0 5 0 : 9 0 0 ) 3
R E A F F K I ]
INTEGER ARRAY P L N C - 1 : 1 0 ) 3
S T R I N G P E O C 1 I 2 2 ) 3
IF PP ECL € AND PL ECL GOTHEN GOTO L9 3
F O R I 1 = ( - 1 > -1 , 12) D O FOR 1 2 = ( 2 ; 1 5 9 0 ) D O T ( I 1 , 1 2 ) = 0 3
IF SW EOL 1 THEN

FOR T l = ( - 1 ,1 ; T2) D O FOR N = ( 1 5 1 , C ( 1 > T 1 5 4 ) ) D O
T (T I ; N)Y=G( T I ; N Y X K ( L A ,TI; 2 ) ELSE

FOR T l = ( - 1 ,1 ,T2) D OFOR N = ( 1 51 ,C C I ; T 1 5 3 6 ) ) D O
T(OTI N ) = X ( L A STI; N ) A K ( L O , T152) 3

1 2 = 1 F S W FOL 1 THEN MAXCFOR I 1 = ( - 1 ,1 , T2) D O C ( L O , ; 1 1 5 4 ) ) E L S E
MAXCFOR 1 1 = ( - 1 ,1 , T 2 ) D O C ( L B , 1 1 5 ; 6 9 ) 3

F Ö R T l = ( - 1 ,1 , T2) D O FOR N = ( 1 2 - 1 s - 1 5 1 2 D O T ( T I > N J = T ( T I > N Y + T ( T I S N + 1 ) 3
FOR T l = ( - 1 , 1 > T 2 ) D O FOR N=(15- 1 , 1 2 ) D O T ( T I S N - 1 ) = T O T I S N ) 3
FOR Til=(-1>; 1 > T 2 ) D O T ( T I 1 > 1 2 ) = 0 ;

IF PR EOL 8 THEN GOTO Li 3
IF SW EOL 1 THEN
W R I T E ( < < " o b k k + « & L I N - L O G LOADSPECTRA ' > > ) ELSE
W R I T E ( < < " x x x k + x L I N L O G EGQUIVALENT LOADSPECTRA ' > > ) 1 3
W R I T E ( C < < " ' " L A N E ' ; 1 2 , A 3 > > , L 0 Q )  ;
FOR 1 1 = ( 1 . - 1 , 2 ) D O B E G I N I F 1 1 EOL 1 THEN

W R I T E ( < < " ' - - L I N . + S P E C T R A ' , A 2 > > ) E L S E W R I T E ( < < " - - L O G . S P E C T R A ' » A 2 > 3 > ) ;
W E T T E ( S S T LOAD'»;J15, ' TOTAL ' s J 2 4 , "AXLE',»J30, : T 2 : 0 " T Y P E ' > ;13)»A1>>>

FOR I 1 3 = C 1 ,1 5T2) D O 1 3 ) ;
WRITE(<<"' CLASS -GREATER THAN O R E Q U A L = = = - > - > e = > > - " > A 1 2 ? > ) 3
FOR N = ( 0 , 1 5 1 2 ) D O BEGIN
WRITE(<<D5e15s"'-"'>D5«12>>,; V A L ( N S P 1 ) + P 1 / 2 5 VALC(NS P 1 ) + P 1 x 3 / 2 ) 3
IF 11 EOL I THEN
W R I T E ( < < :T2+2: (19),AI>>, FOR T l = ( - 1 s ;1 ,T2) D OT ( T I S N ) ) ELSE
W R I T E ( << : T2+2: ( D 9 : 4 ) , A l > > , FOR T l = ( - 1 > ;1 ,T2) D O

L N ( C M A X C T O C T I SNI» 0:01)) / L N ( 1 0 ) ) 3
END N 3
END 1 1 3

L I : 1 F P L EOL 9 THEN GOTO L 9 ;
M A R G I N ('M,;7 2 , 0 , 0 . ' ) I
PLOC1s 1 2 ) ="TXABCDEFGHIJ" 3
FOR I 1 = ( 1 5 1 + 2 ) D O BEGIN 1 5 = 0 ;
W R I T E ( < < :132:( ' - " ) . A 3 > > ) I

IF SW EOL 1 THEN $
W R I T E ( < < " o b x k L I N - L O G LOADSPECTRA ' > > ) E L S E
W R I T E ( < < " o b o b k L I N - L O G EGUIVALENT LOADSPECTRA ' > > ) 3
V W R I T E ( < < " L A N E ' , 1 2 > > , L 0 )  ;
W R I T E ( < < J 585; '"TOTAL=">195>" AXLE="',; 1 9 ; A l > > , T ( = 1 > 0 6 ) » T ( 0 , 9 0 ) I

W R I T E ( C < < ' OT=TOTAL X=AXLE TYPES:A=1 B=2 C=3 D=4 E = 5 F=6 G=7 H=8 1 = 9 ' »
'  J = 1 0 " ' ; A 1 > > » )  3

W R I T E ( < < :132:0 ' - " ) s A 1 > > ) i
W R I T E C < < ' 1 " ' , J 8 ,'"LOAD',J18, '1'.J65, "GREATER THAN O REQUAL L O A D ' > > ) i

I F I 1 EOL 1 THEN W R I T E ( < < J 9 5 , "LINSPECTRA ( 2 ) ' . J 1 1 9 ." I " ' , A l > > ) ELSE
W R I T E ( < < J 9 5 , " ' 1 0 L O G S P E C T R A C(x10)',.JUI9. " I ' s A l 2 2 ) 3

FOR N = ( 1 2 , - 1 , 0 ) D O BEGIN 15=I15+1 3
W R I T E ( < < ' 1 ' > D 7 . 2 , " ' - " ' , D 7 . + 2 . " ' 1 ' > > , VA L ( N S P I ) +P1/25 VA L ( N S P I ) + P 1 x 3 / 2 ) 3
W R I T E ( < < J 1 9 . : 9 : 0 " N R P I G
I F E N T I E R ( 1 5 / 1 0 ) + « 1 0 EOL 1 5 THEN
W R I T E ( < < J 1 9 , - : 9 : 0 ( " ' e 0 s s e o e 0 0 0 6 " ) s ' 0 0 8 0 0 00000'23) I
k e lU sk y V E
L 2 : I F T I LSS I THEN K 1 = T ( T 1 > 0 ) ELSE BEGIN

K 1 = 0 3 FOR I 1 4 = ( 1 , 1 , T 2 ) D O K l = K I + T ( 1 4 , 0 ) "END i
I 3 = I F 1 1 EOL 1 THEN
ENTIE R ( C T ( T I S N ) / K I x 1 0 0 + 8 - 9 9 9 9 9 9 ) ELSE
ENTI E R C L N C M A X C T O C T I ;N )> B-B1) )/LNC 18)+10+0+-99999923 3
I F I 3 GTR 180 THEN 13=1008 ; P L N C T I ) = 1 3 ; I F 1 3 L E Q 9 THEN GOTO L 3 3
W R I T E ( < < J ( 1 3 + 1 8 ) , S 1 > > , PLOCT1+223 3
FOR 1 4 = ( - 1 ,1 ,T 1 - 1 ) D OI F I 3 ECL P L N ( I 4 ) THEN

BEGIN W R I T E ( < < J ( 1 3 + 1 8 ) , ' x ' > > ) i GOTO L 3 END 3



130

140

150

160

170

180

190

200

210

220

230

240

F/3

L 3 : I F T 1 NEQ T 2 THEN
B E G I N T I = T 1 + 1 3 GOTO L 2 END 3
W R I T E ( < < J 1 1 9 , " 1 " ; A 1 > > )  I

END N 3
Y R I T E C < € ! 1 "5 11 6 8 0 " , + " 2 0UCtkemP F AI A N N A I R 2 )
W R I T E ( < < J 2 0 , : 2 0 :(15),Al>>,FOR 1 3 = ( 5 , 5 , 1 0 8 ) D O1 3 )
END 1 1 3
M A R G I N ('M>; 66,6,3 . ' ) 3
L 9 : E N D PROCEDURE PRINTLSP ;‐‐‐R btäannnrn i o i o v n i n > / m n n n r n - n w o n r v p q O o n > + > $ É ‐ . M H H O L K Ä [ Å K K R

REAL PROCEDURE L A T I N T ( Y A 4 ; Y S , ; Y 6 , Y L , Y H , L 0 ) 3
REAL Y 4 , Y 5 , Y 6 , Y L , Y H ;

INTEGER LO 3 S
BEGIN REAL Y I s Y 2 , Y 3 , . H , K 1 3
Y2=Y4+xYS > H=2/Y4/( 1 + Y 5 ) 3
I F S I G N ( Y 6 ) LSS & AND L O EOL 2

THEN B E G I N Y 1 = A B S ( Y 6 ) + x Y 4 3 Y I = Y 4 - Y I - Y 2 END ELSE
B E G I N Y3=Y 6+Y 4 3 YI=Y4-Y2-Y3. END I

I F Y H L S S Y 1 THEN B E G I N L A T I N T = ( Y H x Y H - Y L + Y L ) + H / Y1/2 3 GOTO L 9 END ;
I F Y H L E Q ( Y 1 + Y 2 ) THEN B E G I N
IF YL L S S Y1 THEN LATINT=H/2+x(YL/Y l+1)x(YI1-YL)+H+x(YH-Y1) ELSE

L A T I N T = H + x ( Y H - Y L ) 3 GOTO L 9 END 3
I F Y L GTR ( Y | + Y 2 ) THEN

B E G I N L A T I N T = H / ( Y 4 - Y1-Y2)x(2 4 Y 4 - Y L - Y H ) /2Xx(YH-YL) 3
K 1 = H / C ( Y 4 - Y 1 - Y 2 )+ 2AY4-YH-Y1-Y2) /24(YH-Y1-Y2) 3

I F Y L GEQ Y i THEN BEGIN L AT I N T = K I + H + x ( Y 1 + Y 2 - Y L ) 3 GOTO L 9 END ;
LATINT=K 1+H+xY2+H/Y 1x ( Y L + Y 1) / 2 & ( Y 1 - Y L ) 3

L 9 : END PROCEDURE LATINT ;

GOTO L9 END 3

PROCEDURE I N I T ( T ) 3
REAL ARRAY T 3

BEGIN INTEGER 11 5 1 2 ;
FOR I 1 = ( L T R . I , H T R ) D O FOR 1 2 = ( L T L ; I , H T L ) D O T ( I 1 1 , 1 2 ) = 0 i

OCC=8 ; TRL=HTR ; TRH=LTR ; TLL=HTL ; TLH=LTL 3
FOR 1 1 = ( 1 , 1 , 2 ) D O FOR I12=(-1>-1 , 1 0 ) D O O N B ( I 1 , 1 2 ) = 0 3

COMMENT DELETE T H I S ROW TO COMPRESS OUTPUT x « ; TRL=1 3
END PROCEDURE I N I T i

PROCEDURE Q C ( T ) 3
REAL ARRAY T ;
BEGIN INTEGER 0 1 5 0 2 , 0 3 , 0 4 , X 9 ; REAL ARRAY X ( 1 : 2 , 1 : 1 0 0 ) 3
COMMENT L A N E I 01 02 Y7 LANE2 03 04 Y8 ;
I N I T C T ) ; M3=l(24xX0+2x( S O + S 1 ) / 2 ) / N 3 3

FOR 0 3 = C (1 ,1 ; W 1 ) D OFOR 0 4 = (1 .1 . 1 ) D OB E G I N
I N F L T O Y O Q O C J . J 1 s1 ,M C1sJ1)20025-15 1 ,0395-152 51SYSYTV 3
I N F L T O Y Q ( J s J 1 sI »MC1sJ1)2 0C25-12 1 504),-15 2 ,I SY2YB) i
Y Y D L S Y 2 C ( Y , Y T ,Y85; S2=X0) 3
I N F L A D D ( Y ; Y 7 , Y 8 , 0 , 0 9 )  3
Y O T O Y C C (1 50 ,09, 1 ,X>;X9) I

FOR 0 1 = C 1 > 1 , W 1 ) D O FOR 0 2 = (1 , 1 , W 1 ) D O B E G I N
I N F L T O Y Q ( C J s ; J 1 s I ; M C1 5 J 122 OC12= 1 5 1 5 O 1 ) 2 1 1 2 I S Y S Y T I I
I N F L T O Y O Q O C J s J 1 sI ,M C15J1225 OC1>-15 1 502)» 1 21 5I SYsYBI I
Y Y D E S Y 2 S ( Y V S YT IA B S2=X00- 3
I N F L A D D ( Y ; Y 7 , Y 8 , 0 , 0 9 )  3
Y O T O Y C C I sP5; 09.5 I ,Y CYT) 3

Y O T O Y O CI ,XX, YI, 3 ,Ys;YB) I
Y Y D E S Y 2 ( Y S Y T I Y B I M 3 / 2 0  3
FA C T = 0 0 2 s - 1 2 2 5 O 3 ) 4 0 ( 2 , - 1 5 2 5 O4U)AK(K( 2 5 - 1 5 2 ) / T S E C K T I) KAKOAFIXFIR

OCI s - 1225 O 1 ) x O C 1 s - 1520 O 2 ) A K ( I s ” 15 2)kH2/YSEC/VE/4XF8XM3 I
FOR I 1 = ( C 1 , 1 . N 3 ) D O B E G I N

MOUY ( 3 . Y , Y 8 , - M 3 ) 3 I N F L A D D ( Y SYT»Y 8 , C > C 9 ) I
L E C O U N T ( 0 >C9, R , R9;J8,E9) 3 P L E T O R E ( P , R 9 , ;FACT.T sTRL>; TRH; T L L ; T L H ) 3
O N B ( 2 > -1 ) = 0 O N B ( 2 , ; - 1 ) + 2 4 F A C T ; O N B ( I ; - 1 ) = 0 N B ( 1 5 ; - 1 ) + 2 + x FA C T 3

END N3 3
END 01502 ;
END 0 3 , 0 4 3 S O N B ( 2 , ; - 1 ) = S O N B ( 2 , - 1 ) + O N B ( 2 , > - 1 ) 3

S O N B ( 1 »- 1 ) = S O N B (1 ; - 1 ) + O N B ( 1 ; = 1 2 ) 3 O C C = O N B ( 1 , - 1 3 / 2i
SOCC=SOCC+0CC i

END PROCEDURE 60 ;

PROCEDURE C M ( L O , L S , T )3
REAL ARRAY T ; INTEGER L C , L S ;
B E G I N INTEGER 1 1 5 s 0 1 5 , 0 2 ,03,JOS, JOC, 59,54 3

COMMENT LANE L Q : 0 1 02 Y7 JOC L A N E L S : 03 Y8& JOS I
JOQO=IF LO EOL 2 THEN -1 ELSE 1 3
J O S = I F L S EOL 2 THEN = ELSE 1 3
I N I T ( T ) 3 S4=S40M 3 S 3 = 0 ( S 1 - S 0 ) / S A;
FOR S 9 = (1 , 1 , 5 4 ) D O B E G I N M 3 = ( 2 x X Q + S 0 + S 3 k ( S 9 - 0 . 5 ) ) / N 3 I
FOR O 1 l = C1 5 1 , W 1 I ) D O FOR 0 2 = (1 , 1 , W 1 ) D O B E G I N

I N F L T O Y Q C J » J 1 sI »MC1sJ192 OCLQs =1512 012JBCILCA I SYSYT) 3
I N F L T O Y Q ( C J s J 1 sI »M C1sJ192 OCLQs-1 21 502)»J CLC» I sYsYBI 5 ;
Y Y D I S Y 2 ( Y , Y T , Y 8 , S 2 - X 0 )3
I N F L A D D C ( Y ; Y 7 , Y 8 , 0 , 0 9 )  3
YQTOY OC 1 5 0 , 0 9 . 1, YSY T ) 3

FOR 0 3 = (1 , 1 , W 1 ) D O B E G I N
FACT=0(L05s- 1225 O1)4<0(LOs-15 22 O 2 ) A K ( L Q s =1 5 2 ) /YSECKK(LOQs =1 5 2 ) /YSECK

OCLS>-1s 25 O J ) A K ( L S s - 15 2)KTIKMI/VE/SAXFEXF9/2 3
I N F L T O Y O C J s J 1 sI »MC1sJ125 OCLSA- 1 512032JOS;LS; I SYSYB) I
Y Y D I S Y 2 ( Y ; Y T , Y B , M 3 / 2 )3

FOR I 1 = C 1 s 1 . N 3 ) D O BEGIN
MOVY ( 3 ,Y. Y B . , - M 3 I ) I I N F L A D D ( Y , Y 7 + Y 8 ,0,09) 3
L E C O U N T ( Q s09, R sR9,J8, E9) 3 R L S T O R E C R A R 9 sFACTS T sTRI; TRHs TLL; TLH) 3
O N B ( L Q s -1 ) = O N B ( L O s - 1 ) + 2 + < FA C T ; :ONB(LS>-1)=ONB(LS.-1>+FACT = 3

E N D  N 3  3
END 03 3 )
END 0 2 , 0 3 3
END S 9 3 - S O N B ( L O » - 1 ) = S O N B ( L Q , - 1 ) + O N B ( L Q - 1 )3

S O N B ( L S , + -1 ) = S O N B ( L S , - 1 ) + O N B ( L S , - 1 ) 3 O C C = O N B ( L S , - 1 ) 3
SOCC=SO0CC+0CC 3 A

END PROCEDURE OM 3

PROCEDURE Q U ( L Q , T 0 O , T ) i
REAL ARRAY T ; INTEGER L Q , T Q ;
BEGIN INTEGER I 1 + > 0 1 5 0 2 , T 6 , ; T 7 , J Q 3
COMMENT 01 T6 Y7 02 T7 Y8 ;

I N I T ( T ) 3 S 3 = ( S 1 - S 0 ) / S 4 i
J O = I F L Ö EOL 2 THEN = 1 ELSE I 3

IF TO EOL -1 THEN BEGIN
FOR 0 1 = ( 1 , - 1 , W 1 ) D O BEGIN

INFLTOYQCJsJ1s I, MC1sJ 1252O C L Q sTO 15 O1) 2 JB LOs I S Y S Y T ) i
FOR 0 2 = (1 , 1 , W 1 ) D O BEGIN

I N F L T O Y O Q ( J , J 1 sI »M C1sJ122 OCLOQs TOs 1 50 2 ) J O ; LOs I SY S Y B ) I
YYDI S Y 2 ( Y ; Y 7 , Y 8 , S 1 + S 3 / 2 - X 0 ) 3
FACT=00LQ>- 1222 O1)XOCLQs =1222 O2)AK(LOQ > 12 2) /YSECKK ( L O s - 152)

T 9 / S 4 K F 9 / 2 3 å
FOR I 1 1 = ( 1 , 1 , S 4 ) D O B E G I N

MOVY ( 3 . Y ; Y 8 , - S 3 ) 3 I N F L A D D ( Y ; Y T . Y 8 .0,09) 3
L E C O U N T (Q s09, R,; R92 J8> E9) i R L S T O R E C R sR9s FACTs T ;TRL»> TRHs TLL TLH) 3
O N B ( L Q ; - 1 ) =ONB(LQ»-1)+2+XxFACT 3.
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END S4
END 02
END 01 v
S O N B ( L Q s = 1 ) = S O N B ( L 0 O , ; = - 1 ) + O N B ( L Q , = 1 ) > ; O C C = O N B ( L Q , . - 1 3 / 2 3

END T 0 = = 1 E L S E
BEGIN

FOR T 6 = ( 1 , 1 , T 2 ) D O FOR T 7 = ( 1 , 1 , T 2 ) D O B E G I N
FOR 0 1 = C 1 > 1 5 ; W 1 ) D O B E G I N

I N F L T O Y Q C I sT6,; 1 ,M(2> T6)> O(LQ> T6> 1 ;0 1 ) , J O , L QI ,YSYT) 3
250 FOR 0 2 = (1 , 1 , W 1 ) D O BEGIN

I N F L T O Y Q C I sT7,; 1 ,M(2> T7), O(LQ,T72> 1 ,0 2 ) » J B , L Q ,3 ,YsYB) 3
YY DI SY2(Y,;YT;Y8»S1+S3/2-X0) ;
F A C T = 0 ( L Q s T6> 2 , O 1 ) X O ( L Q s T7s 2 , 0 2 ) A K ( L O s T6> 2 ) /YSECKK ( L O s T7s 2 ) +

T 9 / S A K x F 9 / 2  3
FOR 1 1 = ( 1 > 1 > ; S 4 ) D O BEGIN

MOVY ( 3 , Y,;Y8,-S3) 3 I N F L A D D ( Y ; Y 7 , Y 8 > 0 , 0 9 ) 3
L E C O U N T (GC; 09,R , R 9 , J 8 , E 9 ) ; R L S T O R E C R , R 9 5FACT: T ;TRL> TRH; TLL; TLH) 3

O N B ( L O sT6) =ONB(LOs T6)+FACT 3 ONB(LQ,;T7)=ONB(LO,;T7)+FACT ;
END S4

260 END 02
END 01
END T 6 > T 7 ; 3
FOR T 6 = (1 ;1 ,T2) D OBEGIN SONB(LO>; T 6 ) = S O N B ( L 0 O ;T6)+ O N B ( L Q , T 6 ) I

O C C = O C C + O N B ( L 0 , T 6 ) / 2 END ; :
END TO NEQ -1
SOCC=SOCC+0CC
END PROCEDURE

PROCEDURE M E C L A 2 , L A I ,TO,T ) ;
270 REAL ARRAY T ; INTEGER T O , L A I , L A 2 ;

B E G I N INTEGER I1501>02>T6> T 7 , J O 1 , J B 2 , L Q 1 . L B 2 ;
REAL K 1 > F 7 8 3

COMMENT LANE1! L2&1l-Y8& T7 02 J O 1 LANE2 L Ö 2 - Y 7 T6 01 J E 2 ;
J E l = 1 3 ; J O 2 = - 1 3 F78=F8 ; L A I = L A ! ; L O 2 = L A 2 3
I F L21 NEO L 2 2 THEN B E G I N L Ö 1 l = 1 ; L42=2 END ;
IF L Ö l EGL 1 AND L A 2 EOL 1 THEN Je2=1r 3
I F LQ&1l EOL 2 AND L a 2 ECL 2 THEN J e l = - 1 3
IF L O 1 E0OL:LO2 THEN F 7 8 = F 7 / 2 ;
I F TO EOL - 1 O R TO EOL & THEN B E G I N

280 I N I T ( T ) 3 ; K l = 2 4 X 0 3 M 3 I = K 1 / N 3;
FOR O 1 = C 1 5 1 , W 1 ) D O B E G I N
I N F L T O Y O C J s ; J 1 s1 ,M C1 5J1)50C2, TO; 1 501)»JA25 2 ,I SYSYT) 3
FOR 0 2 = (1 , 1 , W 1 ) D O B E G I N
I N F L T O Y G ( J ; J 1 sI »M C1 5J1)5 OC15 TO; 1 502) JAI 1 ,I SYSYB) 3
Y Y D I S Y 2 ( Y , ;YT,Y 8 , M 3 / 2 ) ;
F A C T = 0 ( 2 > T O , 2 ; O1) «OC 1 , T A , 2 , OZ) 4 K ( L E 1 5 TA , 2 ) / Y S E C K K ( L L EZ, T O , 2 ) +

M 3 / V E x F 7 8 3 å
FOR I 1 = C 1 > 1 . N 3 ) D O B E G I N

MOVY ( " S Y S YB,;-M3) SOR N E L A D E(Y,YT:Y8»>€;09) 3
230 L E C O U N T ( Q ; C9,P,;R9, J E , E 9 ) 3 R L S T O R E C R , R 9 sFACTS T ;TEL, TEH>; TLL; TLH) 3

O N B ( L O 1 , ;TO)=ONB(L2 1 ; TO)+FACT ; O N P ( L O 2 ; T 0 ) = O N B ( L Q E , T O ) + F A C T ;
E N D  N 3  ;

END 02 ;
END 0 1 3

I F L O 1 NEC L O 2 THEN B E G I N
S O N P ( L O 1 > T O ) = S O K E ( L O 1 ;TA)+ONB(LO1,; TO) ; O C C = 0 N E ( L O 1 , T E ) / 2 E N D;
SONE(LQO2, T 0 ) = S O N E ( L P 2 ,TA)+ O N R ( L Q 2 , T 8 ) ; O C C = O C C + 0 O N E ( L Q 2 , T E ) / 2 ;

END T0=-1> -0 ELSE
B E G I N ‐ I N I T ( T ) 3

300 F C R T 6 = C 1 ; 1 2 - T 2 ) D O FOR T 7 = 0 (1 ; 1 > ; T 2 ) DÖ, BEGTIN
K 1 = A C T 6 >1 )+ACT7, 1D+24X0 3 M [ Z N 3 5 3

FOR O 1 l = C 1 I > ; 1 , W 1 I ) D O B E S I N
I N F L T O Y C C I sT65; 1 ,M ( 2 ,T6) ;0(2 , TE» 1 50 1 » JBE2; 2 , 1 ,Y IY T ) I
FOR 0 2 = ( 1 5 1 5 7 1 ) D O B E G I N
I N F L T O Y C C I >T7, 1 ,M ( 2 >T7)> OC15 T7s 1 50 2 ) »JO15 15; SYS YEIJ 3
Y Y D I S Y 2 ( Y ; Y T . Y 8 , M 3 / 2 ) I
F A C T = 0 ( 2 , T 6 ; 2 , O l ) «OC 1 s T7s 2 , O 2 ) A K ( L A 2 s TOs 2 ) /YSECKK(LO 1 2 T 7 ; 2 0 +

M 3 / V E x X F 7 8  ;
FOR I 1 = C 1 > ; 1 ; N 3 ) D O B E G I N

310 MOVY ( 3 ; Y,;Y8,-M3) SÖE N E L A D D(YA YTs 66, f5:C9) 03
L E C O U N T ( C >09, R ;R9,J8,E9) 3 R L S T O R E C R ARI, FACT: Ts; TRL> TRH; TLL; TLH) 3
ONB(LQ1s; T 7 ) = O N B ( L Q 1 > T 7 ) + F A C T 3 O N B ( L O 2 , T 6 ) = O N E ( L O 2 , T 6 ) + F A C T i

END N2 3
END 0 2 ;
END 01 3

END T 6 , T 7 ;
I F L 2 1 NEQ L Q 2 THEN B E G I N
FOR T 7 = ( 1 ,1; T2) DOB E G I N SOKB(LO1,; T 7 ) = S O N E ( L O 1 ; T7)+ONB(LO1,;T7) 3

O C C = 0 C C + O N B ( L Q 1 5 T 7 ) / 2 END ; END ;
320 FOR T 6 = (1 , 1 , T 2 ) D O B E G I N S O N B ( L Q 2 , T 6 ) = S O N B ( L O 2 , T 6 ) + O N B ( L O 2 , T 6 ) ;

O C C = 0 C C + 0 O N B ( L 0 2 , T 6 ) / 2 END ;
END T Z NEQ - 1 5 0 3
S O C C = S O C C + 0 C C  ; :
END PROCEDURE ME ;

PROCEDURE SI ( L S > T O , T ) ;
REAL ARRAY T ; INTEGER L S » T Q 3
B E G I N I N T E G E R I 1 sA X , T 6 , . N ,J O ; REAL ARRAY R T ( 1 : 2 > 1 : 6 0 ) ;

I N I T E T  3
330: JO2IFP LS: E0L 2 THEN = 1 - E L S E I I

I F T O EOL - 1 O R T O EOL G THEN B E G I N
I N F L T O Y Q C J , J 1 s 1 , M C1 > J 1 ) 2 1 ,J O , L S > 1 5 0 , 0 9 ) 5
L E C O U N T (Q >09, R ,R95 J8>E9) I
FOR N = ( C ( L S > » T 0 > 5 ) » 1 , C ( L S ; T 0 , 6 ) ) D O B E G I N ,
FACT=X(LS>» T O , N Yx(K(LS,; T O , 2 ) - S O N B ( L S , T 0 ) ) I

I F FA C T L S S & THEN B E G I N W R I T E ( < < ' T O O MANY O V E R L A P P I N G S ' . , A 1 > > ) 3
GOTO L 9 9 END ; +

FOR I 1 = ( 1 > ; 1 5 ; R 9 ) D O B E G I N
R T ( 1 2 I 1)=R(C1> I 1 ) X VA L C ( N S P 1 ) 3

340 R T ( 2 , I 1 ) = R ( 2 , I 1 ) X x V A L C ( N SP1) END 1 1 :
R L S T O R E ( C R T >R95s FACTS T sTRL> TRHs TLL+ TLH) 3
O N B ( L S ,TO) =ONB(LSs ; TO)+FACT ;

E N D  N i
SONB(LS,» T O ) =SONB(LSs, T O ) + O N B ( L S , T 0 ) ; O C C = O N B ( L S ; T 0 ) ;

END T 0 = - 1 > ; 0 E L S E
BEGIN

FOR T 6 = (1 ; 1 > T 2 ) D O
FOR AX=( 1 , 1 , M ( 3 , T 6 ) ) D O BEGIN
I N F L T O Y Q C I sT6,; AX,M(2> T6)> 1 ,JO,LS, 1 20,092 3

350 L E C O U N T (Q >Q9, R ,R9,J8, E9) i
FOR N = ( C ( L S sT6, 592 1 , C ( L S , ; T 6 , 6 ) ) D O B E G I N
F A C T = X ( L S » T 6 , N Yx H ( T 6 s 2 , A X ) X ( K ( L S , T 6 , 2 ) = S O N B ( L S , T 6 ) ) I

I F FACT L S S Ö gTHEN BEGIN W R I T E ( < < " ' T O O MANY O V E R L A P P I N G S ' . , A 1 > > )
GOT0 .L99 END 3

FOR I 1=C(15>15-R9) DO BEGIN
R T ( 12 I 1) =RO1S I DDXVALCNS P 1 ) 3
R T ( 2 , I 1 ) = R ( 2 , I 1 ) X x V A L C N SP1) END 1 1 :

R L S T O R E ( C R Ts R95 FACT: Ts TRLs TRH. TLL+ T L H ) 3
O N B ( L S sT6) =ONB(LSs; T6) +FACT i

360 END Ni
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E N D T 6 ; A X
FOR T 6 = ( i , 1 , T 2 ) D O BEGIN S O N B ( L S » T 6 ) = S U N B ( L S » ; T 6 ) + O N B ( L S , T 6 ) ;

O C C = 0 O C C + O N B I L S , T 6 ) END 3
END T Q = 1 3
SOCC=SOCC+0CC 3

på END PROCEDURE SI 3 RB NOETRIST IS VARESINN TEA ERA
PROCEDURE T A D D S ( Ts; T R L ; TRHs T L L ; TLHs S; SRLs SRHs SLL» SLH2 3
REAL ARRAY T , S ; INTEGER T R L , TRHs T L L , TLH> S R L , SRHs SLU» SLH 3

370 BEGIN INTEGER 1 1 4 1 2 ;
FOR I 1 = C T R L sI , TRH) D O FOR 1 2 = ( T L L s ; lb) T L H ) D O S C I 1 , 1 2 ) = S ( C I 1 , 1 2 ) + T ( 1 1 , 1 2 2 3
1F TRL L S S SRL THEN SRL=TRL : IF TRH GTR SRH THEN SRi ;
IF TLL L S S SLL THEN SLL=TLL ; IF TLH GTR SLH THEN SLH=

END PROCEDURE TADDS ; ö

PROCEDURE S T L I N S P C O N V (T ; TRL» TRH> T L L , T L H ) ;
COMMENT T WILL CONTAIN 1=-DISTRIBUTI ON=GTR N O T G E Q ) 3
REAL ARRAY T ; INTEGER T R L ; T R H ; T L L , TLH 3
B E G I N INTEGER 11 5 1 2 ;

380 FOR I 2 = ( T L L ; 1 »T L H ) D OFOR I 1 = ( T R H -I ,= 1 ,TRL) D O
T ( I 1 , I 1 2 ) = T ( I1 , 1 2 ) + T ( I 1 + 1 , 1 2 5 3

FOR I 1 = C T R L ,1 , TRH) D O FOR 1 2 = ( T L H > 1 s > =1 , TLL) D O
T ( I 1 , 1 2 ) = T ( I 1 , 1 2 ) + T ( 1 1 , 1 2 + 1 ) : COMMENT T i c » ) NOW CONTAINS GEQ 3

FOR I 1 = ( T R L ; 1 ,T R H ) D O FOR 1 2 = ( T L L + ;I , TÅH) D O
T E Y 1 = 1 ; T e e TEL I A 12):

FOR 1 2 = ( T L L - 1 5 ;1 »TLH) D O T ( T R H . 1 2 ) = 0 I
FOR 1 1 = C T R L - 1 s .1 , TRH) D OT ( I 1 , T L H > = 0 3 COMMENT T ( . . ) NOW CONTAINS GTR 3

END PROCEDURE STLINSPCONV ;

320 PROCEDURE I N F L T O Y O ( J s J 1 sA XMIsOs; JO,L AYS;YSYTB) 3
REAL ARRAY J s Y ; REAL 0 ; INTEGER J 1 s AX; M I s J O ,LO»Y S , Y 7 B 3
BEGIN INTEGER I 1 5 1 2 , 1 3 . 1 4 i
I Ti = 2 x A X - 1 3 I12=2+AX I

I 4 = A B S ( J 1 ) X x S I G N ( J 9 )  I
FOR 13=(C1, 1 . M 1 ) DOB E G I N
Y C Y S + 1 ,13)= J ( 1 4 , 1 2 , 1 3 ) 4 0 3 Y C Y S , 1 3 ) = J ( 1 4 ,1 1 , 1 3 ) END ;

YT78=M1 i
END PROCEDURE I N F LT O Y Q ;

400 PROCEDURE Y Y D I S Y 2 C ( Y , ; Y 7 , Y 8 ; D I S T ) ;
REAL ARRAY Y; REAL D I S T ; INTEGER Y T , Y 8 3
B E G I N INTEGER 11 3 REAL Kl 3

K I = Y C 1 - Y T ) - YCIS 1D+DIST i
FOR 1 1 = C (1 5 1 5 Y 8 ) D O Y C ( I , I I ) = Y C 3 ; I 1 D + K Y 3

END YYDISY2 ;

PROCEDURE M O V Y ( C Y S , Y , ; Y 8 ,MOV) 3
REAL ARRAY Y; INTEGER Y S , Y 8 ; REAL MOYJV 3
B E G I N I N T E G E R 1 1 :

410 FOR I 1 = C1 ,1 , Y 8 ) D OY C Y S , I 1 ) = Y ( Y S SI 1 )+MOV 3
END PROCEDURE MOVWY ;

PROCEDURE Y Q T O Y Q ( Y S IYI,YT,Y S 2 , Y 2 , Y 8 ) ;
REAL ARRAY Y I , . Y 2 3 INTEGER Y S I , Y S O , Y T. Y 8 B I
B E G I N INTEGER I1 5 ;

FCR 1 1 = ( 1 5 > 1 ; 7 7 ) D O B E G I N
Y L O C Y S 2 F 1TD EYLETSTETS TI
Y2(YS21I N E Y T E X S T 1 1 ) END 3

Y8B=Y7 :
420 END PROCEDURE YQTOYQ ;

PROCEDURE R L S T O R E ( C R sR9s FACT. T ; TRLs; TRH> T L L ; T L H ) 3
REAL ARRAY R . ; T ; R E A L FACT ; INTEGER R95 TRL» TRH» TLL> TLH ;
B E G I N INTEGER 1 1 5 1 2 . 1 3 ;

FOR 1 3 = (1 , 1 , ; R 9 ) D O BEGIN
I 1 = N B R C A B S C R ( 1 , 1 3 ) ) , . W 0 ) 3 1 2 = N 3 R ( R ( 2 , 1 3 ) , . 2 0 ) 3

R N B ( S I G N ( P C 1, 13)))=RNBCSIGN(OR(1513))0+FACT 3
I F 11 GTR TRH THEN T R H = I 1 3 I F 11 L S S TRL THEN T R L = 11 i
IF 12 GTR TLH THEN TLH=12 ; IF 12 L S S T L L THEN TLL=12 ;

430 T C E T S L 2 )ETC 1 12)4FACT 5
END 13 3

END PROCEDURE RLSTORE ;
E E SEET R E S A N

PROCEDURE D Y N C O N V (S, S P L , SRHs S L L , SLHs Als AM» Ts; TRL> TRH» TLLs T L H ) 3
REAL ARRAY S , T ; A M 3 INTEGER S R L , S R H s SLL»; SLHs A l s TEL» TRHs T L L ; TLH 3
B E G I N INTEGER I 1 5 1 2 , ; 1 3 , 1 5 , 1 6 ; REAL K I s , K 2 , K 3 i
I N I T ( T )  3

FOR I 1 = ( S R L ,1 ,SRH) D OB E G I N
K 1 = V A L ( 1 1 , . W 0 ) 3 K2=K1 /2 3

440 FOR 1 2 = ( S L L ,1 ,SLH) D OB E G I N
K 3 = V A L ( 1 2 , Z 0 ) + K 2 ;

FOR I 3 = ( 1 > 1 ; A 1 ) D O BEGIN
I S E N B R ( K I » A M ( 1>I13),.W0) 3
I6=NBR(K3-K2+xAM( 1,13).Z06) ;
T ( I 1 5 , 1 6 ) = T ( 1 5 , 1 6 ) + S ( I 1 , 1 2 ) « A M ( 2 , 1 3 )  i

IF IS L S S T R L THEN TRL=15 ; IF 15 GTR TRH THEN TRH=I15 ;
IF 16 L S S TLL THEN TLL=16 ; 1F 16 GTR TLH THEN TLH=16 3

END 13 ; SR
END 1 2 ;

430 SENDETTS
END PROCEDURE DYNCONV i

PROCEDURE P R I N T S T ( T . TRLs; TRH. T L L . TLH»> TO, O C C ) ONBs TEXT»
P R , P L ) 3 s ö

REAL ARRAY T , O N B ; REAL OCC ; STRING TEXT ;
INTEGER TRLs TRHs T L L ; T L H >PRs PL-T4 3
COMMENT LEVEL GREATER THAN OR' EQUAL LOWER CLASS L I M I T ;
B E G I N INTEGER I 1 s 1 2 , - 1 3 , 1 4 , 1 5 , 1 6 , 1 7 , 1 8 , 1 9 ;

-REAL K I s K 2 , K 3 3 STRING P L O C 2 5 ) 3
460 I N T E G E R ARRAY C ( 1 : 2 ) , . L E V ( 1 : 2 ,1:25) I

1 6 = 11 3 I 7 = 1 0 3 1 8 = 1 63 1 9 = 1 53
FOR 1 1 = ( 1 , 1 , 2 ) D O BEGIN I F P R NEQ 1 THEN GOTO L 1 0 3
W R I T E ( < < E 1 > S 8 0 , A 1 > > »TEXT) ;
IF 11 EOL 1 THEN
W R I T E ( < < " ' L I N S P E C T R U M ' , J 1 5 > > ) E L S E WRITE(C<<"' 1 0 L O G S P E C T R U M " , J 1 5 2 2 ) 3
W R I T E ( < < " ' 0 C A S S I O N S = " , 1 9 , J 4 0 ,'NB. O F R A N G E S = " , ; I10,A1>>,

OCCT C T R L =1 5 T L L = 1 2 ) 3
W R I T E ( < < " ' " V E H I C L E S ( A X L E S ) INVOLVED L A N E 1 ' , . J 3 5 > > ) ;

13=T0 3
470 I4=1IF TO EOL 1 THEN T2 ELSE TO i

W R I T E ( < < : 1 4 - 1 3 + 1 : ( 1 9 ) , A l > > ,FOR 1 2 = ( 1 3 , 1 > 1 4 ) D O O N B ( 1 5 1 2 ) ) ;
NRITE(<<"' (TYPE 1 ; 20060) ' ; J272 " L A N E 2 ' , J 3 5 > > ) I
WRITE(<<: I 4 - 1 3 + 1 : ( 1 9 ) , A 1 > > , FOR 1 2 = ( 1 3 , 1 , 1 4 ) D O O N B ( 2 , 1 2 ) ) 3
FOR I 2 = ( 0 O , I F I 1 EOL 1 THEN 1 6 ELSE 1 8 . 2 0 0 ) D O BEGIN
IF I1 EOL 1 THEN

1 5 = I F ( T L L - 1 + 1 7 + 1 2 ) GTR TLH THEN TLH ELSE TLL-1+17+12 ELSE
I 5 = 1 F ( T L L - 1 + 1 9 + 1 2 ) GTR TLH THEN TLH ELSE TLL-1+19+12 ;

WRITEC<<? GREATER EQUAL GREATER THAN O R EQUAL L E V E L ' . , A 2 > > ) j
M W R I T E ( < < " RANGE --TOTALS I N FIRST R O W ' , A 1 > > ) 3

4 8 0 I F I 1 E Q L .1 THEN
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W R I T E ( < < J16,? 1 5 - 1 2 + 2 - T L L : ( D I 0 + 2 ) , ; A l > > ,FOR I 4 = ( T L L - 1 + 1 2 , 1 , 1 5 ) D O
VAL ( 1 4 , Z 0 ) + Z 0 9 / 2 ) ELSE

W R I T E ( < < J 1 6 > ? 1 5 - 1 2 + 2 - T L L : ( D 7 < 2 ) 3 A 1 > > ,FÖR 1 4 = 4 ( T L I L - 1 + 1 2 , 1 , 1 5 ) D O
V A L ( 1 4 , Z 0 ) + Z 0 / 2 )  3

FOR 1 3 = ( T R L - 1 5 1 , T R H ) D O BEGIN
W R I T E ( < < D 7 + 2 5 " = " ; D 7 . 2 > > ; VA L ( 1 3 , NB)4+WB/2, VALCI 2 , VBO)+WOx3/2) 3
IF I1 EOL 1 THEN

W R I T E ( < < : 1 5 - 1 2 + 2 - T L L : ( I 1 1 0 ) 5 A 1 > > >FOR I 4 = ( T L L > 1 + 1 2 ; 1 5 1 5 ) D O
T ( 1 3 , . 1 4 ) ) ELSE

W R I T E ( < < : 1 5 - 1 2 + 2 - T L L : ( D 7 + 4 ) , A l > > + F O R I 4 = ( T L L - = 1 + 1 2 : ;1.15) D O
L N C M A X C T ( I 1 3 5 1 4 ) » 0 . 9 1 ) 3 / L N ( C 1 9 ) )  3

IF 11 EOL 1 THEN
B E G I N I F T ( I 3 . T L L - 1 + 1 2 ) L E Q 8 THEN GOTO L 8 END ELSE
I F T ( I 3 , T L L - 1 + 1 2 ) L E Q ' 0 . 2 1 THEN GOTO L 8 3

END 1 3 ;
L 8 : IF 15 EOL TLH THEN GOTO L9 3

E N D  1 2  3 ;
L 9 : E N D 11 5 3
L 1 8 : COMMENT PLOT ROUTINE BEGINS HERE 3
IF PL EOL & THEN GOTO P9 3
COMMENT I19=1 LIN:+PLOT =2 LOG.PLOT L E S S THAN 25 CURVES ;
FOR 1 9 = ( 1 > 1 , 2 ) D O B E G I N
L E V ( I 9 , 1 ) = T L L - 1 3 ; I 2 = T L L ; C ( 1 9 ) = 1 3

FOR I 1 1 = ( 2 > ; 1 ; P L ) D O B E G I N
I F 1 9 EOL 1 THEN B E G I N
K1=(PL+1=-112) / P L AT C T R L - 1 5T L L = 1 ) 3 K 2 = ( P L - 1 1 ) / P L X T O T R L -1 5TLL-12
B E G I N K 1 l = ( P L + 1 - 1 I 1 ) / P L X L N ( C T C T R L -1 ; TLL= 1))/LN(10) 3

K2=(PL=-1I 1 )/ P L A L N ( C T C T R L > =1 3T L L - 1 ) / L N ( 1 0 6 ) END 3
P I : K 3 = 1 F 1 9 EOL I THEN T ( T R L - 1 5 1 2 ) E L S E

L N ( M A X C T C T R L -1512).0 . : 0 1 2 ) / L N C 1 9 ) 3
I F K 3 GEO K 1 THEN B E G I N 1 2 = 1 2 + 1 ; I F 1 2 EOL TLH+1 THEN GOTO P 2 1

E L S E GOTO P 1 END
E L S E I F K 3 GEQ K 2 THEN
B E G I N C ( I 9 ) = C ( 1 9 ) + 1 3 L E V ( 1 9 , C ( 1 9 ) ) = 1 2 END 3

P 2 : END 1 1 3
P 2 1 : E N D  1 9  3
PLOC 157 2 5 ) = " A B C D E F G H I J K L M N O P O R S T U V X Y Z "
M A R G I N ( ' M > 7 2 , 0 , 0 . ' ) I
FOR 1 9 = ( 1 , 1 , 2 ) D O BEGIN 1 5 = 0 ;
W R I T E ( < < :132:("=") ;A3I>>) 3
W R I T E ( < < S 8 0 ; A 1 > > »TEXT) ;
IF 19 EOL 1 THEN

W R I T E ( < < " ' L I N S P E C T R U M ' , J 1 5 > > ) ELSE W R I T E ( < < " ' 1 0 L O G S P E C T R U M ! ' , J 1 5 > > )
W R I T E ( < < " O C A S S I O N S = " , 1 9 , J 4 0 ,"NB. O F R A N G E S = " ' > ; 1 1 0 , A 1 > > ,

OCCT C T R L =1 , T L L . = 1 ) 0), 3
W R I T E ( < < " ' V E H I C L E S C A X L E S ) INVOLVED L A N E 1 ' , J 3 5 > > ) 3

1 3 = T 0 6  ;
1 I 4 = I F TO ECL I THEN T 2 E L S E T O ;

W R I T E ( < < : 1 4 - I 1 3 + 1 :(19);A1>>,FOR 1 2 = ( 1 3 ; 1 , 1 4 ) D OO N B ( 1 , 1 2 ) )
W R I T E ( < < " ( T Y P E 1 5 2 0 0 0 ) " ,J27; " L A N E 2 ' , J I 5 S > > ) 3
W R I T E ( < < : 1 4 - 1 3 + 1 : ( 1 9 ) , A 1 l > > ,FOR I 2 = ( 1 3 , 1 , 1 4 ) D O Ö N B ( 2 , 1 2 ) ) I

W R P I T E ( < < : 1 3 2 : 0 ( " ' - " ) s A 1 > 3 > )  3

END ELSE

3

W R I T E ( < < " ' 1 " ' ; J 7 > ;"RANGE",J18, " 1',J&5S,'GREATER THAN O RECUAL R A N G E ' > > )
1 F1 9E0OL 1 THEN W E I T E ( < < J 9 5 ,"LINC2)",J119,'1 GR:EC L E V E L ' , A 1 > > ) ELSE
W R I T E ( < < J 9 5 > " ' " 1 0 L O G ( x 1 8 > " ' > ; J 1 1 9 , ' 1 GR.EC L E V E L ' . A 1 > > ) 3

FOR I 1=(CTRH>-15; T R L - 1 ) DO B E G I N I S = 1 5 + 1 ;
W R I T E ( < < " ' I ' > ; D 7 : 2 , ' = ' > D 7 6 2 5 " ' 1'23>, V A L ( I 1 ; WE) +WU/2> VA L C I 1 5WE)+NWUXx3/2) 3
WRITE(<<J19>5:9:0" |P R E S S
I F ENTI E R ( I 1 5 / 1 0 ) + x 1 0 8 EGL I S THEN
W R I T E ( < < J 1 9 , : 9 : 0 " - - s e - = se rE SMEA J EA E E SR e nr aE S O TES

T e  T 4 S S P 0 5
P 3 : 1 I 3 = I F 1 9 EOL 1 THEN

ENTI E R ( C T ( I 1 5 L E V ( 1 9 5 1 2 ) ) / T ( T R L -1 ,TLL- 1 )+ « 1 0 0 + 0 : 9 9 9 9 9 9 ) ELSE
ENTI ERCLN(CMAX(CT(I 1 , L E V ( 1 9 , 1 2 2 ) , 0 - 0 1 ) ) / L N ( 1 0 ) + 1 0 + 0 - : 9 9 9 9 9 9 2 ) ;
I F I13 GTR 1008 THEN 1 3 = 1 0 0 ; I F 1 3 LEG 0 THEN GOTO P 4 3
I F 1 3 EOL 1 4 THEN W R I T E ( < < J ( 1 3 + 1 8 ) , ' + x ' > > ) ELSE

W R I T E ( < < J ( I 3 + 1 8 ) > S 1 > > , P L O ( 1 2 ) )  i
P 4 : I F 1 2 NEQ C ( 1 9 ) THEN

B E G I N I12=12+1 ; 14=13 3; GOTO P3 END ;
1 F I S L E O C ( 1 9 ) THEN
WRITE(<<J1195>"1 ">; SIl;' = " ; D 7 - 2 , A l ? > > P L O C I S ) » V A L ( L E V ( 1 9 , 1 5 ) , . 2 0 ) + 2 0 / 2 )
ELSE W R I T E ( < < J 1 1 9 , " 1 " ' > A l > > ) 3

END 11 3
N W R E T E C € E N - 0 3 T 1 6 E CU SV F 0 20:26 m rR A T S R
W R I T E ( < < J 2 0 > : 2 6 : ( 1 5 ) , A l > > ,FÖR 1 1 = ( 5 , 5 , 1 0 0 ) D O 1 1 ) 3 I S 5 S = I 5 + 1 ;

I F 1 5 LEO C ( 1 9 ) THEN
FOR I 1 1 = ( 1 5 5 ; 1 > ; C ( 1 9 5 ) D O
W R I T E ( < < J 1 1 9 , . " ' 1 ‐ " ' > ; S I ; ' ="';D7.2, A l > > » P L O C I S ) , V A L ( L E V ( 1 9 , 1 5 ) , Z 0 ) + Z 0 / 2 ) ;

END 1 9 ;
M A R G I N ('M;66,6,3 . ' ) ;
P 9 : END PROCEDURE P R I N T S T ;

COMMENT; fee s e e s m e g e t b r ä n d r d n d e d e l e t n d e d e t e t e d n t r d n t n t a k a d e k a d e n tD E p å o m 0 f n A R

M A X . 70 CLASSES IN G ( . : : . )
928 CLASSES IN X ( . . +.)
18 VEHICLE TYPES
5 ( M I N 2) AXLES PER.VEHICLE
12 POINTS IN INFLUENCE L I N E 4
6 OVERLAP DISTRIBUTION CLASSES
25 PLOTTED CURVES
18 DYNAMIC AMPLIF ICATION FACTOR CLASSES

COMMENT +++++ VEHICLE SPECIFICATIONS +++++ 3
COMMENT AT LEAST 2 AXLES PER V E H I C L E AND MAX. S5 ;
VEIN : R E A D ( T 2 ) ; I F T 2 EOL 8 THEN GOTO L O I N 3

W R I T E ( < < E l s ' x + x VEHICLE SPECIFICATIONS + x + x " , ; A l > > ) 3
W R I T E ( < < I 1 4 , " ' VEHICLE TYPES'>;Al>>,T2) 3
FOR T i = C ( 1 > ; 1 , - T 2 ) D O BEGIN

READC(C VC T I ; 1) MC3, T 1 ) ) 3
READCFOR I 1 = ( C 2 >1 , V ( T I 1 ;12) D O A C T I S I 1 1 2 ) i
R E A D ( F O R I 1 = C 1 51 , V C ( T 1 5 1 ) ) D O B ( T 1 5 1 1 2 ) i

K I = B ( T 1 s 1 ) 3 A C T I . 1 ) = 0 3 FOR 1 2 = ( 2 ,1 , V ( T 1 ; 1 ) ) D O B E G I N
K I = K 1 + B C ( T 1 5 1 2 ) I A C T I ; 1 ) =ACTIS D D+ACTIs 122 END

FOR 1 2 = ( 1 , 1 , V ( T 1 s 1 ) ) D O B ( T I ; 1 2 ) = B ( T I 1 , 1 2 ) / K 1 i H 2 = M (3 , T 1 )
READCFOR I 1 = C 1 , 1 , - H 2 ) D O H ( T I , 2 , 1 1 ) ) 3 K 2 = H ( T I 1 > 2 , 1 i ) 3
FOR 1 1 = ( 2 , 1 , H 2 ) D O K 2 = K 2 + H ( T I 1 > 2 , 1 1 ) 3
FOR I 1 = C 1 - 1 , ; H 2 ) D O H C T I s 2 ,11)= H ( T I , 2 , 1 1 ) / K 2 i
READCFOR I 1 = C 1 . , 1 > H 2 ) D O H ( T I , 1 . 1 1 2 ) 3

END TI 3
W R I T E ( < < " T Y P E AXLES A X L E D I S T. ( M ) / L O A D D I S T R . O N A X L E S ' , ; J 5 3 ,

"AXL EDI S T F A C T O R / D I S T R ' » A 2 > > ) I
FOR T l = C 1 , 1 , T 2 ) D O BEGIN H 2 = M ( 3 , T 1 ) 3
W R I T E ( < < 2 1 4 , J 1 4 ,:VC(TI> 1)-1:0(D6+2)>>,

T I ; U C T I sI ) FOR 1 1 = ( 2 , 1 ,V C T 1 5 1 2 ) D O A C T I S I 1 N ) 3
W R I T E ( < < J 4 0 , " T O T = " , ; D 6 . + 2 , J 5 2 ,:H2:( D 6 + 3 ) . A 2 > > ,

A C T I SDD; FÖR I 1 = ( 1 > 1 , H 2 ) D O H C ( T 1 5 ; 2 , 11 2 ) 3
W R I T E ( < < J 1 0 ,:2V(TI; 1 ) : 0 ( D 6 4 3 ) >>, FOR I 1 = ( 1 ;1 ,V ( T 1 ; 1 ) ) D OB ( T 1 I ; 1 1 2 2

WRITE(<<J52,:H2: ( D 6 . 3 ) > A l > > , F O R I11=( 1, 1 . H 2 ) DO H(TI,; 151122
E N D  T I  3

3

U

3
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COMMENT +++++ L O A D SPECTRA INPUT +++++ 3
L O I N : W R I T E ( < < E l ,»+&x LOAD DENSITY FUNCTIONS x + x ' > » A 2 > > ) i
COMMENT T I - 1 : 0 : 1 . . 6 = TOTAL AXLE TYPE

IF T2 EOL 9 READ TOTAL AXLE LOADS
I F T 2 GEQ 1 READ TYPE LOADS ( T O T A L AXLE C A L C U L A T E D ) 3

R E A D ( P R SPL) ;
R E A D C ( C YI ; R E ; Y 0 ) ; W R I T E ( < < " ' L O A D I 1 D = " ' , D 8 . 2 > " R E G I O N = " 5 D 8 : 4 ,

Y E A R S = " > I 4 ; A l > > ; Y I , R E , Y 0 )  3
610 FOR I 1 = ( - 1 > 1 , T 2 ) .DO FOR 1 2 = ( 1 > 1 > 7 0 ) D O G ( 1 1 . 1 2 ) = 0 ;

FOR T I = C ( I F T 2 GEQ 1 THEN 1 ELSE - 1 ) ,1,»T 2 ) D O B E G I N Kl=8Q 3
READ(P1s CC1>T I ; 32 C C I ; T Is 4 ) ; KC(1> T152220 3

FOR I 1 = C C ( 1 ; TI>3)>» 1 , C ( 1 > ; T 1 , 4 ) ) D O BEGIN R E A D ( G ( T I : 1 1 2 ) 3
K 1 = K 1 + G ( T 1 > 5 1 1 ) END 3
FOR I 1 1 = C 1 5 1 > C ( 1 > ; T 1 5 4 ) ) D O G C ( T I S I 1 ) = G O T I >1 1)/K1I END T 1 3

IF T2 GEQ 1 THEN BEGIN
15=0 ; I14=1000 3 K l = K 2 = 0 I
FOR 1 1 = ( - 1 > 1 > 0 ) D O FOR 1 2 = ( 1 ; 1 > 7 0 ) D O G ( I 1 , . 1 2 ) = 0 3
FOR T l = ( 1 5 1 > T 2 ) D OFOR N = ( C ( 1 5 ; T l I > 3 ) ,1 ,C C ( 1 , - T 1 , 4 ) ) D OBEGIN

620 G ( = 1 ; N ) = G ( - 1 5 NI+GOTIS NIAKC 1 5 T 1 5 2 ) 3 K I = K 1 + G O T I > NIXZKC1, T1520 3
FOR I 1 = C ( 1 -1 , V ( T 1 , ; 1 ) ) D O B E G I N
I 3 = N B R ( VAL ( N S P I D < B O T I S11),P1) 3

G l ( O , I 1 3 ) = G (OB, I 3)+GÅTI NIAK(1 ,TI,2) 3 K 2 = K 2 + G (TI; N K 1 ,T 1 5 2 ) 3
I F 1 3 L S S 1 4 THEN 1 4 = 1 3 3 I F 1 3 GTR"YIS THEN ” I S = 1 3 . 3
END 11.53

END TIsSN ;
K ( 1 ; - = 1 5 2 ) = K 1 3 K l ( 1 5 0 > 5 2 ) = K 2 3
C C 1 , - 1 s 3 INCFOR T l = C ( 1 5 1 > T 2 ) D O C ( 1 5 T 1 5 3 N D ) 3
C C 1 ; -15;4 ) = M A X C F O R T l = C (15; 1 , T2) D O C C ( 1 5 T 1 5 4 ) D 3

630 C C 1 , 0 , 3 ) = I 4 > C ( 1 , 0 , 4 ) = 1 5 3
FOR T l = ( - 1 > 1 > ; 0 ) D O FOR I13=CC( 1 ; T I ; 3 ) » 1 ; C ( 1 > T 1 > ; 4 ) ) D O

G OT I ; I 1 3 ) = G ( T I , 1 3 ) / K ( 1 > T 1 5 2 ) i
END TOTAL-AXLE CALC ;

U W R I T E ( < < " L O A D - C L A S S ' , J 1 8 , '"TOTAL(2) A X L E ( 2 ) ' , : T 2 : ( ' T Y P E ' ; 1 3 ) .
A 2 > > , FOR I 1 3 = ( 1 >1 »T2) D O132 ; :

FOR T l = ( - 1 5 > 1 , T 2 ) D O BEGIN K C 15;T I , 2 ) = K l ( 2 ,TI»2)=K( 1 , T I ;2 ) xYO i
C (2 , T I ; 3 ) = C ( 1 T I ; 3 ) 3 C ( 2 , T I 1 , 4 ) = C (1 ,T154) END i

W R I T E ( < < " > x + x T O T = " 5 J 1 6 > :T2+2: ( I 9 ) , A l > > , FOR T l = ( - 1 , 1 > T 2 ) D O
K C  I .  T 1 5 2 7 ) )  3

640 FOR N = ( 1 5 1 ;MAXCFOR I 1 3 = ( - 1 s1 , T2) D O C ( 1 5 1 3 5 4 2 ) ) D O B E G I N
K I 1 = V A L ( N , P 1 ) - P 1 / 2 3 K2=K1+P1 3
W R I T E ( < < D 7 + 2 , " ' - " ' > D 7 . 2 ,: T2+2: (DI « 5); A1>>s

K I , K2,; FOR T l = ( - 1 >1 ; T2) D O G C O T I . N ) A 1 0 6 0 8 ) END 3
P R I N T L S P (1 ;I ;P R S P L ) 3

L I N F : COMMENT + + + + + LATEPRAL INFLUENCE S P E C I F I C AT I O N S + + + + + 3
COMMENT F MUST BE GREATER/EQUAL 0 ;
COMMENT T O E L I M I N AT E LATERAL TRACK D I S T R : INFLUENCE - PUT F 3 = 2

Y 4 SHALL A LVAY S B E NOT EGUAL 0 ;
650 R E A D ( P R >PL) ;

R E A D ( Y4 ,Y S , Y 6 ) 3
R E A D ( F I sF3, F 2 , F 4 ) 3
W R I T E ( < < E l s ;'x« LATERAL INFLUENCE DATA + x + x ' > A 2 > > ) ;
I F ( Y S + Y 6 ) GTR 1 THEN B E G I N W R I T E C ' FA U LT I N L A T I N F L . D I S T R . I N P U T " )

GOTO L 9 9 END 3
W R I T E ( < < ' L A T . T P R A C K D I S T R EACH L A N E : W I D T H ( M ) = " ' > D 7 . 2 . , " FLAT PORTION=">

D 5 « 3 ,  A l > > > Y 4 , Y S )  I
WRITEC<<" SLANTING PORTION ( I F NEG TOWARDS F 2 - F 4 L A N E 2 ) = " ' , D 6 . 3 . ; A 1 > > ,

L O I S
660 W R I T E ( < < " ' L A N E -I ( M I D 5 I L E FACTOQ)="'", D 7 4 3 , " + F 3 = " 5 D 7 : 3 ,

ne FPISt D T E A S S FI E E E örR ef av
W R I T E ( < < ' L A N E 2 ( M I D D L E F A C T O R ) = " ' > D 7 . 3 , ' + F 4 = " ' > , D 7 . 3 >

"oc F ä ,D I « 3 > A l > > , F 2 ; F O + F U ,F 2 - F 4 ) 3

ECCA: COMMENT + + + + + ECUIVALENT L O A D .SPECTRA CALCULATIONS + + + + + 3
FOR 1 1 = 0 1 5 1 2 ; 2 2 ) DO-FOR I 1 2 = 0 - 1 5 1 5 . 1 0 ) DOC FOR f 3 = C 1 3 15902.

D O  X ( I 1 , 1 2 , 1 3 ) = 2 ;
FOR LO=C1,> 1 - 2 ) DO B E G I N F O = I F LÖ ECL 1! THEN Fi ELSE Ff2

F D = I F L O EOL I THEN F 3 ELSE F 4
670 F O R - T 1 = C - 1 5I »T2) D Ö :-BEGIN

FOR N = ( C ( L O ,TI; 3935 1,C(LA,T1,;4)) D OB E G I N
K 3 = V A L(NSPIDA C F O - F D ) 3 I I = N B R ( K 3 .P1) I
K 3 = V A L(NSPID)A & ( F Ö + F D ) 3 I 2 = N B R ( K 3 . P 1 ) ; K 3 = V A L ( N S P 1 ) 3
I F 1 1 EOL 1 2 THEN B E G I N X ( L O , T l ,11)=X(LO, T I . I 1 ) + G ( T I , N ) 3

GOTO E3 END 3
K 2 = V A L ( I 1 . P 1 ) + P 1 7 2 > Y L = 0 3 Y H = ( K 2 / K 3 - ( F O - F D ) ) / 2 / F D + Y A 4 3
K ( L O > T I ; I 1 ) = X ( L O > TIs I 1 ) + G C T I S NYKLATINT(Y 4 Y S S Y 6 ; Y L , Y H > L 0 ) 3

E I : T l I = E l t 1 3, I F O R I-EOL- Fe THENSGOTO E2l i
K 2 = V A L ( I 1 , ; P 1 ) + P 1 7 2  ;

680 Y L = Y H 3 Y H = ( K 2 / K 3 - ( F O - F D ) ) / 2 / F D + x Y A 3
K ( L O s > T I SI 1 ) = X ( L O >T I I 1 ) + G C T I ; N Y X L A T I N T ( Y4 Y S S Y 6 , Y L ; Y H > L 0 ) 3

G O T O  E l  3
E 2 : Y L = Y H 3 Y H s YA 3

K ( L O s T I I 1 ) = X ( L O s T I ; I 1 ) + G C T I s N Y A L A T I N T ( Y 4 Y S SY O , Y L S Y H S L O ) 3
E 3 : END N ;

C ( L B , T 1 , 6 ) = 1 2 3 K 3 = V A L ( C ( L O >TI, I ) ,P I ) X ( F O - F D ) 3 C ( L B , T1> S J E N B R ( I K 3 S P 1 0 ; 3
END T1 i

END LO 3

690 COMMENT ----- K ( 2 , T 1 , 2 ) COULD B E CHANGED HERE 3 '

FOR L O = ( 1 5 1 5 2 ) D O BEGIN
W R I T E ( < < " > x + x EQUIVALENT LOAD DENS. FUNC: L A N E ' , 1 2 , ' + + x ' , A 3 . 1 > > , L 0 ) ;
WRITE(<<"' L O A D - C L A S S ' , J18, ' " T O T A L ( 2 ) A X L E C Z ) ' , : T 2 : ( " T Y P E ' s 1 3 ) .

A 2 > > , FOR I 3 = ( 1 ,1 ,T2) D O1 3 ) ;
W R I T E ( < < " x + x T O T = " 5 s J 1 6 , :T2+2:(19),A1>>, FOR T I R ( C S P l T2)--00

SYSTEM WARNING - MAX PAGES
K ( L B , T 1 , 2 2 )  3

FOR N = ( C 1 sI , MAXCFOR 1 3 = ( - 1 , 1 , T 2 ) D O C ( L O , ; 1 3 , 6 ) ) ) D O B E G I N
700 K 1 = V A L ( N S P 1 ) - P 1 / 2 3 K2=K1+P1 3 T

W R I T E ( < < D 7 + 2 s " ' - " >D 7«2,: T2+2: (D9 « SJs Al>>;K1sK2s FOR T l = ( - 1 s1 5T2) DO:
X(LO,; T I N ) +x100) END Ni

E N D  L O  3
P R I N T L S P ( 2 5  I ;  P R , P L )  3
P R I N T L S P ( 2 , 2 , P R , P L )  3

COMMENT +++++ STRUCTURAL POINT+ INFLUENCE L I N E +++++ 3
S I N F : R E A D ( J 1 5 X 0 ) 3 W R I T E ( < < E l sx x INFLUENCE L I N E SPEC: x + x ' , ; A 2 > > ) i

W R I T E ( < < " ' I N F L I N E T Y P E ' s 1 2 , ' TOTAL LENGTH(M)=";D7.2; A l > > » J 1 . X 0 ) 3
710 I F J 1 NEQ 1 THEN GOTO INF2 3 ; R E A D ( X 6 , X 7 , . X 8 ) 3

W R I T E ( < < " S L O P E :TOP: INNERSLOPE X - R E L AT I O N S ' , D 5 . 1 5 ; " ' : " > ; D 5 . 1 . ; " ' ? " ' » D5+1s2
A l > > > X 6 ,K TXB) I

K1=X6+X7+X8B 3 X6=X6/K1/2 3 XT=XT/K1/2 3 XB=XB/K1/2 3 M ( 1 5 1 ) = 7 3
J C s 2 ; 1 ) = J ( 1 5 2 , 7 ) = J ( 1 , 2 2 4 ) = 0 3 JO15 2 5 2 ) = J ( 1 22 0 I ) = J ( 1520 S I= J ( 1 5 2 , 6 )=13
J l 1 ; 1 , 4 ) = 0 3 JC1> 12 TI)=X3=X0 /2 3 J O l s12 1 ) = - X 3

å J ( l 2 1 26 ) = X 2 = ( K X T + X B I A K X O I J ( 1 2 1 5 2 ) = - X 2
J C 1 s1 , S ) = K 1 = X B A X O I ” J C 1 2 I NE - X 1

I N F 2 : I F J 1 NEQ 2 THEN GOTO I N F 3 i R E A D ( X 6 , X 7 ) 3
W R I T E ( < < " S L O P E :TOP X-RELATIONS'>» D5.«1>"':">»DSe1sAl?>>X6,XT7) 3
K1=2+«X6+X7 3; XB=X6 /K1 I X6=XB 3 XT=XT/K1 i M ( 1 , 2 ) = 4 3

720 Jl(2,2, 1 ) = J ( 2 , 2 , 4 ) = 0 I J ( 2 , 2 , 2 ) = J ( 2 , 2 , 3 ) = 1 3

GOTO EINF i



B / S

J l 2 1 ; I I = K i = K O / 2 A K T I J l ( 2 o 1 , 2)=>XKI1
J l ( 2 s 1; 4)=X2=X0/2 3 J ( 2 ,1. 1 ) = - X 2

I N F 3 : I F J 1 NEQ 3 THEN GOTO I N F 4 3
R E A D ( X 6 , X 7 , X 8 )

" W R I T E ( < < ' S L O P E I :SLOPE2 X-RELATIONS, INNERHEIGHT',DSe1;"':"'»;D5+1,;D5+1s
A l > ? > K 6 , X T 7 > X K B )  I

K1=X6+X7 3 X 6 = X 6 / K 1 / 2 3 ; X 7 = X 7 / K 1 / 2 ; M C120356 3
J l I s 2 , 1 ) = J ( I , 2 , 6 ) = 0 I J ( I2 2 ) 2 K B / 2 I J ( I s 2 , 505 6

å J l I 2 , I ) 5 ; J i I , 2 , 4 0 0 53
730 J ( I , 156 ) = X 2 = X 0 / 2 I J ( I slo l I a > K 2 I JA(Is 1; SJEKISNIAKO I U C IIs 2 ) s K V I

J l I 15 4I=SJ (I 1, INE0 I
I F N O T ( ( C X 6 LSS . 2 0 0 9 1 ) AND (X8B LSS . 0 0 8 6 1 ) ) TREN GOTO EINF 3

M ( 1 , 3>=4 3 FOR 1 1 = ( 2 , 1 , 4 ) D O FOR 1 2 = (1 ; 1 , 2 ) D Ö
J C I 1 2 ; I 1 ) E J 3 , 1 2 , 1 1 4 1 ) 3

GOTO EINF i

GOTO EINF 3
I N FA : I F J 1 NEQ 4 THEN BEGIN W R I T E ( < < ' FAULT I N F L Å . I N P U T ' s A 1 > > ) 3

GOTO L 9 9 END 3
R E A D ( M ( 1 5 4 ) )  3
I F M ( 1 5 ; 4 ) GTR 1 2 THEN BEGIN

740 W R I T E ( < < " ' T 0 O O 0 MANY POINTS I N I N F L . L I N E 4 ' ; A 1 > > ) 3 GOTO L 9 9 END i
K1=K2=0  3
FOR - 1 1 = C1 , 1 + M i 1 , ; 4 3 ) D O B E G I N

R E A D ( J (4 ,1 ;I 1),Jl4 21100 I
I F J ( 4 , 2 , 1 1 ) GTR K 2 THEN K 2 = J ( 4 , 2 , 1 1 ) I
I F J ( 4 , 2 , I 1 ) L S S K I THEN K l = J l 4 ; 2 . 1 1 ) I

END 1 1 ;
I F ( K 2 - K 1 ) GTR 1 THEN: BEGIN

W R I T E ( < < " ' V A R I A T I O N I N F L . L I N E 4 TOO B I G ' > ; A 1 l > > ) 3 ; GOTO L99 END ;
X O = J ( 4 > I M 1 5 4 ) 5 3 - J ( 4 > 1 5 1 ) 3

750 W R I T E C < < ' NEW CALCULATED L E N G T H = " > D 7 . 2 , s A 1 l > > , X Q 0 ) 3
W R I T E ( < < " I N F L . V A L U E = " > : M (154):(D8.44), Al>>, FOR I 1 = C 1 > 1-M(1,4))D

D O J ( 4 , 2 5 11 2 3
W R I T E ( < < " X - V A L U E = " , : M ( 154): (D8+2),; AI123, FOR I 1 = ( 1 > 1 , M ( 1 5 4 0 2 )

DOJ(4,. 1 1 1 2 3
GOT2 E I N F 3 ?

E I N F :
COMMENT CALCULATE MEETING I N F L L I N E ;
FOR I 1 = ( 1 > 1 > M ( 1 ; J 1 2 D D O BEGIN

J l - J 1 ; 2 , 1 1 ) = J ( J 1 ,2 , M C1 5J I D + 1 - 1 1 ) 3
760 J C - J 1 > 1 2I 1 ) = - J ( J 1 5I AM CI ;J I ) + 1 = 1 1 ) END 1 1 ;

COMMENT DO A LECOUNT ON THE INFLUENCE L I N E AND PRINT THE RESULT 3
W R I T E ( < < ' L E C O U N T O N J 1 AND - J 1 ( M E E T I N G ) - R A N G E / L E V E L ' > A 2 > > ) ;
FOR 1 1 = ( 1 , ; - 2 > - 1 ) D O B E G I N ,
I N F L T O Y O ( J s J 1 s » I » M C1 s J 1 d s I l ; I 1 5 1 , 1 5 0 , 0 9 ) 3 L E C O U N T ( C > C 9 , R , R 9 5 1 0 0 2 0 , 0 ) i
W R I T E ( < < " R A N G E = " 9 : ( E 7 - 3 ) > ; A 2 > > ,FOR I 2 = ( 1 > 1 ; R 9 ) D O R ( 1 5 1 2 2 ) 3
WRITEC<<"'LEVEL=" 9: ( D 7 3 ) s A l > > , FOR I 2 = (1, 1 ; R 9 ) DOR ( 2 , 1 2 ) ) 3 END I1 3
COMMENT END S I N F 3

COMMENT +++++ CALCULATION OF VEHICLE TYPE INFLUENCE L I N E S + + + + + 3
770 V I N F : I F T 2 EOL Ö THEN GOTO OVDI 3

FOR 1 I 1 = ( - 1 0 , 1 , 1 8 ) D O FCR I 2 = ( 1 , 1 , 6 ) D O FOR I 3 = ( 1 , 1 , 6 0 ) D O I C I 1 , 1 2 . 1 3 ) = C ;
FOR T l = ( - T 2 , 1 > T 2 ) D O B E G I N I F T 1 EOL & THEN GOTO V 2 i
N B 8 = A B S ( T I )  3  N I = J 1 4 X S I G N ( T 1 )  I

FOR I 3 = ( 1 , 1 , M ( 3 , N & ) ) D O B E G I N
1 1 = 2 4 ) k 3 > 1 . 3 1 2 = 2 4 1 3 . 3 ; DI=0.-A
M ( 2 , N 8 E ) = Y 7 = Y B = M ( 1 , J1 0 I

FOF I S = ( 1 , 1 , M ( 2 , N 8 ) ) D O BEGIN
Y ( 2 , 1 5 ) = I 0 ( T I 1 > I 2 ,15)=J(N9,2,1S)XB(NE> 1 )I
Y C II S ) = 1 0 T 1 > I1 ,I 5 ) = J ( N 9 , 1 ,IS).END 1 5 3

780 I F V ( N 8 . , 1 ) E L 1 THEN GOTO V I I
F Ö R 1 4 = ( 2 ,1 ,V ( N 8 ; 1 ) ) D OB E G I N
D 3 = D 3 + A C N E >I A)XHONE» 1 ,13) 3

FOR 1 5 = ( 1 > 1 > Y 8 ) D O B E G I N
Y ( 4 , I S ) = J ( N 9 5 2 , 1 5 ) X B ( N E , 1 4 ) 3
Y ( 3 , 1 5 ) = J ( N 9 > 1 , 1 5 ) + D 3 END 1 5 3

I N F L A D D ( Y ; Y 7 - Y 8 , 0 , 0 9 )  3  Y T = M ( 2 , N & ) = 0 9  3
FOR 1 5 = ( 1 , 1 , Y 7 ) D O B E G I N
Y C 2 , 1 5 ) = 1 ( T I »12,15)= 0 ( 2 , 1 5 ) I
Y C1 S I E L C T II 1 415)2 0 0 1 1 5 ) END Y S T

790 END 14 3
I: END 13 3

V 2 : END T I 3
F Ö R 1 2 = (1 5 1 , MAXCFOR T l = (1 , 1 , ; T 2 ) D O M C 3 , T 1 ) ) ) D O B E G I N
WRITEC<<'xx VEHICLE TYPE INFLUENCE L I N E S AND LECOUNT + + ' , A 3 > > ) I
WPITEC<<'+x+« AXLE FACTOR N B . ' , s I 2 , A l . 1 > > , 1 2 ) ;
WRITEC<<' P O I N T: FRONT WHEEL P O S . REL« M I D P O I N T B R I D G E ' , A 1 > > ) 3
W R I T E ( < < ' VALUE: VEHICLE WEIGHTS ARE PUT T O U N I T Y ' s A 1 > > ) I
W R I T E ( < < ' R A N G E : / L E V E L : FROM L E C O U N T ' s A 1 > > ) I

FOR L O = ( 1 , - 2 , - 1 ) D O BEGIN
800 I F L Ö EOL 1 THEN W R I T E ( < < ' - - L A N E I - - ' , A 2 > > )

E L S E W R I T E ( < < ' - - L A N E 2 M E E T I N G - - ' , A 2 > > ) 3
W R I T E ( < < : T 2 : 0 ( ' V E H S T Y P E ' , 1 3 ) . A 2 > > ,FOR T l = (1 , 1 , 'T2) D O T I ) 3
W R I T E ( < < : T 2 : ( ' POINT V A L U E ) , A1l>>) 3
FOR I 1 = ( 1 s1 , MAXCFOR T l = C 1 ,1 , T2) D Ö M C 2 , T 1 ) ) ) D O

W R I T E ( < < :T2: ( D 6 + 2 , D 7 - 3 ) ; A 1 l > > ,
FOR T 1 = ( L O , L O , T 2 4 L 0 ) D O C I C T I , 2 4 1 2 - 1 >11).I C T I . 2 4 1 2 , 1 1 2 ) ) 3

F Ö R T l = ( 1 - 1 , T 2 ) D O B E G I N
I N F L T O Y O ( C I ,TI»I2,MC2>T1), 1 LO,1 ,1 ,0,09) 3 L E C O U N T ( Q s09,R,R9> 1 0 0 0 , 0 ) 3
W R I T E ( < < " ' T Y P E ' , I 3 s ' R A N G E = " ' , ! R 9 : ( D 7 . 3 ) , A 2 > > , )TIS FOR I 1 = ( 1 > 1 , R 9 ) D O

810 R O , 1 1 ) 3
W R I T E ( < < " LEVEL= " >? R 9 : ( D 7 + 3 ) ,A1>>, FOR I 1 = ( 1 - 1 , R 9 ) D O

R ( 2 , 1 1 ) ) 3 END T 1 3
END LÖ 3 .
END 12=AXLEFACTOR COUNT ;RENEAR SKYR REN VvVESNA ANSE ONA EEE TNESSES ES RA
OVDI: COMMENT +++++ OVERLAP D I S T R I B U T I O N INPUT +++++ 3

R E A D ( W I )  3
WRITEC<<Els 'x+x OVERLAP DISTRIBUTION INPUT k k x ' , A 2 6 1 > > ) I
W R I T E ( < < " ' N B . OF C L A S S E S ' , I 2 , ' WITH THE FOLLOWING DISTRIBUTION".

820 ? C A P P R O X . )' sA l > 2 0 W 1 ) I
WRLTEC<<' ( L E S S THAN 7 C L A S S E S ) = DISTRIBUTION ABSOLUTE'.A1>>) 3

COMMENT - - I N P U T W1-1 CLASSES. THE LOWEST ( F I R S T ) ARE CALCULATED 3
READCFOR I 1 = ( 2 , 1 - W 1 > D O W ( I 1 ) ) 3 K l = 0 5 3
FOR I 1 = ( 2 , 1 , W 1 > D O K I = K 1 4 + W C ( I 1 ) 3 W D = 1 - K 1 3
I F S I G N ( W C ( 1 ) ) L S S & THEN BEGIN

W R I T E ( ' F A U L T I N OVERLAP D I R . ' ) 3 GOTO L 9 9 END 3
W R I T E ( < < " ' I N D I S T R e ' , : W I : ( D 7 s 4 3 ) , A 1 l 2 > ,FOR I1=C(1, 1 , W 1 ) D O W C I 1 ) ) 3s t R SNre SE Ae RESET RASASE ENeg SR pe ES RT NANNA ANg a, AR

OVCA: COMMENT +++++ CALCULATION OF EQUIVALENT OÖVERLAP LOAD SPECTRA ++++3
830 WRITE(<<"'x+x+« EQUIVALENT OVERLAP LOAD DENSITY FUNCTIONS x x ' , A 2 . 1 > > ) I

NRTTEGSO" 90 ont LG gä ake ) ' » A2>>0 I
W R I T E ( < < ' o--LOAD ( L O W CLASS-HIGH CLASS ) ' > A l . 1 > > ) 3
FOR T i = ( - 1 ,1 ,T2) D OBEGIN 4 5
IF T1 EOL -1 THEN WRITE(<< 'TOTAL ' , . J9>>) ELSE IF TI EOL & THEN e

W R I T E ( < < " ' A X L E ' , J 9 > > ) ELSE W R I T E ( < < S TYPE ' , 1 2 , J 9 > > ,T1) 3
FOR L O = ( 1 , 1 , 2 ) DOBEGIN WRITE(<<J9> ""LANE',12,J16>>»L0) ;
1 2 = C ( L O ,TI,6)+1 3

FOR 1 3 = ( W 1 i , - 1 , 2 ) D O BEGIN
oo K l = 0 3 1I2=12-1 3 I 1 = 1 2 ; K2=0 ; IF 12 EOL & THEN GOTO 02 ;

840 0 1 : K i = K 1 + X ( L O , T I , I 2 ) ; = K 2 = K 2 + X ( L O »TI.12)4 VA L C I 2 ; P 1 ) I



850

860

870

880

830

900

" 9 0

I 2 0

940

360

I F K 1 L S S W ( 1 3 ) THEN BEGIN 1 2 = 1 2 - 1 ; I F 1 2 EOL THEN GOTO 0 2
6 3 ELSE GOTO 01 END 3

O C L O , T I s 2 , 1 3 ) = K 1 3 O C L A , T I . 1 , 1 3 )= K 2 / K 1 ;
Y C I , 1 3 ) = 1 2  3  Y ( 2 , . 1 3 ) = 1 1  3
END: 1 3 . 3 :
Y C D D=E1. 3 Y l C 2 . 1 ) = 1 2 - 1 3 K l = K 2 = 0
FOR 1 4 = ( 1 > - 1 , 1 2 - 1 ) D O BEGIN K I = K 1 + X ( L O , T I > ; 1 4 ) 3

K 2 = K 2 + X ( L O »TI, I 4 ) « x VA L C I 4 , P 1 ) END 1 4 3
IF K1 LSS 20-.20021 THEN GOTO 02 3

"OCLOS T I ; 2 , 1)=EK1 3 OCLOS T12 15 1D=K2/K1 3
K l = 3 FOR I 1 = ( 1 , 1 . W 1 ) DOKl=K1+0l(LO, TI52,11i) 3
WRITE(<<:W1I : (D7.2," ' 2 ( L C - H C ) ' ) > > » FOR I 1 = C15 1 s W i ) DO

O C L Ö , TI;2,I112+x100) 3
W R I T E ( < < " T O T = " > A 2 > > ) I

W R I T E ( < < J 1 6 , : W 1 : ? ( D B . 3 , ' C ' , 1 2 , ' - ' , 1 2 , " ' ) " ' ) > > >FOR I 1 = ( 1 ; 1 5 W 1 ) D O
COCLOS TIS 15 IL1 AY CIS L1YSY CERT 1ddY 3

W R I T E ( C < < I10;A l > > > K 1 I X K ( L O , T 1 > 2 ) ) 3
END LÖ 3
END TI 3
GOTO TRIN 3
O 2 : W R I T E ( ' T O O MANY OVERLAP C L A S S E S ' ) 3 ; GOTO L 9 9 3

T R I N : COMMENT +++++ TRAFFIC DATA INPUT + + + + + 3
R E A DVE» TES F8> F7) 3
R E A D ( T 9 sSA, S 1 , F 9 ) 3
WRITEC<<Els" ' +&« TRAFFIC DATA x x ' > A 2 0 1 > > ) 3
W R I T E C < < " ' V E H « S P E E D ( M / S ) = " > D 5 . 1 > ' EQUIVALENT T I M E = " , D 6 . 2 , " ' FACTOR ON's

! M E E T e P R O B . = " >D542;A1>>, VE» TE,F8) 3
W R I T E ( < < " ' F A C T O R O N OVERTAKING P R O B . = " ' , D 5 . - 2 , A 1 > > , F 7 ) 3
W R I T E ( < < " ' Q U E U E CRIT ICAL T I M E D I S T A N C E = " ; D 7 + 2 , A 1 > > » T 9 ) ;
W R I T E ( < < " ' M I N - M A X Q U E U E D I S T . ' , 2 D 7 . 2 , " ' FACTOR O N QUEUE P R O B : + ' , D S + 2 , A l

>>> S Ö , S 1 , F 9 ) 3
S 2 = ( S 9 + S 1 ) / 2  3

WRITE(<<"' AVERAGE Q U E U E D I S T . = " ' , D 7 . 2 , A 1 > > » S 2 ) ;
I F S i GTR X Z AND F 9 GTR 0 . 0 0 0 1 THEN B E G I N

F 9 = F 9 4 ( X 0 - S 0 ) / ( S 1 - S 0 ) ; S I = X 0 ; I F F 9 L E Q O O R F 9 GTR 1 THEN B E G I N
F 9 = 0 3 SO=S1 END ;

W R I T E ( < < " ' N E W MIN-MAX Q U E U E D ' , 2 D 7 . 2 , ' NEW QUEUE FACTOR = " > D 5 + 2 , A 1 l > > »
Sö,» SI>;F9) END 3

YSEC=Y0x365424x3600xTE 3

L E D I : COMMENT + + + + + LOADEFFECT CALCULATION DIRECTIVES +++++ 3
R E A D ( L 1 > T Q )  3
R E A D ( W O , Z 0 > A 9 ,QOSW) 3
R E A D ( N 3 >S4, S 4 0 M ) I
R E A D ( P R ,PL,P R T , P L T ) 3
I N F L T O Y Q ( J ; J 1 > I . MC1sJ12» 1 ; 1 ; 1 , 1 , 0509) 3 L E C O U N T (Cs; P 9 ,PR; R95 1 0 0 0 5 0 ) I

I F N 3 L E O 8 THEN B E G I N
N 3 = I N T ( C A B S ( N 3 ) X R I x 2 + « (1 +

( I F T O EOL 1 THEN M A X ( F O R T l = ( 1 , 1 , T 2 ) D I A C T I ; 1 ) ) ELSE 0 ) / X 0 ) ) + 1 3
I F N 3 / / 2 + 1 NEQ ( N 3 + 1 ) / / 2 THEN N3=N3+1 3 END 3

I F S ä L E G & THEN S A = I N T ( A B S ( S 4 ) x P I x X ( S 1 - S 0 ) / X 0 ) + 1 3
I F S40M L E Q & THEN S A 4 9 M = I N T C A B S ( S A 4 O M ) A R 9 I 4 ( S 1 - S e ) / X 0 ) + 1 3

R N B ( - 1 ) = R N 3 ( 0 ) = R N B ( 1 ) = 0 ;
I F ABSCLDY GTR 2 O R : L I E0L 0 0 3 L i E0Lo=1 0 O 8 - A B S ( T 0 ) G T R " I THEN" BEGIN
W R I T E ( < < ' WRONG L 1 O R T Z VALUES I N I N P U T ' , ; A 1 l > > ) ; GOTO L 9 9 END ;
I F T Z EOL 1 AND T 2 EOL & THEN B E G I N
W R I T E ( < < " ' T Y P E L O A D NOT READ AND T O = 1 " ' s ; s A 1 > > ) 3 GOTO L 9 9 END 3
COMMENT L 1 = 1 > 2 , - 2 S I N G L E , PARALLELL, MEETING LANES

T G = - 1 , 0 ,1 T O T A L , AXLE AND TYPE WEIGHTS
N3=NB.MEET.POINTS SA4=NB.GQUEUFING P O I N T S
S4OM=NB.QUEUVING P O I N T S IN CUEUEMEETING
CCSW=0 OVERLAY QUEUE MEETING CUEUE CASE
A9=MAXIMUM AMPLIF ICATION FACTOR ;

MAXCFOR T l = ( 1 . ,1, T2) DO C C I ; TI1>E)) 3
MAXCFOR T l = ( 1 , 1 , T 2 ) D O C ( 2 , . T 1 5 6 ) ) 3

L S R = L S L = 0  ;
HSR=HSL=

IF TO EOL -1 THEN M A X ( =
IF F8 GTR 0.02021 AND F9 GTR 0.086061 AND LI ECL -2 THEN

24<C( 2 , - 1 , 6 ) + 2 « C ( 1 , - 1 > 6 ) ELSE 0 »
IF F7 GTR 0.20001 AND F9 L S S 2 . 6 6 0 1 AND LI NEG 1 OR

F 8 GTR 0.20001 AND L I EQOL - 2 THEN C ( 1 , - - 1 5 - 6 ) + C ( 2 , - 1 > ; 6 ) ELSE 0 s
I F F 9 GTR 0.20081 AND L I EOL - 2 THEN 2 + x C ( 2 , - 1 - 6 ) ELSE 0 ,
I F F 9 GTR 0 . 0 0 0 1 AND L I NEQ 2 THEN 2 4 C ( 1 , - 1 > 6 ) ELSE 0 ,
1 F L I EO0L - 2 THEN C ( 2 , > 1 5 6 ) , ELSE.03
C ( 1 5 = 1 3 : : 6 ) ) E L S E

IF TQ EOL 3 THEN MAXC
I F F 7 GTR G . 2 0 2 1 AND F 9 L S S 0 . 0 6 0 1 AND L I NEQ I 0 3

F 8 GTR 0 . 0 0 0 1 AND L I EOL - 2 THEN C ( 1 , 0 , 6 ) + C ( 2 , 0 , 6 ) ELSE 0 ,
I F L 1 EOL 2 THEN C ( 2 , ; 0 , 6 ) E L S E 0 ,
C ( 1 , 0 , 6 ) ) ELSE

IF TO EOL 1 THEN MAXC
I F F 9 GTR 0 . 0 0 8 1 AND L I EOL - 2 THEN 2+x12 ELSE 0 ,
I F F 9 GTR 2 . 0 0 0 1 AND L I NEG 2 THEN 2xI11 E L S E 08,
IF F7 GTR 2.020201 AND F9 LSS 0 . 0 0 0 1 AND LI NEG I OR

F 8 GTR 2 . 2 0 8 1 AND L I EOL - 2 THEN I11+12 ELSE 0 ,
IF Li EOL -2 THEN. 12: ELSE 0;

H S R = H S R X P 1 / W 0 + 2  3  H S L = H S L X P 1 / Z 0 + 2  ;
LT R = L S R ; HTR=HSRxA9 3
L T L = L S L - ( H T R - H S R ) / 2 4 < W 0 / Z 0 - 2 ; HTL=HSL ;
K 1 = 0  3
FOR I 1 = C 1 51 , M C1 , J 1 ) ) D Q I F J ( J 1 , 2 , 1 1 ) L S S K l THEN K 1 = J ( J 1 , 2 , 0 1 1 ) I

I 1 = H T L - LT L ; HTL=HTL+1I1xK1+2 3 LT L = LT L + I 1 x K 1 - 2 3
1 2 = H S L - L S L 3 HSL=HSL+I2+«xK1+2 3; LSL=LSL+12xK1-2 3

W R I T E ( < < " ' x « x COMPUTED DIMENSIONS O F ARRAYS T AND S k x ' , ; A 3 . 1 2 > 3 > ) j i
WRITE(<<"' T ' s 1 4 :t o I l 4 t o t o l s 2145 ' ) ">;A I > > ; LT R A H T R S LT L S H T L ) 3
W R I T E ( < < " S ( ' , 1 4 , 2 1 4 ; '>;"'>;14» ! ; 1 4 , ” ) ' ; A l > ? 0 L S R , H S R , L S L , H S L ) 3 = »
W R I T E ( < < " ' ( R A N G E I N C R e = " , D 6 - 2 5 " 2 ( L E V E L INCR:e= '";D 6 . 2 ;' ) " > A2>>0

W w g , z 0 )  :
W R I T E ( < < " ( N B MEET P O I N T S = " , > 1 3 s " ) ( N B QUEUING P O I N T S = " > 1 3 . " ' ) " , A 2 > > s

N 3 ,  5 4 )  3
W R I T E ( < < ' ( N B . QUEUING POINTS IN QUEUE MEETING="+13."')"', A 2 . 1 > > , S4QM) 3a RNE R ES A E R D N A RANKAR R NE ER N0N pr tragg i n e l
B E G I N COMMENT = - - = - = LE+« CALCULATION BLOCK = = = = = 3

REAL ARRAY T ( L T R : H T R , L T L : H T L ) » SCLSR:HSR,LSL:HSL) 3Se Ce EET Aer RAN Franny ANARr e n e n
I F T Z EOL - 1 THEN T E X T ( 3 6 , 2 5 ) = " ' TO TA LW E I G H T S ( T O = - 1 ) " ELSE
I F T O EOL & THEN T E X T ( 3 6 , 2 5 ) = " A X L E W E I G H T S ( C TO = 0 ) " ' ELSE

5 T E X T ( 3 6 > 2 5 ) = " V E H I C L E TYPES ( T O = 1 5 " 3
I F L I EOL 1 THEN T E X T ( 6 1 > 2 0 JUST ONE LANE ( 1 ) " ' ELSE
IF L1 EOL -2 THENTEXT(61,20)="'"MEETING LANES ' ELSE

5 T E X T ( 6 1 , 20 ) ="'PARALLEL LANES' 3
FOR I 1 = ( L S R , 1 , H S R ) D O FOR: 1 2 = ( L S L , I , H S L ) D O S ( 1 1 . 1 2 ) = 0 i p d
SRL=HSR : SRH=LSR ;. S L L = H S L 3 SLH=LSL 3
FOR 1 1 = C ( 1 > 1 , 2 ) DO. FOR 12=(-12-1210) D O S O N B ( I 1 . - 1 2 ) = Q 3
SOCC=8 ; J8=1000 ; ' E9=0 3 ‑
rr nnARR



F/10
”TECA: COMMENT +++++ LOADEFFECT CALCULATIONS +++++ 3

IF L1 EQOL -2 AND TO EQOL >1 AND F8+XF9 GTR G.000082061 THEN BEGIN
I F QOSW EQL 1 THEN B E G I N

T E X T ( 1 , 3 5 ) = " L A N E 2 QUEUES MEET LANE1I QUEUES +x' 3
0 0 C T ) 3 TADDS ( T s TRLs TRHs T L L ; TLHs S ; SRLs SRHs S L L ; S L H )

S T L I N S P C O N V ( T > TRL» TRH» TLL» ; T L H ) 3
PRINTST(CT> T R L , TRH> T L L ; TLH.+ TO; OCC ONB» TEXT) PR P L ) 3

END QQOSW 3
T E X T ( 1, 3 5 ) E"'"LANE2 QUEUES MEET LANE! SINGLES x' 3

370 Q M ( 2 , 1, T) 3 TADDSCTs TRL> TRHs T L L ; TLHs; S; SRLs; SRHs SLLs S L H )
S T L I N S P C O N V ( T, ; TRL» TRH5 T L L , T L H ) 3
P R I N T S T (Ts;TRLs TRH> TLL,» TLHs> T O ; OCCs ONBA TEXT; PRS P L ) 3

T E X T ( 1, 3 5 ) ="LANE1 QUEUES MEET LANE2 SINGLES +' 3
Q M ( 1 5 2 , T) 3 TADDSCT> TRL> TRHs T L L ; TLHs Ss; SRLs SRHs SLLs S L H )

STLINSPCONV(T> TRLs TRH» T L L ; T L H ) 3
PRINTSTC(Ts TRL> TRHs TLL TLH> TO; OCC: ONB+ TEXT» PR P L ) 3
END 2 , 2 0 ;1 1b2 3

I F L I EOL - 2 A N D ( T O E O L : - 1 O R T O EOL I D ) A N D F 9 GTR 0 . 0 0 0 1 THÉN BEGIN
T E X T ( 1 , 3 5 ) = " L A N E 2 QUEUES x ' ;

380 QUC(2>; TO , T )3 T A D D S C T >TRLs TRHs TLL> TLH; S ;SRL , SRH> S L L . S L H ) 3
S T L I N S P C O N V ( C T ,TRL>; TRH; TLL; TLH) 3
PRINTSTCT> TRLs TRHs TLL» TLHs+ TO, OCCs ONBs T E X T ) PRs P L ) 3
END 2 5 0 3

I F ( L 1 I EOL 1 O R L i EOL - 2 ) A N D ( C T Z EQL - 1 O R T O EGL 1 ) AND F 9 GTR 0- :0001
THEN B E G I N

T E X T C ( 1 5 > 3 5 ) = " L A N E I QOUEUES +x' ; :
Q U C1, TO; T) 3 TADDSCT> TRLs TRH; T L L ; TLHs So SRLs SRH> S L L ; S L H ) 3 »

S T L I N S P C O N V ( T ,TRL> TRH» TLL, TLH) ;
P R I N T S T ( T , T R L ; TRH5 T L L ; TLHs> T 2 ; OCC, ONBS TEXTS PRA P L ) 3

9330 END 0 , 2 5 ;
I F A B S ( L 1 ) EOL 2 AND F 9 L S S 2 . 6 0 0 1 AND F 7 GTR 0<06001 THEN B E G I N

T E X T (1; 35)="LANE2 OVERTAKING L A N E I +x' 3
MECI> 1; T O ; T) 3 TADDSCT> TRLs TRHs T L L ; TLHs 5» SRL> SRHs SLLs S L H ) 3

S T L I N S P C O N V (T ;TRL; TRH; TLL; TLH)
P R I N T S T C T ; TRLs; TRHs T L L ; TLHs» T 0 ; OCC> ONB TEXTS P R ; P L ) 3
END » 1 1 ;

IF LI EOL -2 AND F9 LSS 0.86001 AND F7 GTR Q.00201 THEN BEGIN
T E X T (1 , 3 5 ) = " ' " L A N E ! OVERTAKING LANE2 » ' 3
M E ( 2 , 2 sTO; T ); = T A D D S ( C T >TRLs TRH> TLL; TLH> S ;SRLs SRH> S L L ; S L H ) 3

1000 S T L I N S P C O N V ( T ;TRL> TRHs TLL; TLH) ;
P R I N T S T ( T ; TRL>; TRHs> T L L ; TLH> TO , OCC ONB» TEXT; P R , P L ) 5
END » 2 2 3

I F L I EOL - 2 AND F 8 GTR 2 . 0 0 0 1 THEN B E G I N
T E X T (1, 35)="'LANE2 S I N G L E S MEET LANE1 SINGLES +' ;
M E C 2 > ,1; TO; T) 3 TADDSCT> TRL> TRH> TLLs TLHs S) SRLs SRHs SLL S L H ) 3

S T L I N S P C O N V C T >TRL; TRHs> TLL, TLH) 3
PRINTST(CTs TRL> TRHs TLL . TLH» T 0 , OCC ONES TEXT; P R 5 P L ) ;
END 1 5 1 3

I F L 1 EOL - 2 THEN B E G I N
1010 T E X T (1; 35)="LANE2 SINGLES »x"' 3

S I ( C 2 , T O ; T) 3 TADDSCT> TRL> TRHs T L L ; TLHs S,; S R L , SRH> S L L , S L H ) 5
S T L I N S P C O N V ( T s T R L ; T R H ; T L L , T L H ) 3
P R I N T S T ( T ; TRLs; TRH> TLL> T L H ; T O ; OCC» ONBs TEXTS P R s P L ) 3
END 1 5 0 ;

T E X T ( 1, 3 5 ) ="LANE1I S I N G L E S +' ;
S I C I ; T O ; T ) 3 T A D D S ( C Ts TRL> T R H T L L ; TLHs S ; SRL» SRHs S L L , S L H ) 3

S T L I N S P C O N V ( Ts TRL. TRH» TLL» T L H ) 3
PRINTSTCTs TRL> TRHs T L L ; T L H s ; T 8 ; OCCs ONBS TEXTS PR P L ) ;

T E X T ( 1 , 3 5 ) = " + x + x TOTAL SPECTRUM N O DYN: A M P L Å k x 5
1020 I N I T ( C T ) 3

FOR I 1 = C S R L , I ; S R H ) D O FOR 1 2 = ( S L L s ; 1 , S L H ) D O T ( I 1 1 ; 1 2 ) = S ( 1 1 , 1 2 ) 3
T R L = S R L . ; TRH=SRH ; T L L = S L L ; TLH=SLH 3

S T L I N S P C O N V C T, TRL> TRH> T L L , T L H ) ;
P R I N T S T C T ; TRLs TRH> TLLs TLH> T6s SOCC. SONPEs TEXTS PRTS P L T ) ;

D Y D I : COMMENT + + + + + DYNAMIC AMPLIF ICATION FACTOR D I S T R I B U T I O N + + + + + - 3
COMMENT NOT MORE THAN 18 CLASSES IN AMP.FACTOF DISTRIBUTION ;

R E A D C ( A N D )  3
READCFOR I 1 = C 1 ; 1 ; A 1 ) D O A M ( 2 , 1 0 D N ) 5

1030 R E A D C F O R I 1 = C 1 > ;1 ; Al) D O A M C 1 , ; I 1 2 d 3
I F A M C I S A N ) GTR A 9 THEN B E G I N
WRITEC'AMP. FACTOR TOO B I G IN I N P U T ' ) ; GOTO L 9 9 END ;

READ(PRTS P L T ) ;
K 1 = 0 3 F O R I 1 1 = (1 , 1 ; A 1 ) D O K l = K I + A M ( 2 , 1 1 ) 3 A2=0 ;

FOR I 1 = ( 1 > ; 1 5 A 1 ) D O BEGIN
AM(2,; I 1 ) = A M ( 2 > ; I 1 1 ) / K 1 ; A 2 = A 2 + A M (I > I 1 ) x A M ( 2 , ; 1 1 ) END I 1 ;

W R I T E ( < < E l s ' x x DYNAMIC AMPLIF ICATION FACTOR DISTRIBUTION + x + ' , ; A 2 3 > )
W R I T E ( < < " ! = = 2 = = " ; : ? A 1 : ( D 7 - 3 ) ,A2>3>, FOR I 1 = ( 1 ; 1 > A 1 ) D O A M ( 2 , I 1 1 ) + 1 0 0 )
WRITEC(<<"' VALUE ' > : A 1 l : ( D 7 - 3 ) , A l > > ,FOR I 1 = C 1 s 1 ; A 1 ) D O A M ( V : I 1 1 ) ) 3

1040 W R I T E ( < < ' AVERAGE AMPLIF ICATION FA C T O R = " ; D 7 . - 3 , ; A l > > , A 2 ) i
Se

DYCA: COMMENT +++++ ADJUST LE-DISTRIBUTION F Ö R DYNAMIC EFFECTS +++++ 3
DYNCONV( S, SRLs SRHs S L L ; SLHs Als AMs Ts; TRLs TRH2 TLLs T L H ) 3
S T L I N S P C O N V C T >TRL> TRH. T L L ; T L H ) 3
T E X T ( 1 , 35 )= "+x+x TOTAL DYN A M P L I F I E D SPECTRUM x+x' 3

P R I N T S T ( T ;TRL.; TRHs TLL; TLHs; TQ, SOCC. SONBs TEXTS PRTs P L T ) 5 ;r n arr rn u n n a n
se COMMENT = = = = = = CONTINUE = = = > 3

R E A D ( I 1 1 )  3
1050 W R I T E ( < < " ! = = = - - N B . O F POSÄRANGES="5+sI 1 2 , A 3 > > > R N B ( 1 2 ) ) ;

W R I T E ( < < " - NULLRANG E : 2 1125 A1>>>» R N B ( 0 ) ) ;
WRITE(<<">- NEG »RANG E: s 1 1 2 , AI>>» RNB(-122) 3
WETTEOCCC" SES SUM="> I 1 2 , A l . 1 > > , R N B ( - 1 ) + R N B ( B ) + R N B ( 1 ) ) 3
FOR 1 2 = ( 1 > 1 , 1 4 ) D O W R I T E ( < < : 1 8 : ( ' G O T O ' , 1 2 ) , A l > > »FOR I 3 = ( 1 > 1 , 1 8 ) D O 11 2 :
IF 11 EOL 8THEN GOTO DYDI ;
GOTO J U M P C I 1 ) 3
END CALCULATION T>S BLOCK ;

1058 L 9 9 : END OF PROGRAM ;

1 BEGIN
2 PROCEDURE I N F L A D D ( Y , Y T Y , Y B Y » 0,09) i

3 REAL ARRAY Y s Q 3 INTEGERY7TY,Y8Y,09 ;
4 BEGIN INTEGER 1 7 . 1 8 , 1 9 ; Y 7 , Y 8 ;
5 YT=YTY+1 3; YB=YBY+1 ; 17=18=19=1 i
6 I F ( Y ( C 1 , 1 7 ) L S S Y ( 3 , 1 8 ) ) THEN GOTO L 2 3
7 L I : 0 ( 2 , 1 9 ) = Y ( 4 , 1 8 ) 3 O C 1 , 1 I 9 ) = Y ( 3 , 1 8 ) ; I 8 = 1 8 + 1 3 19=19+1 3
8 IF ( 1 8 EOL Y 8 ) THEN GOTO L6 3
9 I F ( Y ( C 1 , 1 7 ) GTR Y ( 3 , 1 8 ) O R Y ( 3 , 1 8 ) EOL Y ( 3 , 1 T 8 - 1 ) ) THEN GOTO L I
18 ELSE GOTO LA 3
1 1 L 2 : 0 ( 2 , 1 9 ) = Y ( 2 , 1 7 ) 3 Q ( 1 , 1 9 ) = Y C 1 , 1 7 ) 3 17=17+1 3 1 9 = 1 9 + 1 3
12 IF ( 1 7 EOL Y 7 ) THEN GOTO LS 3
1 3 I F ( Y ( 1 , 1 7 ) LSS Y ( 3 , 1 8 ) O R Y ( C I , I 7 ) EOL Y ( 1 , 1 7 - 1 ) ) THEN GOTO L 2 3
1 4 L 3 : O ( 2 , 1 9 ) = Y ( 4 , 1 8 ) + Y ( 2 , 1 7 - 1 2
1 5 + ( Y C 2 , 1 7 ) - Y ( 2 , 1 7 - 1 ) I < ( Y ( 3 , 1 8 ) - Y C I 1 , 1 7 - 1 ) ) / ( Y C I 1 7 ) - YC I 17-122) 3
1 6 Q ( 1 , 1 9 ) = Y ( 3 , 1 8 ) 3 1 8 = 1 8 + 1 ; 1 9 = 1 9 + 1 ;
17 IF ( 1 8 EOL Y 8 ) THEN GOTO L6 ;
1 8 I F ( Y ( 1 , 1 7 ) GEQ Y ( 3 , 1 8 ) ) THEN GOTO L 3 ;
1 9 L4:. 0 ( 2 , 1 9 ) = Y ( 2 , 1 7 ) + Y ( 4 , 1 8 - 1 )
2 0 +l(Y(4> 1 8 ) - Y C 4 , I B - 1 ) ) K ( Y C I , I 7 ) - Y C 3 I , 1 8 - 1 ) ) / ( Y ( 3 I , 1 8 ) - Y ( I , 1 8 - 1 ) ) 3
2 1 Q C 1 5 I 1 9 ) = Y ( 1 , 1 7 ) 3 1 7 = 1 7 + 1 3 I 9 = 1 9 + 1 ;
22 IF ( 1 7 EOL Y 7 ) THEN GOTO L5 ;
2 3 I F ( Y ( 1 , 1 7 ) GTR Y ( 3 , 1 8 ) ) THEN GOTO L 3 ELSE GOTO L A 3
2 4 L S : 0 ( 2 , 1 9 ) = Y ( 4 , 1 8 ) 3 Q ( 1 , 1 9 ) = Y ( 3 , 1 8 ) I I 8 = 1 8 + 1 3 19=19+1 3
25 IF ( 1 8 NEO Y 8 ) THEN GOTO LS E L S E GOTO:L7 :
2 6 L 6 : 0 O C ( 2 , 1 9 ) = Y ( 2 , 1 7 ) 3 ; O C 1 , 1 9 ) = Y ( 1 , 1 7 ) 3 ; 17=17+1 3 I9= t9+1 3
27 IF ( 1 7 NEQ Y 7 ) THEN GOTO L6 ;
28 L 7 : 09=19-1
29 END PROCEDURE INFLADD ;

INFLADD



EXAMPLE OF RUN

44 VEHICLE SPECIFICATLIONS ++
SNEHICCE

TYPE BAGES

Å (4

IYEES

0.200 0 .800

0.333 N.667

O . 1 i l D . 4 u y 4

Sö

S . 1 0

S . 7 0 7Toh0
O.12l Os444 V.444

7 3  4 0 7 0  S U
0.031 0.364 U.182 O.3A4

5.70 Ge760s070 70
Ö s t i l Om.222 093c33-06333

4 .70 8.40
0 . 4 4 4

4.70 1 3 . 4 0
0.200 0.4n0 0 . 4 0

+x& LOAD DENSITY FUNCTIONS ++
LOAD I9I= 4 . 0 0

LOAD=CLASS
«+ TOT=

0 . 0 0 ‑
1 0 . 0 0 ‑
2 0 . 0 0 ‑
30.0vu‑
4 0 . 0 0 ‑
5 0 . 0 v ‑
60 .0u=
70 .00 ‑
8 0 . 0 0 ‑
9 0 . 0 v ‑

100 .0u ‑
11 0 . 0 u ‑
120.0u=‑
130.093
1 4 0 . 0 J ‑
150.069
160 .0u ‑
1 7 0 . 0 0 ‑
180.000
1 9 0 . 0 v
2 0 0 . 0 v
2 1 0 . 0 u
2 2 0 . 0 0
230 .0v
240.00=‑
250.0vu‑
260 . 0 0 ‑
270 .vu
2 8 0 . 0 0 ‑
2 9 0 . 0 u ‑
300 . 0 0 ‑
319 .00 ‑
320 .00 ‑
330.0u ‑
340.0u‑
350 .6u ‑
360 .00 ‑
3 7 0 . 0 6 ‑
380 . 0 u ‑
3 9 0 . 0 0 ‑
400-00
4 1 0 . 0 0 ‑
420.000
4 3 0 . 0 u ‑
440 .006
450.009
460 .00 ‑
470.00v
480.00
4 9 0 . 0 0 ‑
500 .00 ‑
510 .00 ‑
520.00
5 3 0 . 0 0
5 4 0 . 0 0 ‑
550 . 0 0 ‑
560 . 0 0 ‑
570.00‑
580 . 0 0 ‑
590 .00 ‑

10.09
2 0 . 0 0
3 0 . 0 0
4 0 . 0 0
5 0 . 6 0
6 0 . v 0
7 0 . v 0
3 0 . 0 0
920-09

1 0 v . v 0
110.60
1 2 0 . 0 9
130.092
140.020
150.vL0
16v.0v
1 7 U . v 0
130.060
1 9 0 . 0 )
2 0 U . v U
210.090
220.090
2 3 0 - 0 9
240.090
2 5 0 . v 0
2060-00
270 .00
280.vd
290-09
UD. UU
310.460
320.060
330.000
3 4 0 , 0 0
350 .v0
360.000
370 .00
360.040
390.009
400-00
410.000
420.000
4 3 0 . v 0
440-00
450-00
480.000
470.000

4 8 0 - 0 0
9 0 : 0 0 ”
500-00
S1v-00
520-00
530.400
S40.00
550-00
560 .00
570-00
580-00
590-00
600-00

R E G I O N

TOTAL ( 4 ) AXL ( V I
9317900 27851550
0 . 0 0 0 0 0
u . 0 0 0 0 0
1 .59739
1 . 4 3 3 1 4
£ . 5 3 6 0 2
2 . 2 5 1 4 1
2 7 5 7 2 0
7.32554
4. 34092
2 . 7 3 2 2 2
3 .17265
3.25064
4.98023
4 4 4 5 1 4
3 .52253
3 . 2 4 9 1 4
2 .33595
2 .18533
1 .92535
1 .53972
2055422
8 4 3 2
2.76714
2 7 9 4 3 7
2 .14023
1.921996
0.63593
1 . 2 4 8 4 1
1.923612
C.96065
1 .18722
1 .16638
0 . 9 7 2 5 3
1.02475
1.31220
1 .28738
1 . 4 6 e 8 2
1 . 4 4 2 2 1
N . 9 3 2 3 9
1 .39105
1 . 11 5 6 7
1 .32798
1 .21616
1 .14620
0.26875
0 .33356
0 .82719
C.82095

”0:69605
v. 6 9 0 0 7
V2NO000
0 .38394
0 . 3 8 3 9 4
0 . 1 7 0 0 0
0 . 1 7 0 0 0
0.17000
0 . 0 0 0 0 0
0:17000
0.17000
0.17000

4 . 0 5 5 8 0
10.30696
12.0c540

I .  Bo324
11.91538

3.6u056
4 .51114
4 .95121
F. 2 3 6 3 5
4 2 4 1 2 2
3:05273
20527v9
4 . 2 v 4 5 1
I3.6h4462
IeI3en34
3.67037
1 7 9 1 9 8
1.006236
1 .3u114
0.5/5108
0.0vANO
0.0vAF6O
0.0uL :N I
0.0vN90N
0.0vIN0N
0.0und0
0 . 0 v N I G
0.0uNn00
0.  0uNA
0.0uNNAN
0 . 0 u PI V
0.2vNCY
Nn: 0LINC
0 .0LYAN
0-0vLHEN
0.0vLNU
0.0vNNA
0-0uNUN
Ne 0uURAG
n.0uNnNN
O- OVAN
0.0uNND
N1.:0u200
0.0vutNN
0-:0v0N0
0.0v090N
0 . 0 u " 0 0
0.0v6N0
0-0v90N
2.0vUNU
0.03000
0.-0ut0C
0.:0v000
0.0uda0
0.0v0N0
0.0v009
0.0vUDO
0:0v000
0:0v000
0.0u00N

1151973

AXLEDIST. ( M ) / L O A D D I S T R . O M AXLE

TOT=

TOT=

TIT=

TOT=

TOT=

TOTz

TOT=

YEARS=

TYPE ch
1596500
u.0VUNO
0 . 0 0 I 0 0
Hd.93071
5 4 7 9 8 7

11) .4 8445
7.75406
3.N9220
S.:83593
5.34764
S . 2 2 4 0 4
SH. 79149
HS. L 111 6
6.70483
4 1 1 2 6 1
3 0 1 4 5 1
5 4 7 6 5 1
1 . 2 4 4 7 8
I 4 9 1 7 3
3.57222
1 . 7 3 5 4 5
Lv. N0UNO
1.07568
1 . 2 1 2 5 6
1 .2135ö
L . N V I V O
ve GII00
Vv. IUNHO
v.N0000
vbNDNDO
vE0VVNON
0 . 0 0 0 0 0
V. JUNO
J Ä N N I D A
V.0u0UVD
H.NVDNA
0.002990
0 . 0 0 0 v 0
0 . 0 0 0 0 0
0.00000
v. N 0 0 0 9
G.NVNNO
v.00009
VÄNNLON
ve DUNDU
VE N0J0A
Vv. LYNN
v.-20000
0 . 2 0 0 0 9
u.V0000
u.NVUNO
0.90000
0.20000
U20J000
0.00000
v. 20000
0.500090
0.00000
C.00000
0 . 0 0 0 0 0
v.CU0OO

F/T1

3

13.10

15.10

13.10

1 3 . 1 0

1 3 . 1 0

Su

TYPES SR
1796n90
0 . 0 0 0 )
0. 090000
N.0ANON
Nn. NANJ
d.0N00u
NN. 0ANNN
2.ORANU

2.0A49 IZ
3.93800
1.570659
1 . 5 7 0 5 )
1 . 5 7 0 5 )
1.5705v
1.5705v
1257N5u
1.5705u
157050
1 . 5 7 0 5 )
157050
1 5 7 0 5 0
3. 26030
7.84989
7 4 5 8 9 0
7 0 8 3 3 0
S . 0 N 0 0 0
HSVANDJ
Nn. LNCNU
S.uUCCOU
S.UC60u
N U 0 N U I
NL ÖNNDVJ
nVNNNJ
0.UNNVI
NÄUNNNN
DNUNADU
0 0 0 0 4
Ne GONNIY
N Ä  6 0 0 0 .
HÄNANDU
N L R A
. 0 0 N 0 U
.VOGNU
NnVONNU
N nN 0 0 0 0
N.UPNOU
1 .V0G0U
6.0N0000
V.UNNI0
DN LUNOUÄ
1. 0000v
PNONNUV
JÄUNNAN
N-ONNPVJ
N.UDD0U
0 .VANNU
D.LONOV
G.00000
N.0N000
0.00N000
n.GOCOU

AXLEDISTFACTOR/NISTR

0 . 3 3 3 0 . 3 3 3 0 . 3 3 3
1.000 0.800 1 .200

0 .333 0 . 3 3 3 0 .333
1 . 0 0 9 0 .800 1.200

N.333 0 .333 0.333
1.N00 0.800 1.200

0.333 ) . 3 3 3 0.333
1.000 2.300 1 .200

0 . 3 3 3  0 . 3 3 3  0 . 3 3 3
1.000 0 . 8 0 0 1 . 2 0 0

N.333 N.333 0.333
1 .000 0.800 1.200

0 .333 N.333 0 . 3 3 3
1 . n 0 0  0 . 8 0 0  1 . 2 0 0

[YPEr 8
19315N09
VÄ NADAN
NANANIN
rr hebT,
2.640922
4 0 5 8 3 0
4 1 5 4 0
6 . 0 0 5 4
Te293A7
O2A12U
F A 4 0 3 0
4.25017
Fe71400
+613152
2 2 0 3 9 4
2 1 7 1 3 )
2. 5)9356
3 1 5 0 1 6
S 0 7 2 5 4
2 9 7 0 5 2
3 2 0 5 1 5
2 0 5 0 4 9
I 3 . n 6 1 4
2.M2:534
2 8 6 3 1 7
2 7 2 6 2 4
1 7 5 3 3 1
V Ä R A 7 I 9
1 7 7 2 1
1 . 6 8 6 2 A
1.6HASHI
H.A3213
Y.A1202

CAARHNLG
US 34965
Je 34In5
VN
UR 34905
H Ä  A 4 O 5
DE 34905
3 4 9 3 5
ye NHONN
Ve NANAN
0 0 0 0 0 7
VÄNNAVJA
0.0004N
J 0 A 0 0 A
v e  N A D
N A N D
O.NNNND
NÄNAv3N
JnADAN
NÄNHNAV
Vv. LANAN
HÄAANQN
G.0ANVA

Ve NN0HN
N A N N A

T R E
1810:200
d e f uvAAN
0.0vHNN
NEUNLNA
Nn. fNULAN
NevuANA
Ne DULNN
nm. nunNA
JT NVÄNAN
ve NUUNN
Ne NvENN
20232NN
BEG KRLI

16 15393
H.6631N
Se7904n
20.60.4375
V. IHN22
E N S NP?.
d .93v22
Nn. 05222
I H  v 2 A
N 9 y 1 3 2
02 95020
1  .95 IP?
J . 9 5 I 2 2
J A H A
1 .95022
NRNHY22
N:AHNNA
JTY9Hby22
2.940153
2. 862898
2.73577
26.74707
4 7 2 4 5 5 ?
4 1 1 6 4
SPOT FIA
3 2 0  L a
1 . 7 7 c A S
S E OH CM yå n
JZ.14520
4 . 2 8 2 3 7
4 .2442N
20041903
UShYANA
1.10c29
L e l 0 : 8 a
1 1 0 0 8 9
11 0 3 8 9
1.1uG89
N e N u uN A
11 0 0 3 2
1 . 1 6 i . 2 9
Nb uLNA
O . 0 v 3 N N
USsNULNA
DSVUrNA
D e n y A N A
Ne JuCNA
O.ALHNAN

IYPT 5
1:3896N7
Nn0NNNANfn .varan
n.udANA
Nn. 000AN
ni nvnNA
n”sunNANA
n.00009
2.00frAN
ne uArAA
nnGAnNnA
A.NARNA
t. ANANA
F e a r
2 9 3 1 0 5
5 5 8 8 1 5
h e 7 1 9 0 1
H.A4U15Y
2e5ARHe
Pr. 82n6!
PeB2n561
PF B2261
I Ä K 2 r A N
Fa B2A61
Ni B2xE1
PA 82951
NL B2AA1
Nn B2R61
Pa B2AA!
I TB 2 n 6 1
NA B2RAI
Pa B2261
NaB22341
na B2PAT
NeB2SAT
PE R2961
Ne 62961
7 4 5 2 1
I ,  6 4 S A U
22H4754
4 5 2 8 2
1 .98707
1 9 3 9 1 5
1 . 8 2 2 3 9
2;904098

1 8 0 2 0 5
JF 90RA3
2 .80507
383414
PÄ7TOARR
2273270
ne.OnfAR
1 1 3 8 0 7
1 1 3 0 0 0
1 1 3 2 0 9
11 3 9 0 9
1.1390n
Nn. 0VANA
11 3 0 2 0
1r.13992
1.1390097

TYPE Oh
5753sn

Nn.0NANA
Nn. ONNAR
N.00N099
n.0ANnAN
n.oNAnN
Nn. unnNn
3 . 0 1 0 ?
HÄASA37
7.158930
b.1442n
Ge15908R
S.2N0416
3 0 1 3 2 1
1. 36436
1.364395
1.35036
1 . 3 6 43 6
1 . 3 5 03 6
1.34436
4.01323
312427
3.00517
2 ,  2 0 2 6 8
4.77N023
4.12730
4Y.N2752
2.42459
3.25903
3 ,  12544
3.13600
3.0775P
3.Nn2105
1:51958
1.91025
1 . g n n a s
LASTER
1.01522
1.016292
nn.OnANA
1.01582
0. 50445
NN. 52445
Nn. 50445
Nn. NAnAN
n.ANNAN
nn..oNAAAR
Nn..NANANR
nn..ONNNA
AsONAAN
Nn.0NNAN
n o r NAN
Nn. NANAN
N.OrACN
Nn.ANNAN
n.onnAr
n.NANANR
n.0NAen
n.nANAN
n.nnnae
n.onn0n

TYPE 7
3no15n

JÄNNANA
v. 0 N 1 0 n
J n A n A N
NM. ANJON
NN. NANAN
dJ.nnnon
0.NNANA
O.ANNANA
O.nNNNA
S Å  7 A A 2 N
H.N6SYN
H . 3 3 0 2 7
2 0 3 7 4 1
SÅ.7ARHA
Te l I R A
el SAR
1 . n 2 3 9 5
1 .n=390
1.n3385R
1.N033A59
1.n33535
1.N03385
T Ä Ö A S A R
1 . n 3 3 3 6
1.N33AS5
1 .N3385
1.N3335
I.6N55AR
3.4BA1AR
3. 374934
Z02AH20
3.15929
3 . N 5 6 5
2.2R142
2 . 2 9 1 4 2
202A143
J7P1065
307304?
1 .77341
S Å H I L A A
Ak Fdba
2 0 0 5 3 1
.ANHAN
1l.1N624
J.NNNNA
11 0 6 2 6
1 1 0 6 2 9
1 . 1 n 4 2 4
2.065946
2 0 6 6 9 9
UennANnA
v.ARANA
Je. n n n N a
fmNANANN
d . N r A N A
V Ä N N A N A
n.NNANA
V.NNANA
vu. nAnAn
Vv.NNANA



F/T2

ok LIN=LOG LOADSPECTRA LANc 1 TITAL= 9317900 AXLE= 27851597
TSTOTAE-XSAXLE - TYPESSASI B32 C=3 D24 E255 F 3 6 6 5 7 HS3A 159 JET0

LOAD dT GREATER THAM OR EQUAL LYAD LINSPECTRA ( 4 )
600.00=- 610-00 I .
5 9 0 . 0 0 - 6 0 0 . 0 0 i x .
5 8 0 . 0 0 - 590.00 l x .
5 7 0 . 0 0 - 580 .00 I + .
5 6 0 . 0 0 - 570.00 I+x .
5 5 0 . 0 0 - 5 6 0 . 0 0 l+« .
S40.0v0- 550.00 I+ .
5 3 0 . 0 0 - 5 4 0 . 0 0 I + .
5 2 0 . 0 0 - 530 .00 ID+« .
5 1 0 . 0 0 - 5 2 0 . 0 0 IDK..seeose C e c V C P Y P C R P Y P P PRRRRPYP P R C C O P P OPPP P R A O P A P PR R P R A G

5 0 0 . 0 0 - 510 .00 ID+«
4 9 0 . 0 0 - 500500 I1+«ET
4 8 0 . 0 0 - 4 9 0 . 0 0 I + E T
4 7 0 . 0 0 - 4 8 0 , 0 0 1GDET
4 6 0 . 0 0 - 470 .00 IGD E T
4 5 0 . 0 0 - 460 .00 IGD E T
440.030- 450.00 160 ET
4 3 0 . 0 0 - 4 4 0 . 0 0 I G D E T T.
4 2 0 . 0 0 - 4 3 0 . 0 0 I + D = E TT.
4 1 0 . 0 0 - 420.000 IK..D.EsseTessesoo.e.s0
4 0 0 . 0 0 - 4 1 0 . 0 0 I + D E T
3 9 0 . 0 0 - 400.000 I+x D E T T
3 8 0 . J 0 = 390 .00 i x 3 5
3 7 0 . 0 0 - 380.040 l x I
3 6 0 . 0 0 - 370 .00
3 5 0 . 0 0 - 3 6 0 - 0 0
340.00=- 350.000
3 3 0 . 0 0 - 340.930

C o 0 0 0 Y P V V P Y P V C P C V P V P B B C C P P P P CVC C P P PC VOPP R P P R O P s o o e r e s t

.

.

..

.

.

...

.

.

..

.

3 2 0 . 0 0 - 330.000 J å

300.0v0- 310 .06 2 . 5 .
2 9 0 . 0 0 - 3 0 0 - 0 0 2 . .
2 8 0 . v 0 - 2 9 0 - 0 0 = . .
2 7 0 . v 0 - 280 .00 I +«C E . D é .
2 6 0 . v 0 - 270.006 1 +«C ö v . .
2 5 0 . 0 0 - 260.006 I G C E u . .
2 4 0 . 0 0 - 2 5 0 , 0 0 I GF+ l e . .
2 3 0 . 0 0 - 240 .06 I A G F C 3 Z u . T .
2 2 0 . v 0 - 2 3 0 . 0 0 I A S F C 2 E L e TA .
2 1 0 . v 0 = 2 2 0 - 0 0 IA:GFeCasBZeeDeooooss-00o0 00 VS R N R R R O CCKTERC B P R PRR R G BRRRRR P R VP RRP N P R V P R N V K N O P O P P OPGO ORKA
2 0 0 . 3 0 - 210.000 I A G F C T « + 2 . T .
1 9 0 . 0 0 - 2 0 0 . 0 0 I « G F C E 3 u c ; T e
1 8 0 . 0 0 - 190200 I «GF ‐ C o « I . : T .
170. :J0- 180.000 I AxF RE Ke . . .
1 6 0 . 4 0 - 170.00 I xFX C B I . ; T .
1 5 0 . y 0 - 160.000 i G + X C 0 3 . . I .
1 4 0 . 0 0 - 150-00 I G + C « E D . . TT. .
1 3 0 . 0 0 - 140 .00 I GFA K e . a T .
1 2 0 : 0 0 - 130 .00 1 G F å s c S E . . i f .
I 1 0 : 0 0 = 120-001 s e G o F s h e sa vl ITEa vv ö r N G N N o n k B G RS RL N B 6 A S G BBB ALR rö,BK, vin6 0 8 G A V SANNG E R S ÖNS S N6 K VR NK N O T E A

1 0 0 . 0 0 - 110.006 I O F A s K RE B X . . . ; . T . .
9 0 . 0 0 - 100.006 I ÖF As ke D Xx $ 5 . LT .
8 0 : . 0 0 - 9 0 : 0 0 I 5 F A . 0 s e b ä . . S i t .
70-005 8 0 0 0 0 1 OF SÅ E G R . Xx ö : . YT
6 0 . v 0 = 7 0 . 0 0 I G R e n B G K . . X x . . . e x
50 : ; : 00= - -600400-1 6 F i s JAEx CA . s ON . . e T
U 0 . v 0 = - - $ 0 - 0 0 - 1 3 F e + « e . 5 X x . . . a
30.00-= 4 0 . 0 0 I GF . FÅ: + >+C . . . S E N . . Jak
20.00-= 3 0 . 0 0 I GF . = NEG . . 5 s . . N E S TI
10..00=- 20-00-15 0000 3P-48 octe vokeh ös k l o . R N E b e s S R K KN RRK V G R R O R P S N R T R RR ORONSN N E V O N GGbbRRRRÄROK O S T I

0.005- 1 0 6 0 0 6 Fe 3 «C . . j +I

I
i
I
I
I
I
I
I
1
I
I
EN
I
I
I
I
I
I
I
I
I
:å
E
I
I
I
je
I
I
I
I  3 1 0 . 0 0 -  3 2 0 . 0 0
I
I
I
1
I
I
I
I
I
I
I
;S
I
I
I
I
I
I
I
I
I
T
I
I
I
I
I
I
I
I
I
I m e m e e s e e e e n e e o o o f o o o o o o o o o o d o o o d o s o o d o s d o s d o o t o d o s d T D d o o des S d o s e o s O S S o n d o o o d o o doon I

3 10 15 20 en 30 35 49 45 50 55 5n 65 70 19 80 85 9n 95 100



k a r t L I N L OG LOADSPECTRA LANG 1
TZTOTAL XZAXLE TYPES:A=1 32 F=6 637 Hz& 139 J=10

2 3 C E S E N G S r 5 O fan o i o ooro a C R r ä ä n a

I LOAD :5 GREATER THAN OR EQUAL LNAD
I 6 0 0 . 0 0 - 610.030 I . . . . o 3 .
1 5 9 0 . 0 0 - 600.008 I . . . . . .
I 5 8 0 . 0 0 - 590.00 I . o . . . .
I 5 70 . 00 - 580.00- I . . . . 3 .
I 560.0v0- 570.006 I e . . o . .
I 550 . 00 - 560 . 00 I . : . . . .
I 5 4 0 . 0 0 - 550.00 I . . . . . .
1 5 3 0 . 0 0 - 540 .00 I . . . . . .
1 5 2 0 . 0 0 - 530 .00 I . . , . å .
1 5S10:00=-520.00--1:-00 00-000 60 0 0 rrrvqjrgRrREvbRERER B K K s o s r o s s sstt
I 5 0 0 . 0 0 - 510 .00 I . . . . . .
I 490 .00 - 5 0 0 , 0 0 I . . . GÅ . .
I 4 8 0 . 0 0 - 490.000 I . . . . . .
I 470 .00 - 480 .00 I . . . . . .
I 4 6 0 . 0 0 - 470.000 I . . . . . .
I 4 5 0 . 0 0 - 460.006 I . . . . . .
I 4 4 0 . 0 0 - 450.080 I . s . . . .
I 4 3 0 . 0 0 - 4 4 0 , 0 0 I . i . . E T : .
i 4 2 0 . 0 0 - 430 .00 i . . . E r 6 F E T . .
1 410.-00- 4 2 0 , 0 0 I s e o o s e r e oövrröd e b n a e k F e .
I 4 0 0 . 0 0 - 410.000 I s . . ö D E N .
1 3 9 0 - 0 0 - 400.090 I . . . . S T .
I 3 8 0 . 0 0 - 390.090 I . . . . s t e
I 3 7 0 . v 0 - 380.00 I . . . . a g .
I 3 60 . 00 - 3 7 0 , 0 0 I e 5 . $ Ag .
I 3 5 0 . 0 0 - 360.006 1 . . . . C R D ö
I 340 .00> 3 5 0 , 0 0 I . . . . FASEN p 5
I 330.00- 340.000 I . . . . EO .
I 3 2 0 . 0 0 - 330.000 I . . . s ET .
I 310300==380-007 T3N v e s s e lsc RR KKR RR N E N KET R E R
1 300 . 0 0 - 310.300 I . . . . + T .
I 2905v0 - 300.900 I . . . . « T .
1 2 8 0 . J 0 - 290.006 I . e . . S T s
I 270 .00 - 2 8 0 . 0 0 i e . . . . EN .
I 260.00- 2 7 0 , 0 0 i . . é . é E N T .
I 2 5 0 , v 0 = 260 :00 I s . . . . ZARA a .
1 240 .006 : 250 .00 I . . . . e F ö r .
1 2 3 0 . 0 6 - 2 4 0 , 0 0 I . . . . s = RS
| 220 .0v0 - 230.000 i . . . . . F Fn T .
I 2 1 0 . 0 0 - 220400 I ö d s e e e s r r s s V O R E R R O R K R R R K O NP K K . F E T AS es a
1 2 0 0 . 0 0 - 210-00 I . s . . N a T E S S ( S S
1 190 . v 0 - 200-00 i , S N 5 [DEREN e e GSR a 2 KÖR

I 1 8 0 . 0 0 - 190.900 I . . . . o c h C FN C O r n a
I 170 . 90 - 180.000 I . . . . LIFE SRS oas e tAnI J A R
I 1 5 0 . 0 0 - 170 .00 I . . . . L S K e A 1
1 1 5 0 . 0 0 - 160.008 I . a . . . SAR S R K .
1 1 4 0 . 0 0 - 150-00 1 ö . . . F r S E SSK NNa g
I 1 3 0 . 0 0 - 1 4 0 , 0 0 i . . . . FREGE Neot d V E G
I 120 .00 - 130-00 I e . . . . SFA ” ökED XT.
1 110500==120 900 Lolo e'e öso s v RsI RR K A N S R V SRRN R E R TENS RKENFRENTERSFNER
1 1 0 0 . 0 0 - 110-00 I . . . . 6 FARAN 2 .
I 90.0v0- 100-00 I 5 . . . 5 FÖA .R+D Ty
I 8 0 . 0 0 - 90 . 06 i . . . v Ä S E n t K Ldo) T x
I 7 0 . v 0 - 80 . 00 I . . . 5 FS SEA VR ä s
1 & 0 . v 0 - 70 .00 I . . . . S S F N E X I
I 50.00-- 60 -00 I . . . . 6 F At t
I 4 0 . 0 0 - 50 .00 I . . . ; R a K E t
I 3 0 . 0 0 - 4 0 . 0 6 1 . . . a GR +
I 2 0 . 0 0 - 3 0 . 0 0 I . . . . . 3 F o k k T
I 1 0 . 0 0 20 .00 Iseeooooooooooo 0 0 0 0 0 0 0 6 0 CP P P RASK R K C P R O P P RRB R P DROFGOIF RRKRT
1‐- = 0 . 0 0 5 10400-T . . . . ö G o . Ar T
I

TOTAL

F/13

93170900 AXLE= 27651597

s o r t e n s

s t o n e t r s
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1N0LOGSPECTRA »10:
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0 0 0ord c d4

s e c t o rn a
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ETSS E E T E E S T E T E TT SPETEETTTESTD
x 1
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x« LATERAL INFLUENCE DATA +
LAT. TRACK DISTR EACH LANE? N I U T H ( M ) = 1.00

LANE 1 ( M I D O L E FA C T O R ) =
LANE 2 ( M I D D L E F A C T O R )=

«xx EQUIVALENT LOAD DENS.+

LOAD=CLASS
x&« TOT=

0 . 0 u = 104-00
10.00=- 20 -00
20.00=- 3 0 . 0 0
3 0 . 0 0 - 4 0 - 0 0
4 0 . 0 0 - 50-.v0
5 0 . 0 0 - 60 -00
6 0 . 0 0 - 70 -00
70.00=- 8 0 . 0 0
8 0 . 0 0 - 920-00
I20.0vu- 100-00

100 .0u= 110-00
11 0 . 0 0 - 120-00
120.0u= 1 3 0 - 0 0
130 .0u - 140.040
140.0u=- 150.00
150.00=- 1 6 0 . 0 0
160 .6u= 1 7 0 . v 0
1 7 0 . 0 0 -  1 8 0 - 0 0
1 8 0 . 0 0 - 190.029
1 9 0 . 0 u - 200.060
2 0 0 . 0 0 - 2 1 0 - 0 0
2 1 0 . 0 0 - 220-02
2 2 0 . 0 U - 230 .uU0
230.00- 240.000
2 4 0 . 0 0 - 250 .00
250 .00 -  260 .v0
260.00= 2 7 v. C 0
270.33=- 280.000
2 8 0 . 0 0 - 29v0.Lv0
2 9 0 . 0 0 - 3 0 0 . v 0
500.00=- 310.000
310.00=- 320.000
320.0u=- 3 3 0 - 0 0
330.0u= 3 4 0 . v U
3 4 0 . 0 u - 350.600
350.0u-= 364 . U N
3 6 0 . 0 0 -  3 7 0 . v 0
3 7 0 . 0 0 - 35v.u0O
380.0Uu= 3 9 0 . v 0
3 9 0 . 0 0 - 400 .u0
4 0 0 . 0 0 - 410-00
4 1 0 . 0 0 - 420-00
4 2 0 . 0 0 - 4 3 0 - 0 0
4 3 0 . 0 0 - 4 4 0 - 0 0
4 4 0 . 0 0 - 450.000
4 5 0 . 0 J - 450.400
4 6 0 . 0 0 - 470 . v 0
4 7 0 . 0 0 - 480.000

TOTAL ( 3 )
9317900
0.00009
1.597392
1 . 4 3 3 1 4
3.15004
S.54622
8 .42926
5.09224
3.68964
5.46825
b . 4 8 2 2 4
S .01352
4.19172
5. 24466
2 .90324
2.58591
3.376v6
SS. 70493
$ . 5 3 5 9 5
2.68576
2.08E40
2.04300
2.N01454
1.68518
1.42052
1 .50839
1 . 5 0 4 6 3
1 . 6 9 2 4 1
1.74434
1 .7n546
1 .71042
1 .57245
1 .43523
1 . 3 0 3 4 3
1 . 1 7 1 9 3
0 .99742
0.85302
0. 79603
U.65642
0.46472
0.32492
0.26490
v.25Sn26
0.17444
Uv. 13654
0.N9I945
U.Nn8719
0.051e82
0 . N 1 7 i 4

+x&x EQUIVALENT LOAD DENS.

LOAD=CLASS
+x+« TOT=

0.00=- 1 0 . 0 0
1 0 . 0 0 - 2 0 . 0 0
2 0 . 0 0 - 3 0 . 0 0
3 0 . 0 0 - 4 0 . 0 0
40.00- 5 0 . 0 0
50.00=- 5 0 . 0 0
6 0 . 0 0 - 70 .00
7 0 . 0 0 - 80 -00
8 0 . 0 u - 9 0 . 0 0
90.00- 100-00

1 0 0 . 0 0 - 110.040
11 0 . 0 0 - 120-00
1 2 0 . 0 0 - 130-60
130 .00 - 1 4 0 - 0 0
1 4 0 . 0 0 - 150.00
150 .00-  160-00
1 6 0 . 0 0 - 170-00
1 7 0 . 0 0 - 18v. -00
180 .00-  190-00
1 9 0 . 0 0 - 200-00
2 0 0 . 0 u - 210-00
2 1 0 . 0 0 - 220-40
220 .00 - 2 3 0 - 0 0
230 .00-  240-09
2 4 0 . 0 0 - 250-00
250 .0u - 260-00
2 6 0 . 0 0 - 270-00
270.00- 280-00
280 .00 - 2 9 0 - 0 0
2 9 0 . 0 0 - 300-00
3 0 0 - 0 0 - 310-00
310 .00 - 320.090
320 .0u- 330.00
330 .00- 340.000
340.00- 350-00
350 .00 - 360-00
360 .00 - 370.090
370 .0v - 380-00
380.00- 390.00

0.750 +F3=
0 .060 +F4=

FUNCA LANE 1 »&«

A X L e ( X ) TYPE 1
27851550 1506500

4 . 0 5 5 8 0 -U.:00N00
2 2 , 3 9 2 4 6 6 .98071

9 . 8 8 3 2 4  5 . 4 7 9 8 7
14 .20151 12.59920

9.37812 11.24161
6.50918 8 . 6 4 0 4 0
5S.55044 6 . 9 8 3 5 1
4 . , 5 0 8 9 0 7.54788
4 .11622 3.07905
5.29317 = 7.95568
4 . 4 0 6 1 2 4 .73421
4.23427 5S.12N010
2.50262 3.76N190
1.64272 4 , .39236
0 . 8 5 8 1 2  2 . 4 3 7 7 5
0.17728 1.14468
0 . 0 v 0 N 0 1.32710
0.0vUND 1.15018
0.0vANO O . 4 l 4 8 3
0.0uNAv U.:VUNOD
0 . 0 v I N A 0.920200
0 .0vUNI UV. NONNU
0.:0vNAN J . 0 0 N 0 0
0.0un29 V.NVYNON
0.0UA920 Vv. 0000N
fd6UARND VÄN0ND0
0 . 0 v I 0 0 G.NU00N
N.0GuN3A 0.:2200N
V.0uKkAJ O.NINDO
0.0uFANA 0.2UN09
0:0uN6G0 0 2 0 0 0 0
N Ä0vVARN J Ä A J N O N
N-0uNENA U.:D0ND0
0 . 0 9 0 V TKNHNI
0. :0v630 UF; 20NUN
0 .0vL20 4 . NUNNI
d.0v6GNA0 0:N0N00
0.0v0N0 VÄNYNON
JeNuFIN U-NVUOOD
ND. 0uNANR V Ä V N A D
d.GCuJAGO V.C9000
0 . 0 u n 0 9 JÄAVUNPA
V20uFAN V:VNDUVO
0.-0uHAN UÄ:VOUNI

ouFAO 2.N0V00
D.:0uHUD V.GO0N0U
0.0vCOAR UPND0NN
NM. 0vNBG V.:DUNNA

FUNC. LANE 2 4&«

TOTAL ( 2 ) A X L L ( X ) TYPE 1
9317900
0.000092
1 .90449
3 6 6 2 0 5
4 .05420
9.93974
5.58997
5.81298
7.57000
6.47490
4 . 9 0 8 2 1
3.55178
3 . 5 8 7 2 7
4.N8934
4.57214
3.66741
2..96870
2.40074
2 .35428
1 . 9 2 4 6 4
1 .90599
2.04130
2.10285
2.16210
2.09196
1.915392
1 .70350
1.57053
1 . 2 8 8 2 1
1 . 0 0 4 6 3
0.90572
0.69937
0.46712
0.32707
0.28933
0.18278
0.13108
0 .08949
0.06872
0 .02001

27551550 1506500
14.4c187 u:00000
14.14424 3 . 1 5 4 9 7
19.60128 14.79006
11.55024 13.04512

8.10343 10.68176
6.75155 9.07709
S.1u133 9 . 9 2 8 8 1
6.02952 9 , . 2 8 2 1 3
5 .93308 b.79429
4 . 5 0 0 4 9  5 . 8 6 2 8 6
2 . 2 4 5 2 8  4 . 6 4 8 1 0
1 . 2 0 0 8 3  3 . 6 6 0 4 7
0 . 2 1 7 0 2  1 . 5 2 6 8 0
0.0uNN0 1.54793
0 . 0 0 0 4.25703
9 . 0 0 0 0 0 Us1l4260
0.0v000 0.N0000
0.0u000 0.N00000
0.0v000 04-N2I000
0.0uNN0 Us02000
0 - 0 u N 0 0 0.00000
0.0un00 O.N0008
0 . 0v600  0 -00000
0.9v900 U.00090
0-00000 U-9UNOO
0.0u600 0-00000
0.0u000 0.00090
0.0v000 uU+00000
0 .0v009  0 .00000
0.0vN00 U4-00000
0 . 0 v 0 6 0  U . 0 J 0 0 9
0.0u900 -v.00900
0.-0u000 0-00000
0.0v000- V-00000
0-0u000 0-N00090
0-06000 0V.00000
0 . 0 6 0 0 0  V- 2 0 0 0 0
0 . 0 v 0 0 0  0 . 0 0 0 0 0
0.0u009 L.0U000

F/14

FLAT PORTION=E 1.
SLANTING PORTION ( I F NEG TUWARDS F2-F4 L A N E 2 ) = 0 .000

0 .300 - F 3 =
0 .650 -F4=z

TYRBESS
1796000
0.0N0000
0.00000
I . 0 0 0 0 v
0.00000
n0.:00000

23.61302
2 . 0 3 7 9 0
1.96410
2.20975
?2.16936
2.00328
2 . 0 9 1 4 0
2.07262
2.21859
4 . 1 0 3 6 5
8.30990

19.23538
2.08790
5.41294
4.63663
4.5568ö
3 5 7 2 5 7
1 . 4 0 3 5 1
N.UNNAC
Fr.00N0NJ
0.00N00
N.VNNOUV
NGANOJ
N.00UNO
Nn .UNNNI
Nn.UNNDU
Nn. 0N0NNUQ
Nn .U6NOQ
2.0AN00
Pr.uUNNOU
G.UNDOD
0.NNNOL
Nn. 00N00U
6 0 0 0
I .0VNDJ
n.ONNDU
I.VUNON
Nn .00n00v
0.VONNU
n.:000v0
0 . 0 0 0V U
2.00N0v0
0.uUCNnOu

TYRE SSR

179600v
N0.00000
N.UNOLO
0.00N000
N-00000

26.52151
7.16914
2.60213
2.60107
2.62301
2.69051
2.58532
5.55112

10.54316
12.26970

9.03844
6.83852
4.70002
3.34530
0.92105
0-00000
N.00000
0.00000
0.00000
0.0N0000
0+-00000
0-00000
0-00000
N0.00000
N.00N000
0.-00N000
N.00N000
0.00N00
0-00000
0.00N000
Nn.00N000
0-00000
0+-00N00
n0.00N00
N.00000

0.7Nn0
0 .550

1rd NR
19305n0
0-00900
2.26257
2 .64098
5.37220
TT. 72297
9. 529N02
7.69499
5+«6R8V9
0.34033
S . 3 4 4 9 5
3.32017
3.58506
4.05200
4.3222N4
3 .57831
3.65051
3. 78563
3.RA77A9
2.913N05
2.11718
1.93710
2 , . N 2 6 2 8
1.660065
1 . 2 4 5 3 1
1.N3760
1.n1534
d.A6023
0.6N6N2
V Ä  4 2 8 3 9
VU. 3A7B6
0.34138
0 . 3 0 5 9 7
0.20136
Vv. N a g i 2
JÄNNN0N
0.NN000
0.NN000
0.0N0N0NA
2.0N000
J.0N090
JÄNN1030
0.N03009
N.0N000
0.0N0000
ve NN0NO
0.00000
0.NN000
V.-0N000

TYRESTS
193N0500
0.:N00N00
2 . , 8 2 8 5 0
6 .13385
8 .80161

11 .79564
8.73893
7.41165
6.56532
4.49375
4.89631
5 0 6 6 0 8
4 , 8 7 9 1 3
4.46615
4, .82087
3.95070
3.N6226
2.36613
2, .27842
1.79452"
1.43064
1.17548
0 , 9 2 2 3 3
0.69737
v.42098
0.37634
0 .31261
0.192480.05142
0.0N0N0N0
0.N0N000
0..0N0000
0.0N000
0.NN000
0.0N099
0.NN000
000000
0.0N009
0.00000
0.0N000

000

T Y P E S :
1810800
0-0N00N
Nn.0000N
0-000NMN
0.-00000
0-0000N
N-N0000
0.-000AN
1.380647
8.5306?

11 .61988
7 0 0 6 6 6
4.33885
1.68953
1.35507
1.210685
1.29348
1.28414
1 .31295
1525712
1 . 2 5 1 4 9
1.31152
1.:71046
2 .63738
3.37v35
4 1 7 9 5 1
4 . 6 4 5 1 5
4.63313
4 4 3 4 2 1
4.03C6N
4 . 3 3 7 7 4
4.31951
3 9 3 7 4 4
3 . 2 9 5 7 n
2 4 7 6 5 7
1 . 5 0 11 8
1.15986
1.27619
11 5 1 9 7
0 . 8 2 7 4 5
0.5569Nn
0.42346
N. 25245
0-JVCON
0 - 0 v 0 0 N
0. N0UNN
0.000N0A
0.-00vL0N
n.-0vLNDA

T Y P E S
181u30n
0-920000
0-00000
0 . 0 0 6 0 N
22000N0
0-00000 ‑
0 . 4 7 7 8 6
6 .78223

I 3 . 4 6 0 3 4
9 . 0 6 2 3 4
4 1 2 0 7 3
1:65849
1.63327
1.55613
1.62712
1:58675
1.62714
1:73287
2.73434
3. 72608
5 . 2 0 8 0 0
5 .66221
5.51853
5 4 8 8 1 7
5 3 7 7 1 7
5 0 1 4 0 3
4 .30981
3.62139
2.34131
1 . 4 9 7 3 9
1.48049
1.12392
0 : 7 6 5 0 3
0 4 6 2 3 8
0.31123
n.62821
0-00G0O0N
0.-0000N
u - 0 0 0 0 0
0-00000

TYPE 5
13896n0
n-09NN9
0-00000
0-00000
P.00000
0-00000
0.-000N0
0.009N00
Nn. 00000
0.64065
6.64457
9.71433
7 .59511
6.12N95
2 7 4 7 8 6
1.:04597
1 .11735
1.10922
1.13417
1.08504
1.08107
11 3 2 0 2
1 .11206
1.09879
1 . 0 9 4 2 5
111 3 1 9
1.49n024
2.47263
3.60297
4.20587
4.01853
3.51974
3.31952
3 . 6 6 5 7 7
4.18536
u.40N52
3.86231
3. 36R46
2 6 5 0 8 2
1 . 8 6 9 5 8
1.39732
1.22449
1.34915
1-16967
N.91556
0.666R83
N.58468
NP.34746
Ne 11495

TYPE ITS

13896N0N
Nn .00N00
0:00000
Nn.-00000
2 -00NM00
n.00NN0
n.00000
0.32482
6. 92482

11.63245
9 1 4 3 5 2
4.77300
1.77450
1.34424
1 . 4 0 5 5 6
1.370692
1 . 4 0 5 5 7
1.37039
1.38673
1.37143
1.38969
2 4 1 4 4 7
3I.6958N
4.56656
4 8 3 4 0 3
4.69462
4.53N091
4.96481
5.09721
4 4 2 3 1 5
3.82044
2.97356
1.99265
1.57436
1 . 5 3 4 5 4
1.19148
N.87895
N.60NNA8
0-46077
Nn.134192

TYPE 6
575350

0.00000
0.00000
N.00N000
0.0009N
2.08438
B. 20442
9.010292
6.45460
6.5N976
3.96749
1.74034
1.81689
1.80058
2.40372
3.64144
4.41037
4.41013
5.26428
531009
4.47267
4.24807
4.21310
3.99732
3.38715
2.94223
2.42183
2.00504
1.48850
1.11119
0.90211
0.68731
0.58434
0.34182
0.16852
0.00000
0-00000
0.00000
0-00000
0.00000
0-00000
0-00000
0.00900
0-00000
0-00000
9.00000
0-00000
0.00N00
0-00000

TYPE 6
575350

0.00N00
0.00000
0.0N000
1.96858

10.63938
10.330838
7.76683
5.26075
2.45561
2.33736
2.62025
4.44030
5. 28764
6.05886
6.45672
6.03504
5.2Nn330
514737
4.42908
3. ,80839
2.91958
2.13779
1.69190
1.14710
0.78899
0.6N365
0.32723
0.08742
0.00N00
0.00000
0.00N000
0.000N00
Nn .00NN0
0.000N0
0.000N00
0+.000N00
0.00000
0.-00000
0.000N0

T Y P E S
309150

0-00000
0.00000
0.00000
0.:00000
0.0N00N
0.00000
2.12513
7.39790
8.01353
5.31697
T. 72408
3 9 1 7 6 3
1.36440
1.46049
1.30506
1.39412
1.38404
1.41510
1.35492
2.09323
3 . 4 8 7 7 4
4.45295
4.38166
4 . 0 7 4 9 9
3 .71117
3.59229
3.65402
3.85274
414657
3.98109
2-86171
2.27639
1.59671
1.07087
1.48971
1.55768
1.41180
1.12422
0.75851
0.25054
0-0N0000
0.N0000
0-:00000
0-00000
0:00000
0:00000
0-00000
0.:N0009

RYRES
309159

0.0000N
0.00009
0.-0N00N
0.00000
0.00000
6.00539
9. 78222
7.06340
8.80924
3.57093
1.70191
1.76034
1.67720
1.75371
1.7102n
2.85187
4.28578
5 4 6 8 0 7
5.20871
4.67443
4.73332
4.61305
4.99053
4.62723
344132
2.65855
1.99718
1.71804
1.62762
1.45435
1.10106
0.64131
0.07307
0.0N000
0.0N00N0
0:00009
0-:0N090N
0-00000
0.0000N
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s t e k e r L I N L O G EGUIVALENT LOADSPECTRA LANE 1 TOTAL= 93179000 AXLE=Z 27RA51597
T=TOTAL XZAXLE TYPES:A=I 332 Cz3 Dz4 E35 F z 6 637 Hz8 139 J=10

I LOAD I GREATER THAN OR EQUAL LNAD LINSPECTRA (XY) I
i 480 .00 - 490-00 I . . . . D . . I
I 470.00- 480.00 I i« . . . . . . . . I
I 4 6 0 . v 0 - 470-00 I z . . . . . . . . : å
1 4 5 0 . 0 0 - 460.006 I + . . . . . , . . , I
I 4 4 0 . 0 0 - 450.00 I + . . . . . . . . 1 6
I 430 .00 - 440 -00 I+x . . . . . . . . T
I 4 2 0 . 0 0 - 4 3 0 , 0 0 I+x . . . . . . . . I
I 4 1 0 . 0 0 - 420.000 I+« . . . . . . . . . I
I 400 .00 - 410 .00 I + T . . . . . . . . I
1 390500= -400::00‐-LNMEI.000 910:0;9.016:00:0 0,5,10:0:0:6.070:0 0:0:0.34:0 0.0 8 0-0:UIN;030 030 6030:030.C"0 AIN: ELO HiULGLdrR 0 . T T E T E T E T T T T E STESTETe
I 3 8 0 . 0 0 - 390.006 I+«« . . . . . . . . . I
I 370.00- 380.00 I+»xET . . . D . . . . . I
I 360 .00 - 3 7 0 , 0 0 I+x ET . a . . . . . . . I
I 3 5 0 . 0 0 - 360 .00 1GDE T . . . . . . . . . I
I 3 4 0 . 0 0 - 350 .00 IGN E T . . . . . . . , . I
I 330 .00 - 3 4 0 , 0 0 1xD ET cv . . o o . . . . 1
I 320.00=- 330700 - I & D É E Ts . . . . . . . , E
I 310.-00- 320.000 I« DI T: . . . . . . . . I
I 300.00=- 310 .00 I+x E T . . . . . . . . I
15 :290 -00= -300500 ; 5L$40:00 oEros;ox0:ö: l0:0:08:0;0;00:0100 SjOLVVILIG CD.0WOKSJALN:p.4:40 0,0:ÖLNIGYG Br 0HSULKINNG 0,0 E I N , GjG Gro 0BLNIbr Nodd0bjo:ö Ore ndV R r d 4;0:0]0 Å R A
I 2 8 0 . 0 0 - 2 9 0 . 0 0 I + . T . . . . . . . . I
i 270 .00 - 2 8 0 , 0 0 I x . T . . , . . . . . . 34
I 260 .007 270.000 l1+ « 1 . . . . . . . j u
1 2 5 0 . 0 0 - 260.006 I + 5 + , T . . . . . » , 1
1 2 4 0 . 0 0 - 2 5 0 , 0 0 1Fx [200] e l . . . . . . . 1
1 2 3 0 . 0 0 - 240 .00 IF+x EN ME . . . . . . . j e
I 2 2 0 . 0 0 - 230 .00 I b E . 0 . I . . . . . . . I
I 2 1 0 . 0 0 - 2 2 0 . 0 0 IB+C E . 0 . T . . . . . . . SÅ
1 200 .00 - 2 1 0 . 0 0 I +«C E . J . Fö . . . . . . T
I 1 9 0 . 0 0 - 200.000 I e G k o o e e o s k e o s o o o o 6 o o o o b d b o o c Te B C E B O P P SBRC KRK E E ERET P E S6
I 180 .u0 - 190.000 IAGF+ EL . S S E . . . . . . 1
i 170 .00 - 180 .00 IAGF CA (2 . . I N N . . . . . 1
I 1 6 0 7 0 0- 1 7 0 0 0 TASF > C D . 5 0 . . T é . . . . I
I 150.00=- 160.000 Ix GF C 1 REA . . . Je . . . . . I
1 1405600= T5 0 - 0 0 - I AE 6F GG >3:6B- 0 . . . a e . . . . . I T
1 1i30.00- 140 .00 I AxF Co Ö . . . Ta . . . . I
I 120 :00= 130 -00 I S F X . -CeBc . . . ER , . . . I
I 110.uv0= 1 2 0 . 0 0 I GX LäE 0 0 ) . . . . us . . . I
I 100.:.00= 110.0d0-1 Gx Ca Öd . . . . och . . . T
I 9 0 : 0 0 100:00-Ice6eFA ceceolCe 0E b e t e bo p:ocn 0 0 0 0 0 0OG KV N N E 0 0 0 NN NR BG & Oj bje Br RT N A N G N O K G O C N C O N B C O C K GV
I: 8 0 . 0 0 - -90-00:-1 GF Aruns KE 2) Xx . . . . . 1 . . I
1 70 .005 8 0 - 0 0 + OF = ter CE D Å s e . . . . T re . 1
I 60-U0= 70-00-11 G Fi As KT v . é . . . . 6, KR . I
I 5 0 . 0 0 - 0 0 . 0 0 I 2 B E A E i R n a t . s x . . . . T I
T- HUDT:uO0=- 5 0 - 0 0 1 G- Bosna A r i CA . . Y ö . . . ' I
I 3 0 . 0 0 - 4 0 . 0 0 I & R a r e + x . . . . X x . . . i v I
I 2 0 . 3 0 3 0 . 0 0 I o c age E A 4 C . . . . , x . . 100
I 1 0 : 0 0 - - 2 0 - 0 0 , - 1 ) 6 . Frare E r a C l . . . . . . . X x F I
I 0 . 0 0 - 10.609 I 6, Fraae E er stC . . . . . ,. . «1
l e e e e e e v e t s s e r t r e n d e r J e s s e s t e e e d o e s J u r ovus t u e ]

5: 1C 15 20 25 30 AR Gö 45 5 55 AN 65 70 75 80 LG 9n 95 10N

o r k L I N L O G EGUIVALENT LIADSPECTRA I TITTARE SSJ ) A A 0 ALERS 27ASUYST
=TOTAL XZAXLE TYPES 1 35? Cz=3 157 J = 1 n

I LOAD I SRUATFO TANT APUENUAL L A I I
I 4 8 0 . 0 0 - 490 .00 I . « . . . é . z C
I 4 7 0 . 0 0 - 4 8 0 . 0 0 I . . s h . . . . . . E
I 4 6 0 . 0 0 - 470.00 i 5 é : Ve > Ö å e - I
I 450.4v0- 460.006 I . . . ÖR . . . . . I
1 4 4 0 . 0 0 - 450.006 I . . . . + . . . . . I
I 430.930- 4 4 0 , 0 0 I . . , ER + . . . . . ib
I 4 2 0 . 0 0 - 4 3 0 , 0 0 i . . . . 2 A E . . . . i e
I 4 1 0 . 0 0 - 420 .00 I . , . A e t e . . . . i k
i 4 0 0 . 3 0 - 410.000 I . . . r t E T . . . . ' E
I 9 0 : 0 0 -400600-L8 600 öv aderrnnkRRRERR.NINER ENN fred RR OSARNES ENATBRDb on RdNN D D R SÄNKS RR VRGAN N N ANT
I 3 8 0 . v 0 - 390-00 I . . 2 . H e ER . . . . F
I 370 . v07 380.v64 i . . . ae VAR SFSr K . . . . T
I 3 6 0 . 3 0 - 3 7 0 , 0 0 4 . . . ” . . . . I
I 350 .00- 350.000 I . . . . > . . . . . T
I 3 4 0 . 3 0 - 350.000 1 . . . . [Cl . . . . . Å 5
I 3 3 0 . 9 0 - 3 4 0 . 0 0 I . . EF-C . [ 5 . . , , . I
I 320.d30- 3 3 0 . u 6 I . . . F i r e 3 . FÖTES Te . . . i
I 310 . v0 - 3 2 0 - 0 0 1 . . . Fx s SAN . . . I
I 3 0 0 . 0 0 - 310.006 I . . . . . T r . , . MV
1 2 9 0 . 0 0 - 300-00 l e s c s e s s c o c o o c så r P APPPPAPP FRK RAA . oo leoc0ov06 0 0 0 0 0 0 OEEEEETETTGi
I 2 8 0 . 0 0 - 290-00 1 . . , . ” e BASEL . . . I T
I 270 .00 - 280.006 I . . . . 3 4 . . I
I 2 6 0 . 0 0 - 270.006 1 . . . . = . . . I E
I 2 5 0 . 0 0 - 2 6 0 : 0 0 I . . . . C r . . . I
I 2 4 0 . 0 0 - 250.000 I . , . . . . . . I T
I 2 3 0 . 0 0 - 2 4 0 . 0 0 I . . . . 5 . . . t
1 220 . v0 - 230-00 s . . . . . . . Le
1 2 1 0 . u 0 - 220.008 i . . . . . . . I
I 2 0 0 . 6 0 - 210.900 I . . . . . . . I
I 190 . v0= Z00.0U0 lescesooos s o o P A P P P P K PPA R P ÅRRPRRA ETTERTETEEEEPEEPSEIPIESTITITTEGI
I 180 .6u= 190.000 i . . 4 ( M n . . . (&
I 1 7 0 . 0 0 - 180 -00 I . . . . A . . . I
I 1 6 0 . v 0 > 170.000 i . . . . K . , . 1 3
I 150 .00= 160.006 I D j . . . xh . :$ . if:
I 140 .u0= 150 -06 i . . . . . . . Åh
I 130.v0= 140600 I . . . . . on . . i
I 1 20 . v0 - 130.00 I . . . . . . . i
I 11 0 . J 0 - 120-00 I . . . . . . . I
I 1 0 0 . 9 0 - 1 1 0 . 0 0 I . . . . . . , I
I 9 0 . u0 - 100.000 I e s s s o s . o s e o 0A P R PPP PR PRPRKRK PARA HALEETSE TERES TEESEESTSEEETTTTTTSTETETETTe
r 8 0 : 0 0 ” - 9 0 - 0 0 1 . . . . AR t e . . I
I 70 . 00 - 8 0 . 0 0 I . . . . LSFula tv. . . j :
1T-605:008-- -70-00"4 . . . . A V D TX . . T
I 5 0 . 0 0 - 6 0 . 0 0 I . . . . L R T X . . I
1 4 0 . v 0 - 50.00 i : . . . N T A TER: d 8 1
I 3 0 . u 0 - 40.00 I . , , . . 4 RR . . I
I 20. :00- 307 . 001 a . S SN + vx ; + T
1. S06008:---e0:00ET . . , . . + d yx . a I
I 0.00=- 1 0 . 0 0 I . . . ookk F yv . . T
l e e e = e ‐ ‐ = ‐ ‐ ‐ ‐ o t o r n > aktad drätadad dekadent r d r relednded Andatat AntennR d dI

2 30 AN 65 70 75 80 85 an 95 10n



F/16

= ‐ ‐ ‐ u v ‐ ‐ v e ‐ ” s U F F  t t
ak L INLOG EQUIVALENT LOADSPECTRA LANE 2 TOTAL= 9317900 AXLE= 27851597

TZTOTAL XZAXLE TYPES:A=1 Bz2 C=3 D=4 E=5 F = 6 6=7 Hz8 139 J=10=‐=‐==‐=‐‐vv‐‐‐‐‐‐‐L E N E ÄRR OFFERT
LOAD I GREATER THAM OR EQUAL LOAD LINSPECTRA ( X )

3 9 0 . 0 0 - 400-00 I . . . . .
3 8 0 . 0 0 - 390-00 I+x . . .
370 .00 - 380-00 I+x . . .
3 6 0 . 0 0 - 3 7 0 , 0 0 I+« . . .
350 .00= 360 .00 I+x . . .
340 .00 - 3 5 0 , 9 0 I+x . . .
3 3 0 . 0 0 - 340-00 I + . . .
3 2 0 . 0 0 - 330.00 I + T . , .

300.vU0- 310.000 I+4ET:.o s o .
290 .00 - 3 0 0 , 0 0 I+x ET

s o r e r s r e s sorter e n e
3 1 0 . 0 0 - 320 .00 Ix+« .

280.vuU- 290 .0C IGDE T .

.

..

...
f o r r r d r r P R P R P K R

..

.

.

110.J0U= 120.090 1 «GF C
1 0 0 . 3 0 - 1106-00 I o s k t o s e l o o t ? o v

T
socöoreseslaRRRåRRRRRPR RR A P R RRRA

270 .30 - 280 .00 I+D E T . a .
2 6 0 . 0 0 - 2 7 0 , 0 0 I+« D E T I s . .
2 5 0 . u 0 - 2 6 0 . 0 0 I + "DE T . . . ,
2 4 0 . 0 0 - 250.000 i + S S T . . .
2 3 0 . 0 0 - 2 4 0 - 0 0 I + D E T . . .
220 .007 230.006 I+« be T . , .
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1 9 0 . 0 0 - 200.000 IF+x T . . .
1 8 0 . 0 0 - 190 .00 i o T . . .
1 7 0 . 0 0 - 180.v0 i54é 1 3 . . .
1 8 0 . 0 0 - 170-00 I + C LFE . .
1 5 0 . 9 0 - 160 .u6 iIASF+ . T . .
1 4 0 . 0 0 - 1 5 0 , 0 0 IAGFCK . A r i .
1 3 0 . 0 9 - 149.090 i A S F 3 5 T . .
1 2 0 . u 0 - 1 3 0 . 0 0 1 4 G F C . T . .

4
Är

3 0 . v J = L U C 0 U I C 4 F K e v u . T .
BU.-Vu= 9IU.3U I GFA LSE . T .
7 0 . v u = B d . u d I G F Å S e Ä . .
bvVsvU> 7 0 . v 0 I 5] SES TER SR, OSA x . . pr .
S v e J 0 = Ood.00 I o r N N + I N . V .
4 v . v 0 - S N . U L i G - F v å ESNG . z . T
3 0 . u u = S J e J 0 I Ö R E N I A S E R A . > . a 2
2 0 . 0 0 - 3 0 . 0 0 i S S E , e . D Å .
1 0 . v 0 = 2 0 . 0 0 i S Ä men « 3 . X é 4 X .

" 7 I Ö L U 0 IoceSo F o r o c K k l o o o o o o s ‐ o o o 8P C B KP P P PP K R R P F P K R N Å A s o s r a r a s

I
I
I
I
I
I
I
I
I
I
I
I
I
I
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I
I
i
I
I 2 1 0 . v 0 - 220.000 l+x + T
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I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
i
i
I
I
I m e r e e d e n e e s e e n o r t o r s d s o s t d e e d s d o m o s e t o d o n e doteodosesd d o t deeds d o e s ese d o o t d o o n >
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1 ÖR: ATER THANSOR F Å V A L LOAD 19LIGSPECTRA (€ 1 0 ) i
i . . . . . 8; . . . T
I o . . . + . . . . . 1
I 370:00> . . . + . . , . I
I 3 8 0 . J 0 - 5 5 s S e 5 . . . I
I 3 5 0 . v u = SoG.UL I s e . . + . : ; å 1
I 3 4 0 . 3 0 - 350.006 I . ö N E S . A E G . e . T
I 330s«vU- 340.vv0 I s É é SG är 5 . . I
I 3 2 0 - v 0 = 330.060 I . S G . E R ) e r . D j . 1
1 S l U o u U - 2 0 . 0 6 0 i . . . . 5 N S e v e . . T
1 I I 0 s 0 0 : Locos e v e N E R O S F T TA N A S T R C AARSA N S [ A N S R ARA E A S ERS T T T R E A T E S RR A O R Tr K EA G
I 3003-06 1 . : . sl T 6 s ö 1
I 2 9 0 . u 0 I . s . RSS F R E . . . T
I 2 6 0 - 0 0 : I . . F C ö v. o d . E S T i g . . . L t
I 270-00 I . . eRLGRT Crase a RR SAR : . . T
1 2 6 0 . v 0 I . . . F a e l [ s a 2 VA . . é t
I 250400 4 . . . TLS KON SALR DCF S T . . . I
1 2 3 0 . v d - 2 4 0 , 0 0 I . . . o n FiGr v a I r O T . . . 1
I 2 2 0 . v 0 - 230.000 I . . . . R a k t M A T . . . T
I 2 1 0 . v 0 - 220500 4 . . . . E FC a L E S S . . . T
I 200500-"210800-11040 s v s ös T R O S O RRON NNK ERROR FER FeCbar rr NR TORA RVR s o t e s v o ssr CCG VrGGdns
I 190 .00 - 200. -v0-1 . . . . F o t f a r e . . . 1
I 1 8 0 . J 0 = 1 9 0 - 0 0 1 . . . o m F å F R s k . . , T
I 170.3J0- 1 8 0 . 0 0 1 . . . . RS + 1 . . . 1
1 1 6 0 . 0 ö - 170.060 I . . . . POS d e ( F R . o . 1 3
1 1 5 0 : 0 0 = 5 1 T 5 0 7 0 0 3 1 - ; . . . A E n . F X S M T . . . 1
I 1 4 0 . v 0 = 150.060 I . . . Å A sen GET C R R O L E N S . . I
I 1 3 0 . v 0 - 1 4 0 , 0 0 i . . . . RASA R RC ORAG e i | ap å B N I . . b e s ,
I 120 .J0= 130-00 I . . . . SRPR KLEN ed 0) AR . . 1
I 110.uv0- 120509 I . . . . NE FX CEN Ta . . I
I 100500= 110400 ofö'e 01015: .0;0 öö6:0”5:0 60:00 vi N G N BLAS 0daj0örN VNRRRWD G e n RRADEFonce ReRVBRT 4RNP E R E P R B E S S E R K O R G RAP G C R s å s
I 90.uv9= 100.006 I . . . . FEB AR SN GROT KASETG OÖ . J
I 8 0 . v 0 = 9 0 . 0 0 I é . . . . 3 & CR+x S S T S . . I
I 70 .v0 - 80.00 1 . . . . , G FA .4FD XT. . . I
I 6 0 . 0 0 - 70.00 1 . . . . S N G GF A E D b i . . I
1 5 0 . 0 0 - 6 0 . 0 0 I . . . . G FA & D T Y . . 1
I 4 0 . 0 0 - 5 0 . 0 0 I . . . . . G GF oa E x T X . . I
I 3 0 . 0 0 - 4 0 . 0 0 I . . . . 6 F AFKR' TOR . . 1
I 20.00-- : 3 0 . 0 0 I . . . . . G F . kk LA , . 1
I 1 0 . v 0 = 20400 I . . . . o ( c d T S . . 1
I ‐-0.00= 1 0 . 0 0 Ieeoseceoccervssooooo00 " P r ePRA S P R A KPROKt RN AS RT ra TR R R , IE RS RT I K R E T S 4
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"HETSS F/17

»&« INFLUENCE LINE SPEC. ++
INFLINE TYPE 2 TOTAL LENGTH(M)= 5 . 0 0
SLOPE:TOP X=RELATIONS 2 . 0 : 1 - 0

LECOUNT ON J1 AND = J 1 ( M E E T I N G ) RANGE/LEVEL

RANGE= 1 . 0 0 0
LEVEL=> 04000

RANGE= 1.000
LEVEL= 0 . 0 0 0

+&x VEHICLE TYPE INFLUENCE LINES AND LECOUNT ++
+&« AXLE FACTOR NB. 1

POINT: FRONT WHEEL POS. REL. MIDPOINT ARIDGE
VALUE: VEHICLE WEIGHTS ARE PUT TO UNITY

RANGE :/LEVEL: FROM LECOUNT

s=LANET=>

VEHETYPE CR SVENS.TYPES Ce nVekenyPES S O S S V E RSeLIPE
POINT VALUE POINT VALUE P O N T VALUE POINT VALUF
2 . 5 0 0 . 0 0 0 - 2 . 5 0 0 .060 - 2 . 5 0 N Ä N 0 0 -2.505 2 . 0 0 0
0 . 5 0 0 . 2 0 0 0 . 5 0 0 .333 - 0 . 5 9 P Å 111 l -0.5N0 0 . 0 9 1

0.50 0 . 2 0 0 0 . 5 0 0 . 3 3 3 0.50 N Ä 1 1 l 0 . 5 0 0.091
2 . 5 0 0 . 0 0 0 2 . 5 0 0 . 0 0 0 2.52 NM.NNU 2 . 5 0 2.000
2 . 6 0 0 . 0 0 0 2 . 5 0 0 .000 3 . 2 0 4.N0V 3 .20 0.000
4 . 6 0 0 .800 4 . 6 0 0 . 6 6 7 S . 2 0 V.4H44 SÄLEN Be 364
5 . 6 0 0 .800 5 . 6 0 0 .667 B.20 NPÄ444 6 . 2 0 V. 3 6 4
7 . 6 0 0 .000 7.60 04000 8 . 2 0 MÄh0U 7090 0-:055
0 . 0 0 0 .000 0 . 0 0 04000 1G.6N NERA0 BERO 0.027
0 . 0 0 0 . 0 0 0 0 : 0 0 07-000 1 2 . 6 0 V. 4 4 4 9 . 9 0 M Å 1 8 2
0 . 0 0 0 . 0 0 0 0 . 0 0 0-0NMV 1 3 . 6 6 . 4 4 4 1 0 . 9 9 NM.182
0 . 0 0 0 .000 0 : 0 0 05-000 1 5 . 6 N H.4NCO 1 2 . 9 7 0.009
0 . 0 0 0 .000 0 : 0 0 0 : 0 0 0 0 . 0 0 I Ä N N O 1 3 . 6 0 A.0UN
0 . 0 0 0 . 0 0 0 0 : 0 0 O-MAV 0 . 0 0 NÄNUD 1 5 . 6 N NA. 364
0 . 0 0 0 . 0 0 0 0 . 0 0 05-000 0 . 6 0 0 : 0 0 0 - 1 6 . 6 0 - 0 ; 3 0 4
0.040 0 . 0 0 0 0 . 0 0 USOLV 06.60 M Ä F A O 186580 NL0VUVD

TYPE 1 RANGE =0.200 0 : 3 0 0
LEVEL= 0+40C0 2 . 0 0 0

TYPE 2 RANGE= - 0 . 3 3 3 0 . 5 6 7
LEVEL= 0 . 0 0 0 "0:V00

TYPE 3 RAinGE= 0 . 1 1 1 -N .444 6 . 4 4 4
LEVEL= 0 . 0 0 0 0:000" L O U

TYPE 4 RANGE= = 0 : 0 9 1 "0.155 0 . 3 6 4 9 . 3 8 4
LEVEL= 0 . 0 0 0 05027 L Ä . 0 0 N V.NUÖ

TYPE "5 RANGE= 0 1 1 1 =0:189 = h : 3 3 3 0 : 3 3 3
LEVEL= 0 . 0 9 0 N.:033 6 . 0 0 7 6 . 0 0 9

TYPE & RANGEZ - 0 . 0 9 4 -0.444 ND. 444
LEVEL= 0 . 0 1 7 0 . v 0 0 N . N 0 É

TYPE 7 RANGE=.=0.170 0 . 4 0 0 6 . 4 0
LEVEL= 0.030 0 . 0 0 3 F. 0 0 6

=-LANE2 MEETING-- 5

VEHSTYPE 1 VERS TYPE 20 Vehe TYPE SOC VERS IYPE nä
POINT VALUE POINT VALUE POANT VALUE POINT VALUE2.50 0.000 2 . 5 0 UV-0G0 - 2 . 5 0 OÄNNU 42:59 0 .009
= 0 . 5 0 0.200 - 0 . 5 0 G.333 0 . 5 0 VÄ11l1l - 0 . 5 0 064091

0 . 5 0 0.200 0.50 053335 0.50 AÄ11 i l 0.50 0 . 0 9 1
2 . 5 0 0 . 0 0 0 2 . 5 0 05000 2 . 5 0 2 .000 2650 060vC
2 . 6 0 06.000 2 . 6 0 0 .000 3 .29 2.030 I . 2 0 V:00O
4760 0:800 4 . 6 0 06.667 "5.23 M Ä 4 4 4 - b . 2 9 0 . 3 6 4
5 . 6 0 0 . 8 0 0 5 . 6 0 0 . 6 6 7 6 . 2 1 N Ä H 4 4 6 2 0 0.364
7 . 6 0 0 . 0 0 0 7 . 6 0 0 . 0 v 0 B Å 2 0 6 . 0 0 0 7.90 N.055
0 . 0 0 0 . 0 0 0 0 . 0 0 O-0N0 10 .60 YVÄLUNO 8429 OU:V27
0 . 0 0 0 . 0 0 0 0500 0 . 0 0 0 1 2 . 5 B . 4 4 4 9 . 9 0 0.182
0 . 0 0 0.000 0 . 0 0 Ö.-N00 13.60 H.444 19.90 N.18Z
0 . 0 0 05000 0.400 05-000 15.60 NL0N0 1 2 . 9 2 0 . 0 0 0
04.00 0 . 0 0 0 0 : 0 0 0 . 5 0 6 0400 0 . 0 9 0 13.60 NM.000
0 . 0 6 0 . 0 0 0 0 . 0 0 04000: G.00 d . 0 0 0 156460 04364
0.00 0.000 0 : 0 0 05000, 0 . 6 0 07.000 1 6 . 6 0 N.364
0 . 0 u 04000 0 : 0 0 0 . 0 0 0 0 .06 0.000 18.6N 0 . 0 0 0

TYPE 1 RANGE= =0+200 0 .500 Lå
LEVEL= 0.000 0 . 0 0 0

TYPE 2 RANGE= - 0 . 3 3 3 0 . 5 6 7
LEVEL= 0 . 0 0 0 0 .000 4

TYPE 3 RANGE=Z 0 . 1 1 1 " 0 . 4 4 4 0 . 4 4 4
LEVEL= 0.000 0.300 NA:0v6

TYPE 4 RANGE= 0 . 0 9 1 0.155 - 0 . 3 6 4 0 .364
«LEVEL= 0 . 0 0 0 0D.v27 GC.00N 0 :000

TYPE 5 RANGE= = 0 . 111 0 . 1 8 9 =0.333 0 . 3 3 3
LEvVEL= 0.000 0 . 0 3 3 0.000 N-000

TYPE 6 RANGE=Z - 0 . 0 9 4 " 0 . 4 4 4 0 . 4 4 4
LEVEL= 0.017 0 .000 J . 0 0 4

TYPE - 7 RANnGEz =0.170 0 . 4 0 0 0 . 4 0 0
LEVEL= 0 .030 0 . 0 0 0 0 .006

VEHSTYRESAD
POINT VALUE
2 . 5 0 0.900
0 2 5 0 O r e i l l

0 . 5 0 H 1 1 l
2 . 5 0 04000
3 . 2 0 N.0N0
Sv20 I y c c c :
6 . 2 0 0 .222
7 . 9 0 N.033
ö . 2 0 0.050
9 . 9 0 0.333

1 0 . 9 0 0.333
1 2 . 3 0 0.000
15.60 NAMN
1 7 . 6 0 0 .333
18.609 N7333
2 0 . 6 0 N.N00

VEHÄTYPE 5 VEHÖT
POINT:POT"IT

-=2.50
0 . 5 0

0 . 5 0
2 . 5 0
3.20
5 . 2 0
6 . 2 0
7 . 9 0
8 . 2 0
9 . 9 0

1 0 : 9 0
12.90
15 .60
17 :60
18.60
20 .60

VALUE
0.000
03111
0 . 111
0.000
0.000

"hi222
0.222
0:033
0.050
0.333
0.333
0:NN0A
0.000
0.333
0.333
0.000

VEHÅ TYPE
POINT VALUE
- 2 . 5 0 0.NNN
- 0 . 5 0 : 0 .111

0.50 0 . 111
2020 O.N17
2.50-- 0.067
4 . 2 0  0 . 4 4 4
5 .20 0 . 4 4 4
7 . 2 0 OshNN

1 0 . 6 0 OsnAN
12.60 0 . 4 4 4
13.60 0.444
15.60 O.nAN

N Å N N O Å N A N
NÄ NN V.NNDO
N . N DenNA
NÅNN: DeNAN

-2 .50
0 . 5 0

0 .50
2.20
2 .50
4 : 2 0
5.2N0
7 . 2 0

10.60
12.60
13.60
15.60

0.NN
n.«NN
Nn. NN
N . 0 0

Y

POINT
24:50
- 0 . 5 0

0.50
2.20
2 .50
4 .20
5.20
7.20

15.60
17.6n
18.6n
20.6N

n . ö n
Nn. 0
0 :00
NCO

BI VEHSTYRGOIST
VALUE
0 , 0 0
Nn,200
0 .200
0.030
0.060
0.400
0.400
n..N00
0.000
0.400
0.400
0. n00
0.000
0.000
0.000
N.n00

PE 6 VEHÄTYPE 7
VALUE
05000
0 .111
0 .111
0.N17
O.N6?
0 . 4 4 4
0 . 4 4 4
0.NN0
0.009
0 . 4 4 4
O.4Uu4
Oo.nAn
0 . Å N 0
0.NAN
0.nNAN
0:0N0

20INT
-2.50
-0 .50
"0 .50

2.20
2.50
4 .20
5.20
7.20

15.60
17.60
18.60
20.60

0.0M
0.00
0.00
0.00

VALUE
0.000
0.200
0.200
0.030
0.060
0.400
0.400
0.000
0.000
0.400
0.400
0.000
0.000
0.000
0.000
0.000



«+ OVERLAP DISTRIBUTION INPUT xx

NB, OF CLASSES 5 WITH THE FOLLOWING DISTRIBUTION ( A P P R O X . )
( L E S S THAN 7 CLASSES)

IN DISTR. 0.814 0.150
DISTRIBUTION ABSOLUTE

0.030 064005 J.001

ok EQUIVALENT OVERLAP LOAD DENSITY FUNCTIONS +

-‐- X

TOTAL

AXLE

TYPE Ad

TYPE 2

TYPE 3

TYPE 4

TYPE 3

TYPE db

TYPE 7

tt LC - HC )
==LOAD (LOW CLASS-HIGH CLASS )

LANE

LANE

LANE

LANE

LANE

LANE

LANE

LANE

LANE

LANE

LANE

LANE

LANE

LANE

LANE

LANE

LANE

LANE

i 79 .38 & ( L C - H C )
111.920 ( 1 - 2 4 )

2 79.03 & ( L C = A C )
8 9 7 : 1 9 0 7 - ( : 1 £ = 1 9 )

r 76 .68 & ( L C - H C )
I3s0803 ( 1 - 8 )

2 7 4 , 6 6 & ( L C = K C )
2940731- ( 1 - 6 )

T Y 7 5 . 5 1 8 ( L C = A C )
547-647-- ( 1 1 0 )

7 4 . 9 6 8 ( L L - n C )
4 3 6 2 5 ( 1 . 8 )

70.53 & ( L C - A C )
100.473 ( 1-172

2 7 5 . 1 6 X ( L C - = n C I
6b45020: ( 1 1 4 )

1 7 8 . 8 9 & ( L I A M
8 4 . 8 4 4 ( 1 - i 7 )

2 7 6 . 0 8 ä & ( L C = N C )
6 5 . 5 6 4 ( 1 - 1 3 )

1 7 8 . 8 2 & » ( L C - n l )
177:6135--0 1 0 0 )

7 9 . 0 4 Xx (LC=AMVN
1 4 1 . 8 5 2 ( 1 - 9 )

1 7 5 . 0 8 Y ( L C - A n C )
1 9 9 . 8 6 5 - ( 1 1 - 3 4 )

7 5 : 3 2 3 8 ( L C - n C )
1 5 3 . 5 9 6 ( 1-272

1 A B S (LCenNE)
11 9 . 7 6 6 ‐ ( 1 - 2 1 )

2 7 0 . 8 6 I ( L C - N C )
926.209 ( 1 - 1 7 )

1 17247 V X ( L C - A D
1 6 1 5 7 2 ( 1 1 - 2 8 )

2 25467-5 ( C A C )
1 2 6 . 9 0 4 ( 1 - 2 2 )

+&&x TRAFFIC. DATA ++

16 .45  X
291.228

16.78 Xx
232 :063

18.11 Xx
9 9 . 8 6 9

17.06 Xx
1T5e487

18.01 Xx
119.333

20.97 &37.468
20.14 KX

182 .790

1 5 . 8 8  x
149.307

16.87 Xx
201.358

19.70 Xx
157.252

10 .69  +
2 2 . 8 3 3

15:29:85
251192

18 .77  x
366.502

19 .83  +
293 .523

18.97 &k
235 .726

1 8 . 4 9  £
190.283

17 .42  k
306.357

1 9 . 4 3  8
243 .558

( L C - H O ) 3 .36 &
( 2 5 - 3 5 ) 373.236

( L C = H C ) 3 . 4 0 &
( 2 0 - 2 8 ) 299.730

( L C - H C ) 4.18 £
( 1 9 - 1 2 ) 128.934

( L C = H C ) 6 . 8 3 X
( 1 : 7 6 9) 987289

( L C - H C ) 4 . 9 1 K
( l I = 1 4 0 ) 1520738A

( L C = H C ) 3 .07 K
( 9 9 - 1 2 ) 130.034
( L C - H Ö ) 4 . 3 6 X x
( 1 8 - 2 0 ) 225.000

( L C A D D 4 . 7 0 &
( 1 5 - 1 6 ) 165.009

( L C > H C ) 3 . 3 0 8
( 1 3 - 2 5 ) 269.885

( L C - A C ) 3020 «
( 1 4 - 2 0 ) 216.533

(CeE=HC) 3 .25 a
( 3 1 - 3 6 ) - - 3 7 3 . 6 3 8

( L C - A C ) 4 . 11 a
( 2 5 - 2 5 ) 294.103

( L E > R C ) 4 .10 +
F I O L ) THET S A R

( L E A D ) 3 . 6 0 X x
( 2 8 - 3 3 ) 343 .181

( L C - H C ) > 4.19 X x
( 2 2 - 2 7 ) 286.582
(LOSAC)E S S A
( 1 8 - 2 2 ) 232 .511

( L C H I ) 4 . 0 9 &
( 2 9 - 3 5 ) 363 .941

( L C - H C ) 3 . 0 8
( 2 3 5 2 8 ) 2n92710

(LC>HC)
( 3 6 - 4 1 )

( L C - H C )
( 2 9 - 3 3 )

( L C - H C )
( 1 3 - 1 4 )

( L C > H C )
( 1 0 - 1 1 )

( L C > H C )
F I S A T T )

( L C > H C )
( 1 3 - 1 4 )

( L C - H C )
( 2 1 - 2 1 )

( L C - H C )
L I S T

( L C - H C )
( 2 6 - 3 0 )

( E C H C )
( 2 1 - 2 4 )

( L C A H E )
( 3 7 - 3 9 )

( L C S H C )
( 2 9 - 3 1 )

( E C - A C )
( 4 2 - 4 5 )

( E C S H C )
( 3 4 - 3 6 )

( E C F H E )
( 2 9 - 3 1 )
t L C = H 0 )
( 2 3 3 2 5 )

( L C C )
( 3 6 - 3 8 )

( L E = H C )
( 2 9 - 3 0 )

0.56 X
4 2 6 . 2 8 9

0.60 Xx
342.376

0 . 8 6  &
145.009

1.23 Xx
11 5 .£ 0 0

1 . 1 6  X
175.000

0.RR ok
145.000

RT
215.000

3 . 3 5
175.000

0 . 6 5  K
309.727

0 . 6 9  &
249.537

0 . 2 9  X
3 0 0 , 3 1 9

1.23 Xx
FAR. 7 6 7

0.235 k
4 5 8 . 7 2 8

I n k
AGOR AND

Nn. 93 &
3 1 8 . 5 9 1

[ L E S L I E
255.106

0 . 7 6  X
385.000

1 1 0  a
3N5.Nn20

V E H Ä S P E E D ( M / S I ) = 1 8 . 0 EQUIVALENT TIMES 1.00 FACTOR O N MEETÄ.PROB.= 0.0NM
FACTOR ON JVERTAKING PRIOB.= 1 . 0 0
QUEVE CRITICAL TIME DISTANCE=

AVERAGE QUEUEDIST.= 30.00

H.N0
MIN-MAX QUEUEDIST. 20.00 40.00 FACTOR ON QUEVE PROB: 0.00

«+ COMPUTED DIMENSIONS OF ARRAYS T AND S är

T(
st

(RANGE INCR.= 10.002

4 3 , 1 0 : 3 3 )
3 1 . 2 3 3 3 )

( L E V E L INCR.= 1 0 . 0 0 )

( N B MEET POINTS= 7) ( N B GUEVING POINTS: 13 )

( N B . QUEUING POINTS IN QUEUE MEETINGS 1 3 )

( L C - H C )
( 4 2 - 4 5 1

( L C - H C )
( 3 4 - 3 6 )

( i C - H C )
(155165)

( L C - H C )
( 1 0 - 1 2 )

t L C E H C )
( 1 8 - 1 8 )

( L C - H C )
( 1 5 - 1 5 )

t L C > H C )
( 2 2 - 2 2 )

tCLC>HC)
( 1 8 - 1 8 )

( L C > H C )
( 3 1 - 3 2 )

( L C - H C )
( 2 5 = 2 6 )

( L C - H C )
( 2 0 - 4 1 )

( C C = H C )
( 1 2 - 3 3 7

( E C = H E )
( 4 6 - 4 7 )

( E C S H E )
( 3 7 - 3 8 )

( L C - + C )
(32+-33)
( t E C = Y C )
( 2 6 - 2 6 )

( L C - A C )
( 3 9 - 3 9 0 )

( L C - H C )
( 3 1 3 1 5 )

0.16 KX
460.534

9 . 1 8  x
371.101

D . 4 l  K
125.000

0.14 KX
155.000

i.40 Xx
225.900

0 . 0 2x
125 .000

0 . 3 0  Y
328.302

0.24 Ku
267.108

n e s  Y
415.000

DNA kx
335.007

O E I  Y
475.000

n ä 3  v
sa5,.NNN

(1853Ny a
335.200

9 . 4 1  K
287.108

0.25 Xx
395.000

n37d v
316.023

( L C H O )
l ä f - ; 8 )

( L C = H C )
( 3 7 - 3 9 )

(LC-=HC)
( 1 6 - 1 6 )

tLCSHE)
( 2 3 - 1 3 )

tLC-HCI
( 1 9 - 2 9 )

( L C H C )
( 1 5 - 1 6 ?

IELERHE)
( 2 3 - 2 3 )

( L É > H C )
r 0 s 1 9 )

CEESNG)
( 3 3 - 3 4 )

( £ E - 3 4 6 )
( 2 7 - 2 8 )

CLSSHOD:
( 4 2 - 4 2 )

( n e = N )
( 7 4 - 3 5 )

t l o = H 0 )
( 4 u n e 4 A )

t l N 0 )
( 3 2 9 - 3 9 )

( L E > H C )
( 3 4 - 3 4 )

( C S N )
( 2 7 5 )

(ECC>AL)
( 4 9 - 4 0 )

( L 2 = H C )
( 3 2 - 3 3 )

TOT=
9317250

317200

TOTz
1506550

T O T
1506550

t o T =
1796000

TOT=
17960N00

TOT=
1930500

TOT=
1930500

TOTz
1810800

TOT=
18108n0

T O T
13896N00

TATE
1389AN0

TATE
575350

T O T
575350

TOT=
309150

TOT=
309150



= F/09
LANE2 OVERTAKING LANE & AXLEWEIGHTS ( T U = 0 ) PARALLELL LANES
LINSPECTRUM = OCASSIONS= = 130653 N3. OF RANGES= 175697
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