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PREFACE

The present work contains derivations and descriptions of two numerica]
models by which Toad spectra and corresponding loadeffect spectra may

be estimated for highway bridges. The load spectrum model, LOSP, estima-
tes the distributions of heavy vehicle Toads which will pass over diffe-
rent road sections. The loadeffect spectrum model, NULESP, which uses
the load spectra as input together with bridge and traffic characteris-
tics, analyses the arising loadeffect processes for different structural
points of the bridge structure and puts up resulting distributions of
loadeffect range-levels, loadeffect spectra.
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SUMMARY .

This report describes two numerical models by which load spectra for
highway sections and loadeffect spectra for highway bridges are calcu-
lated. The models use input variables of both deterministic and non-de-
terministic, stochastic, nature, which are chosen so that their values
can be rather easily estimated. Output from the Toad spectrum model is
used as input to the loadeffect spectrum model. Load spectra are cal-
culated as well as typical loadeffect spectra. The models are primarily
intended to be used in connection with fatigue of highway bridges. A
short description of the models are listed below.

Numerical calculation of LOad SPectra

Input (LOSP):

Distribution of total weight (maximum gross weight) by registered
(heavy) vehicle type. (Stochastic)

Average yearly driving distance by vehicle total weight and type.
(Deterministic)

Region road length. (Detekministic)

Distribufion of degree of uti]izéd load bearing capacity, loading
level, by vehicle type. (Stochastic)

Calculations (LOSP):

Numerical manipulations of input variables.
Ex. multiplication of density functions.

Output (LOSP):

Distributions of vehicle gross weights for all vehicles by type and
. distribution of axle gross weights, if vehicle specifications were
.. -input. The distributions are valid for each lane section of the
region.
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ﬂgmerical model for calculation of Lpadgffect §Eectra

Input (NULESP):

Specification for each vehicle type
Weight distribution on axles. (Deterministic)
Axle distances. (Stochastic. Deterministic in overlap calculations)

Lane occurence distributions of vehicle type gross weights, Toad spectra
(Stochastic)

Regarded time period. (Deterministic)

l.ateral influence function. (Deterministic)
Distribution of Tlateral track. Same for all vehicles. (Stochastic)

Longitudinal influence line specifications. Three standard shapes and

one optional. (Deterministic)

Traffic data
vehicle speed, equivalent time (factor to correct available time),
min. max. queue length (the stochastic queue distance is uniformly
distributed). Factors on meeting, overtaking and queuing probabili-
ties. (Deterministic)

Loadeffect calculation directives. (Deterministic)
single, meeting or parallel lanes, vehicles regarded as several

axle loads, one concentrated lcad or all axles running freely.

Distribution (one) of dynamic amplification factor. (Stochastic)

Numerical multiplication of density functions. Systematic sampling per-
formed on: type of vehicle (axle distance factor, if single vehicle

passage calculations) weight class, meeting section and queue distance
and overtaking section (depending on which overlap case is under calcu-
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lation, lane configuration and representation of vehicle load). The
sampled variable combination has a probability to come up (based upon
partial vehicle type-weight class flows following Poisson processes and
independent variables), giving a weight by which the counted range-
1éve1é, from the arising loadeffect process part, shall be multiplied
and added to the.final result. - :

Qutput (NULESP):

Besidesvthe input data- -

Distribution of equivalent Toads, (gross weight lane occurence distri-
butions modified with regard to lateral influence function and

© _lateral track distribution).

Influence Tines and vehicle type influence lines for two driving direc-
tions plus result of range-level count performed on them.

Distributions of loadeffect. range-level, from different overlap cases
and single vehicle passages.

Final distribution of loadeffect range-levels before and after dynamic
amptification: - : '

The LOSP program.is written in Basic language for Hewlett Packard 2116C
computer and-the NULESP program in Nualgol for Univac 1108 computer.
The programs are fully documented with input output catalogue for the
NULESP program.

One or two lanes, meeting or parallel, may be specified. The overlapping
loadeffects, that is from overlapping influence Tines of several vehic-
les, originates 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
for different lane configuration and representation of vehicle load may
be changed via input.

The simulated loadeffect process parts are analysed by means of a deri-
ved statistical counting routine, LECOUNT, which makes continuous elimi-
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nations of ranges and the levels they occur on.

The distribution output of stochastic variables is mostly in the form
of printed or Tline printer plotted spectra, where a spectrum expresses
probabilities (or 10-Togarithm on the absolute number of events) for

a variable to be greater than or equal to specific values (or two dif-
ferent values, range and level in a two-dimensional loadeffect spect-
rum). Both linear an logarithmic spectra are plotted.

Load spectra and Toadeffect spectra are calculated and compared to a
few measured spectra. The influence of different variables on the
appearance of the loadeffect spectra is discussed.

Besides the numerical approach an analytical loadeffect spectrum ana-
lysis was performed for uniformly distributed axle weights and short
triangular influence lines taking into consideration overlapping ef-
fects of meetings.

A mobile vehicle weighing station, developed by the author, is descri-
bed as well as planned computer controlled field measurments of load
and loadeffect spectra in Sweden.

The numerical models LOSP and NULESP, for calculation of load and Toad-
effect spectra for highway bridges are intended to contribute to the
understanding of underlying factors which influence the appearances of
the spectra and makes available predictions of such spectra.
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LIST OF TERMS.

The following units. have been used in the report.

Load:

Loadeffect:

Mass:

Length:

Time:

N (Newton)

kN kilo Newton = 1000 N

[T kN = 0.1-Mp (Mega gram) = 100 kp (kilogram) = -
= 0.22 kip (kilo pound)]

Pa (Pascal) = 1 N/m® and kN -

1 MN/m2 (Mega Newton per square metre) = 1 MPa (Mega Pascal)

[1 MN/m2 = 10 kp/cm2 (kilogram per square centimetre) =

0.1 kp/mm2 (kilogram per square millimetre) =

0.142ksi (kip per square inch)]

kg (kilogram) -

m (metre)

km (kilometre)

[1m=3.28 feet = 39.37 inches]
[1 km = 0.62 miles]

s (second) and year

Some of the most frequently used terms in this report 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

shortly described the meaning of some variables.

Explanation

Term

calculation case . 'overlap case or loadeffect calculations of
single vehicle passages

critical queue time if two vehicles pass a lane section within

(kritiskt kdavsténd) this time they:will form a queue a distance

ahead with the: probability 0.5



Term

distribution
(fordelning)

density function
(frekvensfunktion)

distribution function
(fordelningsfunktion)

equivalent load
(ekvivalent last)

equivalent overlap Toad

equivalent time
(ekvivalent tid)

lateral track

(sidldge)

load
(last)

L#2
Explanation

used alone, refers to any grouping of values

equivalent to density function distribution,
frequency function and frequency distribu-
tion. If preceded by discrete, the function
is divided into classes (discrete probability
mass function). If preceded by absolute the
function is mU]tip]ied by the total number of
events. (Relative dens. func. is equal to
dens. func.)

equivalent to cumulative distribution func-
tion (the density function integrated). May
be discrete, absolute (or relative) (see den-

sity function)

actual vehicle Toad of vehicle multiplied by
the lateral influence function value part of
the separated two-dimensional influence func-
tion. The equivalent load becomes stochastic

if it is multiplied with all lateral influen-
ce values distributed according to the late-
ral track density function.

equivalent load used in overlap calculations

a factor to reduce the available time for a
vehicle flow to take place

the lateral position of the centre of gravity
of the vehicle axle weights during bridge
passage

also stands for weight of vehicle cargo or
payload



puae g

Term

(vehicle) total load
axle load
(vehicle) type Toad

loadeffect, 1.e.
(lasteffekt)

(loadeffect) range
(spanningsvidd, vaxling)

loadeffect level
(spanningsviddniva,
vaxlingsniva)
loading Tevel
(lastningsnivd)

log

Zn

meeting section
(motespunkt)

overlap
(overlapp)

overlap case

L73

Explanation

vehicle weight regarded as concentrated load
all vehicle axles running freely
vehicle weight regarded as coupled axles

actual vehicle Toad multiplied by Tateral
and Tongitudinal influence values

the amplitude of a closed excursion back to
the starting 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 Towest value during range ex-
cursion

by total weight = vehicle gross weight/ve-
hicle total weight
by total load = gross load/total load

10-Togarithm (logarithm with base 10)
natural logarithm (with base e)

a road section where the front axles of two
meeting vehicles meet (or the front axles
of the firsf vehicles in case of meeting
queues)

used in connection with addition of load-
effects from several vehicles

loadeffect calculations of meetings, over-
takings, queuings, queuemeetings or queue
meeting queues
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Term Explanation

tare weight weight of an unloaded vehicle
(tjanstevikt)

gross weight: actual weight of the vehicle on the road,
(bruttovikt) tareweight + gross load

max. (gross) weight tare weight + max. load (normally equal to
(max. bruttovikt) total weight)

total weight tare weight + total load (max. legal gross
(totalvikt) weight)

overweight tare weight + overload

(overvikt)

max. overweight ‘tare weight + max. overload
(max overvikt) :

gross load actual weight of pay load
(bruttolast)

max. load normally equal to total load
(max.last)

total load - max. legal pay Toad
(total Tast) -

overload gross load usually greater than max. load
(overlast)
max. overload max. overload

(max. Overlast)



Term

queuemeeting, QM
(komote)

queue meeting queue, -QQ
(ko moter ko)

spectrum
(spektrum, kollektiv)

L/5

Explanation

queues meeting single vehicles on the bridge

~queues meet.other queues on the bridge

a function expressing the relation between
the probability for a stochastic variable to
be greater or equal (or the 10-logarithm of
the absolute number greater equal) to diffe-
rent values. (Equal to 1 - the distribution
function for a continuous stochastic vari-
able.)
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NOTATIONS.

‘The notations are chosen to give an idea of what the identifiers stand
stand for and furthermore these identifiers should not have to be re-
named when used in a computer program. The poorest computer language,
with regard to identifier names, is Basic and because some programs are
written in Basic this fact brings the following. possibilities to name
variables, namely simple variables consisting of a capital letter or
cepital Tetter+number and subscripted variables of a capital letter.
Scme longer identifiers, howevér, are used in the computer:brogram
NULESP because it is written in Algol which permits more complex vari-

able names.

When some formulas are deducted small letters and indexed variables are
a’so used. In that case the meaning of these identifiers are found in
the appropriate chapter.

Below are the used variables and functions listed. They are divided into
three groups, L load spectrum identifiers, E Toadeffect spectrum identi-
fiers and A computing aid identifiers. A summary is made in FIG. N-T.

In the text, matrix indexes may be replaced with dots. (Example C(L®,T1,3)
becomes C(...).) The number of indexes may also differ between different

programs but it should be clear from the context which ones are deleted.

The formulas are numbered concequtively within chapters N.M (for example
within Chapter 6.3).

Null may either be written as 0 or as @. @ is used in order tc prevent
null from being interpretted as the letter 0.

f denotes density function and F distribution function.
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L= ALGOL expansion
SIMPLE VARIABLE S| smPLE VARIABLE ARRAY | FUNCTION PROCEDURE
@1 234567835 ‘
A E-F AlL AX (A) AM (E)
B L
Cle AAAAAAAA |[L|L C(A)
D E L DIST (A) DYNCONV (E)
E E
FI AEEEE E E E[A FACT (E) FPCOUNT (A)
G L
H|A A | L| TR HTL KSR HSL(A) :
I AAAAAAANAANENE INFLADD, INFLTOYQ,
INITL (E)
Jb . EYEE AA  E |F|E
K AAAAAAAAAIL
LI EEZ . LI UO.LSLTRLTLLSR LSLMANLEV (A)  \LATINT, LECOUNT (E)
L1, Lp2
M E A AAA |E| |MOVA) | WE MOVY (E)
NE LLE “AAAAAIL NBR (E)
0 £EEE £ occ (£) ONB (E)
Pl T e L| L |PRPRTFL PLT(4) PLN, FLO(A)PRINTLSP, PRINTST (E)
ajA A A A EE Qasw (£) - am,ou, Qo (£)
Bl - L . ElE RE(E) RT (A) RNBIEWRLSTORE (), READA (A)
S|EEEEEE A A[E|  |SOCC(E),SRL,SRH.SLL, |SONB (E) |51 STLINSPCONV(E),
SLH(A), 54QM (E) 5700, STOREZW (A)
T|LELL EE E|A TE(E), TRL TRE,TLLTLHUNTEXT (A)  [TADDS(F),
U A
V|E L WVE(E) VAL (E)
W|E E E Ei PR B |
XVE E E E Eoepobs Bobts kil A -
VIEEAAAEEEEE |E YSEC(E), YL, VH (A) Yarova,Yvoisye (€)
e Fild Bk EE| | £

L Lload spectrum identifiers
E = loadeffect spectrum identifiers
A ‘Compuf/'ng' aid identifiers

FIG. N-T. Used identifiers.
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P1

R1
T1

T2
Z1

2

23
Z4

N1
N2

e e b 1

weight class number

vehicle weight

weight class width (kN)

region number (also RE)

number of regions

vehicle type number (negative T1 in I(...) denotes meeting vehicle
type influence line)

number of vehicle types

lowest weight class in all-vehicle gross weight Tane occurence
distribution

highest weight class in all-vehicle gross weight lane cccurence
distribution

Towest weight class in axle gross weight lane occurence distribution
highest weight class in axle gross weight lane occurence distribu-
tion (Z1-Z4 are incorporated in matrix C(...) in the Algol program)
equivalent time (see also TE)

road Tength (km)

total number of vehicle lane occurences per year

total number of axle lane occurences per year

(N1-N2 incorporated in matrix ¥(...) in the Algol program

A(TT,IT) : I1 =1 total axle distance (m) for vehicle type T1,
axle distance between axles, I1, I1-1, from front
B(T1,I1) : weight distribution on axles (I1) from front
vehicle type T1
C(T1,1) : Towest weight class in vehicle type total weight
registration distributions
C(T1:2) .t highest weight class ..
C(LP,T1,3) : Towest weight class in vehilce type gross weight

lane occurence distribution by lane L@ and type TI
C(LP,T1,4) : highest weight class ...
C(LO,T1,5) : Towest weight class in vehicle type equivalent



C(LP,T1,6)
D(T1,1)
D(T1,2)

G(T1,C)
G(L@,T1,C)

H(T1,11,12)
K(T1,1)
K(LP,T1,2)

L(T1,11)

N(T1,C)
P(1,C)
P(2,C)

V(T1,1)

N/4

gross weight lane occurence distribution by lane

L@ and type Ti

highest weight class ...

average yearly driving distance (km) per year for
lowest and highest weight class in vehicle type
total weight registration distribution

vehicle type gross weight. (also total weight in
LOSP) Tane occurence distribution (absolute 1 year
in LOSP or relative in NULESP)

axle distance factor (I1=1) and distribution (Ii=2)
for vehicle type TI mumber of classes, index 12,

is equal to M(3,T1))

total number of registered vehicles of type Tl
total number of lane occurences in lane L@, vehicle
type T1. (1 year or Y@ years)

coefficients of loading level distribution, vehicle
type T1, see figure below.

! 7
( : 2
= a/ _ Loading level

3 Y4 Y9 by total weight

) vI Loading level
by total load

SESSNNAN

-

%

tare weight/total weight portion

over weight/total weight portion

tare weight/total weight

max. gross weight/tota] weight (normally = 1)
overload/total Toad

mean load/total load

~N O O Bow N

max gross weight/total weight portion

vehicle type total weight registration distribution

(absolute 1 year)

all-vehicle gross weight Tane occurence distribution
(absolute 1 year). (Also G(L@,-1,C) lane L)

axle gross weight Tane occurence distribution (abso-
lute 1 year). (Also G(LP,P,C) lane LP)

number of axles for vehicle type T1.



FNC(P)

FNP(C)

FND(C)

1l

1}

N/R

INT(P/P1) + 1 that is the weight class number
defining loads P.

(See also function NBR(P,P1)

P1-C-P1/2 that is the mean weight defining
weight class C

(See also function VAL(C,PT)

average yearly driving distance in km for
weight class C, see also figure below.

FND (C)

e 12



A2
D3

ES

FACT
Jp

J1

J2
J8

Lp
L1

N
N3

01, 02, 03, 04

0cC
Q9
QQSW
RE
R9

N/6

number of classes in loadeffect amplification
distribution

mean loadeffect amplification factor

influence line displacement in vehicle type in-
fluence 1line calculations

ranges that are less E9 are not counted in pro-
cedure LECOUNT

lateral influence factor for middle track, lane 1
lateral influence factor for middle track, lane 2
greatest positive and negative variation of middle
track factors, lane 1 and 2

factor on calculated meeting probability

factor on calculated overtaking probability
factor on calculated queuing probability

number of occurences for a certain overlap event
if equal -1, J@ indicates that the second Tane is
a meeting lane, +1 otherwise

influence (longitudinal) line type. Negative if
meeting

number of influence Tine types

number of nullreadings (less E9) to satisfy return
from LECOUNT

lane number

lane configuration, = 1 single lane, = 2 parallel
lanes, = -2 meeting lanes

distance between meeting sections

pointer 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 = 0 queue meets queue not calculated

region number (also R)

number of counted ranges in LECOUNT



S¢
S
S2
S3
S4,54QM

SOCC
10

16,77
T9

TE
VE,V
W

W

Wi

W8

X

X0
X1,X2,X3
X6,X7,X8
Y

Y9

Y1

Y4

Y5,Y6

Y7

Y8

YSEC

Zp

/3
79

N/7

shortest and Tongest queue distance in queue dis-
tance distribution

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 distributions used in Toadeffect
calculations. T@ = -1 total Toad, = @ axle load
and = 1 type Tload

pointers to vehicle types

critical queue time (sec.)

equivalent time

vehicle speed (m/s)

loadeffect range

loadeffect range increments

number of classes in equivalent overiap load dist-
ributions

highest calculated range class

coordinate along the bridge

length of influence Tine (m)

influence Tine coordinates

relations describing influence Tine appearance
coordinate across the bridge (lateral)

loadeffect calculation period (years)

load distribution identification, run number
lateral track distribution variation width (m)
relations describing lateral track distribution
number of breakpoints (column elements) in the
first and second row of matrix Y. (Y(1:2,1:Y7)).
number of breakpoints (column elements) in the
third and fourth row of matrix Y, (Y(3:4,1:Y8))
number of seconds per Y@ years (including equiva-
lent time factor)

loadeffect level

loadeffect Tevel increments

highest calculated level class

number of negativ levels



AM(11,12)

I(T1,11,12)

1,11, 12)

M(I1,12)

0(L@,T1,I1,N)

ONB(L®,TT)

Q(11,12)

SONB(LP,T1)

W(I1)
X(L,TT,N)

N/8

amplification factor (I1=1) and distribution

(I1=2). Number of classes is Al.

vehicle type influence Tine (type T1 or -T1, meet-

ing), I2 = breakpoint number, I1=1, 3, 5 gives X-

values for axle distance factors H(T1,1,I3) (I3=

=1, 2, 3). 11=2, 4,6 gives the corresponding in-

fluence values :

longitudinal influence line (type J1 or -J1, meet-

ing), I2 = breakpoint number, I1=1 gives X-values

and I1=2 corresponding influence values

number matrix

IT=1: number of breakpoints for influence Tine
type 12

I1=2: number of breakpoints for vehicle type in-
fluence line 12

I1=3: number of axle distance factors for vehicle
type 12

equivalent overlap loads (I1=1) and distribution

(I1=2) for vehicle type T1 and lane L@. Number of

classes (index N) is WI1.

number of involved vehicles, type T1 and lane L@,

in a loadeffect calculation case

storage for part of Tloadeffect process. X-value

when I1=1 and process value when I1=2. Number of

breakpoints (index I2) is Q9.

range (IT = 1) and corresponding level (I1=2) as

a resuit of a LECOUNT. Number of range-levels

(index I2) is R9. :

total number of calculated positive (I1=1) null

(I1=0) and negati&e (IT=-1) loadeffect ranges.

accumulated range (class I1)-level (class I12) load-

effect distribution (absolute)

accumulated number of involved vehicles, type TI1

and lane L@, from different calculation cases

equivalent load distribution input

equivalent load (gross weight) lane occurence dist-

ribution, lane L@, vehicle type TI
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Y FL,12) : storage for influence Tines and parts of load-
effect processes. X-value when I1=1 (or 3) and
corresponding process values when I1=2 (or 4).
Number of breakpoints (index I2) is Y7 (or Y8)

FNI(W) = INT(W/W@)+1 same as NBR

FNW(N) = WP-N-Wp/2 same as VAL

FNJ(Z) used in program INFLU. Same as NBR and FNI. Used
for levels Z, giving class FNJ

FNZ(N) used in program INFLU. Same as VAL and FiW, class

N gives level FNZ
DYNCONV(S,SRL,SRH,SLL,SLH,A1 ,AM,T,TRL ,TRH,TLL ,TLH)
dynamic amplification of Toadeffect range distri-
bution S(..). Result put in T(..)
INFLADD(Y,Y7,Y8,Q0,Q9)
adds loadeffect processes Y(1:2,I1) and Y(3:4,I1).
Result in Q(1:2,I1)
INFLTOYQ(J,Jd1,AX,M1,0,d0,L0,YS,Y,Y78)
moves an influence 1ine or a vehicle type influen-
ce line, influence values multiplied with 0, to
Y(YS:YS+1,11). AX denotes axle distance factor. If
JP=-1 the meeting influence line is used. That is
J1 is put negative on transfer.
INIT(T) : resets variables before an overlap case calcula-
tion or single vehicle passage calculation
LATINT(Y4,Y5,Y6,YL,YH,LD)
calculates the integral between YL and YH of the
lateral track distribution. Lane L§
LECOUNT(Q,Q9,R,R9,J0,E9)
: does a loadeffect count on the loadeffect process
Q(2,.) and puts the result in R(..). If Q9 break-
points are read before J8 unchanged process values
are read, exit is made.Range fluctuations Tess than
t E9 are not considered.
ME(LA2,LA1,TQ,T) : calculates meeting or overtaking overlap cases.
Result in T(..). Involved Tanes LAl and LAZ.
MOVY(YS,Y,Y8,MOV) : moves Y(YS:YS+1,I1) the length unit MOV forwards
in time (the vehicle arrives later)
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NBR(W,W3) : class number for load or loadeffect W if the
class width is WP

PRINTLSP(SW,L@,PR,PL)
load spectra (SW=1) and equivalent Toad spéctra
(SW=2) print- (PR=1) and plot- (PL=1) procedure
for lane LP. Both Tinear (relative) and Togarith-
mic (absolute, for Y@ years) are printed and
plotted.

PRINTST(T,TRL,TRH,TLL,TLH,T@,0CC,ONB,TEXT,PR,PL)
print and plot procedure for loadeffect spectra.
If PR=1 spectra are printed if PL is not equal 0
the procedure tries to plot PL curves "evenly"
spread over the plot area. Each curve is guilty
for ranges with levels greater than or equal to
a specific level.

QM(LQ,LS,T) : calculates the queuemeeting overlap case. Queues
in Tane LQ and singie vehicles in lane LS. Result
in T(..).

QQ(T) : calculates the queue meeting queue overlap case.
Result in T(..).

QuU(LQ,Tp,T) . calculates the queue overlap case. Queues in Tlane
: LQ. Result in T(..).
RLSTORE(R,R9,FACT,T,TRL,TRH,TLL,TLH)

: store the range-levels (R9 pairs) in the temporary
loadeffect distribution, T(..), (absolute) assum-
ing that each range level has occured FACT times

SI{LS;1P,1) : calculate loadeffects of single vehicles driving on
lane LS. Result stored in T(..).
STLINSPCONV(T,TRL,TRH,TLL,TLH)
converts a loadeffect distribution into a spectrum
TADDS(T,TRL,TRH,TLL,TLH,S,SRL ,SRH,SLL ,SLH)
: calculates S(..)=S(..)+T(..) and adjusts the array

dimensions SRL, ... if the array S(..) becomes
larger
VAL(N,WP) : Tload or loadeffect value for class N if the class

width is W@
YQTOYQ(YS1,Y1,Y7,YS2,Y2,Y8)

: calculates
Y2(YS2,1:Y7)=Y1(YS1,1:Y7)
Y2(YS2+1,1:Y7)=Y1(YS1+1,1:Y7)
Y8=Y7
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YYDISY2(Y,Y7.Y8,DIST)
moves Y(3:4,1:Y8) to be situated DIST after
(greater X) Y(1:2,1:Y7) see figure below.

: o Vel 1 2 ¥ 7)

Nl V(3:4,1:Y8)

| DIST_| X




AX
C1-C8
DIST
Fo

H2
I1-I9,N5-N9,S8-59
JP1=d02=J9

J5,d6

K1-K9
LOT1=Lp2=L0
LQ

LS

M5-M3

MOV

PR,PRT
PL,PLT
Q,Q1-Q3
Yi-¥3

Y2

Y3

YL ,YH
LTR,HTR,LTL ,HTL
LSRLHSRLLESL JHSL

TRL,TRH,TLL,TLH
SRL,SRH,SLL ,SLH
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max. allowable amplification factor, due to com-
puter array dimensions

pointer to axle distance factor

used in subroutine boxplot

used in procedure YYDISY?2

= F1 or F2 depending on regarded lane

height of lateral track distribution, procedure
LATINT

temporary storage for axle distance factors
counters and pointers

mir. and max. values of loadeffect process part,
procedure LECOUNT
temporary storages

pointer to queue lane

pointer to lane with single vehicles

used to axis grading in subroutine BOXPLOT
used in procedure MOVY

=1 print = do not print

=@ do not plot
loadeffect process values in procedure LECOUNT
used in LATINT to describe lateral track distri-
bution (coordinates to breakpoints)

=N,plot N curves

tabulator parameter
character size in plot routine (mm)
used in procedure LATINT

Timits of T(..) and S(..) indices L=low H=high
R=range L=Tevel

T(LTR:HTR,LTL:HTL)

S(LSR:HSR,LSL:HSL)

the lowest (L) and highest (H) of the first (R=range)
and second (L=level) indices of T(..) and S(..) used

in calculations.
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T(I1,12)

TEXT{I1)
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FNX(TT)
FNU(I4)
FPCOUNT

READQ

STNO

C

> TOREZW
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I11=1 Tin. I1=2 log. curve counter in procedure
PRINTST

convert indices 11,12 to one index F(..). (The
Basic interpreter can handle max. two-dimensional
arrays)

level class number for curve number I2 in lin.
(I1=1) or log. (I1=2) loadeffect spectra. Used

in procedure PRINTST.

remembers the spectrum value for vehicle type T1
when it has been plotted (for a certain range). If
several values overlap a * is plotted.

st~ing array containing characters - to be plotted
to identify different curves in loadspectra and
loadeffect spectra. Used in procedures PRINTLSP
and PRINTST

temporary R({..) matrix in procedure SI.

temporary storage for loadeffect range (class IT1)
level (class 12) distributions and spectra
contains heading for 1in. and log. spectra prints
and plots.

=T1 if T120, =T1+4 if T1<@ in INFLU

=N(.,I14) if I5=1 and G(.,I4) if I5=3 in LOSP

four point count. Finds a closed loop in the load-
effect 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 Toadeffect range level in R(..). Used in
procedure LECOUNT
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1 BACKGROUND TO THE INVESTIGATION. OBJECTIVES. PERFORMANCE.

Thz research object was initiated in 1972 by the National Road Administ-
ration because a theoretical model forming a background to the ongoing
work on the development of the "Nordic Load regulations for Highway
Bridges" was meant to be of great importance for the following reasons:

To increase the understanding of the influence of different vari-
ables on the appearances of load and loadeffects in connection with

highway bridges.
To be a complement to and extension of field investigations.

To give a picture of the rare but high amplitude Toadeffects aris-

ing from overlap events involving several vehicles at a time.

To estimate loadeffect spectra (stress range distributions) in con-

nection with fatigue design.

The research objective was to put up probabilistic models by which load
spectra and Toadeffect spectra could be estimated by using vehicle and
bridge characteristics that were as original as possible. The following
sub-objectives were formulated:

Provide a more sophisticated description of the heavy loads and the
loadeffects in terms of stochastic variables, instead of using the

usual deterministic description.

Provide a theoretical model which can be used to estimate load
spectra for lane sections of different regions and optional points
of time.

Provide a theoretical model which uses the load spectra as input to
estimate lToadeffect spectra valid for different parts of the bridge
structure and optional points of time.

Provide possibilities to get a picture of the relative and absolute
influences of different variables on the appearances of the load
spectra and loadeffect spectra.
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Provide a method to estimate the intensities of rare but high ampli-
tude overlap loadeffects, caused by several vehicles at a time.

Intermediate results were published in internal reports in March 1973,
"Last- och p&kanningsspektra for vdgbroar" and in February 1975, "Under-
lag for bedomning av foreslagen utmattningslast for vagbroar". An intro-
ductory literature review was also published in July 1973, Christiansson
/1/. The internal report, March 1973, contained a first version of the
load spectrum model, LOSP, and an analytical statistical approach to de=
termine loadeffect spectra from a loadeffect process, which is also
found in Chapter 6.3 of this report. The analytical approach was abando-
ned in favour of a simulation sclution technique, systematic sampling,
which was assumed to lead to more apprehensible and general solutions
with less complicated mathematical expressions and algorithms.

Because of an parallel investigation now in progress on dynamic effects,
in connection with vehicles driving over coupled bridge slabs, the in-
vestigation became somewhat delayed. From autumn 1974, however, all re-
sources were put on completion of the investigation, resulting 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 interest in fatique rela-
ted problems in connection with highway bridges subjected to traffic
loading especially in the form of heavy vehicles.

The research going on may be divided into three main fields: namely mea-
surments and interpretations of loadeffect processes and the correspond-
ing vehicle weight distributions, construction of theoretical models for
calculation and prediction of load spectra and loadeffect spectra and
finally, translations of the loadeffect spectra into terms of fatique.

The author of this report wrote a report in 1973, Christiansson /1/,
which gave an introductory review of related literature.

Below some of those references found in the reference list, Chapter 10,
are shortly presented. Most of the references are made in Chapter 4,
CALCULATED AND MEASURED LOAD SPECTRA and in Chapter 9, DISCUSSION.

A great deal of work seems to have been done in the USA concerning col-
lection of load and loadeffect data for research purposes, see for exam-
ple Cudney /2/, Christiano et al. /3/, Douglas /4/, Heins et al. /5/,
McKeel et al. /6/, Galambos et al. /7/, Turner et al. /8/, Bowers /9/,
Goodpasture et al. /10/, Ruhl et al. /12/ and in Great Britain Nunn et
al. /11/.

The wanted characteristics, which are to be reflected in the final re-
sults, play a central role in the analysis of a loadeffect process. In
connection with fatique the variations of the loadeffect are judged to
be of special interest. The variations of the Toadeffect process are
called loadeffect ranges and may be defined in many more or less useful
ways. A comprehensive review of different so called statistical counting
methods are found in Dijk /13/, Dowling /14/ and Mercer et al. /15/.
These methods may be used through different counting devices (or manual-
ly), either direct on the process or via recordings to pick out ranges
from a loadeffect process.

It is of course of great interest to have access to theoretical models
which can be used to predict Toad spectra and loadeffect spectra and to
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increase the understanding of the coupling between participation variab-
les and their influences. The spectrum of loadeffect ranges may be re-
garded as a final expression of a -stochastic load variable which can not
be further reduced to some characteristic value, before a proper consi-
deration of the fatigue of used materials and structural detail layouts
are taken, that is before a comparison to the load bearing capacity is

made .

Todays efforts concerning structural safety are being directed towards
greater refinements in the treatments of loads and load bearing capéci—
ties in the respect that the stochastic (non-deterministic) nature of
the involved variables is considered. In this case the loadeffect spect-
ra may be regarded as the loads which shall be compared to the design
loadeffect spectra which are derived outgoing from fatigue phenomena. A
lot of work is being done concerning structural safety at many places
including the Division of Building Technology. For further references
see for example the LITERATURE REVIEW /16/ published in 1972.

Those models found in the literature to calculate loadeffect spectra are,
of course, all more or less sophisticated with regard to the following:
degree of simplicity that the stochastic input data are put up with, the
actual variation width of the input variables that the model will cover,
the resolution of the results and how easily 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
quantities were found for the studied objects, see for example Heins et
al. /5/ and Ruhl et al. /12/.

A pure analytical approach is very hard to fulfill without farreaching
simplifications. Tung /17/, /18/, calculates peak probability density
functions and expected rate of threshold crossings under the assumption
of Poisson or Pearson Type III distributed vehicle flows, concentrated
vehicle Toads and piece wise linearized influence lines. Ditlevsen /19/
introduces queues in the vehicle flows and calculates probability den-
sity functions for the bridge response. These density functions may
only be transformed to loadeffect spectra under certain circumstances.
[t is probable that more analytical work concerning loadeffect spectra



2/3

for highway bridges will come up from the field of structural response
of structures to stochastic loads.

Numerica]lsimulation models, like the one described in this report, may
also be put up, which will allow more complicated input, output and mo-
del criteria to be formulated, though Tikely at the expense of computa-
tion times and immediate comprehensibility of the underlying casual

connections.

Moses et al. /20/ uses a similar simulation technique to the one descri-
bed in this report to calculate stress range histograms, for calculat-
ing bridge fatigue lives. Although that model and the one described in
this report were developed completely independent of each other, they
do have some characteristic features in common. They call the used so-
lution technique a discrete convulotion or summing procedure and work
with the stochastic variables truck type, truck weight, truck headway
and lane occupancy. The vehicle headways were assumed to be exponential-
ly distributed (vehicle flow described as a Poisson flow) and used both
for passing and following 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
different definition to be used in case of short influence lines. Fati-
gue lives are calculated by means of cumulative damage theory, and their
sensitivity to changes in certain input variables are tested. Measured
vehicle weight distributions are used as load input. No consideration

is given to the Tlateral track distribution of the vehicles during pas-
sage and furthermore the dynamic amplification factor is supposed to be
determinisfic. Compability between measured and calculated stress histo-
grams is reported though "because of the relatively small number of
truck crossings reported in most measurments, comparisons of the histo-
grams in the important high stress region due to rare heavy vehicles and
multiple crossings could not be done".

Fothergehill et al. /21/ describe in four reports (of which unfortuna-
tely only two /21:2/ and /21:3/ were available to the author of this
report) four stand alone computer programs which are used to simulate
bridge traffic load patterns and the dynamic response to these loads of
a carely specified bridge structure. The used technique seems to be a
simulation of a real chain of traffic events which are stored and later
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used in a dynamic finite element analysis of the vehicle bridge system,
during which stress maxima and minima and ranges are picked out and sto-

red.

Finally, it shall be mentioned that in Sweden a welding regulation /22/
was published in the year 1974 which contains typical design stress
spectra which are to be used in the fatigue design of welds. These spec-
tra are defined in the same way as is done in this report namely as a
curve that represents the logarithm of the number of exceedings of dif-
ferent stress range amplitudes. Some comments on the basis of the requ-
lation are found in Alpsten /23/ and Jarfall /24/. Further references to

fatigue are found in Moses et al. /20/ and in Fatigue of Concrete /25/.
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3 THEORETICAL MODEL FOR CALCULATION OF LOAD SPECTRA.

This part of the report deals with a numerical model, LOSP, for calcula-
tion of LOad SPectra, or load density functions, valid for different
road sections and time periods. The calculated load density functions
will later be used as input for another theoretical model, NULESP, which
analysis the arising loadeffects in different parts of a bridge struc-
ture, caused by the passing loads, vehicles.

3.1 Derivation of model

3.1.1T Introductory discussion

Through the evaluation of the model a more sophisticated expression for
the loads, vehicle weights, that will drive over a road section will be
achieved, than with a conventional deterministic load approach. That is
the non-deterministic, stochastic, nature of the Tloads will be conside-
red.

The only loads considered here are those of heavy vehicles, that is pas-
sanger cars are omitted. It is furthermore the static load, the actual
vehicle weights, which are studied with no superposed time varying dyna-

mic forces.

Beside the stochastic variable total vehicle (or axle) gross weight, a
more or less complex collection of deterministic and non-deterministic
variables are required to give an adequate description of the loads for
a certain application. It all depends on how accurate the load transfer
to the road surface has to be specified. In order to make possible cal-
culations of axle load spectra, a deterministic distribution of the to-
tal vehicle gross weight on different axles were assumed for different
vehicle types, which then are characterized by this distribution and the
axle-configuration.

Once a model for the calculation of Tane occurence load density func-
tions, or load spectra, is put up, it can be used to study the influen-
ces of different variables and further, with rather easily estimated in-
put variable values, to calculate predicted load spectra, hopefully with
greater accuracy than can be made from extrapolated measured spectra.
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The derived load spectrum model, LOSP, will form a part, together with
the loadeffect spectrum model, NULESP, of a theoretical system to de-
scribe the Toad-loadeffect behaviour in a statistical manner.

The produced Toad density functions are not given in explicit formulas
through a purely analytical solution, since such a solution was judged,
at this stage, to incorporate too many assumptions about the involved
density functions and to be too laborious to fulfill without fargoing
simplifications. Instead a numerical technique was used in the solution
thus requiring a computer to bring about reasonably short calculation
times. The computer program is written in the Basic language for a Hew-
lett Packard 2116C computer, with 16K words of memory, belonging to the

structural division.

3.1.2 Chosen input variables.

The input variables were chosen to be as simple and as easy to predict
as possible. There are two fundamental variables, namely the available
fleet of registered vehicles, with their basic data about loading capa-
city, tare weight and type of vehicle, expressed through the vehicle

type total weight registration density functions and the studied "geo-

graphical" region. The region concept should be widely understood. A
region can for example be constituted of all the main roads in a typical
wood producing district or of the main transfer roads for heavy goods
and so on. V

To be able to estimate the Toad spectra for a certain region one also
has to know to what degree the vehicles are loaded, the Toading level

distribution, and the average yearly driving distance for the vehicles

on the roads of that region, expressed through the driving distance dis-

tribution and region road length.

These are the chosen input variables to which information about the
weight distribution for the different 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 results.

The final results, the output, of the load spectrum model are vehicle
type (axle) gross weight lane occurence density functions. In order to
make them more comprehensible, and to simplify the comparison with the
later calculated loadeffect range-level distributions, the Toad density
functions are finally transformed to load spectra, that is almost the
inverse distribution function. (The spectrum expresses namely probabili-
ties for an observation to be greater or equal and not only greater
than.)

The spectra can be drawn in both Tinear and logarithmic scales thus em-
phasizing different domains, see also FIG. 6.1.3-2. In most cases the
logarithmic representation is used here, which makes it easier to study
the not so common, but important, loads with great amplitudes.
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3.2 Description of input variables.

3.2.1 Total weight registration distribution and vehicle type

characteristics.

It was judged that an estimation of the main vehicle types, with appro-

ximate total weight distributions, to appear in the future and their
shares of the total fleet of vehiclec, could be done with enough accu-
racy, to serve as input to a load spectrum model.

FIG. 3.2.1-1 shows the main elements of this part of the input section
which is found in subroutine SUB 1500 callied at Tine 240 of computer
program LOSP.

N(TZ,C)

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

/<EE1EM ) cree) € WPEIE

|
ah
B (i) Type 1

|
)

Weight class,C Veh. type 1

Tl = vehicle type .
Té = number of vehicle rypes
N(T1,C) 1ype ftotal weight registration density function (absolute)
C(T1,1), C(T1,2) lowest, highest weight class; k;, k, corresponding
loads.
INPUT =k, kp (C(T1,1) =C(T1,2)+1])

N(T1,C(T11)) “for checking for vehicle rypes
: ' Ti=l 10 TC

N(TI1,C(T1,2)

FIG. 3.2.1-1. Vehicle type total weight registration density function
input, LOSP. :

The vehicle type input could have been Timited to the deterministic

weight distribution on axles for each vehicle type, but it 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 this infor-
mation is used. What is said below, therefore can also be found in Chap-
ter 6.2.1 which for clarity is partly reproduced below.

The total number of vehicle types, T2, may be max. 10 each type having
max. 5 axles. The Tater introduced axle distance factor distributions
are not used in LOSP.

The vehicle specification part is found in subroutine SUB 1000 in LOSP
and is called at Tine 230.

/\
B(T1,3)

lﬁ(”, /) Lﬁ (71,8) . (Relative)
. ARTE2H <45 A(T1,3) b
f I '

g (Metre)
s 2 -]

INPUT: YV (T1,1) number of axles For vehicle types
AUTLEl, AT L), oo T1=] to T2

BATLA ) BLE1LE), BITL 3 550 oo

L&

FIG. 3.2.1-2. Vehicle specification input, LOSP.

3.2.2 Average yearly driving distance distributions for the region.

It is through the driving distance distribution that it is determined
how often, in average over a time peridd, vehicles of a certain type TI
and total weight class C w11i drive over a road section. It is assumed
that the traffic is evenly spread in both driving directions, over the
entire region road length, L.

It is also supposed that the same driving distance distribution is valid
for all the vehicles of the same type, T1, and that it is the total
weight of the vehicle that decides how far it will travel.
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The yearly deterministic driving distance distribution for vehicle type
T1 and total weight class C is defined through function FND(C, T1) ac-
cording to FIG. 3.2.2-1. In this report the simpliest shape, a straight
l1ine was selected, but other arbitrary functions may be chosen. It is
only the function values for integer arguments, weight class C, which
are used.

The corresponding input section is found in subroutine SUB 2000 which
is called at line 300 of LOSP.

FND(C), driving distance =
* (C), driving R :
D(T11)
T
0(T1.2)
WE/g-;f class, C
C(ri 1) C(r1,2)
INPUT : D(T1,1), D(T12) For veh. types TI=1 10 T

FIG. 3.2.2-1. Yearly deterministic driving distance distribution func-
tion input, LOSP.

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

3.2.3 Loading level distributions for the region.

The Tast necessary input to do, supplies information about the degree of
utilized available load bearing capacity of the regarded vehicles. A
stochastic variable, the Toading level, ‘is introduced, which is a factor
by which the vehicle total weight shall be multiplied, to be transformed
to the actual gross weight of the vehicle running on the road.

loading Tevel = vehicle gross weight (1)

vehicle total weight

In the LOSP-model each loading level density function is valid for all
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vehicles of the same type, which of course is a simplification among
others. It is also possible to define several vehicle types which are
alike, and to apply different Toading level distributions on them, thus
refining the calculations. '

In the LIST OF TERMS are some vehicle weight related terms explained,

which are used below.

{ O-/na’cx I1lin LLT], )

O ® D ©

\

N
@5 @'D é) /.aadﬁrg level by total weight
e
T

Risver o

Vehicle overloaded

Load/?g level by toral load

Vehicle carrying max load

Vehicle carrying no load

NeUr: @,0,®,0,® CALCULATED: @ ,® ,@
5 :

FIG. 3.2.3-1. Loading level distribution input, LOSP.

The loading Tevel density functions consists of four main parts. Three
of them are probabilities for discrete values of the Toading level to
occur and the fourth is a continuous function part. FIG. 3.2.3-1, which
is commented below, shows the principle appearance of the function. The
ringed numbers refer to index I1 in variable L(T1,I1). (See also FIG. at
variable L(T1,I1) in the NOTATIONS.)

As can be seen there are two loading level axes of which the upper is
the one normally referred to here. The lower axis expresses the Toading
level as a relation between actual load and maximum permissible Toad,
total load. This representation of the loading level may be of interest
when pure loading parameters are considered. (Here L(T1,5) and L(T1,6).)
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Loading level (:) expresses the relation tare weight/total weight, valid
for an unloaded vehicle. It is assumed that this loading level together
with the max. gross weight/total weight level (normally equal to 1) are
more specific and probable to occur, than other loading levels. There-
fore the loading level continous density function is not defined in
these points, in return histogram staples, representing probability va-
Tues, (:) and (:), are introduced. Point (:) is normally equal to 1
since the maximum gross weight equals the total Weight, but to gain fle-
xibility it is possible to provide it optional values.

The loading Tevel though can exceed (:) and that is when the vehicles
carry overloads. This is taken into account through staple (:) at level
<§> (or (:)). If the assumed, point distributed, overload loading Tevel
is not estimated to be satisfactory it is possible to put (:) greater
than 1 thus adding a distributed overload Toading level part.

The loading Tlevel values between (:) and (:) are supposed to be uniform-
ly distributed and defined by parameters , @ and @ In Chapter
3.4 is shown the slight influence the shape of this function has on the
finally calculated gross weight lane occurence distributions.

The only statistical property used to describe the loading level densi-
ty function is the mean loading level (:) which is input together with
(:), (:), (:), (:) and (:) leading to two more values to be calculated,
namely areas @ and , thus cbmp]etely defining the function. This is.
done under the following conditions, the total area of the density func-
tion to be 1 and the mean value to be equal to (:). In this way the area
is automatically calculated, that is the probability for a vehicle
to carry max. load can not be directly forecast. The input is made this
way because it is judged that <:> and (:) is more easily estimated than

(:) and ‘I}.

The relations between the Toading level parameters are further explained
and deduced in Appendix A.

The loading level input is found in subroutine SUB 2500 which is called
at line 320 in LOSP.
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3.3 Description of load spectrum model, LOSP.

This chapter describes the numerical model for calculation of Toad spec-
tra, LOSP, and the corresponding computer program written in BASIC (Hew-
lett Packard Basic) with the same name. The program listing is found in
Appendix B.

First is the model described including 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

3.3.1 Description of the model including summary chart.

The load spectrum model, LOSP, is a numerical calculation model by which
loads, particularly loads of heavy vehicles, appearing at a road section
can be determined and expressed in statistical terms outgoing from para-
meter values possible to estimate. The load amplitudes are thus repre-
sented as distributions and not as constant values.

The following description of the program is made outgoing from the sum-
mary chart presented in FIG. 3.3.1-1.

The calculations are principally executed in two subroutines, of which
the first transforms the vehicle type total weight registration absolute
density functions, N(T1,.), to vehicle type total weight lane occurence
absolute (one year) density functions, G(T1,.) by means of the driving
distance distributions, see FIG. 3.3.1-2. The second subroutine then
transformes G(..) to vehicle type gross weight lane occurence absolute
density functions, by means of the loading level distributions, see FIG.
3.3.1-3.

From FIG. 3.3.1-2 it can be seen how the number of lane occurences for
each vehicle type total weight class is calculated. It is assumed that
all vehicles of the same class and type travel equal distances per year,
FND(C), including both driving directions.

FIG. 3.3.1-3 shows how the conversion of G(T1,.) from a total weight
distribution (here called G'(T1,.)), to a gross weight distribution is
done. Each total weight class, I2 with weight K4, is spread and accumu-
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Number of vehicle types

et

> (lalculation section
1 Output section

Input section

For each vehicle type: SUB 1000  Number of registered ~OUB 1500
vehicles B éﬁﬂﬂ)
Number of axles ourkut
Weight distribution onaxles ATHT
(Axle distances) lotal weight
SUB 300 Region :
Calculations road length

tach vehicle type

Lane accurences
Yyear

o T

Calculations

Total weight

SUB 350D
Calculations

Driving distance IUB 2000
distribution. Each vehicle

fpr_- _ Dr@/én%_d/'sfance

I it

Total weight

Loading level SUB 2500
distribution. Each vehicle

!
gpe Icoadmg level

Loading level

IUB 7000 |

Gross weight

Veh. types
OPECTRA
T LIN=L06

Ai/e JUB 7000
Gross weight

IPELTRA
LIN-L06

Number >=

DENSITY FUNCTION

/Vz;mbcr >=

Dens. func. SUB 6500
Lone occurences
tach vehicle rype

Gross weight

v U8 8000

Calculations

Gross weight 2UB 7000

All vehicles

IPECTRA
LIN-L06

Number >=

DENSITY FUNCTION

» OUTFUT ON 4—
FAPER TAPE

FIG. 3.3.1-1. Summary chart of LOSP. (See also flow chart FIG.

332504 )
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Tated in G(T1,.), primarily in an aid matrix Y(.), according to the loa-

ding level density function.

\ N(T1,C)

FOR _EACH VEHICLE TYPE

c(rni) C c(rie) fofaTweighf class,C

FND (C)
sy Driving distance distribution
FND(C) y r12)
| C
6(T1,C) —
; 6(71,)=N(T1,C)- EH2E)
[- —I L= Region road length

() € C(7112) Total weight class,C

FIG. 3.3.1-2. Calculation of total weight lane occurence distributions.
SUB 3000 in LOSP.

First the no load, max. load and overload loading levels of the load-
ing level distribution are treated and then the continuous part '
The contribution to class G(T1,13) becomes for each I3 (I3 is incremen-
ted between the "Tower 13" and 14, FIG. 3.3.1-3).

6(T1,13)+p-

e
area = G'(T1,12) + [ L(T1,8) - d& = G'(T1,12) - ¢ (2)

6(T1,13)- 51

—
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\G(T1, )

] FOR EACH VEHICLE TYPE

& ; —
C(Tl B / "1e C(T1,2) Total weight class,C
Weight
( P/ class width
L fy QO =index in
} L(T1,.)
k I
G(T1,C)
( /7&§\ ) Cb Gb db [ctmﬁng
51,120 | i 3 BEl
/ArtGSJCc\
( formula 2 | \I
4 r11e)
P B & |61T1,12)-@
! 1 |
¢ T . '1 - T T e
13=0(113) I3 14 C(T1,4) Gross weight class,C
1 K4Q) K@ K4-Q Weight
P lower 13" (K4'@ _’.f @>@)

FIG. 3.3.1-3. Calculation of gross weight lane occurence distributions.
SUB 3500 in LOSP.

The main calculations are now gone through. Finally the axle gross
weight lane occurence and total ("all vehicle") gross weight density
functions are calculated. The former is determined by means of the
weight distribution on axles information.

The following output is obtained during a RUN.

Vehicle type specifications, printed during input

Driving distance distributions, printed during input.
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Loading Tevel distributions, printed during input.

Input total weight registration distributions and gross weight Tane
occurence distributions plotted as density functions together with
schematic vehicle type descriptions. Subroutine DENS PLOT.

Vehicle type, axle and total gross weight spectra plotted in linear
and Togarithmic scales. Subroutine SPECT PLOT.

Finally may the total and axle gross weight absolute (one year)
density functions be punched on to papertape, if switch = 1, or,
if switch = 2, the total, axle and vehicle type gross weight abso-
lute density functions are punched. Subroutine PUNCH.

The format of the punched tape is:

run No., region No.

weight class width, lower class number, upper class number,

number of occ./year

< Number of occurences lower class

Number of occurences upper class

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 interpretative no certain input-
output catalogue is necessary as for the NULESP program. The program

listing is found in Appendix B.
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From line
To line

100 Variable block
165 Define functions

{

[200 Run number J
1

[230 vehicle spec. input 5UB 1000 |

[240 Toral weight disir._input, N(T}.). SUB 1500
1

SUBROUTINES

5UB 1000
VEHICLE SPECIFICATION
INPUT

SUB 1500
TOTAL WEIGHT DISTRIBU-
TION _INPUT

=
[750 Region number nput |
® !
270 Drivins distance nput ; 93 =1 = Tes> >
[T
300 Drivins distance distribution input
Region road length SUB 2000
5]
® 55 Looding level input; 58=1 = Tes>>
| Te>
[320 Loading level distr. input SUB 2500
e |

05 Was loading level input (58=1) or
driving distance input (59=1)
1<les>

327 Calculate toral weight lane
occ. distributions, 6 (T1,.). SUB 3000

330 Calculate gross weight lane occ.
distributions. Y(.) = G(T1,.).  3UB 3500

1

335 C(alculate total and axle gross
weight distrubitions P(1,.), P(€,.). SUB4000

360 Dens plor S YEE2[575 Dens plofSUB6500]
| =R .

=
580 Spect plor>Ye22[395 Spect pior SUB 7000]
i

=
< Punch ~SYERETT Punch U6 40l
®L I

SUB 2000
DRIVING DISTANCE
INFUT

SUB 3000
CALCULATIONS

TOTAL WEIGHT LANE-
OCCURENCE

SUB 2500
LOADING LEVEL
INPUT

SuB 3500
CALCULATIONS GRDSS
WEIGHT LANE_OCCURENCE

SUB 4000

TOTAL CALCULATIONS.
Axle and 'all vehicle"
gross weight distr.

SUB 6500
DENS FLOT
Flot density functions

SUB 7000
SPECT FLOT
Flot spectra.

Appendix B.)

SUB 8000
PUNCH.
Density functions.

SUB 6000
Box PLOT

FIG. 3.3.2-1. Flow chart LOSP. (See also summary chart FIG. 3.3.1-1 and
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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 level, driving distance and input Toad
distributions. The results are presented as spectra which are calculated
and drawn by a Basic routine LLTEST. The influence of the driving dis-
tance and load distribution shapes is related in Chapter 3.4.2, which can
also be looked upon as an illustration of the spectrum appearance in
relation to the underlying density function. Further discussion on the
influence of weight distribution on axles are held in Chapter 4, calcu-
lated spectra, and 6.5, variable influence in loadeffect spectrum model.

3.4.1 Loading level distribution influence.

TYPES:
A

3 £ M '
@I B . A7 /////,. ',/4/ s

TOTAL WEIGHT LANE OCCURENCE DENSITY Load

Nood

b FUNCTIONS
a .
1 M AL
& (/ r) (o, 0() . 1-r --—(A-3a)
gx)
(-«
1 SO 2% o) + Lo ope) L (A-9b)
F~ﬁxl—ab) r '
@| 9(2“)Z§E a0y 010) e(A-5)
(04

¢ PR - Loadin /évc/ by total load
AT # S

& ; r Non-dimensional mean of 9(0()

FIG. 3.4.1-1. Five loading level distribution types and three load dist-

ribution types. Notations see Appendix A.
(f10aq = total weight lane occurence density function)
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As mentioned in the LOSP description, Chapter 3.3.1, a loading Tevel
distribution of type 3, see FIG. 3.4.1-1 and Appendix A, was used in the
calculations of Toad spectra. In order to study the influence of the
loading level distribution appearance, expressions for four more distri-
butions were deduced, Appendix A, and used on three main shapes of Toad
distributions 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 test runs the overload part of the loading level distribution
was not included. Instead o the max. gross weight which normally is
one, with its related area-probability M, is increased to show the in-
fluence of loading levels greater than one.

To give an idea about the relations between the loading level parameters

and to show the input combinations used in the LLTEST runs, FIG. 3.4.1-2
is drawn.

M M
/s
ot
, VALY
Bl
r=0.35 |
I
4.2 t
r=0.65 |
| 1
0 4.2 2.5 [/] | / /
| Wi,
- = RUN combination 2.195 0.474
a, O(’ = 0.3 D/ oy = 8.3 < 0(‘ =0.J
o, = ! o = ! x, = .15
B, = 0.5 Ly~ 8.6 Py =0.5
0‘3"'55 o= 8.72 a,= 2.65

FIG. 3.4.1-2. Relation between tare/total weight portion, E, and max./to-
tal weight portion, M, for non-dimensional g(a) mean, r,
equal to 0.35, 0.5 and 0.65.

=
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The result 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 distri-
butions in a similar manner as described in Chapter 3.3.1, description
of LOSP. The resulting spectra are plotted under the assumption of uni-
form distribution of vehicle gross weights within each class, correspon-

ding to a Tower envelop of a load spectrum produced by LOSP.

FIGS. 3.4.1-3a-c With input values according to FIG. 3.4.1-2a. The
calculations are performed for the three types of
input load distributions. The mean loading 1eVe1,
a3, is put to 0.65.

FIG. 3.4.1-4 With input. values according to FIG. 3.4.1-2b. The
calculations are performed for load type 3. The mean
loading level, dgs is increased to 0.72 and the
max./total weight portion, M, retained equal to 0.2.

FIG. 3.4.1-5 With input values according to FIG. 3.4.71-2c. Load
type 3 is used. Mean loading level, Ggs is equal to
0.65. The max./total weight, 01 is increased from
1 to 1,15,

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

(1 %, 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 for differ-
ing g(o) mean, r.

A change in the total loading level distribution mean, Ggs raises
or lTowers the inner parts of the spectrum to a corresponding degree.
The difference is more protruding in the Tinear representation.

It can also be seen from the figures that increasing variance of the
loading level distribution raises the high load and Towers the Tow

load parts of the spectrum. This involves a great importance to the
max./total weight portion value, M.



400

300

coo

100

400

300

eoo

100

\Laad

3.4/4

0%

%

Load

Load, type 1,2,3,4,5

~Load, rype 5,4,3,2,1

£=02¢2 aa=113

M=0.2 o, =/

A=0.6 ﬁ3=0.5
or3=0.55
r=05%

(Type | E=M=0.5)

FIG. 3.4.1-3a
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Load
£=02  o,=0.3
wol- P Load M-02 o -1
A=0.6 B
| £, =05
a3=0.6
r=05%
300 Load, type 1,8,3,4,5
(Type | E=M=0.5)
200 Lood, type 5,4,3,2,1
100
U | | | | L | | I —
0 20 30 40 50 &0 70 80 90 Ip>=
/0 a/o
400
300 - 2
Type 5,4,3.2,1, load
o0 - gpe e
100 -
1%
| ! I L 1 | L -
0 ] z 3 4 5 6 7

FIG. 3.4.1-3b

Log (absolute number >=)
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Load
e E=0Z oy=03
swop - M* e M-02 o -1
A=06  B,;= 05
o =06
300 Load, type (1),8,3,4,5" F = 0.8
200+
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0 | | I | | | !
10 20 30 40 50 60 70 80 90 Yo=>=
400 - 10%
300 +
200 Type 5,4,3,2,(1),load
100 -
! %
e L

Log (absolute number >=)

FIG. 3.4.1-3c
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\ Load
o s E=0 0 0.3
400 % o M-02 o, =1
A=0.8 ﬂ; =06
Load, type 1,2,3,4,5 , ®,=0.72
g r=05%

300 Y
(Type | E=0.4 M=0.6)

eo0
Load, rype 5,4,3,2,1

00 - 0(;0.5
(fig 3.4.1-3c)

0 | | | 1 | | | | A
0 20 30 40 50 60 70 80 90 %>=
e 10%
300 1~
200
=L/ 7
100 |- e
- (fig 3.4.1-3c)
’ ! %
U 1 i | { ] \ 1

|
/ e 3 4 5 b 7
Log (absolute number > =)

FIG. 3.4.1-4
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’I_aad
0% Ayl
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FIG. 3.4.1-5
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The upper Timit of loading level values, that is oy (or the over-
load Toading level az), affects the spectrum appearance noticeable,
at least when represented in a logarithmic scale, in that an in-
crease of this value raises the spectrum, in the high load regions,
to a corresponding degree.

3.4.2 Driving distance distribution and registered vehicle distribu-
tion influence.

The driving distance distributions are not treated as stochastic variab-
les but as constants, which together with the region road length trans-
formes the vehicle total weight registration density functions, class by
class, according to FIG. 3.3.1-2.

A careful analysis of the shape influences of the driving distance dis-

tribution and registration total weight density function was not consi-

dered essential to carry through in detail. Instead simple density func-
tions were transformed to linear and logarithmic spectra to give an idea
about the relations between density functions and corresponding spectra.
The result is shown in FIG. 3.4.2-1. The calculations and plots are per-
formed with a computer routine LLTEST.
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4 CALCULATED AND MEASURED LOAD SPECTRA

In this chapter load spectra are calculated for three different time pe-.
riods, yeérs 1965 and 1973 and for a future time period. The calculated
1965 spectra are compared with measured spectra and the calculated 1973
spectra are later used as input to calculations of loadeffect spectra,
which are compared with a few measured Toadeffect spectra for the same
period. Finally, two predicted load spectra are calculated which are
used as input to tests of the loadeffect spectrum model and to calculate
predicted loadeffect spectra.

The determination of input data will of course be partly coupled to
Swedish regulations about vehicle weights but will, 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 possible rough main classification of region types. See also FIG. 4-2.

Long distance (furopean highway) I
RURAL |Short distance (National main road) 12

Special (ex. wood disirict) /3
Long + short distance 2l
URBAN |Short distance 22

Special (ex. factory approach) 23

FIG. 4-1. Main classification of region types, with number codes.

FIG. 4-2. Region types.
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4.1 Comparison between measured and calculated load spectra for the

year 1965.

Load spectra are calculated for two rural regions, one subjected to main-
ly long distance, and the other to short distance, traffic, (regions 11
and 12). The underlying data is picked from "Lastbilar och Lastbilstra-
fik" /28/, "Fordonskombinationer" /29/, "Bilismen i Sverige" /30/ and
Jonsson /31/. The input is determined with guidance from this Titerature
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 results were picked from Brinck /32/.
The 1965 loadometer study was the Tlatest performed in Sweden of that
extent.

A finer validation of the model may hopefully be made during the planned
field 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 still are, 8/12 and 10/16 Mp (= 80/120 and 100/160 kN) with maximum
permissible gross weights, also related to the total axle distance, equal
to 37.5 and 41.5 Mp respectively. (= 375 and 415 kN). The vehicle total
weight registration density functions per the first of January 1966 were
found in "Lastbilar ..." /28/ divided on lorries, trailers and semitrai-
lers. 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. v

The axle distances are not specified here because this information is

not used in the load spectrum.calculations. The ringed vehicle weight
distribution is such that permissible weights are not exceeded. Accord-
ing to Jonsson /31/ axle overweights, besides those achieved with an over-
weight loading level, were common among the heavy vehicle types. This fact
was regarded by a complementary set of weight distributions for types 3

to 5, within squares in FIG. 4.1.1-1, calculated under the assumption,
that the heaviest axle, inner if possible, has got 20 % overweight which
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is transferred from the other axles. The weight relations between the
remaining axles are retained.

zm TYPE |
®© -

m 4 TYPE 2

-

LYEE D

FIG. 4.1.71-1. Vehicle types for the year 1965. Weight distribution on
axles ringed, with 20 % overweight on one axle squared.

The total weight registration distributions are not listed. Instead they
are found in the plot output from the LOSP runs, see next chapter, FIG.
4.1.2-2. As the distributions were originally divided on lorries and
trailers a pairing off according to the vehicle type specifications had
to be made. Thereby it was assumed that all the trailers were always at-
tached to a lorry, which according to "Lastbilar ..." /28/ is fairly
true (94 % of the lorry driving distance) for at least trailers with
more than two axles. The density functions were truncated for low total
weights so that the lowest axle total weight multiplied by the lowest
Toading level (tare/total weight, specified later) became greater than
12.5 kN as this was the lowest axle weights registered in the loadometer
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study.

Driving distance /year, kilometre (km)
. Long distance

60000 /\

- ~7
40000 ' - |
i Short distance |

80000

T

1

L ;

20000 | //u————-r”
I 1 1 1 1 I 1 1 L gl
0y o 6 % a0 150 180 20 24D

Lorry total weight, kN

FIG. 4.1.1-2. Driving distance as function of lorry total weight.

"Lastbilar ..." /28/.
lype  Lorry (kN) Total (kN)  Driving_distance distribution
\ Km /year
/ (65-165) 65 - 165 70000 70000
20 H 20000
65 165
2 (135-215) 135 -218 80000 80000
40000 1t 1111 40000
A ]
bl B o 30009 i
30000 HATHIIT
| 65 415
' (95-155) _ 0000
4 265- 415 30000 ¥
' 85-/25 ) -
« ) 30000 L
b PAL)
g d VSIS g5 15 90000 000
= 0 K L 4=
(——) Weight distributi ks 05 i b
—_— g;_q 1511 on fafa/ we m kN
with 30% axle over- ——Short dision 9
weight. —Llong dl.slancc

‘FIG 4.1.1-3. Driving distance distributions for long distance and short
distance regions related to vehicle total weight, 1965.
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From the same source was FIG. 4.1.1-2 constructed giving an idea about
the driving distances as a function of vehicle total weights. These cur-
ves served as guidance when the driving distance distributions for long
and short distance regions were put up. See FIG. 4.1.1-3.

The same loading level distribution was used for all vehicle types. The
mean loading level by total load, picked from "Lastbilar ..." /28/, was
put to 0.65 and 0.55 for ‘the two regions.

The tare/total weight share was found to be approximately 0.45, from

"Lastbilar ..." /28/, with somewhat higher values for light Torries and
lower for trailers. The probability for a vehicle to drive without Toad
was estimated from "Bilismen ..." /30/ to 15 % (25 %) and the over/total

load share and portion 1.2 and 20 % respectively from Jonsson /31/.

i o, ST IBGTCE A= loading level by total load

557 3(542)

15 % long distance 20 % [a = Joading level by total weight

#
] 55 % 2 =
0.45 1 e o

1 il sl i i
' [ 2oy | L 2

0.6 P long distance
0.55| M€ short distance

FIG. 4.1.1-4. Loading level input 1965.

For the rural long distance region it was supposed that only a fraction,
here put to 0.5 of the available amount of single lorries, type 1 and 2,
were running on these roads. This is accomplished by reducing the driv-
ing distances, according to FIG. 4.1.1-3 to a corresponding degree. The
reason for this reduction is that it is assumed that many single lorries
of the urban regions seldom make long distance travels on. rural roads.

It was assumed that the total road length of both regions were 10000 kilo-
metres, based on the fact that the total main road length with paving at
that time were 10000 kilometres.
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4.1.2 Calculated and measured load spectra, 1965.

The calculated spectra for regions rural long distance and rural short
distance are compared with corresponding measured spectra on the follow-
ing pages. :

The measured vehicle gross weight spectra are rather summarily presented
in Brinck /32/, but it was not considered that essential for the author

of this report to make a further evaluation of the source material. The

measured axle gross weight spectrum for region long distance was prepa-

red by Bo Eriksson-Vanke, The National Road Administration, in a memo on
fatigue in highway bridges 1972.

From the calculated vehicle type gross weight lane occurence density
functions, see FIG. 4.1.2-2, figures for vehicle type lane occurences
are put up and compared to observed, photographic data collected 1962-
1963, from "Fordonskombinationer" /29/. See FIG. 4.1.2-1.

Mca&ured” Calculated
[239] long-short distance

S, 61% || 49% | 9%

20 07 9% I 2pe: | Ve
—h—

W c0: % &% ra%

SAETT 8 % JI 9oy

REST " e

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

FIG. 4.1.2-3 shows calculated spectra for rural long distance region and
FIG. 4.1.2-4 for rural short distance. The dashed curves represents the
measured spectra. A second axle gross weight spectrum was calculated for
the Tong distance region using the original (circeld in FIG. 4.1.1-1)
weight. on axles distribution.
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As can be seen the agreement between measured and calculated spectra is
fairly good, especially for the axle spectra. The discrepancy between
vehicle gross weight spectra is more pronounced in the linear than in the
Togarithmic scale. The measured logarithmic spectrum was calculated out-
going from the linear spectrum with the same total vehicie flow as calcu-
lated. No information is available about measured spectra above the 400
kN Tevel other than the upper Timit lays around 500 kN. Jonsson /31/.

In FIG. 4.1.2-3, rural long distance region, are also sketched parts of a
linear vehicle gross weight spectrum and a logarithmic axle gross weight
spectrum calculated by means of a loading level distribution with tare/
total weight portion equal to 40 % and max./total weight portion equal
to 35 %, (see the dotted curves). This increase of the variance of the
loading level density function moves, as expected, the calculated spect-
rum towards the measured in the upper sectrum region. An increase in
mean Toad/total Toad to 0.7 (from 0.65) has approximately the same ef-
fect, but without the lowering effect for low loads.

As mentioned a better agreement could be achieved between calculated and
measured spectra. It was though considered more essential here to show
that it is possible to get rather close to real spectra through treat-
ment of simple underlying data.
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FIG. 4.1.2-2. Total weight registration distributions (hatched) and

gross weight lane occurence distributions, 1965.
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4.2 Calculated load spectra for the year 1973.

In this chapter load spectra are calculated for the rural long distance
(11) and rural short distance (12) regions. The load spectra are inten-
ded to be representative for the European highway south of Stockholm,
highway bridge across Sodertdlje canal, and the other for main road 45
at Kopmannebro in Vastergotland. These Toad spectra will later be used
as input to calculations of loadeffect spectra, Chapter 8.1, which are
compared to two loadeffect spectra collected from the highway bridges
at these sites. ' '

The input data are mainly picked from "Statistiska meddelanden NR T
1974:47" /33/, "Bilismen i Sverige" 1971 and 1973 /30/, “"Lastbilar och
lastbilstrafik" /28/ and a memo on fatigue of highway bridges 1975 by
the author where load spectra are put up with somewhat different input
values. Considerations are also given on the input sources used and re-
sults obtained, of the preceding chapter, load spectra for 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 to-
tal axle distance are found in FIG. 4.2.1-1.

“behnun?h i 514
5 Qg_gross weight, k —

ﬁ%ﬁ&%ﬁmmﬁ/:/”
400 4

.50/ 120 kN roads

R o S
s

5

100

Coz4s8m2KnicBae
Toral axle distance , m

FIG. 4.2.1-1. Maximum permissible vehicle gross weight as function of
total axle distance.
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for highway bridges will come up from the field of structural response
of structures to stochastic loads.

Numerica]lsimulation models, like the one described in this report, may
also be put up, which will allow more complicated input, output and mo-
del criteria to be formulated, though Tikely at the expense of computa-
tion times and immediate comprehensibility of the underlying casual

connections.

Moses et al. /20/ uses a similar simulation technique to the one descri-
bed in this report to calculate stress range histograms, for calculat-
ing bridge fatigue lives. Although that model and the one described in
this report were developed completely independent of each other, they
do have some characteristic features in common. They call the used so-
lution technique a discrete convulotion or summing procedure and work
with the stochastic variables truck type, truck weight, truck headway
and lane occupancy. The vehicle headways were assumed to be exponential-
ly distributed (vehicle flow described as a Poisson flow) and used both
for passing and following 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
different definition to be used in case of short influence lines. Fati-
gue lives are calculated by means of cumulative damage theory, and their
sensitivity to changes in certain input variables are tested. Measured
vehicle weight distributions are used as load input. No consideration

is given to the Tlateral track distribution of the vehicles during pas-
sage and furthermore the dynamic amplification factor is supposed to be
determinisfic. Compability between measured and calculated stress histo-
grams is reported though "because of the relatively small number of
truck crossings reported in most measurments, comparisons of the histo-
grams in the important high stress region due to rare heavy vehicles and
multiple crossings could not be done".

Fothergehill et al. /21/ describe in four reports (of which unfortuna-
tely only two /21:2/ and /21:3/ were available to the author of this
report) four stand alone computer programs which are used to simulate
bridge traffic load patterns and the dynamic response to these loads of
a carely specified bridge structure. The used technique seems to be a
simulation of a real chain of traffic events which are stored and later
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used in a dynamic finite element analysis of the vehicle bridge system,
during which stress maxima and minima and ranges are picked out and sto-

red.

Finally, it shall be mentioned that in Sweden a welding regulation /22/
was published in the year 1974 which contains typical design stress
spectra which are to be used in the fatigue design of welds. These spec-
tra are defined in the same way as is done in this report namely as a
curve that represents the logarithm of the number of exceedings of dif-
ferent stress range amplitudes. Some comments on the basis of the requ-
lation are found in Alpsten /23/ and Jarfall /24/. Further references to

fatigue are found in Moses et al. /20/ and in Fatigue of Concrete /25/.
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3 THEORETICAL MODEL FOR CALCULATION OF LOAD SPECTRA.

This part of the report deals with a numerical model, LOSP, for calcula-
tion of LOad SPectra, or load density functions, valid for different
road sections and time periods. The calculated load density functions
will later be used as input for another theoretical model, NULESP, which
analysis the arising loadeffects in different parts of a bridge struc-
ture, caused by the passing loads, vehicles.

3.1 Derivation of model

3.1.1T Introductory discussion

Through the evaluation of the model a more sophisticated expression for
the loads, vehicle weights, that will drive over a road section will be
achieved, than with a conventional deterministic load approach. That is
the non-deterministic, stochastic, nature of the Tloads will be conside-
red.

The only loads considered here are those of heavy vehicles, that is pas-
sanger cars are omitted. It is furthermore the static load, the actual
vehicle weights, which are studied with no superposed time varying dyna-

mic forces.

Beside the stochastic variable total vehicle (or axle) gross weight, a
more or less complex collection of deterministic and non-deterministic
variables are required to give an adequate description of the loads for
a certain application. It all depends on how accurate the load transfer
to the road surface has to be specified. In order to make possible cal-
culations of axle load spectra, a deterministic distribution of the to-
tal vehicle gross weight on different axles were assumed for different
vehicle types, which then are characterized by this distribution and the
axle-configuration.

Once a model for the calculation of Tane occurence load density func-
tions, or load spectra, is put up, it can be used to study the influen-
ces of different variables and further, with rather easily estimated in-
put variable values, to calculate predicted load spectra, hopefully with
greater accuracy than can be made from extrapolated measured spectra.
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The derived load spectrum model, LOSP, will form a part, together with
the loadeffect spectrum model, NULESP, of a theoretical system to de-
scribe the Toad-loadeffect behaviour in a statistical manner.

The produced Toad density functions are not given in explicit formulas
through a purely analytical solution, since such a solution was judged,
at this stage, to incorporate too many assumptions about the involved
density functions and to be too laborious to fulfill without fargoing
simplifications. Instead a numerical technique was used in the solution
thus requiring a computer to bring about reasonably short calculation
times. The computer program is written in the Basic language for a Hew-
lett Packard 2116C computer, with 16K words of memory, belonging to the

structural division.

3.1.2 Chosen input variables.

The input variables were chosen to be as simple and as easy to predict
as possible. There are two fundamental variables, namely the available
fleet of registered vehicles, with their basic data about loading capa-
city, tare weight and type of vehicle, expressed through the vehicle

type total weight registration density functions and the studied "geo-

graphical" region. The region concept should be widely understood. A
region can for example be constituted of all the main roads in a typical
wood producing district or of the main transfer roads for heavy goods
and so on. V

To be able to estimate the Toad spectra for a certain region one also
has to know to what degree the vehicles are loaded, the Toading level

distribution, and the average yearly driving distance for the vehicles

on the roads of that region, expressed through the driving distance dis-

tribution and region road length.

These are the chosen input variables to which information about the
weight distribution for the different 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 results.

The final results, the output, of the load spectrum model are vehicle
type (axle) gross weight lane occurence density functions. In order to
make them more comprehensible, and to simplify the comparison with the
later calculated loadeffect range-level distributions, the Toad density
functions are finally transformed to load spectra, that is almost the
inverse distribution function. (The spectrum expresses namely probabili-
ties for an observation to be greater or equal and not only greater
than.)

The spectra can be drawn in both Tinear and logarithmic scales thus em-
phasizing different domains, see also FIG. 6.1.3-2. In most cases the
logarithmic representation is used here, which makes it easier to study
the not so common, but important, loads with great amplitudes.
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3.2 Description of input variables.

3.2.1 Total weight registration distribution and vehicle type

characteristics.

It was judged that an estimation of the main vehicle types, with appro-

ximate total weight distributions, to appear in the future and their
shares of the total fleet of vehiclec, could be done with enough accu-
racy, to serve as input to a load spectrum model.

FIG. 3.2.1-1 shows the main elements of this part of the input section
which is found in subroutine SUB 1500 callied at Tine 240 of computer
program LOSP.

N(TZ,C)

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

/<EE1EM ) cree) € WPEIE

|
ah
B (i) Type 1

|
)

Weight class,C Veh. type 1

Tl = vehicle type .
Té = number of vehicle rypes
N(T1,C) 1ype ftotal weight registration density function (absolute)
C(T1,1), C(T1,2) lowest, highest weight class; k;, k, corresponding
loads.
INPUT =k, kp (C(T1,1) =C(T1,2)+1])

N(T1,C(T11)) “for checking for vehicle rypes
: ' Ti=l 10 TC

N(TI1,C(T1,2)

FIG. 3.2.1-1. Vehicle type total weight registration density function
input, LOSP. :

The vehicle type input could have been Timited to the deterministic

weight distribution on axles for each vehicle type, but it 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 this infor-
mation is used. What is said below, therefore can also be found in Chap-
ter 6.2.1 which for clarity is partly reproduced below.

The total number of vehicle types, T2, may be max. 10 each type having
max. 5 axles. The Tater introduced axle distance factor distributions
are not used in LOSP.

The vehicle specification part is found in subroutine SUB 1000 in LOSP
and is called at Tine 230.

/\
B(T1,3)

lﬁ(”, /) Lﬁ (71,8) . (Relative)
. ARTE2H <45 A(T1,3) b
f I '

g (Metre)
s 2 -]

INPUT: YV (T1,1) number of axles For vehicle types
AUTLEl, AT L), oo T1=] to T2

BATLA ) BLE1LE), BITL 3 550 oo

L&

FIG. 3.2.1-2. Vehicle specification input, LOSP.

3.2.2 Average yearly driving distance distributions for the region.

It is through the driving distance distribution that it is determined
how often, in average over a time peridd, vehicles of a certain type TI
and total weight class C w11i drive over a road section. It is assumed
that the traffic is evenly spread in both driving directions, over the
entire region road length, L.

It is also supposed that the same driving distance distribution is valid
for all the vehicles of the same type, T1, and that it is the total
weight of the vehicle that decides how far it will travel.
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The yearly deterministic driving distance distribution for vehicle type
T1 and total weight class C is defined through function FND(C, T1) ac-
cording to FIG. 3.2.2-1. In this report the simpliest shape, a straight
l1ine was selected, but other arbitrary functions may be chosen. It is
only the function values for integer arguments, weight class C, which
are used.

The corresponding input section is found in subroutine SUB 2000 which
is called at line 300 of LOSP.

FND(C), driving distance =
* (C), driving R :
D(T11)
T
0(T1.2)
WE/g-;f class, C
C(ri 1) C(r1,2)
INPUT : D(T1,1), D(T12) For veh. types TI=1 10 T

FIG. 3.2.2-1. Yearly deterministic driving distance distribution func-
tion input, LOSP.

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

3.2.3 Loading level distributions for the region.

The Tast necessary input to do, supplies information about the degree of
utilized available load bearing capacity of the regarded vehicles. A
stochastic variable, the Toading level, ‘is introduced, which is a factor
by which the vehicle total weight shall be multiplied, to be transformed
to the actual gross weight of the vehicle running on the road.

loading Tevel = vehicle gross weight (1)

vehicle total weight

In the LOSP-model each loading level density function is valid for all
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vehicles of the same type, which of course is a simplification among
others. It is also possible to define several vehicle types which are
alike, and to apply different Toading level distributions on them, thus
refining the calculations. '

In the LIST OF TERMS are some vehicle weight related terms explained,

which are used below.

{ O-/na’cx I1lin LLT], )

O ® D ©

\

N
@5 @'D é) /.aadﬁrg level by total weight
e
T

Risver o

Vehicle overloaded

Load/?g level by toral load

Vehicle carrying max load

Vehicle carrying no load

NeUr: @,0,®,0,® CALCULATED: @ ,® ,@
5 :

FIG. 3.2.3-1. Loading level distribution input, LOSP.

The loading Tevel density functions consists of four main parts. Three
of them are probabilities for discrete values of the Toading level to
occur and the fourth is a continuous function part. FIG. 3.2.3-1, which
is commented below, shows the principle appearance of the function. The
ringed numbers refer to index I1 in variable L(T1,I1). (See also FIG. at
variable L(T1,I1) in the NOTATIONS.)

As can be seen there are two loading level axes of which the upper is
the one normally referred to here. The lower axis expresses the Toading
level as a relation between actual load and maximum permissible Toad,
total load. This representation of the loading level may be of interest
when pure loading parameters are considered. (Here L(T1,5) and L(T1,6).)
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Loading level (:) expresses the relation tare weight/total weight, valid
for an unloaded vehicle. It is assumed that this loading level together
with the max. gross weight/total weight level (normally equal to 1) are
more specific and probable to occur, than other loading levels. There-
fore the loading level continous density function is not defined in
these points, in return histogram staples, representing probability va-
Tues, (:) and (:), are introduced. Point (:) is normally equal to 1
since the maximum gross weight equals the total Weight, but to gain fle-
xibility it is possible to provide it optional values.

The loading Tevel though can exceed (:) and that is when the vehicles
carry overloads. This is taken into account through staple (:) at level
<§> (or (:)). If the assumed, point distributed, overload loading Tevel
is not estimated to be satisfactory it is possible to put (:) greater
than 1 thus adding a distributed overload Toading level part.

The loading Tlevel values between (:) and (:) are supposed to be uniform-
ly distributed and defined by parameters , @ and @ In Chapter
3.4 is shown the slight influence the shape of this function has on the
finally calculated gross weight lane occurence distributions.

The only statistical property used to describe the loading level densi-
ty function is the mean loading level (:) which is input together with
(:), (:), (:), (:) and (:) leading to two more values to be calculated,
namely areas @ and , thus cbmp]etely defining the function. This is.
done under the following conditions, the total area of the density func-
tion to be 1 and the mean value to be equal to (:). In this way the area
is automatically calculated, that is the probability for a vehicle
to carry max. load can not be directly forecast. The input is made this
way because it is judged that <:> and (:) is more easily estimated than

(:) and ‘I}.

The relations between the Toading level parameters are further explained
and deduced in Appendix A.

The loading level input is found in subroutine SUB 2500 which is called
at line 320 in LOSP.
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3.3 Description of load spectrum model, LOSP.

This chapter describes the numerical model for calculation of Toad spec-
tra, LOSP, and the corresponding computer program written in BASIC (Hew-
lett Packard Basic) with the same name. The program listing is found in
Appendix B.

First is the model described including 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

3.3.1 Description of the model including summary chart.

The load spectrum model, LOSP, is a numerical calculation model by which
loads, particularly loads of heavy vehicles, appearing at a road section
can be determined and expressed in statistical terms outgoing from para-
meter values possible to estimate. The load amplitudes are thus repre-
sented as distributions and not as constant values.

The following description of the program is made outgoing from the sum-
mary chart presented in FIG. 3.3.1-1.

The calculations are principally executed in two subroutines, of which
the first transforms the vehicle type total weight registration absolute
density functions, N(T1,.), to vehicle type total weight lane occurence
absolute (one year) density functions, G(T1,.) by means of the driving
distance distributions, see FIG. 3.3.1-2. The second subroutine then
transformes G(..) to vehicle type gross weight lane occurence absolute
density functions, by means of the loading level distributions, see FIG.
3.3.1-3.

From FIG. 3.3.1-2 it can be seen how the number of lane occurences for
each vehicle type total weight class is calculated. It is assumed that
all vehicles of the same class and type travel equal distances per year,
FND(C), including both driving directions.

FIG. 3.3.1-3 shows how the conversion of G(T1,.) from a total weight
distribution (here called G'(T1,.)), to a gross weight distribution is
done. Each total weight class, I2 with weight K4, is spread and accumu-
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Number of vehicle types

et

> (lalculation section
1 Output section

Input section

For each vehicle type: SUB 1000  Number of registered ~OUB 1500
vehicles B éﬁﬂﬂ)
Number of axles ourkut
Weight distribution onaxles ATHT
(Axle distances) lotal weight
SUB 300 Region :
Calculations road length

tach vehicle type

Lane accurences
Yyear

o T

Calculations

Total weight

SUB 350D
Calculations

Driving distance IUB 2000
distribution. Each vehicle

fpr_- _ Dr@/én%_d/'sfance

I it

Total weight

Loading level SUB 2500
distribution. Each vehicle

!
gpe Icoadmg level

Loading level

IUB 7000 |

Gross weight

Veh. types
OPECTRA
T LIN=L06

Ai/e JUB 7000
Gross weight

IPELTRA
LIN-L06

Number >=

DENSITY FUNCTION

/Vz;mbcr >=

Dens. func. SUB 6500
Lone occurences
tach vehicle rype

Gross weight

v U8 8000

Calculations

Gross weight 2UB 7000

All vehicles

IPECTRA
LIN-L06

Number >=

DENSITY FUNCTION

» OUTFUT ON 4—
FAPER TAPE

FIG. 3.3.1-1. Summary chart of LOSP. (See also flow chart FIG.

332504 )
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Tated in G(T1,.), primarily in an aid matrix Y(.), according to the loa-

ding level density function.

\ N(T1,C)

FOR _EACH VEHICLE TYPE

c(rni) C c(rie) fofaTweighf class,C

FND (C)
sy Driving distance distribution
FND(C) y r12)
| C
6(T1,C) —
; 6(71,)=N(T1,C)- EH2E)
[- —I L= Region road length

() € C(7112) Total weight class,C

FIG. 3.3.1-2. Calculation of total weight lane occurence distributions.
SUB 3000 in LOSP.

First the no load, max. load and overload loading levels of the load-
ing level distribution are treated and then the continuous part '
The contribution to class G(T1,13) becomes for each I3 (I3 is incremen-
ted between the "Tower 13" and 14, FIG. 3.3.1-3).

6(T1,13)+p-

e
area = G'(T1,12) + [ L(T1,8) - d& = G'(T1,12) - ¢ (2)

6(T1,13)- 51

—
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\G(T1, )

] FOR EACH VEHICLE TYPE

& ; —
C(Tl B / "1e C(T1,2) Total weight class,C
Weight
( P/ class width
L fy QO =index in
} L(T1,.)
k I
G(T1,C)
( /7&§\ ) Cb Gb db [ctmﬁng
51,120 | i 3 BEl
/ArtGSJCc\
( formula 2 | \I
4 r11e)
P B & |61T1,12)-@
! 1 |
¢ T . '1 - T T e
13=0(113) I3 14 C(T1,4) Gross weight class,C
1 K4Q) K@ K4-Q Weight
P lower 13" (K4'@ _’.f @>@)

FIG. 3.3.1-3. Calculation of gross weight lane occurence distributions.
SUB 3500 in LOSP.

The main calculations are now gone through. Finally the axle gross
weight lane occurence and total ("all vehicle") gross weight density
functions are calculated. The former is determined by means of the
weight distribution on axles information.

The following output is obtained during a RUN.

Vehicle type specifications, printed during input

Driving distance distributions, printed during input.
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Loading Tevel distributions, printed during input.

Input total weight registration distributions and gross weight Tane
occurence distributions plotted as density functions together with
schematic vehicle type descriptions. Subroutine DENS PLOT.

Vehicle type, axle and total gross weight spectra plotted in linear
and Togarithmic scales. Subroutine SPECT PLOT.

Finally may the total and axle gross weight absolute (one year)
density functions be punched on to papertape, if switch = 1, or,
if switch = 2, the total, axle and vehicle type gross weight abso-
lute density functions are punched. Subroutine PUNCH.

The format of the punched tape is:

run No., region No.

weight class width, lower class number, upper class number,

number of occ./year

< Number of occurences lower class

Number of occurences upper class

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 interpretative no certain input-
output catalogue is necessary as for the NULESP program. The program

listing is found in Appendix B.
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From line
To line

100 Variable block
165 Define functions

{

[200 Run number J
1

[230 vehicle spec. input 5UB 1000 |

[240 Toral weight disir._input, N(T}.). SUB 1500
1

SUBROUTINES

5UB 1000
VEHICLE SPECIFICATION
INPUT

SUB 1500
TOTAL WEIGHT DISTRIBU-
TION _INPUT

=
[750 Region number nput |
® !
270 Drivins distance nput ; 93 =1 = Tes> >
[T
300 Drivins distance distribution input
Region road length SUB 2000
5]
® 55 Looding level input; 58=1 = Tes>>
| Te>
[320 Loading level distr. input SUB 2500
e |

05 Was loading level input (58=1) or
driving distance input (59=1)
1<les>

327 Calculate toral weight lane
occ. distributions, 6 (T1,.). SUB 3000

330 Calculate gross weight lane occ.
distributions. Y(.) = G(T1,.).  3UB 3500

1

335 C(alculate total and axle gross
weight distrubitions P(1,.), P(€,.). SUB4000

360 Dens plor S YEE2[575 Dens plofSUB6500]
| =R .

=
580 Spect plor>Ye22[395 Spect pior SUB 7000]
i

=
< Punch ~SYERETT Punch U6 40l
®L I

SUB 2000
DRIVING DISTANCE
INFUT

SUB 3000
CALCULATIONS

TOTAL WEIGHT LANE-
OCCURENCE

SUB 2500
LOADING LEVEL
INPUT

SuB 3500
CALCULATIONS GRDSS
WEIGHT LANE_OCCURENCE

SUB 4000

TOTAL CALCULATIONS.
Axle and 'all vehicle"
gross weight distr.

SUB 6500
DENS FLOT
Flot density functions

SUB 7000
SPECT FLOT
Flot spectra.

Appendix B.)

SUB 8000
PUNCH.
Density functions.

SUB 6000
Box PLOT

FIG. 3.3.2-1. Flow chart LOSP. (See also summary chart FIG. 3.3.1-1 and
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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 level, driving distance and input Toad
distributions. The results are presented as spectra which are calculated
and drawn by a Basic routine LLTEST. The influence of the driving dis-
tance and load distribution shapes is related in Chapter 3.4.2, which can
also be looked upon as an illustration of the spectrum appearance in
relation to the underlying density function. Further discussion on the
influence of weight distribution on axles are held in Chapter 4, calcu-
lated spectra, and 6.5, variable influence in loadeffect spectrum model.

3.4.1 Loading level distribution influence.

TYPES:
A

3 £ M '
@I B . A7 /////,. ',/4/ s

TOTAL WEIGHT LANE OCCURENCE DENSITY Load

Nood

b FUNCTIONS
a .
1 M AL
& (/ r) (o, 0() . 1-r --—(A-3a)
gx)
(-«
1 SO 2% o) + Lo ope) L (A-9b)
F~ﬁxl—ab) r '
@| 9(2“)Z§E a0y 010) e(A-5)
(04

¢ PR - Loadin /évc/ by total load
AT # S

& ; r Non-dimensional mean of 9(0()

FIG. 3.4.1-1. Five loading level distribution types and three load dist-

ribution types. Notations see Appendix A.
(f10aq = total weight lane occurence density function)
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As mentioned in the LOSP description, Chapter 3.3.1, a loading Tevel
distribution of type 3, see FIG. 3.4.1-1 and Appendix A, was used in the
calculations of Toad spectra. In order to study the influence of the
loading level distribution appearance, expressions for four more distri-
butions were deduced, Appendix A, and used on three main shapes of Toad
distributions 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 test runs the overload part of the loading level distribution
was not included. Instead o the max. gross weight which normally is
one, with its related area-probability M, is increased to show the in-
fluence of loading levels greater than one.

To give an idea about the relations between the loading level parameters

and to show the input combinations used in the LLTEST runs, FIG. 3.4.1-2
is drawn.

M M
/s
ot
, VALY
Bl
r=0.35 |
I
4.2 t
r=0.65 |
| 1
0 4.2 2.5 [/] | / /
| Wi,
- = RUN combination 2.195 0.474
a, O(’ = 0.3 D/ oy = 8.3 < 0(‘ =0.J
o, = ! o = ! x, = .15
B, = 0.5 Ly~ 8.6 Py =0.5
0‘3"'55 o= 8.72 a,= 2.65

FIG. 3.4.1-2. Relation between tare/total weight portion, E, and max./to-
tal weight portion, M, for non-dimensional g(a) mean, r,
equal to 0.35, 0.5 and 0.65.

=
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The result 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 distri-
butions in a similar manner as described in Chapter 3.3.1, description
of LOSP. The resulting spectra are plotted under the assumption of uni-
form distribution of vehicle gross weights within each class, correspon-

ding to a Tower envelop of a load spectrum produced by LOSP.

FIGS. 3.4.1-3a-c With input values according to FIG. 3.4.1-2a. The
calculations are performed for the three types of
input load distributions. The mean loading 1eVe1,
a3, is put to 0.65.

FIG. 3.4.1-4 With input. values according to FIG. 3.4.1-2b. The
calculations are performed for load type 3. The mean
loading level, dgs is increased to 0.72 and the
max./total weight portion, M, retained equal to 0.2.

FIG. 3.4.1-5 With input values according to FIG. 3.4.71-2c. Load
type 3 is used. Mean loading level, Ggs is equal to
0.65. The max./total weight, 01 is increased from
1 to 1,15,

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

(1 %, 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 for differ-
ing g(o) mean, r.

A change in the total loading level distribution mean, Ggs raises
or lTowers the inner parts of the spectrum to a corresponding degree.
The difference is more protruding in the Tinear representation.

It can also be seen from the figures that increasing variance of the
loading level distribution raises the high load and Towers the Tow

load parts of the spectrum. This involves a great importance to the
max./total weight portion value, M.
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0%

%

Load

Load, type 1,2,3,4,5

~Load, rype 5,4,3,2,1

£=02¢2 aa=113

M=0.2 o, =/

A=0.6 ﬁ3=0.5
or3=0.55
r=05%

(Type | E=M=0.5)

FIG. 3.4.1-3a
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Load
£=02  o,=0.3
wol- P Load M-02 o -1
A=0.6 B
| £, =05
a3=0.6
r=05%
300 Load, type 1,8,3,4,5
(Type | E=M=0.5)
200 Lood, type 5,4,3,2,1
100
U | | | | L | | I —
0 20 30 40 50 &0 70 80 90 Ip>=
/0 a/o
400
300 - 2
Type 5,4,3.2,1, load
o0 - gpe e
100 -
1%
| ! I L 1 | L -
0 ] z 3 4 5 6 7

FIG. 3.4.1-3b

Log (absolute number >=)



3.4/6
Load
e E=0Z oy=03
swop - M* e M-02 o -1
A=06  B,;= 05
o =06
300 Load, type (1),8,3,4,5" F = 0.8
200+
— Load, type 5,4,3,2,(1)
100 +
0 | | I | | | !
10 20 30 40 50 60 70 80 90 Yo=>=
400 - 10%
300 +
200 Type 5,4,3,2,(1),load
100 -
! %
e L

Log (absolute number >=)

FIG. 3.4.1-3c
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\ Load
o s E=0 0 0.3
400 % o M-02 o, =1
A=0.8 ﬂ; =06
Load, type 1,2,3,4,5 , ®,=0.72
g r=05%

300 Y
(Type | E=0.4 M=0.6)

eo0
Load, rype 5,4,3,2,1

00 - 0(;0.5
(fig 3.4.1-3c)

0 | | | 1 | | | | A
0 20 30 40 50 60 70 80 90 %>=
e 10%
300 1~
200
=L/ 7
100 |- e
- (fig 3.4.1-3c)
’ ! %
U 1 i | { ] \ 1

|
/ e 3 4 5 b 7
Log (absolute number > =)

FIG. 3.4.1-4
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’I_aad
0% Ayl
400 - Leodt M-02 o =105
/J"? =05
Types 24  r=035 . E=0135 &= 0.6
Types 234 r=05% E=0376
S Types24 =065 E-0.47
200 +~
100 +—
,0"
10%
0 Load
o=1
300 - (fig 3.4.1-3¢c)  °
200 :
&
100 |-
: L I L ! | Iy
Y / Z %) % & b 7
Log (absolute number > =)
FIG. 3.4.1-5
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The upper Timit of loading level values, that is oy (or the over-
load Toading level az), affects the spectrum appearance noticeable,
at least when represented in a logarithmic scale, in that an in-
crease of this value raises the spectrum, in the high load regions,
to a corresponding degree.

3.4.2 Driving distance distribution and registered vehicle distribu-
tion influence.

The driving distance distributions are not treated as stochastic variab-
les but as constants, which together with the region road length trans-
formes the vehicle total weight registration density functions, class by
class, according to FIG. 3.3.1-2.

A careful analysis of the shape influences of the driving distance dis-

tribution and registration total weight density function was not consi-

dered essential to carry through in detail. Instead simple density func-
tions were transformed to linear and logarithmic spectra to give an idea
about the relations between density functions and corresponding spectra.
The result is shown in FIG. 3.4.2-1. The calculations and plots are per-
formed with a computer routine LLTEST.
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4 CALCULATED AND MEASURED LOAD SPECTRA

In this chapter load spectra are calculated for three different time pe-.
riods, yeérs 1965 and 1973 and for a future time period. The calculated
1965 spectra are compared with measured spectra and the calculated 1973
spectra are later used as input to calculations of loadeffect spectra,
which are compared with a few measured Toadeffect spectra for the same
period. Finally, two predicted load spectra are calculated which are
used as input to tests of the loadeffect spectrum model and to calculate
predicted loadeffect spectra.

The determination of input data will of course be partly coupled to
Swedish regulations about vehicle weights but will, 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 possible rough main classification of region types. See also FIG. 4-2.

Long distance (furopean highway) I
RURAL |Short distance (National main road) 12

Special (ex. wood disirict) /3
Long + short distance 2l
URBAN |Short distance 22

Special (ex. factory approach) 23

FIG. 4-1. Main classification of region types, with number codes.

FIG. 4-2. Region types.
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4.1 Comparison between measured and calculated load spectra for the

year 1965.

Load spectra are calculated for two rural regions, one subjected to main-
ly long distance, and the other to short distance, traffic, (regions 11
and 12). The underlying data is picked from "Lastbilar och Lastbilstra-
fik" /28/, "Fordonskombinationer" /29/, "Bilismen i Sverige" /30/ and
Jonsson /31/. The input is determined with guidance from this Titerature
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 results were picked from Brinck /32/.
The 1965 loadometer study was the Tlatest performed in Sweden of that
extent.

A finer validation of the model may hopefully be made during the planned
field 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 still are, 8/12 and 10/16 Mp (= 80/120 and 100/160 kN) with maximum
permissible gross weights, also related to the total axle distance, equal
to 37.5 and 41.5 Mp respectively. (= 375 and 415 kN). The vehicle total
weight registration density functions per the first of January 1966 were
found in "Lastbilar ..." /28/ divided on lorries, trailers and semitrai-
lers. 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. v

The axle distances are not specified here because this information is

not used in the load spectrum.calculations. The ringed vehicle weight
distribution is such that permissible weights are not exceeded. Accord-
ing to Jonsson /31/ axle overweights, besides those achieved with an over-
weight loading level, were common among the heavy vehicle types. This fact
was regarded by a complementary set of weight distributions for types 3

to 5, within squares in FIG. 4.1.1-1, calculated under the assumption,
that the heaviest axle, inner if possible, has got 20 % overweight which
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is transferred from the other axles. The weight relations between the
remaining axles are retained.

zm TYPE |
®© -

m 4 TYPE 2

-

LYEE D

FIG. 4.1.71-1. Vehicle types for the year 1965. Weight distribution on
axles ringed, with 20 % overweight on one axle squared.

The total weight registration distributions are not listed. Instead they
are found in the plot output from the LOSP runs, see next chapter, FIG.
4.1.2-2. As the distributions were originally divided on lorries and
trailers a pairing off according to the vehicle type specifications had
to be made. Thereby it was assumed that all the trailers were always at-
tached to a lorry, which according to "Lastbilar ..." /28/ is fairly
true (94 % of the lorry driving distance) for at least trailers with
more than two axles. The density functions were truncated for low total
weights so that the lowest axle total weight multiplied by the lowest
Toading level (tare/total weight, specified later) became greater than
12.5 kN as this was the lowest axle weights registered in the loadometer
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study.

Driving distance /year, kilometre (km)
. Long distance

60000 /\

- ~7
40000 ' - |
i Short distance |

80000

T

1

L ;

20000 | //u————-r”
I 1 1 1 1 I 1 1 L gl
0y o 6 % a0 150 180 20 24D

Lorry total weight, kN

FIG. 4.1.1-2. Driving distance as function of lorry total weight.

"Lastbilar ..." /28/.
lype  Lorry (kN) Total (kN)  Driving_distance distribution
\ Km /year
/ (65-165) 65 - 165 70000 70000
20 H 20000
65 165
2 (135-215) 135 -218 80000 80000
40000 1t 1111 40000
A ]
bl B o 30009 i
30000 HATHIIT
| 65 415
' (95-155) _ 0000
4 265- 415 30000 ¥
' 85-/25 ) -
« ) 30000 L
b PAL)
g d VSIS g5 15 90000 000
= 0 K L 4=
(——) Weight distributi ks 05 i b
—_— g;_q 1511 on fafa/ we m kN
with 30% axle over- ——Short dision 9
weight. —Llong dl.slancc

‘FIG 4.1.1-3. Driving distance distributions for long distance and short
distance regions related to vehicle total weight, 1965.
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From the same source was FIG. 4.1.1-2 constructed giving an idea about
the driving distances as a function of vehicle total weights. These cur-
ves served as guidance when the driving distance distributions for long
and short distance regions were put up. See FIG. 4.1.1-3.

The same loading level distribution was used for all vehicle types. The
mean loading level by total load, picked from "Lastbilar ..." /28/, was
put to 0.65 and 0.55 for ‘the two regions.

The tare/total weight share was found to be approximately 0.45, from

"Lastbilar ..." /28/, with somewhat higher values for light Torries and
lower for trailers. The probability for a vehicle to drive without Toad
was estimated from "Bilismen ..." /30/ to 15 % (25 %) and the over/total

load share and portion 1.2 and 20 % respectively from Jonsson /31/.

i o, ST IBGTCE A= loading level by total load

557 3(542)

15 % long distance 20 % [a = Joading level by total weight

#
] 55 % 2 =
0.45 1 e o

1 il sl i i
' [ 2oy | L 2

0.6 P long distance
0.55| M€ short distance

FIG. 4.1.1-4. Loading level input 1965.

For the rural long distance region it was supposed that only a fraction,
here put to 0.5 of the available amount of single lorries, type 1 and 2,
were running on these roads. This is accomplished by reducing the driv-
ing distances, according to FIG. 4.1.1-3 to a corresponding degree. The
reason for this reduction is that it is assumed that many single lorries
of the urban regions seldom make long distance travels on. rural roads.

It was assumed that the total road length of both regions were 10000 kilo-
metres, based on the fact that the total main road length with paving at
that time were 10000 kilometres.
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4.1.2 Calculated and measured load spectra, 1965.

The calculated spectra for regions rural long distance and rural short
distance are compared with corresponding measured spectra on the follow-
ing pages. :

The measured vehicle gross weight spectra are rather summarily presented
in Brinck /32/, but it was not considered that essential for the author

of this report to make a further evaluation of the source material. The

measured axle gross weight spectrum for region long distance was prepa-

red by Bo Eriksson-Vanke, The National Road Administration, in a memo on
fatigue in highway bridges 1972.

From the calculated vehicle type gross weight lane occurence density
functions, see FIG. 4.1.2-2, figures for vehicle type lane occurences
are put up and compared to observed, photographic data collected 1962-
1963, from "Fordonskombinationer" /29/. See FIG. 4.1.2-1.

Mca&ured” Calculated
[239] long-short distance

S, 61% || 49% | 9%

20 07 9% I 2pe: | Ve
—h—

W c0: % &% ra%

SAETT 8 % JI 9oy

REST " e

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

FIG. 4.1.2-3 shows calculated spectra for rural long distance region and
FIG. 4.1.2-4 for rural short distance. The dashed curves represents the
measured spectra. A second axle gross weight spectrum was calculated for
the Tong distance region using the original (circeld in FIG. 4.1.1-1)
weight. on axles distribution.
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As can be seen the agreement between measured and calculated spectra is
fairly good, especially for the axle spectra. The discrepancy between
vehicle gross weight spectra is more pronounced in the linear than in the
Togarithmic scale. The measured logarithmic spectrum was calculated out-
going from the linear spectrum with the same total vehicie flow as calcu-
lated. No information is available about measured spectra above the 400
kN Tevel other than the upper Timit lays around 500 kN. Jonsson /31/.

In FIG. 4.1.2-3, rural long distance region, are also sketched parts of a
linear vehicle gross weight spectrum and a logarithmic axle gross weight
spectrum calculated by means of a loading level distribution with tare/
total weight portion equal to 40 % and max./total weight portion equal
to 35 %, (see the dotted curves). This increase of the variance of the
loading level density function moves, as expected, the calculated spect-
rum towards the measured in the upper sectrum region. An increase in
mean Toad/total Toad to 0.7 (from 0.65) has approximately the same ef-
fect, but without the lowering effect for low loads.

As mentioned a better agreement could be achieved between calculated and
measured spectra. It was though considered more essential here to show
that it is possible to get rather close to real spectra through treat-
ment of simple underlying data.
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4.2 Calculated load spectra for the year 1973.

In this chapter load spectra are calculated for the rural long distance
(11) and rural short distance (12) regions. The load spectra are inten-
ded to be representative for the European highway south of Stockholm,
highway bridge across Sodertdlje canal, and the other for main road 45
at Kopmannebro in Vastergotland. These Toad spectra will later be used
as input to calculations of loadeffect spectra, Chapter 8.1, which are
compared to two loadeffect spectra collected from the highway bridges
at these sites. ' '

The input data are mainly picked from "Statistiska meddelanden NR T
1974:47" /33/, "Bilismen i Sverige" 1971 and 1973 /30/, “"Lastbilar och
lastbilstrafik" /28/ and a memo on fatigue of highway bridges 1975 by
the author where load spectra are put up with somewhat different input
values. Considerations are also given on the input sources used and re-
sults obtained, of the preceding chapter, load spectra for 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 to-
tal axle distance are found in FIG. 4.2.1-1.

“behnun?h i 514
5 Qg_gross weight, k —

ﬁ%ﬁ&%ﬁmmﬁ/:/”
400 4

.50/ 120 kN roads

R o S
s

5

100

Coz4s8m2KnicBae
Toral axle distance , m

FIG. 4.2.1-1. Maximum permissible vehicle gross weight as function of
total axle distance.
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FIG. 4.2.1-2. Vehicle type specification for the year 1973
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On the basis of the later described total weight registration distribu-
tions and the 1975 weight regulations valid for 100/160 kN roads, vehicle
types according to FIG. 4.2.1-2 were put up. Only one set of weight dis-
tribution on axles was assumed. The influence of the weight distribution
shape on the appearance of axle load spectra and loadeffect spectra is
further studied in Chapter 6.5.3. A proper axle overweight weight distrs
bution on axles will be chosen in Chapter 8.1 where the corresponding
loadeffect spectra are calculated. The vehicle type specifications also
include values on axle distances which are used in the Toadeffect spectra
calculations. | '

The total weight distributions for lorries and tractors for semitrailers
were found in "Statistiska ..." /33/ as well as distributions for Tload
capacities for semitrailers and trailers. The trailer load capacity dis-
tributions were transformed to trailer total weight distributions by as-
suming tare/total weight equal to 0.25 which seems to be adequate enough
at least for high total weights.

A pairing off of lorries and trailers was then made assuming as before,
that all the trailers were always attached to a Torry. A truncation was
also made of the type 1 lorry total weight registration distribution be-
Tow 70 kN, which corresponds to unloaded lorries with front and rear axle
weights below 70-0.35/5 = 4.9 respectively 19.6 kN. Furthermore, all
Torries and trailers with total weights below 30 kN were removed. The
class width was put to 10 kN.

The total weight registration distributions are not listed. Instead they
are found in the plot output from the LOSP runs, FIGS. 4.2.2-2 and -4.

From "Bilismen ... 1973" /30/ obtained information about driving distan-
ces did not provide anything new besides the already shown distributions
used in the 1965 calculations, see FIG. 4.1.1-2. Therefore the same'as-
sumptions about driving distance distributions as function of ‘lorry to-
tal weights were made in the 1973 calculations. The chosen values are
found in FIG. 4.2.1-3.

The same loading level distribution was chosen for both regions as a re-
sult of a study of the 1965 calculations and due to lack of base data.
The chosen distribution has a tare/total weight portion equal to 0.3, from
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FIG. 4.2.1-3. Driving distances related to vehicle total weight, 1973.
Rural Tong distance and short distance regions.

“Bilismen ... 1971" /30/, giving the loading level density function a
relatively great variance. The tare/total weight loading level was put
to 0.35 which after a study of vehicle specifications was judged to be a

representative figure. The mean load/total load loading level was estima-
ted from "Bilismen ... 1971" /30/ to 0.65. The same overweight portion,

though with Tower overload/total load loading level, as in the 1965 cal-
culations was assumed, which may be an underestimation of the observance
of the regulations. The assumed distribution is shown in FIG. 4.2.1-4.




4.2/5

'Ex « = loading level by lotal weight
= loading level by total Joad
30 %
28%

] 0%

? 22 % .
0.35 ! Lié o

J‘.r |

/ncan=ab5 ; Hjl —}5

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

The same rather arbitrary chosen factor 0.5, as was used in the 1965
calculations, was also used here to reduce the number of single lorries
involved in long distance traffic. The region road lengths were still
supposed to be 10000 kilometres.

The result of the runs are shown in the next chapter with some comments
made.

4.2.2 Calculated load spectra, 1973.
Below the calculated spectra for rural 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.

long-short distance
2 35 | 5%
g4 VA 21 % 8%

QA | 34% | 6%

TAL770 | 10% 7 %

FIG. 4.2.2-1. Vehicle type lane occurences. Calculated 1973.

l Calculated
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FIG. 4.2.2-1 may be compared to FIG. 4.1.2-1 which is valid for the 1965
calculations. Most of the difference between the vehicle type lane occu-
rence figures is explained by the fact that the number of registered two-

axle trailers has increased by about 80 %.
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4.3 Predicted load spectra.

In this chapter efforts are made to calculate predicted load spectra.
The predicted input values are not brought out from comprehensive ana-
lyses of the future and do not pf course claim to give a correct picture
of the future. Hopefully though comparisons to the before calculated
spectra, todays spectra, can give an idea about a possible change in the
spectra appearances.

The predicted spectra will be used in the analyses of different variab-
Tes influence on the appearances of those loadeffect spectra calculated

with the later described numerical model, NULESP.

4.3.1 Predicted values of the input variables.

In "Vagplan 70" /34/ concerning the planning of roads in Sweden and out
of comments from "Preliminara nordiska lastbestammelser for vagbroar" -
"Preliminary Nordic Load Regulations for Highway Bridges", it can be
found that in the future higher permitted axle/tandem loads may be ex-
pected (130/210 kN) as well as somewhat higher total weights. The maxi-
mum permissible total axle distance is now 22 metres but it is quite
conceivable that this will be decreased to around 18 metres.

It is probable that a higher utilization of the load carrier will lead
to more registered vehicles of type tractor-semitrailer where the trac-
tors are not tied to specific trailers. Furthermore a more wide spread
use of standardized loads, such as containers, may lead to fewer, and
more exactly defined, vehicle types.

On the above mentioned circumstances the vehicle types according to FIG.
4.3.1-1 were put up. No alternative set of weight distribution on axles
was made as this will be done in the 1oadéffect analyses. At that stage
axte distance factor distributfons are also introduced.

Through extrapolations of the number of registered vehicles, two-axle
Torries excluded, for the years 1965 and 1973 a total of 100000 regis-
tered heavy vehicles were found to be representative for the year 1999.
This time point lies in the middle of an expected bridge Tife time of 50
years. A similar extrapolation for vehicles with more than two-axle/tan-
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dems gave 60000 registered vehicles which were arbitrarily divided into
types 2 and 3, tractor-semitrailer and lorry trailer, in the ratio of 2
to 1. That is the number of registered two-axle trailers has increased by
41 % and the number of semitrailers has increased 10 times since 1973.
The corresponding figure for single Torries is 14 %.

%7/ 7 TYPE 1
Gor027747 |
O

e // 72

2785)
| d i gp = Jor: l4m

@

®
% 450/ ////5//4 TYPE 3
. 6 e /5 e - Tor: 18m

0, @ © @

FIG. 4.3.1-1. Predicted vehicle type specifications. Weight distribution
on axles ringed.

The vehicle type total weight registration distributions upper weight
limits were given through the maximum axle/tandem weights and weight dis-
tribution on axles. The lower limits and the forms of the distributions
were now to be chosen. The Tower Timits 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 distributions were gi-
ven rectangular forms as nothing directly perferenced any other shape.
The distributions are found in the plot output from the LOSP runs, FIG.
4.3.2-2 (the hatched areas).

FIG. 4.3.1-2 shows the assumed driving distance distributions. As can be
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seen the vehicles are supposed to drive a longer distance per year, in
the future, than they do today. However, the total road lengths of the
region have increased to an estimated value of 20000 kilometres.

Iype Larry (kN)  Toral (kN) Oriving_distance distribution

\Km/year
/ ( 195-265) 195 - 265 100000 100000
50000 HHH 50000
135 265 200000
2 (255-485) 235485 100000 100000
50000
295 485
200000
3 E175-265 ) Ja5- 375 100000 100000
50000
‘ 385 575
—— e Shart disliaace Toral weight | kN

Long distance

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

The loading level distributions are supposed to be fixed for all regions
and vehicle types with appearances according to FIG. 4.3.1-3. It is as-
sumed that the probability of meeting an overloaded vehicle has decrea-
sed, compared to today, to about 10 % and so has the corresponding load-
ing level by total weight to about 1.1. This is a consequence of higher
utilization of the Toad bearing capacity, standardized loads and built
in weighing machines in the vehicles. |

In the calculations, the number of single lorries travelling in the long
distance region were reduced, as before, to half of the available amount.
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FIG. 4.3.1-3. Predicted loading level distribution.

4.3.2 Calculated predicted load spectra.

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

Calculated
long—-short distance

2 A N
AT | 55% | 469
A7 | 27% | 3%

FIG. 4.3.2-1. Predicted vehicle lane occukencés.

In the figures are also calculated 1965 and 1973 spectra drawn for com-
parison. '
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5 COMMON DISCUSSION OF LOADEFFECTS.

5.1 Loadeffects in connection with vehicles driving over highway
bridges.

5.1.1 Loadeffect descriptions.

Several types of loadeffects occur when vehicles drive over a highway
bridge. Some examples of such effects caused by the vehicles (loads)
are Tisted below.

Loadeffects arising in different parts of the bridge structure:

forces : shearing stresses, normal stresses, reactions,
moments

deformations: deflections, angular deflections, angular rotations
between members.

Loadeffects of the vehicle and its passengers:
forces : contact pressure between tire and bridge

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

The Toadeffect amplitudes may be represenfed as a function of time or
load position according to FIG. 5.1.1-1.

Loadeffect

A "WAN

Time

FIG. 5.1.1-1. Part of loadeffect process.

LE-41S possib1e’£o'56nveft‘a vertical def]ectibn process of a bridge pave-
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ment to a corresponding acceleration process which may be used to ex-
press uncomfortable feelings for pedestrians. It is obvious that this
acceleration could be the studied loadeffect instead.

In this report the loadeffects are expressed through superposition of
influence Tines multiplied with corresponding load values. The influence
lines are generated by constant speed passages of single unit loads over
the bridge deck. As the load is also allowed to move in a transverse di-
rection, an influence function over an area has to be defined. This is
also done but the longitudinal and transverse influences are separatéd

*which simplifies the calculations if a vehicle during passage do not
make transverse moves.

If the time scale is changed in a part of a loadeffect process, the ap-
pearance of the process is usually also modified, depending on the dyna-
mic properties of the vehicle-bridge system. A distinction between "sta-
tic" and "dynamic" loadeffect processes is made in the report where the

“static" process parts are caused by slowly running vehicles and entire-
ly determined by the vehicle axle gross weights and the static proper-
ties of the bridge.

The dynamic effects may be of different kinds such as extra oscillations
or dynamic amplification to a greater or lesser extent. An example of
great amplification is the before mentioned vertical acceleration of a
bridge pavement which in fact is non-existent in the static case. The
dynamic effects are for a given vehicle bridge system dependent on the
vehicle speed and lateral track and the initial conditions of the bridge
and vehicle at vehicle bridge entrance.

In this report the static loadeffect process is first analysed and then
a modification of the static results are performed by means of a stocha-
stic amplification factor.
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5.1.2 Analysis of loadeffect processes.

The loadeffect process itself contains too much information to serve as

an apprehensible characterization of the process. Analyses performed on

the stochastic process will Tead to more condensed and useful properties
which may be expressed in terms of stochastic or non-stochastic variab-

les.

The processes in question can in a first stage be simplified to process
parts separated by exponentially distributed time distances. This is be-
cause the flow of vehicles s supposed to follow a Poisson process.

The condensed properties may be reached in different ways which are more
or less practicable depending on the complexity of the input bridge-ve-
hicle-traffic characteristics and the wanted output.

The Toadeffect process consists of effects caused by single vehicles and
of overlapping effects from two or more vehicles. Small influence areas
give rise to effects that are mainly dependent on vehicle axle weights
and the lateral track of the vehicle. As the influence area is increased,
effects will occur of several axles of the same vehicle and if the area
is big enough several vehicles may influence at the same time causing
overlapping effects. The vehicle characteristics as well as the traffic
properties then become more important making the desired breakdown of
the process more difficult to perfdrm.

The wanted condensed loadeffect process properties are formulated from a
desired field of application. In this report it is supposed that the out-
put shall be primarily usuable in fatigue studies in practice and theory.
The most important characteristics 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 difficulty be regarded in the
used numerical analyses model.

The changes in amplitude, from now on called loadeffect ranges, may be
defined in many ways. The often very simple and unsatisfactory defini-
tions originate from the Timited possiblitities of the used stress range
counters in the field tests. In FIG. 5.1.2-1 four different stress range
definitions are sketched. For further references see the LITERATURE
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REVIEW.
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Absolute Level crossinc Feak LECOUNT
min. max. counting counting

FIG. 5.1.2-1. Different stress range definitions.

The next Chapter 5.2, Counting routine LECOUNT, describes the range defi-
nition of the loadeffect process breakdown method used in this report,
which continuously picks out closed range cycles and corresponding le-
vels from the process.

The wanted output will thus be loadeffect range distributions, if pos-
sible multi-dimensional incorporating range occurence level and in se-
cond hand a time variable, as range durations.

FIG. 5.1.2-2 principally shows some ways to tackle the problem of break-
ing down the Toadeffect process.

If the nature of the process is known or is possible to estimate, analy-
ses may be done by means of statistical methods, depending on the comp-
lexity of the wanted condensed properties and the bridge-vehicle-traffic
properties. The short description may consist of density function des-
criptions and characteristic qualities.

Tha analytical statistical approach is only made use of in this report
in the study of short triangular shaped influence lines and loads repre-
sented by uniformly distributed axle gross weights. The statistical app-
roach rapidly 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, for example the amplitude frequency pairs of a Fourier series
expansion. This short mathematical description can, as well as loadeffect
range distributions, be used to generate a load process for a testing
machine, or it can be used to evaluate dangerous vibration modes of the
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regarded system. It shall though be pointed out here that the different
series of the Fourier expansion can not be directly used to put up load-
effect range distributions in the sense mentioned above, except for spe-
cial cases.

The statistical counting methods provide a different solution to the
problem of analysis of loadeffect processes. These methods perform a
range counting on the either measured or simulated process following
rules which may be more sophisticated if a computer is included in the
counting device, human counting disregarded. In this work use is made
of the counting routine LECOUNT, which has the ability to make rather
sophisticated continuous counting, that is without having access to the
whole Toadeffect process part. A small portion of minima and maxima must
though be remembered and this will be counted off when the process part
is over.

Finally, approximate transfer models or rules may be put up, by means
of evaluating the above described analyses, by which the bridge-vehicle-
traffic input can be converted to output in the form of loadeffect
range-level distributions.
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5.2 Counting routine LECOUNT.

The counting routine used in this report is called LECOUNT ahd is a part
of the Basic program INFLU and the Algol program NULESP. It is conside-
red to be an essential part of the loadeffect calculation model and is
therefore described separately below. It can be directly picked out and
used in the analyses of a real loadeffect process originating from for
example the strains of a strain gauge glued to a point in a bridge
structure.

5.2.1 Description of LECOUNT.

The method was derived by the author because no suitable method was
found in the Titerature. Later on, however, a very similar method was
discovered which is used in the analyses of loadeffects arising in air-
craft structures. This method is sometimes called the "rain flow count-
ing method". See also Chapter 2, LITERATURE REVIEW.

The objective was to produce a counting routine that was able to conden-
se the Toadeffect process during a minimum of information loss. The im-
portant variables were considered to be the magnitude of the closed
loadeffect ranges and the level they arise on, see FIG. 5.2.1-1. As can
be seen it was assumed that no account should be given to where the clo-
sed loadeffect range loop started.

ﬁange

Level
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-
sible to introduce one more variable namely the frequency, the inverse
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time of duration, for the counted loadeffect ranges.
FIG. 5.2.1-2 shows two cases when it is possible to eliminate one closed

loadeffect range loop from each example. It can be seen from the figure
that the range values are given with signs. This fact is commented below.

4

Condition: ] Condition:
[<=3=<=2<=4 Gemp<=3<=]
e 3 :

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

:] At
&

Level(zZ)

/ LCVC/ (Z)

a. b.

FIG. 5.2.1-2. A loadeffect range is eliminated, with the help of four
point count, FPCOUNT, subroutine from an increasing (a)
and decreasing (b) part of the loadeffect process.

The only values considered to be of interest to the loadeffect process
are the maxima and minima, that is between which the derivatives of the
process have the same sign. In the example, FIG. 5.2.1-2, there are four
such points 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 1ine of a respectively increasing and decreasing part of a
loadeffect process. Such an elimination of a loadeffect range is called
a four point count, subroutine FPCOUNT, and leads to storage of the eli-
minated range-Tlevel, Z and W, through subroutine STOREZW and the removal
of points 2 and 3 from the process.

The routine continuously reads values from the loadeffect process until
a maximum or minimum is reached. They are stored as they come up with
the help of subroutine STOQ and the first FPCOUNT attempt is made when
there are four 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. If a range is counted the second and third points are re-
moved from the stored suite of maxima and minima and a new FPCOUNT is
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attempted. The four point count subroutine FPCOUNT is left 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 fulfill. This is the case, as can be seen in FIG.
5.2.1-3, when the third point is a minimum and less than the Tast mini-
mum (a) or it is a maximum and greater than the last maximum (b). It can
also happen if the fourth point is a maximum and less than the last ma-
ximum (c) or it is a minimum and greater than the Tast minimum (d).

o ,
2 /" ‘ /\/@3 V\/
/ %
//\/ ‘Elr o Y @
AL i

a. b. ta d.

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

The readings of values from the Toadeffect process is continued until
the LECOUNT routine reaches an end condition, which occurs if a total of
Q9 readings has been done or if I8 unchanged values has been read.

The end condition - limited number of readings - is used in the loadef-
fect calculation model NULESP, which is described later, when it is de-
finitely known at the entrance of the counting routine, how many read-
ings that part of the loadeffect process includes. The other end condi-
tion also indicates that the current 1oadeffect activities have ceased
and therefore a final count on the remaining stored values can be made.
When determining the end condition one must have in mind what the Towest
permissible frequency, longest duration, of the counted loadeffect ran-
ges are.

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-
ning stored maxima and minima that could not be eliminated by the four
point count subroutine. The principle shapes of the remaining process
are shown in FIG. 5.2.1-4.

algric Fange

R (po3) )
(AN 5 2

T / 3
/i Fange //
gi%%e /i e ﬁbégc
kange | (po3) Level Level
Jovdl (neg) L)
l Level Level o Lerc/
|

FIG. 5.2.1-4. Results of ENDCOUNTs on the remaining parts of two load-
effect processes at end condition.

The ENDCOUNT analysis is performed in the following manner. The greatest
maximum and the smallest minimum are found, FPCOUNT and STOQ provide
pointers for that. Those two values, which will be located adjacent to
each other, form the greatest loadeffect range of the remaining process.
Loadeffect ranges are then formed in the same way by pairing off maxima
and minima on both sides of the starting range. The procedure can be
studied in FIG. 5.2.1-4. As can be seen, it might happen that the last
counted ranges at both ends only include one maximum or one minimum ex-
cept for the starting and closing points.

// , E{[&
& E9
R
£9

&

FIG. 5.2.1-5. The reading is dropped if it differs less than *E9 from
the last valid reading.
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If it is undesirable to count ranges with amplitudes below a certain
magnitude this is accomplished by setting the variable E9 to half the
amplitude of the greatest tolerable "noise", see FIG. 5.2.1-5.

Finally the negative and positive sign of the loadeffect range shall be
commented on. The sign rule was appended by gaining further information
from the counted loadeffect range level density functions. If a range
is determined as a deviation from an increasing part of the loadeffect
process it is given a negative sign and it is given a positive sign if
it is a deviation from a decreasing part of the process. See FIG.
5.2.1-2a, b. During the ENDCOUNT procedure it is not possible to talk
about increasing or decreasing parts of the process but rather about in-
creasing and decreasing loadeffect range amplitudes, following the same
sign rule as mentioned above. The first counted and also greatest range
during the ENDCOUNT procedure is given a positive sign.

In this report the sign facility is only used to count the total number
of positive and negative ranges. (In 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 routine to
cover analyses where the time is also incorporated. Of course it is also
possible during the counting to sort out certain loadeffect range-levels
which pocess special characteristics.

5.2.2 Summary chart and example.

Below is a summary chart over the LECOUNT routine shown. A more detailed
description and program listing for 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
routine. The order in which the ranges.are counted is shown and the cor-
responding range-levels gatﬁered to the right of the figure. For the

sake of clearness the final count made in ENDCOUNT is showed separately.

In the figure are also shown the number of maxima and minima that have
to be stored during the procedure.
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e

Read valves until a signi-
ficant deviation , £9, is

reached.
i
[Read a new value | End condlition:
End condition: too many null-
foo rmany (/5 the deviation too small readings, I8
readings, 09 (Fes) too many

adings, 49

D) (W[5 the last readi ke
O e et readng
1 e

Store the last reading
but one

do q four point count
' ey }

Store the last reading
do a four point count

}

Do end count |

)

FIG. 5.2.2-1. Summary chart over LECOUNT.

Number of stored readings

1 2 3 43 43 45678 945 45676

Endcount

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 Derivation of theoretical models.

6.1.1 Introductory discussion.

As has been pointed out earlier, there are different ways to analyse a
loadeffect process. One obvious way is to theoretically generate a pro-
cess, which can easily be done by a computer by means of a Monte Carlo
simulation method, and during the simulation make a statistical counting,
for example in the same way as it is done in the LECOUNT routine. This

is a rather primitive method, compared to a statistical sampling method,
as it brings in long computer run times to get acceptable resolution in
the result.

Of course a purely theoretical approach to the evaluation of a Toadef-
fect process and calculation of loadeffect spectra is of great interest
if it results in simple expressions and formulas through which the dif-
ferent variables influence on the result can be studied and also the
loadeffect spectra directly calculable. Such a solution is shown for
triangular influence Tines and evenly distributed loads in Capter 6.3.
Though rather large simplifications regarding the input (loads, axle
configuration, influence line appearance) are made, the calculations
leads to rather unsurveyable expressions for the loadeffect distribution.

As the input variables to a loadeffect spectrum model become more comp-
lex, the solution methods tend to be more numerical, for example numeric
integration methods become convenient or even necessary. The numerical
methods are well suited for computer treatment.

Because the criteria for the loadeffect analysis are rather hard to de-
scribe mathematically and to make the solution more understandable a
statistical sampling method was chosen as solution method, namely sys-
tematic sampling. This fact is, of course, also dependent on the sto-
chastic nature of the problem. That is most of the variables are non-de-
terministic, in other words they are observations of density functions.

The systematic sampling is more refined than the simple Monte Carlo si-
mulation, because it is possible to increase the calculation efforts for
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certain interesting variable values. In Monte Carlo simulation random
values are drawn from the different density functions, and if one is un-
Tucky, results that have a small probability of comming up will not be
calculated and poor results will be obtained. Unfortunately, these rare
combinations are important in this case because they are often associa-
ted with high Toadeffects.

The systematic sampling method used, which is further described in Chap-
ter 6.4.1, is systematic in the respect that all possible combinations
of variable values are made, the arising parts of the loadeffect proéess
are analysed and the result for each combination is added to the final
solution with a weight that is proportional to its probability 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 infinite number of values. The discrete density functions
are for some calculations further reduced. The new variable values are
though mean values of those values they could take within their former
(wider) variation widths (class widths).

The results of the calculations will be unbiased and will also contain
information about rare loadeffect values at the cost of a somewhat les-
ser resolution for lower loadeffects. Furthermore, the method is easy to
understand and follow and is not too complicated to translate into a
computer program.

6.1.2 Chosen input variab]es:

The input variables to the model are of more or less stochastic nature.
If a variable is judged to remain nearly constant or if a small change
of its value will not affect the solution significantly, it is treated
as deterministic. A good reason to hold the number of non-deterministic
variables low is that the amount of calculations increases rapidly with
the number of these variables' (too many possibilities to combine vari-
able values). A1l variables both deterministic and non-deterministic are
supposed to have the same properties in the calculations during the re-
garded time period, for example 50 years - a bridge Tife time.

The applying forces are the vehicle gross weights, acting through the
vehicle axles. The Toad (gross weight) density function, expressed as
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occurences per lane and time period, is two-dimensional with the vari-
ables vehicle type and load (gross weight). It can also be represented
as a one-dimensional total gross weight density function (the vehicle
represented as one load) or an axle gross weight density function (all
vehicle axles gathered in one density function). The vehicle type appea-
rance is fixed as well as the distribution 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-
tion and an equivalent time, a factor that expresses the relation be-
tween the time the vehicles are in motion/real time. It is further éup~
posed that the vehicles run freely from each other withing the region.
The load input is achieved as an output from the Toad spectrum model
(computer program LOSP).

The regarded bridge structure carries the load spectrum. The bridge pro-
perties are supposed to be deterministic but the bridge-vehicle sys-
tem causes dynamic effects that are of stochastic nature. These effects

though are not considered until a static loadeffect density function has
been calculated. The bridge properties are expressed through influence
volumes for each lane. The influence volume is defined by a length shape
(influence 1ine) and a lateral shape (lateral influence function), which
are determined by, in which point of the structure, structural point,

the Toadeffect process are studied.

The Tast group of input parametefs is the traffic data, which indirectly
describes how the Toad will éct on the bridge. What track will the ve-
hicles follow? Will they cause overlapping loadeffects? The vehicle
speed will determine the time scale of the loadeffect process. This
scale is not considered in the calculated loadeffect spectra. The vehic-
le speed is important though because it affects the probability of two
vehicles meeting on the bridge. The faster they go the shorter time they
will spend on the bridge. As the vehicle drives over the bridge the
vehicle speed is supposed to be constant for all vehicles in both lanes.
It is possible to show theoretically that the assumption about undis-
turbed traffic flow is satisfactory also for partial flows of lorries.
However, when the time distances are too short the rules are not guilty
and queues are formed. When the vehicles drive over the bridge to close
to each other loadeffect overlapping can again occur. In the model for

calculation of loadeffect spectra the input considering queues consists
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of a critical queue distance, in seconds, that determines if two vehic-
les will queue and if a queue is formed, the distance between the vehic-
les is picked from a queue distance density function. Finally it is as~-
sumed that the vehicles, independent of each other, follow different
tracks when they drive over the bridge, according to a lateral track
density function.

In all calculations made in this report the bridge can carry either a
single lane, two meeting lanes or two parallel lanes. Also if there are
two meeting lanes the number of vehicles per time unit in each lane are

equal.

6.1.3 Representation of results.

The final result of the loadeffect analysis is a two-dimensional discrete
range level density function, where the function gives the number of,
relative or absolute, loadeffect ranges that have occured on different

loadeffect levels.

In the derived counting procedure, LECOUNT, it is also possible to split
the density function into two functions where one is valid for ranges
that have occured during increasing loadeffect process and the other
during decreasing process. This quality is not made use of in the load-
effect spectra calculation model presented in this report, except for
determining the share of negative ranges.

In order to make the total picture of the density function more compre-
hensible it is advantageous to integrate it and represent it as a dist-
ribution function or a spectrum. These functions are still two-dimen-
sional but monotonously growing in every point.

FIG. 6.1.3-1 shows the differences betwéen two possible two-dimensional
representations of the range-level density function. It is obvious that
the spectrum representation is more convenient to handle, for example
when a comparison to a prescribed spectrum shall be done but it is har-
der to see the underlying density function in detail.

The spectrum can be described as one minus the distribution 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 valid for loadeffect ranges that has
occured on or over a specific loadeffect level.

Alevel

e
ANE

On level greater or equa/

Greater equal
all levels

-

Range Number of ranges
greater than or equal

FIG. 6.7.3-1a. Isolevel repre- FIG. 6.1.3-1b. Spectrum representation
sentation of a of a range-level densi-
range-level den- ty function.
sity function.

S l T b 1 1 L
100 6 7
| Number (% )>= Log [absolute number>=)

FIG. 6.1.3-2. Two spectrum curves in a linear and a logarithmic spectrum.

As the loadeffect spectrum contains important information, in the high
range region, it is hard to accurately reproduce it in a Tinear 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 valid for a specific time period, the bridge T1ife.
The Tinear spectra are reproduced in a linear relative scale, 0-1. FIG.

6.1.3-2 shows how the two representations complement each other.

6.1.4 Computer program INFLU.

The following chapter serves as an introduction to the loadeffect spec-
trum model described later, NULESP. The calculations and print-outs are
performed in a computer program, INFLU, written in Basic language and
run at the minicomputer at the Departement. The program is further des-
cibed in Appendix D.

In the input section, two vehicle types are described regarding number
of axles, axle distances and weight distribution on axles.

There are three main types of influence lines and their shapes are de-
termined from input values. Their principle appearances are shown below,
FIG. 6.1.4-1. The same influence Tines are found in NULESP.

Type 1 . Type & Type 3
FIG. 6.1.4-1. Principle shapes of influence lines.

The vehicle type influence lines are then calculated and plotted. The
calculations are done in the following way. Each vehicle axle determines
an influence line, where the influence values are multiplied with the
relative axle weight, the total vehicle weight is unity, and the X-coor-
dinates are related to the first axle fhrough a displacement of the in-
fluence 1line. The axle influence lines are added successively in the pro-
cedure INFLADD. The same procedure written in Algol is found in NULESP.

The vehicle type influence lines are analysed in procedure LECOUNT, also
found in NULESP, and the result is plotted, showing closed loop of load-
effect variations, their ranges and levels. These ranges are stored in a

two-dimensional density function and later converted to linear loadef-



B

fect spectra and plotted. These spectra are found in the upper right of
the plotting area. No distinctions due to Tevels are made.

To show what happens when the vehicle type influence Tines overlap,
overlap calculations are performed in the following way. The two vehicle
types are given weights through multiplications with Toadeffect factors.
The vehicle type influence lines are overlapped, added a certain number
of times (input) equal to the number of evenly distributed meeting sec-
tions (see Chapter LIST OF TERMS). As there are two vehicles involved in
all the overlap calculations, the obtained number of ranges must be re-
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 that each curve is valid for loadeffect
ranges with levels greater or equal to a certain value. This value is
plotted in the figures.

If the influence line 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 vehicle. The program asks if a turned influence line type
shall be used, type -J1 instead of type J1. The corresponding vehicle
type is referred to as -TI.

The following figures show results from runs with INFLU. The runs are
commented below. Among other things the effect of an increase in the
number of meeting sections on the resolution of the result is shown.

FIG. 6.1.4-2. Influence line type 2 with a total length of 5 metres. The
largest axle distance is 5 metres that is no overlapping
occurs due to axles belonging to the same vehicle. The
results of LECOUNT are seen to the right of the vehicle
type influence Tines. The principle changes in spectra
shapes when going from the upper right to the upper Teft,
non-overlap to overlap spectra, are that the total number
of ranges decreases and the range amplitudes increase.

FIG. 6.1.4-3a-b. Influence line type 1, length 24 metres. FIG. a is cal-
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-
cially for higher range values.

FIG. 6.1.4-4a-b. Influence line type 3, length 10 metres. FIG. b shows
the result with vehicle type 2 meeting influence line
used in the calculations.
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6.2 Description of input variables.

The following chapters describe the input variables to the "numerical
model for calculation of Tloadeffect spectra", NULESP. The same input
variables are in principle valid to the analytical solution made in
Chapter 6.3 though with much less freedom for variations. The input spe-
cifications are described in detail in the input-output catalogue in
Chapter 6.4.9.

6.2.1 Load spectra and vehicle specifications.

In the vehicle specifiaction input part the number of vehicle types
(max. 10) and their properties are specified. The vehicle properties are
fixed except for the axle distances which can be multiplied by a factor
H(...) belonging to a discrete density function. FIG. 6.2.1-1 shows the
vehicle input.

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

The vehicle gross weights are input as a discrete relative two-dimensio-
nal vehicle type gross weight lane occurence density function G(T1,.),
which is valid for Tane 1. Vehicle types T1 = -1 and 0 means all vehic-
les treated as single Toads respectively all vehicle axles running free-
ly.

The number of vehicle types, T2, may be 0 or 1-10 when it is input. If
T2 = 0 only the total and axle parts of G(..) are read. If T2 is greater
than 0 only the vehicle type parts of G(..) are read. In this case the
program automatically calculates the total and axle parts of G(..).

It is assumed that the same load spectrum is valid for both lane 1 and 2
at least regarding shape. (The total number of vehicles can be changed
during the equivalent load spectra calculations.)

Together with G(..) are also input: the total number of lane occurences

per year for each vehicle type, the regarded time period Y@ (years) and
the class width P1.
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V(T1,1) number of axles
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(
H(T1,2,I1) axle distance factor density function
H(T1,1,I1) axle distance factor

FIG. 6.2.1-1. Vehicle input specifications, label VEIN.

FIG. 6.2.1-2 explains the load spectrum input. The input part is found
at label LOIN in NULESP.

AG(TIN) T.EeH total al
Ti=pg axle, } 1o °
L= ., T2 TypP
¥ K(T1,¢2)=Total area=
= occurences per year
T, and lane.
T . Load class, N
rl '
/ e
C(r1.3) C(T14)

FIG. 6.2.1-2. Load spectrum input, label LOIN.
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It is possible to get the input load spectra printed, PR=1, and plotted
PL=1, on the line printer, in both Tinear and Togarithmic scales.

6.2.2 Lateral influence function and lateral track distribution.

As the vehicles drive over the bridge they are supposed to follow a cer-
tain track within the lane. The track position is an observation of the
lateral track density function, see FIG. 6.2.2-1, and is independent of
other variables. Depending on the chosen lateral track the vehicles
cause more or less influence on the loadeffect process.

The lateral influence function and lateral track distribution are used
when the equivalent load spectra are calculated. The corresponding input
section is found at label LINF in NULESP.

The lateral influence functions are supposed to be straight Tines speci-
fied through F1, F3 and F2, F4. The F1 and F2 values are valid for the
middle tracks of lane 1 and lane 2, which do not necessarily equal the
mean tracks. The lateral influence specifications for the second lane
(F2, F4) are always input though this lane is not used in some loadeffect

calculation cases.

The lateral track density functions are specified through the variables
Y4, Y5 and Y6. Y6 denotes the slanting portion towards the higher in-
fluence values F1+F3 (resp. F2+F4) if Y6 is positive, and towards lower
F2-F4, for lane 2 if Y6 is negative. Y4 is the total track variation
width and Y5 is the flat portion of the function. (The Y4 value is optio-
nal but must not be equal to zero.)

It is possible to get the calculated equivalent load spectra printed,
PR=1, and plotted, PL=1, on the line printer. This is done for both lanes

in Tinear and logarithmic scales.
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FIG. 6.2.2-1. Lateral influence functions and lateral track distribution
specifications, Tabel LINF.
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6.2.3 Influence line type. Structural point.

As a single load drives over the bridge it causes loadeffects of diffe-
rent kinds in different structural points of the bridge (- vehicle)
system. In the model presented here, NULESP, the influence function is
split into two parts, the lateral influence function, described above,
and the (Tongitudinal) influence function, influence Tine. That is, it
is supposed that the influence function can be separated into a product
of a lateral influence function and a longitudinal influence function.
The actual loadeffect process caused by a single load is received when
the influence Tine is multiplied by the equivalent Toad value, which is
the product of the Toad value and lateral influence value.

In order to speed up the calculations the influence lines are made dis-
crete. There are three main types of influence lines, two symmetric and
one non-symmetric, which shapes can be varied to fit different structural
points. It is also possible to input an optional fourth type.

The influence lines are used in NULESP when the vehicle type influence
lines are calculated. They are described in FIG. 6.2.3-1 and the corre-
sponding input section is found at label SINF in NULESP. Influence line
type = J1, total number of types = J2.

 Influence Type 4 (J1=4)
I1(4,1¢2) INPUT :
I d/ﬁfT_T._?‘?xn Jl, Xe

Noptional origo X =] M(1,J1)
LOEE 4,0, 53 12,1

CI114.2,2)

Number of breakpoints M(1,4)= |2 ' (71, ]}MN’J’U: 1(31,&,m(1,31)

X-valves Infl. valves

FIG. 6.2.3-1a. Optional influence line specification, J1=4, label SINF.
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mﬁ\ I Type 1~ (T 1=1)
!
| ) INPUT :

: Jl, X0
H6-XO X7-XQ XE-X0_ XO-XO_ X7 X0_ X6 XU, X6, X7, X8 relations
, Xo /2 s X0 /2 =
; o Xl "
e L
— X3

I Type & (J1=2)
/

INFUT :
Jl, Xo
X6, X7 relations

-4

X6-X0  X7-XD _ X6-X

X0

i&

| ey
Friies 5 |
T Type 3 (J1=3)
e
| 8¢ J( INPUT :
| x8let | J1, xe
| ‘i’/f X6 X7 relations, X8
If no breakpoints on
- KX6XQ _XTXOXTXE X6-XD slants are desired
put X6 =X8={
SEL [ EORERS / BEE
=l XE

FIG. 6.2.3-1b. Standard influence line sp.ecifications, J1=1 to 3, label
SINF.
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6.2.4 Directives for calculation of equivalent overlap load

density functions.

In the described loadeffect spectra calculation model NULESP, a systema-
tic sampling solution technique is used. This gives for some calculation
cases (overlap cases) a rapidly growing amount of computations with the
number of possible combinations of variable values. Therefore special
overlap discrete density functions are calculated where the number of
discrete values that the stochastic variable can get are reduced to a
few, less than 7. This is done for the discrete equivalent load density
function which is thus also represented as a discrete equivalent 9yer1ap

load density function.

The corresponding input section in NULESP is found at Tabel OVDI. First
the desired number of classes, W1, is input followed by the (W1-1) grea-
test staples, but not the corresponding variable values. The staple
(probability) for the lowest class W(1) is calculated in the program.

This input density function is used as a pattern when the discrete
equivalent load density functions, total-, axle- and type-, 0(....), are
calculated for each Tlane.

AW(N)
_____ 4‘//Cakvknfd
ﬁV(Q] 1
I
|
W (2) '
W W) —— , e

A F= Wi =

FIG. 6.2.4-1. Input of desired discrete equivalent overlap load density
function, label OVDI.
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6.2.5 Traffic data.

Beside the Tateral track distribution some further data is necessary to
describe the traffic.

It is supposed that all traffic with the vehicles concerned takes place
during a fraction, equivalent time TE, of the day. It is also supposed
that all vehicles have the same speed, VE, when they drive over the
bridge.

In the model the probabilities for meetings and overtakings within the
influence area are calculated under the assumption of Poisson distribu-
ted flows. The expression for the number of meetings during a time pe-
riod contains the mean flows during the time period (adjusted for equi-
valent time TE) and the vehicle speed VE. It is also possible through
input of a multiplicator, F8, to adjust the meeting probabilities. Cor-
responding factor on overtaking probabilities is F7.

In the same manner the number of different queuing events are calculated.
These calculations require knowledge about the critical queue time, T9,
which denotes the Tongest time between two vehicle passages in the lane,
that (with probability = 0.5) will cause queue conditions. The calculated

number of queuing events can also be adjusted by a multiplicator, F9.

If a queue has arisen, the queue distance is picked from a queue distan=
ce density function with shortest and longest queue distances SP and S1.

The input section is found at Tabel TRIN in NULESP. The input parame-
ters are shortly described below.

VE vehicle speed, m/s

TE equivalent time (fraction of day)
F8 factor on meeting probabilities

F7 factor on overtaking probabilities
T9 critical queue time, s

SP shortest queue distance, m

S1 longest queue distance, m

F9 factor on queuing probabilities
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6.2.6 Loadeffect calculation directives.

There are some variables and constants in the loadeffect calculation
model, NULESP, which are used to direct the calculations. The two main
variables are L1 and T@. If L1=1 only a single lane is assumed. If L1=2
parallel Tlanes are assumed and if L1=-2 meeting Tanes. T@ can be given
three values -1, @ and 1 which causes total , axle and vehicle type
equivalent load spectra respectively to be used in the calculations. As
shall be seen in Chapter 6.4 (description of NULESP), different calcula-
tion cases are performed depending on the values of L1 and T@.

WP and ZP denotes the desired increment for loadeffect ranges and load-
effect levels in the calculated spectra. A9 is an upper level for the
dynamic amplification factor. This value is input before the dynamic
factor distribution; because dynamic arrays (matrices) are declared with
the help of ‘an algorithm at this stage of the program (NULESP, Tine 948).

The great, "infinite" number of meeting sections and queue distances are
reduced to N3 and S4 which are equally distributed along the overlap
lengths.

"'To get prints of intermediate (partial) loadeffect spectra, that is re-
suTts from the overlap ‘and single passage calculations, PR is put to 1.
To get the corresponding plots on the Tine printer PL is put to a value
‘between ‘1 and 25. PL=@ means no plot. The intermediate loadeffect spect-
ra are then plotted in linear and Togarithmic scales with PL curves, for
different "levels greater or equal", evenly spread over the plotting area.

In the same manner but through the input variables PRT and PLT it is
settied how or if the final loadeffect spectra, before dynamic amplifi-
cation, are to be printed and plotted.

The loadeffect calculation directives input section is found at label
LEDI. The input variables are shortly described below.

W@ loadeffect range increment
YA loadeffect Tevel increment
A9 maximum dynamic amplification factor

L1 single, parallel or meeting lanes (1, 2, -2)
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T0 total , axle or type equivalent load spectra (-1, @, 1)
N3 number of meeting sections
S4 number of queue distances
PR = 1 print of intermediate (partial) spectra
PL = @ no plot of intermediate (partial) loadeffect spectra
= 1-25 plot intermediate (partial) loadeffect spectra for PL
different loadeffect levels "greater than or equal
PRT = 1 print of total (final) loadeffect spectra
PLT = P no plot of total (final) loadeffect spectra

1}

1-25 plot total (final) loadeffect spectra.

6.2.7 Dynamic amplification factor distribution.

In the NULESP model it is supposed that the only dynamic effect that has
to be considered in the calculations is the dynamic amplification factor.
This factor is of stochastic nature, therefore it is specified as a den-
sity function, discrete, in the input, according to FIG. 6.2.7-1.

AAMP (2, N)

Al number of classes < |l.
AMP(1,A1) must be less A9.(ch.6.2.6)

RN
: i 5 6

23

\u
~t—0

e

= A1 N

FIG. 6.2.7-1. Dynamic amplification factor distribution input, Tabel DYDI.

After the calculations are performed, the loadeffect spectra are printed,
both Tinear and logarithmic, if PRT=1. The corresponding plots are out-
put on the Tine printer if PL does not equal §. The plotting area will
then be evenly covered with PL, 1-25, curves, each guilty for a specific
"level greater than or equal®.

The dynamic factor distribution input is found at label DYDI in NULESP.
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6.3 -Introductory study for triangular influence line.
Analytical solution.

This chapter deals with a purely analytical determination of loadeffects
of a bridge structure. The solution is made for a very simplified vari-
able input. As the solution is rather apart from the numerical model,
NULESP, and due to simplifications in the writings of the deductions,
some computer variables are abandoned and new, simple and indexed vari-
ables and constants are introduced. They are found in the list below.

It should be mentioned that the very simplified input leads to solutions
which are only comparable to the numerical solutions for some special
cases. Though an analytical approach is described one should keep in
~mind that a more complex model rapidly leads to expressions which have
to be solved numerically and therefore no final analytical solution can
be put up.

Variable explanation:

index 2 : ;
findex 1 density function
index 2 ; . 5 ;
Findex 1 distribution function
index 2 - :
Shideg. ] probability function
u(X) functions used to describe
a(X) loadeffect rangé ampTitudes
[ s ehicle gross waight
index sl X i

U]ane index maximum loadeffect

index

I}ﬁggxindex number oflveh1c1es per year
LISTH25%573 zones 1, 2, 3

p probability of meeting

L = é@_ half the bridge Tength
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Variables explained in the NOTATIONS:

TE, T equivalent time

VE, V vehicle speed

X bridge length coordinate
X0 length of influence line
W loadeffect range

6.3.1 Description of input variables.

The load spectra, which for example are picked from the load spectrum
model, LOSP, do not have a regular form. In the analytical solution it
is assumed that there is just one type of vehicle, having one axle with
a gross weight either rectangularly distributed between a Tower value,
Gﬂ’ and an upper value, G], or with a fixed mean gross weight, GZ. The
flow of vehicles per lane and year is K.

Al
& s %ﬁhkﬁi
- ane:year
| 2;?§ / 7 g B K'=K lane |
Gg 6; G, Gross we/ghr G e : K' =K lane &

FIG. 6.3.1-1. Load density function and vehicle type input for both
Tanes. Analytical solution.

A11 vehicles in the lane are supposed to follow the same track, causing
a Tateral influence of 1.

The structural point considered might be a point in the flange in the
middle of a transverse member, carrying both lanes. The stress variation
in that point is the loadeffect considered, see FIG. 6.3.1-2. The corre-
sponding influence line is shown in FIG. 6.3.1-3 (see also FIG. 6.2.3~1b,
type 2).

The vehicle speed is VE m/s for all vehicles as they drive over the
bridge. A11 traffic is concentrated to the fraction TE, equivalent time,
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of the day. It is assumed that the shortest queue distance is Tonger
than the influence 1ine, which implies no overlap effects from queuing
vehicles. Furthermore no account is taken to dynamic effects.

Regarding the Tane configuration it is of no importance it the second
lane is a meeting or parallel lane because of the symmetric influence
line.

FIG. 6.3.1-2. Structural point. Analytical solution.

(Type ¢, FIG 6.2.3-1b)

/ , - dla

. X0 -

FIG. 6.3.1-3. Influence Tine. Analytical solution.
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6.3.2 Method of analysis.

With the assumption made about the lateral influence function and the
influence line, the maximum value of the loadeffect, U, produced by a
vehicle will be numerically equal to the vehicle gross weight, that is

U(G) = G
The density function for U is shown in FIG. 6.3.2-1.
Aiy

U'=U lane 1
U"= U lane

o

U
U U U, Maximum loadeffect
of one vehicle

'

FIG. 6.3.2-1. Density function for maximum loadeffect during single
vehicle passages. Analytical solution.

If the dynamic effects are not considered a loadeffect process for
example like the one in FIG. 6.3.2-2 will arise.

\ A@\%
@ &
# X ' -

FIG. 6.3.2-2. Part of loadeffect process. Analytical solution.

As can be seen there are three main types of loadeffect variations mar-
ked Z1, 72 and Z3. Z1 and Z2 each consists of two overlapping vehicle
influence Tines arising from different lanes. As has been pointed out
earlier 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

vehicles will give different results.

FIG. 6.3.2-3. The three meeting zones, Z1, Z2 and Z3. Analytical solu-
tion.

If the vehicles meet at section X in Z3, L < ABS(X), there will be no
overlap effects and two loadeffect ranges, W, on zero level will be
counted.

Time x VE

Level=0 _

FIG. 6.3.2-4. Vehicles meeting in zone 3, Z3. Two loadeffect ranges, W,
counted. Analytical solution.

If the vehicles meet at X in Z2, L/2 < ABS(X) < L, that is the outer
quarters of the bridge, the loadeffects will overlap and give rise to
loadeffect variations corresponding to FIG. 6.3.2-5.
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,a(/l’)”-lj AEA~L —r
U e L
ul)=2-4E-
A(X)
! |
|
|
|
I
o3 Tﬁne:;Z [ff i S ABS (X)
F‘—L—I
SR e

FIG. 6.3.2-5. Vehicles meeting in zone 2, Z2. Two loadeffect ranges, W,
counted. Analytical solution.

The analysis of this part of the process is done in the same way as de-

scribed in counting routine LECOUNT, see Chapter 5.2, and two loadeffect
ranges will be added to the final result. Namely range U' on Tlevel @ and
range u(X)-U" on Tevel (1-u(X))-U", where X is the meeting section. FIG.
6.3.2-5 also shows the expression for u(X). If U' had been smaller than

U", the same result should be valid with U' substituted for U".

Finally a meeting at section X in Z1, @ < ABS(X) < L/2, will cause a pro-
cess part according to FIG. 6.3.2-6, which after analysis can be descri-
bed as one Toadeffect range U'+a(X):U" on level @. If U" is greater than
U', U" and U' shall change places. The expression for a(X) is also shown.

In the analysis 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 Tater in Chapter 6.4.5, under the assumption of traffic flow
following a Poisson process, which Teads to the expression

4 7y Kharik!
VE - YSEC

= K - p = meetings on the bridge per year

where YSEC
p

number of seconds in one year

probability for meetings
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(X(X)-U”: 0((?//)“_[/" L‘L6K=D
x(0=1-2- 4
; Qaw)
W=U"+x(X)-U" i
o(X)-U" g R .
Time < VE /_l/c" i ABS (X)
X Z'X*%
L__L__l

FIG. 6.3.2-6. Vehicles meeting in zone 1, Z1. One loadeffect range W,
counted. Analytical solution.

The deductions made are split into two parts, one for deterministic
Toads, that is they are all constant, and one for non-deterministic
Toads with density function fg. In the latter case the final result 1is
presented separate in Chapter 6.3.5. The solutions are presented as den-
sity functions.

Finally, examples are calculated and commented in Chapter e 6.

6.3.3 Description of analysis for deterministic loads.

Suppose that the vehicle gross weights are deterministic and all equal
to 62 for both lanes. The vehicle passages will then cause a maximum
loadeffect U2 in the studied structural point. The analysis for each
meeting zone will yield Toadeffect ranges according to FIG. 6.3.3-1.

In one year there will be K-p vehicles per lane involved in meetings on
the bridge thus causing overlap effects. The meeting sections, X, are
evenly spread along the meeting zones and as Z1 and Z2 both cover L
length units of the bridge, there will 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), that is 2-K-(1-p) vehicles drive over the bridge without being
involved in overlapping.
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Zone /X W

Amplitude ber %
L3
L= ABS(X) /\ /\ U, U, 2| 2K(lp)

/
1| 5K

L =s8sm<t 2 . wtny, | 1| F K0P
L
< <A
O<ABS(X)< 3 (1+000)- U, (I+a)-U,| 1 ZL.A/.p

tic loads. Analytical solution.

FIG. 6.3.3-1. Loadeffect count for different meeting zones. Determinis-

Zone Number of ranges W, in 1 year
zZ3
fw
T |
23 &+K-(1-p)
b . -
U w
grae oS
H w
e L K-p
UZ
£ 2
4 /
L / 2?"K"p
. uow
42y
v -
I P o
Total: =2-K-%-K-p=
2 B /
4-p V1 4-p "‘Z'K(/‘ZP)
[¢ T i =W
Ua ey,

FIG. 6.3.3-2. Loadeffect range density functions. Deterministic Tloads.

Analytical solution.
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It has been shown that u(X) has a Tinear variation between §-1 for
L/2 < ABS(X) < L and that o(X) also has a Tinear variation between 1-0

will also be uniformly distributed.

~ for P < ABS(X) < L/2 and as X is uniformly distributed, u(X) and o(X)

The following density functions can now be put up, FIG. 6.3.3-2.

In FIG. 6.3.3-3 is shown the corresponding lToadeffect spectrum and for

clarity also the distribution function.

AF, = Prob (<W)
7
. 4-p
P
4-p ¢ .
4, -0, g

p= probalility for
meeting

_ vehicles
lane - year

f%%%e?é =Z'K'(7-Z{,0)perycar

AW
Z.Uf_
UZ g
[C]
_P
4p

1

A
4-2p

4=p

Prob (=W)

FIG. 6.3.3-3. Loadeffect range distribution function and loadeffect range
spectrum. Deterministic loads. Analytical solution.
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6.3.4 Description of analysis for non-deterministic loads.

To make the text more survayeble this chapter is divided into subchap-
ters: '

Analysis zone 3, Z3

Analysis zone 2, 72. Fixed X

Loadeffect range density function zone 2, 72
Analysis zone 1, Z1. Fixed X

Loadeffect range density function zone 1, Z1

The combined loadeffect range density function for all zones, non-deter-
ministic Toads, is summarized in the next Chapter, 6.3.5.

The meeting section X is situated outside the bridge, ABS(X) = L, and a
meeting between two vehicles will give rise to the loadeffect count ac-
cording to FIG. 6.3.4-1.

Zone /X w

, Numy Number
| Amplitude | ber | year

23 N | o o . U’ I | K-(1-p)
L=< ABS(X) ¢ U 1| K-(1-p)

FIG. 6.3.4-1. Loadeffect count zone 3, Z3. Non-deterministic loads.
Analytical solution.

The Toadeffect range density function for zone 3, fﬁ3, becomes, (see FIG.
6.3.2-1)

73 " v '
fii (W) = ——— (1)
W

U]'Uw

where UQj < W < U]

The number of meetings in Z3, is K-(1-p), that is each lane causes
K-(1-p) loadeffect ranges in one year.
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Z'K-(1-p) ranges/year

&— >
% g

FIG. 6.3.4-2. Loadeffect range density function for zone 3, Z3. Non-
deterministic loads. Analytical solution.

The meeting section is determined by L/2 < ABS(X) < L. The analysis is
made for L/2 < X < L as the analysis for negative X will yield the same
result.

Study FIG. 6.3.4-3. It shows the principle appearances of the loadeffect
variations for different X (three sections). Up, is the greatest of the
maximum loadeffects U' and U" and UQ is the Towest.

c
1]

b MAX {U', U"}

(=
1

MIN {U', U"}
As can be seen each meeting section X causes

1 loadeffect range Uh and

1 loadeffect range u(X)'UQ

Remember the following density and distribution functions.

Variabel distribution function density function
U, FUh(U,X) fUh(U,X)

u(X)-U, F e, (U-X) F Loy, (UX)

Uy e Fy, (U) iy, (V)

u' Fyur(U) = Fy(U) fyr (U) = fy(v)
u" FU"(U) = FU(U) f”"(U) = f,,(U)
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Yy
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X\\\\\f?ﬁr
KU
Uy ;f"llk #O
Uy <"
‘4\\ piny,
oy,
lime
L \
At

lime

FIG. 6.3.4-3. The principle loadeffect variations for three meeting sec-
tions, X, in zone 2, 7Z2. Non-deterministic loads. Analyti-
cal solution.

The aim is to put up expressions for fUh(U,X) and fu-Ug(U’X) and inte-
grate over the zone X = L/2 to X = L, to form the final density function

for 72, fﬁz. The integration is made in the next subchapter.

Uh is the maximum of U' and U" and FUh can therefore be written

Fup (UsX) = Fia(U) -+ Flu(U) = (Fy(U))? (3)

The density function is achieved by a derivation

d
f = w—— F (U,X))= 2 = F
Uh ~ qu ( Up

o0« Fy(v) = 2 -
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b i,
LUty
for (Uy-y)
b=y
=~ >y o =Ey
b% ZG QE Ul

FIG. 6.3.4-4. Density function, fUh, for loadeffect ranges U, in zone Zs

Z2% fU and FU

nistic loads. Analytical solution.

is also shown, see formula (4). Non-determi-

In the same manner fU can be derived. Uz is the minimum of U' and U"
[}

therefore
Fy, (U) = 101 = Fa(U)) = (1= Fya(V)) = 2 = Fy(v) - (Fy(U)% (5)
iy, () - §E'<Fu2<“>> =2+ fy(U) - 2 - Fy(U) ¢ L) =
2« £, (U) = f, (U) =2 Shoeia (6)
U Un (Ug - U¢)2

The density function for the loadeffect range W = p(X)-U2 can now be

put up
w(X) - (U - —%;; )
£y (UX) =2 Rk
u-Ug U(X)2<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>