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DISCLATMER

This publication is producad under the guspices of the Technical
Steering Commitree of the Vehicle Weighrs and Dimensions Srudy. The
points of view expressed herein are exclusively rthose of The aurhors
and do not necesgarily reflecr the opinions of the Technical Steer—
ing Committee, Canroad Transportation Research Corporation or irs
supporring agencies.

This report has been published for the convenience of individuals or
agencies wirth interesrs in the subject area. Readers are cautioned
that the use and inrerpreracion of the data, material and findings
contalned herein is done ar their own risk, Conelusions drawn from
this research, particularly as applied to regulation, should ineclude
consideration of the broader contexr of Vehicle Weights and Dimen—
sion issues, some of which have been examined in orther elements of
the research program and are reported on in orher volumes in this
serles.

The Technical Steering Committee will be considering the findings of
these research invescigations in preparing irs "Final Technical
Report” (Volume 1 & 2), scheduled for complerion in December 1984,



PREFACE

The report which follows constirutes one volume in a series of sixteen which
have been produced by contraer researchers involved in the Vehicle Weights and
Dimensions Srudy. The research procedures and findings contained herein
address one or more specific rechnical objectives in the conrext of the
development of a consistent knowledge base necesgary to achieve the overall
goal of the Study; improved uniformity in inrerprovineial weighr and dimension
regularions.

The Alberta Research Council was responsible for providing instrumenracion and
collecting pavement srrain and deflecrion data ar fourteen different resr
gites locared across Canada. The cooperarion and assistance of the following
agencies and companies is gratefully acknowledged for rheir assistance in che
conduer of this program:

Neway Canada

Ingersel Machine and Toel Co. Led.

Mack Canada

Whelan Motors

Alberta Transporration

British Columbia Minisrry of Transporration and Highways
Ontario Ministry of Transporrarion and Communications
Nova Scoria Department of Transportation

New Brunswick Department of Transportation

Minlst&re des Transports du Québec

Funding to conduct the research was provided ro Canroad Transportacion
Research Corporation by:

Alberra Transportation

British Columbia Ministry of Transporration and Highways
Maniroba Highways and Transporration

New Brunswick Deparrment of Transporration
Newfoundland Department of Transportation

Nova Scotia Department of Transporcarion

Ontarie Ministry of Transporration and Communicacions
Prince Edward Island Transportarion and Public Works
Minist&re des Tranasports du Québec

Saskatchewan Highways and Transporration

Transport Canada

Motor Vehicle Manufacturers Associarion

Canadian Trucking Associaricn

Truck Trailer Manufaeturers Associarion

Privare Motor Truck Council

John Pearson, P.Eng.
Project Manager
Vehicle Weights and Dimensions Srudy



VEHICLE WEXGHTS AND DIMENSIONS STODY
TECHNICAL STEERING COMMITTEE

Project Manager John R. Pearson, Senior Programs Manager, Roads and
Transporrarion Associarion of Canada

Chairman M.F. Clark, Associare Depury Minister (Engineering),
Saskarchewan Highways and Transportation

Membars

Dr. J.B.L. Robinson, Director of Technical Programs, Roads and Transporration
Associarion of Canada

M. Brenkmann, Direcrtor, Research Program Development, Transport Canada

M.W. Hattin, Manager, Vehicle Srandards Office, Ontario Ministry of
Transporration and Communicarions

R.J. Lewis, Special Consulrtant, Canadian Trucking Association
M. Ouelletrte, Manager, Engineering, Mack Canada Inc.
R. Saddingron, Narional Technieal advisor, Esso Petroleum Canada

W.A. Phang, Bead, Pavement Research Division, Ontvario Ministry of
Trangporratien and Communicarions

G. Tessier, Direcrion de la recherche, Minist@re des Transports du Québec
E. Welbourne, Head, Vehicle Systems, Transport Canada

R, Zink, Chief Engineer, Norrh Dakora 3tare Highway Department (representing
AASHTQ)

D.J. Kulash, Assisrant Director, Special Projects, Transportation Research
Board



HEAVY VEHICLE WEIGHTS AND DIMENSIONS STUDY

TECHNICAL WORK CLEMENTS OVERVIEW

Weignis anda Dimensions
Study Tecnnical
Steenng Committee

|
j

! |
l ;
Vehicie Siability Pavemenm
ang Impact
Controt Research Research i
i l
' |
. 1 ‘ v
[ | 1 i
Computer FaeidaTZSIing Rotiover tn-situ Dynamic
Simulaton n Analysis Tests Suspension
Demonstranon. Effects
I i I
4 j l
C-train Baseiine ! Speqial
Stabiiity Venicles I Cases
Visiing Researcher
Program
|
f_ ; | | ?
. - Braking .
Simulalion Snr&ulg,\nlcn Sémphhed Existing Bprakmg
Enhancement oce ollover Reguiatary fAaraware
User's Guide Assessment Prachice Review




Volume 9

Pavemenrs Response to Heavy Vehicle Test Program:
Part 2 — Load Equivalency Factors

J«T. Christison
Civil Engineering Department
Narural Resources Division
Alberta Research Councgil



ii.

TABLE OF CUNTENTS

Page
PAVEMENTS ADVISORY COMMITTEL . v ivvevnenuas e tresseransranaan rrrees 1
TABLE OF CONTENTS.....uewn teerrrrrrr At saana srrerrrrrsanana v 11
LIST OF FIGURES e e vnvavscnrnevencnnnans rrrrs s s s R trwann 111
LIST OF FIGURES (continued)..... Fattiitraarrrereanan artrernraruea iv
LIST UF TABLES'I'.I-' '''''''''''''' *® ¥ s dvibrrensassasn * % F 2 S rerreaEa \'
SECTIONS
1'U INTRDDUCTION. IIIIII AR AT YPTPFEFE AR AR A BTSSRI wuwrEas L) 1
2.0 PAVEMENT RESPONSE - EQUIVALENCY FACTOR RELATIONSHIPS.. pa
2.1 Deflection Response - Equivalency RelationsNifeeese... 2
2.2 Strain Response - Equivalency RelationSnipeseseesases- 5
3.u DATA ANALYSIS..... trirrerrererenaarana rervrerrersaane v 7
3.1 Deflection ReSpONSeess e reenrenensans PererersEreananan 7
3.2 S5train ResponNsSe.sssvececeeanans tttrrerrerranana e 8
3.3 Equivalent LOadingSesesevevaranas sastestesvresnsana vee Y
4.0 LOAD EQUIVALENCY FACTURS..vvsvevvavnes SrerR bt - 10
4.1 STte 1 - New BrunSwicKeeeeecssemennonans srvnsmrmeasas 11
4.2 Site 2 - NOVA 5COTT@ucnranvsnrrannnnns rveeramrnens .+ 15
4’-3 S-It.E 3A = QUEbec--ou--l --------- et vreumerrreun LI N Y lg
4‘-4 S“te 3B - QueDECIlll'-lI'. --------- L N Yrwew 23
4'5 S-!te 4 = QuEbec“ﬁ ------------ AP YFEPEE YIRS ARy [ X XN NN 27
4-6 Sit—e 5 = Quebecl-lo ------------- DR R R R smE P 31
4.7 S5ite 6 - UntariOuesessrecercanan frsreerreeana eessen.. 35
4.3 S-‘ta 7 - Untarioiill'l'i.I. IIIIIII "R R FFFFPRERTNATFAR LI 3 39
4.9 Jite B - Ontarifee.ecesesas Frtetrrrrranann Serearens 43
4.10 5iTe 9 - AlDErfassvsveranss Peasresrarraasssas - ¥ |
4911 Site ]-u - A]Derta ----- Srrr YR YT RRERSRRRAREY S rE st Pt ymw v 51
4.12 Site 11 - British Columbia.esrverewenns veterrenrranns hy
4.13 5ite 12 - British Columbiasecevsrens Srr-trtrreseraean 59
4,14 Site 13 - Britisn Columbidesesnnnnn sessasanns B X
4,15 Equivalent Loading and Load ApplicationSeveecsnsesers. 67
5. U INFLUENCE OF STRUCTURE ON PREDICTFD LOAD EQUIVALENCY
FACTORS s s sirserncnanans serrerrrrsncana tamterrrrrnasnna 72
5.1 Deflection Related Equivalency Factors.......... smnene 12
b.2 Strain Related Equivalency FaclorSe.seevrvveavansns .
b'o REFERENCESFIIIIQ"'.'. IIIIIIIIIIIIIII & 8 Fy PP YFSEYNYRBEYRAES 79

APPENDIX Axle Weignt - Pavement Response RelationshipS.,........ Al



LIST OF FIQWURES
Figure .1 Maximum Benkelman Beam Rebound Versus Cumularive
Equivalent S1ngle Axle LOAdS...v-vsrvsnsoseasnncnvnns
Figure 2.2 Surface Deflection Profile - Triaxle Configuration...
Figure 2.3  Load Equivalency Factor for Tandem AxTEeuecvoveverens

Figure 2.4 Longitudinal Interfacial Tensiie Strain Profile -
Triaxle Configuration........ tretrrennamaana, trrerana

Figure 2.5 Fatigue Curves for Aspnalt CORCrel&e.veversenoncenso.

Figure 4.1  Load Equivalency Factors based on Deflections:
S1te L. New BrunswicKeoueooeeooeooseoneomeooenannn. .

Figure 4.2 Load Equivalency Factors Dased on Strains:
5tte 1, New Brunswick........ P e rrrrTE R L s et

Figure 4,3  Load kquivalency Factors based on Deflections:
S1te 2, NOva 5C0TTau.tivenrecenaan terrrrrrresrrenaunny

Figure 4.4 Loaa Equivalency Factors based on Strains:
S‘lt(‘.‘ 2) NDVa Scot‘!a '''' LA A REEE L LR RN R RN NI

Fiqure 4.» Loao Equivalency Factors based on Deflections:
S5TT8 3A, QUEDEC.veuurnsnoanconmnnrenncnns P heereraaens

Figure 4.6  Loaa Equivalency Factors based on Strains:
Site 3A, QUEPECitvrreeernncans Mt ErEE et ereraras

Fiyure 4,7 Load Equivalency Factors Dased on Deflections:
57te 3B, QUERBC. .y vrrrrnrasnrmrmnnsnossacovereneenns

Figure 4.8 Loaa Equivalency Facters based an Strains:
51te 3B, QuUebeCeisiivrnnsenernnsas fretrrreranes Ceeene

Figure 4.9 Load Equivalency Factors based on Deflections:
S1te 4, QuebeCeeiu s rrrramnsnrnsanen treererann raveers

Figure 4.10 Loaa Fquivalency Factors based on Strains:
STTE 4, UUBDEC et rrnrearrnsscasscnrnrernnenancnn ranny

Figure 4.11 Loaa Equivalency Factors pased on Detlections:
3ite v, Quebec....... tarereeraraeaaan Sevrrmrareeenans

Figure 4.12 Load Fyuivalency Factors based on Strains:
Site 5, QuebeC.vvrurennnnasns erreearannn treserarranas

Figure 4,13 Loaa Equivajency Factaors pased on DeTlections:
S1te D! Untar‘jo """" PR P AT FRN SR BARA Yy R YA YT RN RN AT



LIST OF FIGURES (conTinued)

Figure

Fiqure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

3.14

4.15%

4,16

4,17

4.18

4.19

§.20

4.21

4,22

4,23

4.24

4.25

4.26

4,27

5.1

5,2

5.3

5.4

Load Equivaltency Factors based on Strains:
Site 6, Ontario...sveveuasn Ceterrrrvaereaana- vereraes

toad Equivalency Factors based on Deflectians:
Site 7, Ontario...evvunurrnsnean Frtstrtrerrenenn rene

Load Equivalency Factors based on Strains:
Site 7, Ontario......vecaen Mt ramerrrrranastrravuns

Load Equivalency Factors based on Deflactions:
Site 8’ Dntario....I"'l'l!ll‘l.ll IIIIIIIIIII S d v wwey

Load Equivalency Factors based on Strains:
S1t‘e 8! Ontar“io""!Iill.I. --------------- *+ ¥+ vy rernEwaw

Load Equivalency Factors based on Deflections:
S-ite 9! A]be‘.‘ta."'-.'-...'UIIIUICII.". -------------

Load Equivalency Factors based on Strains:
Site 9, Albertaecacsvenneneess ressrsaera e Peraens

Load Equivalency Factors based on Deflections:
STte 10, AlPertadeeecesssrvncnnranss S e e derrrr v annnn

load Equivalency Factors based on Strains:
Site 10, Alberta..... Mrseteaarasanann b dearaaennes ven

load Equivalency Factars based on Deflections:
S5ite 11, British Columbia...... Petesrrsrasaanashn s

Load Equivalency Factors based on Deflections:
31te 12, British Columbide.srrniescesvrvnnannnnas .

Load Equivalency Factors based on Strains:
Site 12, British Columbideeeeseveranens e rateveaeans

Load Equivalency Facrors based on Deflections:
Site 13, British Columbide.e.euan. Feanreservnnnnnn e

Load Equivalency Factors based on Strains;
S5ite 13, British Columbias.erevevsaens . .

Gross Weight-Load Equivalency Factor Relationships
for Tandem (1.5-3.8 m) Axles for all STteS..eececveven

Influence of Equivalent Base Thickness on Predicted
Load Equivalency FactorS........... Srrvervreranan rere

Gross Weight-load Equivalency Factor Relationships
for Tandem (1.5~1.8 m) Axles for all Test SiT€S.vues.

Influence of Asphalt Concrete Thickness an Predicted
Load Equivalency Factors.......evees Shvavmramrravanas

iv.

37

41

41

45

45

49

49

53

k3

57

61

61

65

65

74

75

76

78



Table

Table

Table

Table

Table

Table

Table

Table

Table

Taple

Table

Table

Table

Tahle

Table

Table

4.1

4.2

4.3

4.4

4.5

4.6

4.8

4.9

4.10

4,11

4.12

4.13

4.14

4.15

5.1

LIST OF TABLES

Average Pavement Respaonse
Equivalency Factors, 5Site

Average Pavement Response
Equivalency Factors, Site

Average Pavement Response
Equivalency Factors, Site

Average Pavement Response
Fquivalency Facrors, Site

Average Pavement Response
Fquivalency Facrors, Site

Average Pavement Response
Fquivalency Factors, Site

Average Pavement Response

Ratios and bLoad
1, New BrunswicKkesvsrsensns

Ratios and Load
2, Nova Scotiaseeenvnncanns

Ratios and Load
3Ag Queueclviiiiill-iilvqui

Ratios and Load
3B, QuebeC..svererierennnnnas

ratios and Load
4, Quebec. . oo

Ratios and Load
5, Quebec,..... Srtesrerraas

Ratios and lLoad

Equivalency Factors Site 6, Ontario...... sensasseaann

Average Pavement Response
Fquivalency Factors, Site

Average Pavement Response
Fquivalency Factors, Site

Average Pavement Response
Fquivalency Factors, Site

Average Pavement Response
Equivalency Factors, Site

Average Pavement Response
Equivalency Factors, Site

Average Pavement Response
Equivalency Factors, Site

Average Pavement Response
Equivalency Factaors, Site

Average Eguivalent Tandem

Ratios and Load
7, Ontarioeeeecaacenace rare

Ratics and Load
8, ONtAriOeece ennannnnnens

Ratios and lLoad
9, ATBErTa.. .. eeerrennennan

Ratios and Load
10, Alberta...ecensncrnsnns

Ratios and Load
11, British Columbia.......

Ratios and Load
12, British Columbiade.evees

Ratios and Load
13, British Columbia...c...

(1.5 mto 1.8 m) Ax]e

LOBUS evwmvrruvranrnasnrrsssanssasssansansapattansosnn

Pavement TeST STLRS..siisetovnmvnresononoeoeoannnnmes

16

20

24

28

32

36

40

44

48

52

56

60

64

67
73



1.0 INTRODUCTION

During the summer of 1985, pavement surface adeflectiens and inrer-
faci1al tensile strains were recorded under a range of truck axle loads
and configurations at fourteen instrumentad pavement TesT sites located
across Capada. Tne loading conditions included single, tandem and
triaxle-dual tire configurations with grass weignts ranging from
approximately 9u00 kg to 11 00U kg on single, 5500 kg to 22 00U kg on
tandem, and from approximately 20 QUG kg to 32 0UO kg on triaxle
configurations. [Details of this extensive field testing program ana
summaries of the recorded pavement response variables are presented in
the Pavement Impacts Investigation-Data Summary Report for this study.
Using these field measurements and estaplisned pavement distress
criteria, load equivalency factors for assessing The relative potential
gamaging effect of the traffic load variables on pavements have been
developed.

This report descripes the concepts used to develop the load equiva-
lencies from the measured surface deflections and asphalt surface-bpase
layer interfacial tensile strains. Data analysis procedures are
described and predicted load equivalency factors for each test
configuration are summarized by test site, From comparisons between the
predicted factors, average Tloadings on different configurations
equivalent in terms of potential damaging effect have been calculated
and are presented with each test site summary. Analyses carried out to
assess the influence of pavement Structure on the magnitude of pregictea
load equivalency factors are described and results of the analyses are
presented.
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2.u

PAVEMENT RESPONSE - EQUIVALENCY FACTOR RELATIONSHIPS

Analysis of the destructive effects of traffic
ments is facilitatea througn use of load equivalency factors (F).

loadings on pave-
These

tactors are defined as the number of applications {Ny) of a standard or
pase 1oadg wnich are equivalent in qgestructive effect to one application

(N)

equivalency factors
1nterfacial tensile strain measurements are presented in Ref,

or F
from

of a given load;

in

Ny/N.

5itu pavement

Procedures used to predict lead

surface deflections ang

1. The

following reviews the procecurss as appliea to tne present sStuay.

2.1

ment

Deflection Response - Equivalency Relationships

The approacnh usea To calculate equivalency factors from The pave-

surface deflection

measurements

involved the

use of Timiting

surface dgeflection - anticipated traffic loaging relationsnips as sShown

in figure 2.1.
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Figure

(From Ref., 2)

2.1 Maximum Benkelman Beam Rebound versus Cumulative Equivalent
Single Axle Loads.
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Tnese relationships 1ndicate that pavement li1te, expressed in terms of
equivalent standard loaa axle applications, Np, can be approximdatec Dy
the expression N = K(i/UD)C, where Op equals the magnitude of the pave-
ment surface deflection under the stangarg single axle-dual tire load.
Compining tnis expression with the definmition of a leoad equivalency
factor, equivalency ractors tor single axle Joads were predicted using

The expression:

F = (0/Dp)*
where:
D/UD

tne ratio of pavement surface deflections caused by a
single axle 1Toad TO those recorded upder the standard

816U kg single axle-aual tire loac of the Benkelman Hbeanm
venicle, and

£ = 1the siope of the deflection - anticipated traffic loaaing
refjationship.

A typical longitudinal surface deflection profile recorded under a
triaxle configuration is shown 1n filgure Z.2.

@7

Vehicle
0.6+ Velocity: 13km/hr 7

Axle Spacing: 2.4m

A1

D1

Surface Deflection, mm

Figure 2.2 Surface Detlection Profile - Triaxle Configuration.



Tne general form or these proriles closely approximate longitudinal
stress intensity profiles ontaineg from theoretical fracture mechanics
concepts (Ref.3) and shown 1n figure £.3. Suygested procedures for
calculating equivalency factors from these profiles, shown on
figure 2,3, were applied to the Tandem and triaxle surface ageflection
recards. Egquivalency factors for these axle configurations were
preaicted using the expression:
n-1
Fo= (Do)t + 3T (8i/0p)0
where: 121
D)/Dy = the ratio of maximum surface deflections under tne leading
axle of the axle group to those caused by the standard
d160 kg load,
Aq/Dy = the ratic of the aifference in maynitude Detween Lhe
maximum deflection recorded under each succeeding axle and
the minimum residual deflection preceaing the axle {4,
refer to filgure 2.¢) to deflections caused by The sTandard
load, and
n = the number of axles 1n the axle group.

Cosa | fA=2053r,C=12in/

- tn, %= tn )*
he iQin P27 Ps 2000 i wE

— IR /
_AC // ,./Amuom

SupQroQe & = 45000 pa
= QI3 CRR =)

LE Facrar =

E=151:i0%a
ﬁzn 04
< 12Q0 + tn,?

L tor 3BCC Ip
Tandem Aale

%600 -
I L tar 180000, ~
Single -7

-
-"-F

-
-

Aale
sle o

T

i) ! [
-8Q —mm-—gdT  -40 - 20 0 20 40 TR0~ — —= 80

Langituainal  Orsrance. a, .0

Figure 2.3 Load Equivalency Factor for Tandem Axle. (From Ref. 3)



2.2 Strain Response - Equivalency Relationship

A strain response profile at the asphalt concrete/hase interface
recordead under a triaxle load 1is shown 1n figure 2.4. Equivalency
factor preagictions from the tensile strain measurements involved the use
of aspnaltic concrete-fatigue life relationships as shown in figure 2.4,
These relatjonships inaicate that fatigue life, expressed 1n terms of
tne number of applications to fallure, N, under a given load impusing a
maximum tensile strain, 5§, can Dbe approximatea by The expression
N = K(1/8)C.  Compining this expression witn the aefinition of a loaad
Tactor, equivalencies were predicted uysing the expression:

n
F= 2 (Sissp)
where: i=1
3,/5, = the ratio of Tlongitudinal 1nterfacial tensile strains
recorded under each axle to those recorded under TtThe
standard l1oad,
n = the number of axles 1n the axle group, and

L)
[l

= the slope of The fatique life-tensile strain relationship

Following the recommendations of the Pavements Advisory Committee
T0 the study, average maximum deflection anda strain values for each
lecading congition, Tabulated in the Data Summary Report, were used for
all load equivalency calculations, In adaition, the exponents { were
set equal £o the recommended value of 3.8, Tnis value is typical of
results of laboratory fatigue <tTests on asphalt concrete mixes
{(figure 2.%) ana approximates values ranging from 3.0 to 3,0 ovbtained
from statistical correlations of deflection measurements with pavement
serviceability levels (Ref.%) ana obtained from pavement service life
deflectjon studies (Ref.6).
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3.0 DATA ANALYSIS

Average maximum pavement sSurface deflections and interfacial
tensile strains for each loading condition were compared tTa tThose
obtained from cencurrent tests witn the Benkelman Beam vehicle. These
comparisons were in the form of deflection and strain ratios defined in
Section 2, All loading conditions were tested &t tThree vehicle
velocities; approximately 6, 13 anga 50 km/nr. Tne magnitude of the
response ratios did not exhibit a consistent trend with velocity,
remaining relatively constant over the three velocities for any given
loading condition. (Maximum response ratios for a given loaa s2laom
exceeded minimum values by more than 11U percent). Therefore, tne
average of the three response ratios was used Tor the load equivalency
predictions. An exceptioen To this three peint averaging was applied to
strain measurements at site 12 - British Columbia. Strain ratios for
the 50 km/hr test series at This site showed a wide varidation in magni-
tude with Jittle correlation with Joad. Reasons for this response are
unknown. Load equivalencies based on strains at site 12 were predicten
using the average response ratios for the fwe lower velocities.

Plots of axle weight vaersus deflection and strain ratios and
summaries of regression analyses for tandem and triaxle configurations
are presented in the Appendix. The figqures reveal some data irregular-
ities ang show the influence of axle spacing on the magnitude of thne
pavement response ratios. These observations are discussed below.

3.1 Deflection Response

With the exception of site 2 - Nova Scotia and site 12 - British
Columbia, deflectiaons were highly correlated with axle loagd. At site 2,
relatively large resiqual aeflections were recorded between the tandem
drive axles and the carrying axles of the pavement test vehicle. These
residual deflections ranged from approximately U.U5 mm to 0.20 mm, with
maximum values generally associated with tests conducted at high pave-
ment temperatures (35C), Equivalency factors for carrying axle loads
tested at site 2 were calculated usiny deflections egual to the
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gifference 1n magnitude between maximum deflections recorded under The
axles and the residual aeflections. Reiative deflection values for
site 12 - British Columbia, shown in figure AZ4, exhibitea unusually
wide variations in magnitude with changes in axl}e load. A aetailea re-

examination aof the deflection measurements verified This pehaviour.

The axle weight versus deflection ratio plets reveal that, at
comparable loads, a variatien 1in ceptre to <centre spacing petween
adjacent axles from l.5m to 1.8 m had little, if any. influence on
maximum surface deflections. Maximum deflections under adjacent axies

at 1.2 m spacings were generally slightly larger in maynitudge tnan those
under axtes with 1.5 m and 1.8 m Spacings.

3.2 Strain Response

Tne axle weight versus strain ratio plots indicate that, at a
number of sites, Tongitudinal nterfacial ctensile strains were
relatively insensiTive to changes in axle weight. At some sites, strain
ratios for a given test configuration decreased with increasing load.
Sites wnere one or more carrying axle test configurations revealed a
decrease 1n relative strain values with increasing load were sites 4 and
5 in Quebec, site & - Ontario ang site 12 - British Columbia. The
relatively Tnin asphalt surfaces (ranging Trom 26 mm Tta 110 mm) of These
pavement Structures, high pavement temperatures {30 to 40C) during
testing, ang any small lateral misalignment of buried Strain Transducers
relative to surface-set deflection transducer locations under these test
conditions, may De contribputing factors To These inconsistent
measurements. In addition, plywood shipping stiffeners for the strain
transducers were left in place during paving operations at sites 3A and
38 in Quebec. Therefore, strain recorded at these two sites should not
pe representdtive of the pavement response To load.

Equivalency factors based on Strains were preaictea for all loading
conditions tested at each site. In view of the above noted 1rregular-
ities, strain-related equivalencies for some configuratiens Tested at
the previously mentioned sites should be viewed witn caution. Due to a
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computer hardaware malfunction, strains were not recorded at site 11 -
British Columbia. The axle weight versus strain ratio plots reveal that
a variatian in spacing between adjacent axles from 1.2 m to 1.8 m had no
measurable influence on the magnitude of 1nterfacial tensile strains
recorded under the lead axle of Tandem and triaxle configurations.

3.3 Equivalent Loadings

Detail assessments of tne relative destructive effects of traffic
load variables on pavements finvolve identifying loads on different
configurations which are equivalent 1n potential damaging effect. Such
assessments can readily be carrmed out 1f gross welght versus load
equivalency factor relationships are establispea for each axle
configuration ang the relationships encompass a commen range of
equivalency factor values, In the present study, a maximum of three
loads/carrying axle configuration of the test vehicle were tested at
each site, Tnis aia not provide sufficient data to develop reliable
carrying axle gross weignt-equivalency tactor relationships,

In view of the above data limitations, deflections ang strains
recorded under the tandem (1.5 m) drive axles of the test venicle were
included in the analysis. At comparable load magnitudes, deflection and
strain ratios, and therefore load equivalency factors, for the tandem
drive axles were Tound to be in close agreament with those for the
tandem (1.8 m) carrying axle configuration, Combining the data
populations of these two axle groupings, graoss weignt versus load
equivalency factor relationships for tangem (l.5m to 1.8 m) axle-dual
tire loads ranging from 5445 to 22 100 kg have been developed for each
site. Using these relatianships, tandem axle gross weights yielding
equivalency factors equal in magnitude to those predicted for all other
carrying axle loads and configurations have been identified.
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4.0 LOAD EQUIVALENCY FACTORS

Tne following presents the preadicted loaa equivalency factaors, ang,
using these factors, summarizes results of apalyses carrieg out to
igdentify average Jloadings on daifferent configqurations which are
equivalent 1in potential dgamaging effect. The predicted factars and
analysis summaries are presented by test site in & common format as
follows:

1. a table containing the average pavement surtace deflectian
ratios, the average interfacial tensile strain ratios, and joag
equivalency factors derived from these raties for each loading
congdition Tesrted at tne sjte, (Tne pavement response ratios are
aefined in Sections 2.1 and 2.2 of this report. The average
values equal tne mean of response ratios cetermined from test
serijes carried out at three vepicle velocity levels; approxi-
mately 6, 13 ana S0 km/nhr.)

Z. gross weight versus load equivalency factor plots for each test
confiquration,

3. results of least-squares regression apalyses carried oul to
develop gross weijght versus equivalency factor relationships
for tandem (1.5 m to 1.8 m) axle-dual tire configurations, and

4., average gross wejghts on each confiquration equivalent 1n
potential damaging effect to tandem {1.5m To 1.8 m) axie
1oads. The average equivalent gross weignts are expressed as a
percent of the tandem axle loads.

uti1li1zing the results optained from all test sites, average tandem
(1.9 m to 1.8 m) axle loads equivalent in damaging effect ro all other
carrying axle loading conditions included 1n the study, and the rejative
destructive effects of each configuration at comparaple load magnitudes,
are summarizeda 1n Section 4.15,

2%



4.1 LOAD EQUIVALENCY FACTORS

SITE 1
NEW BRUNSWICK
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Table 4.1

Average Pavement Respoyee Ratios and

loxi Egrivalency Factors,

Site 1, New Brunswick

12.

Average Pavament Response Ratios Load Equivalency Facrors
Loading Pavament Suyrface Deflections Interfacial Tersile Strains Fasea on
Conditaon /Dy, &y &My S1/% S2/5%, Sy%, | Deflections Strains
Steering Axle
3790 kg Q.58 0,664 (VR ) 0.211
5110 kg 0.762 0,826 0.3% U484
Single Axle
982 kg 1.201 1.153 2005 1.718
9570 kg 1.256 1,183 23n 1.8%
11127 xg 1.3 1237 2.83 2.244
Tandem Axie (1.2m)
13582 kg 1.003 0.681 0.813 0.783 1.244 0,852
18100 kg 1.233 0.703 1.077 0.9%9 2,479 2,213
22R7 kg 1.384 0.811 1131 1.145 3.388 3.3%
Tanoam axle {1.om)
B44AE kg 0,577 0,477 0,342 0.330 0.184 .32
8682 Ky 0,678 0,501 0.440) 0.424 0.3 006
2208 vg 0,73 0.543 0,536 0,437 0.444 0.188
9109 kg 0,824 0.68] 0.647 0.731 0,711 0.4%
9555 kq 0,786 0.678 0,644 0.642 0.62% 0.373
10345 kg 0,803 0.693 0.718 0.7u8 0,663 0.553
10645 kg 0,793 0.624 0,740 0.727 0,581 0.616
11718 kg 0.%44 0,726 0.753 0.740 1.100 0.659
11827 kg 0.923 0.715 0.727 0.729 1.064 0.5%
12500 kg 0,92 0.764 0.828 0.850 1.15% 1,027
13136 kg 0.975 Q.793 0.858 0.544 1,33 1.004
1235 kg 1,000 0.67% 0.829 0.8507 1.225 0,933
14582 xgq 1002 0.848 0,902 0.903 L.542 1394
14936 kg 1.039 0.791 0. %46 0.934 1.567 1.581
15336 kg 0,982 0,740 0.906 0,891 .32 1.3
15582 kg 1.074 0.883 0.967 0.963 1.935 1,747
192850 kg 1,36 0.874 1171 1180 3.692 3.523
Tanaam axie (1.8m)
14064 kg 0.900 0,825 0.849 0.317 118 1.7%
18382 kg 1.141 0.930 1002 1,074 2.577 2,319
22127 kg 1,394 1108 1.308 1,327 5.010 6.608
Triaxie (2.4m)
20082 kg (.994 0,631 0,654 0.813 0.726 0.:02 1,350 114
26145 kg 1.121 0.707 710 0.995 0,909 0,986 £.083 2.625
31645 kg 1.325 0.7s7 0,759 1.153 1.068 1.146 1,667 4,638
Triaxle (3.7)
20510 xg 0.817 0.856 0,833 U, 764 0.%28 0.900 1.773 1518
26036 kg 1.0l 0.4380 0,932 0,41 1.GA 1.9l 3,13 3,206
31664 kg L.i3d L.96 1.038 1052 1,143 1.253 4,506 5.257
Triaxle {4.9)
25858 kg 1.07% 1.079 0,965 0,968 1.U¥ 1.078 3.49] 3.243
11955 kg 1.z3 233 1.146 1.143 L2y L 6.004 5,064
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Gross Weignt-Load Equivalency Factor Kelationpships

Tanaem (1.5 - 1.8 m) Axies
Maximum Gross Weignt = 22100 kg

Based on Deflections:

F o= 0.0040 (6W)%-43 2 = 9.9y N = 20 2S¢, = 0.U66
Based on Strains:

F = 0000353 (6W)3+%0% ¢2 = .97 N = 20 155, = 0.093

where: GW = gross weight, ky = 103

Equivalent Loadings

Tne following summarizes results of compariscns between equivalency
factors for tandem (1.5 - 1.8 m) axle lpads and egquivalencies for
all other axle loads and configurations tested at this site.

Note:  Non-prackered and bracketed gross weights and load appli-
cations are those obtaipned from comparisons of equivalency factors
based on deflections and strains, respectively.

1. Une application of an 11900 kg (13200 kg) tandem axle
(L.® - 1.8 m) - aual tire Toad is approximately equivalent in
potential aamaging effect to one application of the standard
8160 kg single axie-dqual Tire load.

[N
Ll

For the range of loadings tested on carrying axle configuratians
of the pavement test vehicle, on average:

One application of a tancem (l.b - 1.8 m) Toaad is equivalent in
potential damaging effect to one application of a singie
axle-qual tire configuration naving a gross welght equal to
approximately 57 (62) percent of the tandem (1.5 - 1.8 m) Toad.
Average gross weignt equivalents for other carrying axle
configurations are:

Percent of
Configuration Tanaem {1,5-1.8 m} G
Tandem (1.2 m) 102 {110)
Triaxie (2.4 m) 151 (148)
Triaxle (3.7 m) 133 (142)
Triaxle (4.9 m) 122 (138)

3. At comparable Tload magnitudes (approximately 5000 ky), ane
application of a single steering axle s equivalent in potential
damaging effect to approximately 3 {1%) applications of tandem
axle {(l.» =1.B m) - duzl tire configuration.



4.2 LOAD EQUIVALENCY FACTORS

SITE 2
NOVA SCOTIA
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Table 4,2

Average Pavement Resporse Ratios at

Load Eqrivalency Factors,
Site 2, howa Scotia

16.

Average Pavement Response Rarios

toad Equivalency Facrors

Loading Pavament Surface Deflections Interfacial Tensile Strains Basen on
CondiTion Dy &1/, a7/ 51/% $2/% 53/% Ceflections Strains
Sreering Axle
3790 kg 0.743 0.76b 0.313 0.363
5110 kg 0,955 0,928 0.839 0,753
Single Axle
9182 kg 1,000 0.998 1,004 0,992
11127 kg 1.124 1.083 1,559 1,173
Tangem Axle {1.2m)
13582 kg 0.968 U674 0.870 0.813 1.107 1,044
18100 kg 1058  0.6% 0.947 0.43% 1,406 1
72327 kg 1,260 0830 1.025 0956 2.827 1,541
Tandem Axle (1.5m)
5445 kg 0.549 0.403 0,476 0,436 .13 U.102
9109 kq U.69% U437 0,032 0,621 .36 0.338
9555 kg 0.792 U593 0.719 0.670 0.590 0.504
10745 g 0,81% 0.6l (0,806 10.751 0.618 w777
10645 kg 0864 0.612 0,436 0,746 0.729 3.907
11718 kg 0,504 05450 0.768 0.747 0.540 0,697
11817 kg U843 u.612 0.78 0763 0.677 0.758
12500 kg 1.G37 U776 u.847 0.730 1.530 0.94u
13136 kg 1.115 U774 (6~ -] 0.825 1.890 1.118
13236 kg 0.926 0.623 0,831 (3.81% 0.932 0,494
14582 g 1.074 w719 0,899 0.835 1,649 1.171
14936 xq 0.998 0,704 0,903 0.872 i.256 1.273
15336 kg 1.133 0.768 1.904 0,846 2012 1.211
15582 kg 1.161 U282 0.931 0,85 2.3 1.38
Tanaam Axle (1.8m)
13064 kg 0. 948 Q0,882 1,897 .84 1.3 1.288
18382 kg 1.000 U560 0.9%8 0.840 1.564 1,769
22127 kg 1.103 U,922 1.u48 1.073 2. 2.2
Triazle (2.4m)
20082 kg 1.u02 0,714 0665 0.873 0.798 0,789 1.498 1,487
26145 kg 1.019 u.&70 U638 u.931 Q.860 0.886 1.474 1,957
31645 kg 1.151 0.722 0.663 1,611 u.sa7 0.973 24006 2.797
Triaxle {3.7m)
2us09 kg 0.814 U783 u.769 0.786 u.817 0.825 1.1%% 1.36
2603 kg 0,680 U, 794 0.1 0.367 0913 0,962 1.m14 2.152
31664 kg 1.027 .93y 0.994 0,945 0,944 0,931 2.6497 2.3
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18.

Gross Weight-Loaa Equivalency Facrtor Relationsnips

Tandem {l.2 - 1,8 m) Axles
Maximum Gross Weight = 22100 kg

Based on Deflectians:

Fo=0.0029 (6W)2+298 2 o g 84 N = 17 15ey = U134
Based on Strains:

F = U.0u318 (GW)2-219 r2 = 0,94 N = 17 2Sey = 0.08U

where: GW = gross weignt, kg x 1u3

Equivalent Loadings

Tne following summarizes results of comparisons between equivalency
factors for tandem {l.o - 1.8 m) axle loads and equivalencies for
all other axle loads and configurations tested at this site.

Note: Non-bracketed and bracketed graoss weights and load appli-
catiens are those obtained from comparisons of equivalency factors
pased en deflections and strains, respectively.

1. One application of a 12700 kg (13400 kg) tangem axle
(1.5 - 1.8 m) - dual tire load is approximately equivalent in
potential damaging effect to cne application of the standard
816U kg single axle-dual tire load.

2. For the range of loadings tested on carrying axle configurations
af the pavement test venicle, on average:

Une application of & tandem (1,5 - 1.5 m) joaa is equivalent 1n
potential damaging effect to one application of a single
axle-gual tire configuration naving a gross welght equal to
approximately 72 (73} percent of the tandem (1.5 - 1.8 m) load.
Average gross weight equivalents for other carrying axle
configurations are: '

Percent of
Copfiguration Tandem {1.5-1.8 m) GW
Tandem (1.2 m) 112 (111)
Triazle {2.4 m) 157 (141)
Triaxle {3.7 m) 160 (144)

3. At comparable Tload magnitudes (approximately 5000 kg), one
application of a single steering axle 7s equivalent in potential
damaging effect to approximately 7 {8) applications of tandem
axle (1.5 -1.8 m) - agual tire configuration,



4.3 LOAD EQUIVALENCY FACTORS

SITE 3A
QUEBEC

19.



20.

Taple 4.3
Average Pavesertt Resporee Ratios ad
Load Equivalency Factors,
Site A, Quener
Average Paverent Response Ratiqs Lo Equtvalency Factors
Loading Pavement Surface Peflections Interfactal Tenstle Strains Baseg on
Condrt10n P1/Dy a/Dy ap/hy 51/% Sp/% 93/% | Deflections Strains
Single Axle
BT kg 1,196 11024 1.974 1.0
957C kg 1.193 L.11% 1.955 1.512
11127 kg 1,306 1.247 2.758 2.314
Tandem Axle {1.2m)
13582 kg 1.029 0.660 0.848 0.80? 1.3 U477
18100 kg 1,315 u.7% 0,93 (1459 3.247 1.631
22327 kg 1,358 PR L 1.064 l.0m 3.653 2.2
Tancem Axle {1.5m)
5445 kg 0,523 0.8l 1,35 0.3% 0.121 u.039
6682 kg 0.670 0.q94 0,433 0,433 0,287 0,u83
B8 kg 0,75 0.59% 0.606 0,554 0,458 2,291
9109 kg 0,506 0.614 0.955 0.547 0,595 0,28
9585 kg .24 0.629 U, 606 0.64l .68 VI .
10345 &g 0.86) 0.673 0,620 0.599 0,786 0.3
10645 kg g9 0,700 0.618 0.639 0,954 0.343
11718 kg 0,945 0,709 0.708 0,697 1.077 0.923
11827 kg 0,920 0.715 0,602 0.543 1.8 U.283
12500 kg 0,932 0,718 0.663 0.718 1.049 0.494
13136 kg 0,965 0.741 0,755 u.814 1,153 0,801
13236 kg 1.041 0.906 0,734 0.753 1.610 U.658
14682 kg 1.043 u.818 0.834 1.819 1040 Q2,940
14935 kg 1,117 0,846 u.731 0.7a7 2.2 0.634
15335 kg 1.016 Q.78 0.801 0.7s3 1.451 Q.82%
15582 kg 1.133 0.788 0.778 0,776 2.0l Q.77
19280 kg 1,235 0.568 1027 0,974 2.814 2,01
Tandam Axle (1.Hm)
14064 kg 1,003 0,44 0,737 Q.793 1.448 0.728
18382 kg 1.241 3,973 0.921 0.936 3.173 1.8
22127 kg 1,338 1.U34 1.094 1.017 4.33 2.473
Triazle (2.4m)
20082 kg 1.05] 0,601 0.617 0.727 (.69 0.709 1.1 0,415
26145 kg 1.1%6 U.780 u,738 0,960 0.927 u.890 2.45 2448
31845 kg 1.420 U, B0 0348 1,063 0.9%4 0,993 504 3.140
Triazle {3./m)
20809 kg 0,995 0,806 0.786 0.77a 0,843 0,858 1.522 1,49
26036 kg 1,143 0,592 .2y Q.,224 0,915 0.492% 3.059 1.936
31664 kg 1,280 1.030 1.033 u.920 1.028 1.074 4.805 3.151
Traxle (4.9m
25836 kg 1.134 1,032 0,942 .62 0.929 {,939 3,537 2.367
31956 kg 1.3%4 1.263 L1 0,833 0.973 Q.96 7.084 2.328
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iross Weight-Loaa Equivalency Factor Relationships

Tandem (l.% - 1.8 m) Axles
Maximum Gross Weignt = 22100 kg

Based on Deflections:
F = 0.00294 (GW)2.368 r2 = .97 N = 20 2Say = U,UDH

Based on Strajns:
F = 0.0u0512 (GW)Z-748 r2 = 4,97 N = 20 2Sey = 0,108

where: GW = gross weignt, kg x 103

Equivalent Loadings

Tne following summarizes results of comparisons between equivalency
factors for tandem (l.® - 1.8 m} axle loads and equivalencies for
all other axle loads and configurations tested at tnis site,

Note: Non-bracketed and bracketed gross weights are those obtained

from comparisons of equivalency factors based on geflections and
strains, respectively.

1. One application of an 11700 kg (15800 kg) tandem axle
(1.5 - 1.8 m) - dual tire load is approximately equivalent in
potential damaging effect to one application of the stanaardg
8160 kg single axle-dual tire leoad.

2. For the range of loadings tested on carrying axle configurations
of the pavement test vehicle, on average:

One applicatien of a tandem (1.5 - 1.3 m) load is equivalent in
potential damaging effect to one application of a single
axle-dual tire configuration having a gross weignht equal to
approximately &U {53} percent of the tandem (l.% - 1.8 m) load.
Average gross weight equivalents for other carrying axle
configuratiaons are:

Fercent of
Configuration Tandem {l.5-1.% m) GW
Tandem (1.2 m) 102 { 96)
Triaxle {2.4 m) Lol (131)
Triazxle {3.7 m) 138 (125}

Triaxle (4.9 m) 124 (134)



4.4 |LOAD EQUIVALENCY FACTORS

SITE 38
QUEBEC
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Table 4.4 24.
Average Pavesent Response Ratics amd
Load Equivalency Factors,

Site 3B, Quebec
Average Pavement Response Ratios Load Fauivalency Factors
Loading Pavament Surface Deflections Interfacial Tensile Strains Basea on
Condition /oy a1y a2/ S1/% 58/% 5% Deflections Strains
Simgle axle
82 kg 1.187 1.084 1.918 1,399
9570 kg 1,706 1089 2.378 1.383
11127 kg 1.33% 1.206 2.99% 2.038
Tancem Axle {1.3n)
13582 xq 1,089 G,B695 0,996 0,939 1.634 1.772
18100 kg 1.23 0,765 1,075 1.093 2,564 2.737
22327 %q 1.4 0,791 1,140 1.079 4.041 2.3
Tandem Axle {1.5m)
5445 xg 0.514 0358 U565 0,547 1,100 L.21%
665 xg U.581 Q0.475 Q.7592 Q,746 0,706 Q079
8209 kg U.75%6 0.591 . 0.877 0.887 0,481 1.1e4
9105 kg 0.773 0.581 0.801 0.817 0.503 U, HM
9555 kg p.798 U671 0,912 0.860 0.644 1.268
10345 kg 0.823 1.623 U775 0.776 0.643 0,761
10645 kg 0.543 0.603 0.837 .04 0.669 1.043
11718 kg 0,920 0.734 0,907 0.931 1.037 1.452
11427 kg 0863 0.73% 0.896 0.921 0.5 1.390
12600 kg 0,913 u.76l 0,855 0,949 1,062 1.448
13136 kg 0.971 0.774 0,945 0,942 1.272 1.756
13236 kg 1.01% 0,794 1.001 1.004 1,500 2.019
14532 kg 1.017 0,813 1.014 1,008 1,652 2.05
14936 kg 1.030 0.845 0.955 0.99 1.546 1524
15336 kg 1.031 0.761 0.972 0.9%1 1.477 1,757
15582 xg 1,079 U784 1,00 1.2 1732 2,090
19280 kg 1.241 U921 1.120 1.1i6 3,003 3,056
Tandem Axie (1.8m)
14064 kg 1.009 0,827 0,959 {.968 1.521 1.737
133482 kg 1,195 0.5 1.076 1,082 2.930 2.67y
22127 kg 1.337 1.049 1,141 1.111 4.214 3,143
Triaxle (2.4m}
2002 kg 1.009 0,590 0,54 0, 0,95 0,96 1.363 2.586
26145 kg 1.263 0.774 0.719 1.1 1.017 u,888 3,82 3415
31645 kg 1,330 Q.785 0,78 1,116 1.058 1.057 3.669 4130
Triaxie (3,7m}
506 kg 0.993 0349 0.87% 0965 0.9 .96 213 2.540
26038 xg 1,127 0,929 u.g22 1.024 1.049 1,040 3.U66 3.633
31664 kg 1.232 0,956 0,336 1us4 1.0% 1.101 3.5%0 4.074
Triaxie {4.9m)
25836 kg 1.142 1.u02 u,528 1.072 1.U54 1,037 3.417 3.672
31995 kg 1.290 1.151 0.9 1.0096 1.108 1.054 8.31l6 4.099
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26.

Bross Weight-Logd Equivalency Factor Relationships

Tandem (1.5 - 1.8 m) Axles
Maximum Gross Weight = 22100 kg

Based on Deflections:
F = 0.00216 (GW)2-462 2 = 0,98 N = 20 2S¢y = 0.056

gased on Strains:
F = 0.0240 (6W)}-531 2 = (.87 N =20 2S¢y = 0.097

where: GW = gross weight, kg x 103

Equivalent lLoagings

The following summarizes results of comparisons between eguivalency
factors for tandem (1.5 - 1.8 m} axle loads and equivalencies for
all otner axle loads ana configuraticns tested at tnis sjte,

Note: Non-bracketed and bracketed gross weights are those obtained
from comparisons of equivalency factors based on deflections and
strains, respectively.

1. One application of a 12100 kg (9900 kg) tanaem axle
(1.5 - 1.8 m) - daual tire load is approximately equivalent in
potential damaging effect te one application of the standarg
8160 kg single axle-dual tire load,.

2, For the range of loadings tested on carrying axle configurations
of the pavement test vehicle, on average:

Une application of a tangem (1.5 - 1.8 m) Toad 15 equivalent in
potential damaging effect tTo one application of a single
axle-dual tire configquratien having a gross weight equal to
approximately %7 (77) percent of the tandem (l.o - 1.8 m) load.
Average gross weight equivalents for other carrying axle
configurations are:

Percent of
Copnfiguratioen Tandem (1.5-1.% m) GW
Tandem (1.2 m) 00 {104)
Triaxle (2.4 m) 146 (124)
Triaxle (3.7 m) 138 (124)

Triaxle (4.9 m) 132 {12B)
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Table 4.5 28,
Average Pavement Response Ratios aw
Load Equivalency Factors,

Site 4, Queper
Average Pavament Response Ratios toad Equtvalency Factors
Loading Pavament Surface Beflections interfacial Tensile Strains Baseqa on
Condition /My &1y a3/ /% 52/% 53/% feflections STrains
S1ngle Axle
9182 kg 1.190 1.134 1.937 1.613
11127 kg 1.366 1,168 3.457 1,810
Tancem Asle (1.2m)
13882 kg 1.002 0,378 1.210 1.310 1.422 4.55%
18100 kg 1.367 0.467 1.1 1.197 3.3% 3.593
22327 kg 1.639 0.555 1.138 1,223 6.044 3.783
Tanoem Axle (1.9m)
5445 kg 0,503 0,242 0,869 0.721 0.078 0.850
9109 kg Q.750 0.358 1.149 1,003 0,358 3,49
0855 kg Q.776 u.37% 1.000 1.047 Q.407 2.878
10345 kg 0,838 0,419 1.011 0.%434 Q.58 1,546
10645 kg 052 U482 0.978 0.939 0.767 1.706
11718 kg 0.917 0.467 1.118 1097 Q.77% 2,949
11827 kg 0,93 0.468 1.176 1.145 0.8% 3.524
12500 kg 0.9450 U.472 4,995 0,982 0.881 1.914
13136 kg 0.988 0.477 1.069 1.037 1.016 2.9
13236 kg 0,983 0.476 1,069 1.026 0.99% 2.931
14582 kg 1,085 0.534 1,064 1,030 1.004 2,385
14836 kg 1.101 U552 1,155 1.115 1.546 3.24]
15336 kg 1.07%6 0.526 1,168 1.142 1.408 3.460
15682 kg 1.14% 0,553 1.219 .13 1778 3.713
Tangem Axle (1.6m)
14064 kg 1,051 0,559 1,172 1,158 1.318 1,574
1838 kg 1.301 0,687 1,189 1.237 2.4972 4.17%
22127 kg 1.444 0,797 1,202 1.120 4,462 3,550
Triaxle (2.4m)
2002 kg 1.084 0.422 0.315 1.4l 1.036 1.079 1.8089 .8n
26145 kg 1.361 0.546 0421 1,062 1.099 1.123 3.364 4,243
31645 ky 1.615 0.699 .566 1.030 1,084 1.121 6,552 4,021
Triaxle {3.7m}
20509 kg 0,971 0.61u 0.538 1.107 1.223 1.1%4 1.142 .34
25036 kg 1.050 u.717 UJ.bhl 1.1 1,228 1.116 L5649 5.eU0
31645 kg 1.319 0.839 0.793 1,128 1.192 1.1a0 3,791 5.406
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30.

Gross Weight-Load Equivalency Factar Relationships

Tandem (1.5 - 1.8 m) Axzles
Mazximum Gross Weignt = 22100 ky

Based on Deflections:
F = 0,000647 (GW)Z-874 2 = y,99 N = 17 2Sgy = 0,04u8

Based on Strains:
F = 0.1149 (GW)1-2318 2 = 9,74 N = 15 25y = 0,091

wnere: GW = gross weight, kg x 103

Fquivalent Loadings

Tne following summarizes results of comparisons between equivalency
factors for tandem (1.5 - l.8 m) axle loads ana equivalencies for
all other axle loads ana configurations tested at this site.

Note: Non-bracketed and bracketed gross weights are Tnose obtalned
from comparisons of equivalency factors based on deflections ana
strains, respectively.

1, One application of & 12900 «kg (5800 kg) tandem axle
(1.5 - 1.8 m} - dual tire load is approximately equivalent in
potential damaging effect to one applicaticn of the standard
8160 kg single axle-dual tire load.

2. For the range of loadings tested on carrying axle configurations
of the pavement test vehicle, on average:

One application of a tandem (1.5 - 1.8 m) lead is equivalent in
potential damaging effect to one application of a single
axle-dual tire configuration having a gross weight equal to
approximately 57 (10Q0) percent of tne tandem (1.5 - 1.8 m} loaa.
Average gross weight equivalents for other carrying azle
configqurations are:

Percent of

Configuration Tandem (1.5-1.8 m) GW
Tandem (1.2 m) 92 (102)
Triaxle (2.4 m) 133 {144)

Triaxle (3.7 m) 156 {114)
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Table 4.6

Average Pavepent Response Ratics amd

Load Equivailency Factors,

32.

Site 5, Queber
Average Pavement Response Ratios Loaa Equivalency Factors
Loading Pavament Surface Deflections Interfacial Tenstle Strains Based on
Concition 0y /Oy, a1y oo/l /% 52/% 5V Deflections Strains
Single Axle
9182 kg 1.210 1.153 2,006 1178
11127 kg 1,344 1.149 3.U76 1,69
Tandem Axle (1.2m)
13582 kg 1.3 0.411 1.263 1,135 1,445 4.063
18100 kg 1.324 u.5le 1,218 1.173 2,956 3,949
22327 kg 1.5% u.h32 1.1u2 1.114 h.174 2,954
Tancen Axle (1.5m)
5445 kg 0.501 Q.232 0.50 2,453 0,076 0,189
2108 kg 1,773 0.415 1. 1ub 2,962 U412 2,400
95955 kg 0.795 0.39%9 0,968 u.879 0,449 1.4%
1035 kg 0.853 u.419 0,915 0,438 0,543 1.224
1045 kg .53 .455 U915 U.855 U692 1.2
11718 kg 0,570 0,49 1,05 0,98 0,960 2.218
11827 kg 0.914 0.500 1,158 1087 0.762 3.119
12500 kg 0,96 0,482 1.050 1.w4 1.047 2.562
1313 kg 0.975 U.453 1.004 0,912 0,98 1.720
13236 kg 0,984 0.477 1.106 1.075 1.001 2,783
14582 kg 1.074 0.528 1.223 1131 1,388 3. 745
14936 kg 1.065 0.563 1.0¢6 0,992 1.343 2.072
15336 kg 1.u4 0.49%4 0,91 . 804 1.2%0 1.1
15582 kg 1.171 {0,504 1.02% u.929 1,935 1.8
Tancem Axle {1.8n)
14064 kg 1.062 0.54% 1 227 1.178 1.312 4,039
18338 kg 1.7243 u.610 1,18 .170 2.438 3,790
22127 kg 1.424 1.774 1,1e2 1,160 4,209 3.627
Triaxle (2.9m}
20082 kg 1.146 0,503 0.3% 1.080 0,91 1.587 .79 2,931
26145 kg 1,323 u.501 0.426 1,214 1.178 L .47 5.965
31645 kg 1,499 0.67% 0.827 1143 1.720 1197 4.969 5,771
Tryazle (3.7m)
20509 kg 0.928 U568 0.812 1.0s3 1.118 1.023 0.948 3,839
26036 kg 1.0=8 u,729 U655 1.213 L.22) 1,158 1.879 5,95
31664 kg 1.255 0.781 0,691 1,173 1,213 1.151 3.007 9.623
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34.
Gross Welght-Load Equivalency Factor Relationships

Tandem (1.5 - 1,8 m) Axles
Maximum Gross Weight = 22100 kg

Based on Deflections:

F = U.U00736 (6W)2.818 r2 = 9,93 N = 17 1Say = 0,0974
Based on Strains:
F = u.00528 {(GW)2.358 r2 = 0,78 N = 14 2Sqy = 0.166

where: GW = gross weight, kg x 103

Equivalent Loaaings

The following summarizes results of comparisons Detween equivalency
factors for Tangem (1.5 - 1.8 m) axle Toads and equivalencies for
all other axle loads and configurations tested at this site.

Note: Non-bracketed and pbracketed gross weights are those obtained
from comparisons of eguivalency factors basad on deflections and
strains, respectively.

1. One application of a 12600 kg (9300 kg) tandem axie
(1.5 - 1.8 m} - dual tire load is apqroximate]y equivalent in
potential damaging effect to one application of the standard
8160 kg single axle-dual tire load.

2. For the range of loadings tested on carrying axle configqurations
of the pavement test vehicle, on average:

One application of a tandem {1.5 - 1.8 m) load is equivalent 1in
potential damaging effect to one application of a single
axle-dual tire configuration having a gross weight equal to
approximately 58 (95) percent of the tandem (1.5 - 1.8 m) load.
Average gross weight equivalents for other carrying axle
copfigurations are:

Percent of
Configuration Tandem (1.5-1.8 m) GW
Tandem (1.2 m) 97 (114)
Triaxle (2.4 m) 137 (144)

Triaxle (3.7 m) 165 (141)
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Table 4.7 36.
Average Pavesert Responce Ratios and
Loaq Hgiivalency Factors,

Sfte 6, Ontario
Averane Pavament Response Ratios Loan Equivalency Factors
Loading Pavement Surtace Deflections Interfacial Tensile Strains Based on
Condition 0y, ar/y Aa5/0y S1/% S/ Sv% Deflections Strains
Steering Axle
3790 kg Q0,837 1.048 0.509 1,19
5110 kg 0.964 1,245 0.870 2,297
Single Axle
9182 kg L1% 1.090 1.591 1.387
9570 kg 1170 1.1 1.816 1.49¢
11127 xg 1,260 1.16% 2,48 1.787
Tarcem Axle {1.2m)
13582 kg 1,062 0,673 1.032 0.950 1.481 1.920
1811 kg 1.208 0.736 1.073 1.087 2,365 2541
22327 g 1.416 0.345 1.09%4 1.632 4.277 2.535
Tanaem Axle (1.5m)
5445 kg 0,481 0.317 0.63% 0.558 0,075 0,325
8532 kg 0,553 0,39% 0.764 0.719 0.158 0.602
8209 kg 0.659 0.49 .808 0.751 0,276 U.854
9109 kg 0.661 11.521 0,782 0.754 0.292 0.73%
9586 kg 0,791 0.601 1.001 0.952 0.585 1.834
10345 kg 0.783 0.606 0,920 0.874 0,543 1.339
10645 kg 0,508 0,591 0.936 0,925 0.280 1.520
11718 kg 0,842 0,610 0,9] 0.930 0,673 1.62u
11827 kg 0.89% 1.693 1.023 ,978 0.907 2.001
12500 kg 0,984 0.723 1.049 1.010 1.23% 2.241
13136 kg 0,933 0.658 0.969 0,949 0,972 1.705
13236 kg 0,941 0.674 1.018 0.980 1.016 2.034
14582 kg 1.034 g.801 1,077 1.010 1.564 2.367
14936 xg 1.052 0.7e7 1.109 1.056 1,452 2.0
15336 kg 1.035 0.772 1.060 1.009 1.514 2,34
15582 kg 1,088 0.318 1.139 1,085 1.842 2,869
19280 kg 1.211 0,858 1131 1,068 2.653 2.81
Tancam Axle (1.8m)
14064 kg 1.088 U802 1,053 0,995 1.858 2.197
18362 kg 1.220 0.93% 14073 1.062 2.5 2,562
22137 ky 1.266 0.977 1.152 118 3,397 3.638
Trrasle (2.4m)
20082 kg 1,067 0.683 0,653 l.0z2 0.934 0.930 1712 2,616
26145 kg 1.182 0.724 0.688 1.007 0.872 1.006 2,425 2. 948
31645 kg 1.319 0.798 0.768 1.152 1.116 1.168 3.652 5,036
Triaxle (3.7m)
20610 kg 0,958 0,79 0.828 1.0658 1.027 1.010 1.75% 3,420
26036 kg 0,936 053] 0,834 0,976 1.m@2 1.067 1.979 3.277
31664 kg 1.130 0.940 0.980 1.04& 1.432 1.060 3,235 3.561
Triazle (4.5m)
25836 kg 1.0l 0.8 1.940 1.076 1.015 1.057 2,867 3.al5
NHA kg 1.1%4 1.064 0,990 1,162 1,098 1,077 4,189 4.523
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38.

Gross Weignt-lLoad Equivalency Factor Relationships

Tandem (1.5 - 1.8 m) Axles
Maximum Gross Weight = 22100 kg

Rased on Deflections:

F = 0.000764 (Gw)2-809 .2

= 0.97 N =20 Sey = 0.076
Based on Strains:
F = 0.,0307 (GW)1893 +2 = 0.8 n = 20 Sey = 0.089

where: GW = gross weight, kg x 103

Equivalent Loadings

The following summarizes results of comparisons between equivalency
factors for tandem (1.5 - 1.8 m) axle loads and equivalencies for
all other axle loads and configurations tested at this site.

Note: Non-bracketed and bracketed gross welghts and Tload

applications are those obtained from comparisons of equivalency
factors based on deflections and strains, respectively.

1.

One application aof a 12900 kg (8800 kg) ‘tandem axle
(1,5 - 1.8 m) - dual tire load is approximately equivalent in
potantial damaging effect to one application of the standard
8180 kg single axle-dual tire load,

For the range of loadings tested on carrying axle configurations
of thne pavement test vehicle, on average:

One application of a tandem (1.5 - 1.8 m) load is equivalent in
potential damaging effect to one application of a single
axle-dual ftire configquration having a gross weight equal to
approximately 61 (85) percent of the tandem (1.5 - 1.8 m) load.
Average gqross weight equivalents for other carrying axle
configurations are:

Percent of
Configuration Tendem (1.5-1.8 m) GW
Tandem (}.2 m) 100 (115)
Triaxle (2.4 m) 144 (138)
Triaxle (3.7 m) 150 (138)
Triaxle (4.9 m) 147 (137)

At comparable load magnitudes (approximately 5000 kg), one
application of a single steering axle is equivalent in potential
damaging effect to approximately 12 (7) applications of tandem
axle (1,5 -1.8 m) - dual tire configuration.
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Table 4.8 40.
Average Pavement Response Ratios and
Loay Equivalency Factors,

Site 7, Ontario
Average Pavement Response Ratics loan Equivalency Factors
Load1ng Pavement Surface Deflections Interfacial Tensile Strains Bysed on
Conattion 0y /Dy a1 /Dy 23/l 51/% 52/% 53% leflections Strans
Single Axle
982 kg 1.163 1.020 1775 1.078
11127 kg 1.2% 1.137 2,663 1,624
Tancan Axie (1.2m)
13582 kg 1.m2 0.453 U, 791 0.776 1.057 0,79
20327 kg 1.433 0.627 1.181 1.150 4,146 3.582
Tanoem Axle (1.5m)
5445 kg 0.452 0.247 0,37 0,361 0.0%4 0.045
9555 kg 0.735 3,447 .64 0.675 0,357 .459
1uB4h rg 0795 0_44% 0_643 0_6b6 0.4k (1. 444
11718 kg (.810 0.474 u, 768 U, 765 0.508 0.728
12500 kg u.530 0,546 U841 0.826 0,543 1,002
13136 kg 0,932 0.619 0.883 0.5 0927 1.279
13236 kg 0.945 0,624 Q0,859 0,566 0.973 1.246
14582 kg 1.006 0,620 0,933 0,900 1.136 1,456
16336 kg 1.(24 0.000 U958 1.434 1.2% 1.621
15582 kg 1,000 0,538 0,939 u,917 1,095 1,507
Tanaan Asle (1.8m)
14064 kg 0,570 0,701 0,842 0,870 1.150 1.1@
22127 kg 1.228 0.820 1,189 1.1 2. 3.4%
Traxle (2.4m)
20U kg 0.937 414 . 366 U.769 U.660 {1.7%5 0.838 0,01
31645 Kk 1.297 U820 0.427 1.082 0,966 1.075 2,804 3.299
Traxle {3.7m)
20909 kg 0,861 0.636 0,645 0,781 0.798 U.860 0.934 1.35q
31668 kg 1.098 0,827 0.79% 1.033 1.109 1.156 2,139 4,338
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Gross Height=Load Equivalency Factor Relationships

Tandem {1.5 - 1.8 m) Axles
Maximum Gross Wejght = 22100 ky

Based on Deflections:
F = 0.000537 (6W)2+831 rZ = 0,98 N = 12 2Sgy = U.07U

Based on Strains:
F o= 0.0003 (GW)3-143 2 = 0,96 N = 12 2Say = 0,092

where: GW = gross weight, kg x 1u3

Equivalent Loadings

Tne following summarizes results of comparisons between equivalency
factors fer tandem (1.5 - 1.2 m) axle loads and equivalencies for
all other axle loaas and configurations tested at this site.

Note: Naon-bracketed and bracketed gross weights are those obtained
from comparisons of equivalency factors basea on deflections and
strains, respectively.

1. One application of a 14300 kg (13200 kg) tandem axle
(1.2 - 1.8 m) - dual Tire load is approximately equivalent 1n
potential damaging effect to one application of the standard
8lél kg single axle-dual tire load.

2. For tne range of loadings tested on carrying axle configurations
agf the pavement test vehicle, on average:

One application of a tandem (1.5 - 1.8 m) load 15 equivalent in
potential damaging effect to one application of a single
axle-dual tire configuration having a gross weight equal to
approximately 53 (7U) percent of the tandem {(l.5> - 1.8 m) load.
Average gross weight equivalents for other carrying axle
configurations are:

Percent of
Configuraticon Tandem (1.5-1.% m) GW
Tandem {l1.Z m) 94 (111)
Triaxle (2.4 m) 162 (161)

Triaxle (3.7 m) 155 (145)
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Table 4.9
Avergge Pavesent Response Ratios and
Loao Egrivalency Facrors,

Site 8, Onrario
Average Pavement Response RAtlos Loag Equivalency Factors
Loading Pavament “yrface Deflections Interfacial Tensile Strains Rased on
Corcition D /Oy a1/ Ao/l V5% So/% 5V Petlections Strans
Single Axle
9182 kg 1.016 1.010 1.063 1,040
11127 &g 1.215 1.158 2.U%8 1.754
Tandem Axle {1.2m)
13582 &g 0,858 0.273 0,786 0,777 0.672 0.784
2227 kg 1.239 0.605 1.1% 1.126 2.772 3142
Tangem Axle (1.%m)
445 kg G.420 0,z28 0,384 0,390 0,041 0,04
9555 kg 0,635 U.2% D607 0.581 0.183 0.277
1e4s kg a.710 t.411 0.706 0,69 0.306 0.509
14718 kg 0.738 0,433 0.734 U733 0,445 0,615
12500 kg 0,766 u, 361 0.74% .73 0.3 .841
13136 &g 0,839 0,390 0,785 0,781 0,542 0,789
13238 kg 0.824 0,410 0.774 0.775 (.513 0.787
14582 xg 0.907 0.464 Q.87a 0.679 Q.743 1.217
15336 kg 0.924 0603 0852 0.zd7 0,436 1.2%4
1558 kg 0,990 0,477 0.%41 0.959 1.074 1.645
Tancem Axle (1.8m)
14064 kg 0,834 0.508 0.815 0.875 0,979 1,u52
22127 &g 1255 0822 1.119 1.198 2,845 3.526
Tmaxle (2.4m)
20087 g 0,913 0,323 0,24 0,758 0,731 0,431 0,732 1.149
31645 kg 1.210 0.511 0.451 1.073 1.024 1.114 2.190 K€
Tmaxie {3.7m)
20909 kg 0.744 0.456 0.463 o7 0.792 (.2850 0.443 1.23%
31664 kg 1.051 .28 0.4808 0,976 1.U80 1.1%1 2.057 3961
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A,

Gross Weight-Load Fquivalency Factor Relationsnips

Tandem (1.5 -~ 1.4 m) Axles
Maximum Gross Weight = 22100 kg

Based on PDeflections:
F o= 0,00023 (GW)3-020 r2 = (g y9 N = 12 2Sey = 0,046

Based on Strains:
F o= 0,000322 (GW)3-U43 r2 = 0,99 v = 12 2S¢y = 0.046

where: GW = gross weignt, kg x 103

Equivalent Loadings

The following summarizes results of comparisons between equivalency
factors for tandem (1.5 - 1.3 m) axle loads and equivalencies for
all other axle loads and canfigurations tested at this site.

Note: Non-Dracketed ana bracketed gross weights are those obtained
from comparisons of equivalency factors baseq on deflections and
strains, respectively.

1. One application of & 16100 kg (14100 kg) tandem axle
(1.5 - 1.4 m) = dual tire load is approximately equivalent 1n
potential damaging effect to ope application af the standard
5160 kg single axle-dual tire load.

2. For the range of loadings tested on carrying axle
configurations of the pavement test venicle, on average:

One application of a tandem (1.5 - 1.8 m) load is equivalent 1n
potential damaging effect to one application of a single
axle-dual tire canfiguration having a gross weight equal to
approximately 55 (65) percent of the tandem (1.5 - 1.8 m) Toad.
Average gross weight equivalents for other carrying axle
configurations are:

Percent of
Configuration Tandem {1.5-1.8 m) GW
Tangem (1.2 m) 98 (1ub)
Triaxle (2.4 m) 145 (140)

Triaxle (3.7 m) 162 {140)

46.
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48.

Table 4.10
Averpge Pavalent Response Ratios amd
Lodd Equrivalency Facrors,
Site 9, Alverta -
Average Pavement Response Ratios Load Fquivalency Factors
Loading Pavament Surface Deflections Interfacial Tepsile Strains Basea on
Coraition /Dy &1/, &My 51/ S2/% S35 Peflections Strains
Steering Axle
379} kg 0.590 0.5895 0,135 0.656
5110 kg 0.773 1.070 0.3 1.293
Single Axte
9152 kg 1.107 1.7 1.472 1,373
9570 kg 1.2]19 1.083 2.864 1.354
11127 kg 1,367 1,207 3,20 2,044
Tandem Axle {1.2m)
13582 kq 1.106 0,334 0.984 0.814 1.482 .38
18100 kg 1.455 LA 1.079 U875 4.184 1.937
2232} kg 1.657 0.449 1223 1.03% 6.862 3.2489
Tamtem Axle {1.5m)
5445 kg u../8 0331 10,554 0,503 0.140 012
6657 kg 0.718 U.433 0.8 u.642 0.%6 0.4
28209 kg 0,682 Q.327 u.724 0.658 0.248 0497
9109 kg U784 0,339 0.8 744 0.424 0.770
9458 kg 0_410 0.3%49 0.85] 0,707 0.467 089
10345 kg 10,839 UM 0.8 0.826 0.589 1.120
10645 kg 0,953 0.573 0.478 0,940 0,970 1,709
11718 kg 0.872 u.413 0.8:4 0.7% 0.629 1.090
114827 rg 0,857 0,38 0,540 0,810 0,544 1.064
12500 kg Q0.943 u.415 0,995 0.8% U835 1,035
13136 kg 1.006 0.472 0.931 0.883 1.051 1,333
13236 kg Q.96U 0.455 (.968 Q.872 0.90& 1.478
14587 kg 1.100 u.442 1.092 0.946 1.436 1.4718
144936 kg l.1485 0.442 1.067 0.973 1.718 2.181
12336 kg 1,108 0.569 L.4b6 0,945 1.579 2.131
15582 kg 1.173 0,565 1.113 1,04l 1.948 2.667
19280 kg 1.39 0.564 1.24 1.035 3,599 3.164
Tanaem Axle (1.8m)
14064 kg 1.036 U470 1.010 0,558 1.201 t.675
14382 kg 1,219 0.5%4 1.0 1L.E@3 2.23% 2.43)
2177 xq 1,427 u.632 1.204 1.178 4.037 3503
Triaxle (2.4m)
20082 kg .160 0,402 0,385 G,917 0,729 0,733 1.837 1.3%7
26145 kg 1.297 o056 0.472 1,131 0. U934 2,852 3,10
31645 kg 1.583 0,650 0,515 1,181 1,033 LO7s 6.u% 4.128
Triaxle {3.7m)
20509 kg 1.015 U.557 U.453 b3 0.5l 0.821 1.218 1,769
26036 kg 1,182 0.656 0.633 0.977 Q.992 0,996 2,205 2,870
31654 kg .38 0.80% .7 1.123 1.151 1,137 3,782 4,783
Triaxle (4.9m)
26836 kg 1.106 (.849 0.628 1.040 1,022 1.U12 1.466 3.298
31955 kg 1,258 U, 981 0,791 1,165 L2 1.126 3,964 4,813
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A,

50,

Gross Weiynt-Load Equivalency Factor Relationsnips

Tandem (1.5 - 1.8 m)} Axles
Maximum Gross Weight = 22100 kg

Based on Deflections:

F = u.0u2i8 (GW)2-411 12 = .94 N = 20 2Sey = 0,094
Based on Strains:
F = 0.00845 (GW)2.012 r2 = 0.y3 N = 20 254y = 0.086

wnere: GW = gross weight, kg x 1uU3

Equivalent Loadings

The tollowing Summarizes results OT COMPAri1scns Delween equivalency
factors for tandem (1.5 - 1.8 m) axle loads ang equivalencies for
all otner axle loads and configurations tested at this site.

Note: Non-bracketed and bracketeg gross weignts ana loaa appli-
cations are those obtalned from comparisons of eguivalency factors
pased on deflections and strains, respectively.

1. One application of a 12700 kg (10700 kg) tandem axle
(1.5 - 1.8 m) - dual Tire load is approximately equivalent in
potential aamaging effect to one application of the stanaard
8160 kg single axle-dual tire load.

2. For the range of loadings tested on carrying axle configurations
of the pavement test vehicle, on average:

One application of a tandem (l.% - 1.8 m) load is equivalent in
potential damaging effect to one application of a single
axle-dual tire configuration having a gross weight equal to
approximately 55 (73) percent of the tandem (1.5 - 1.9 m) load.
Average gross weight equivalents for other carrying axle
configurations are:

Percent of
Configuration Tandem {1.5-1.8 m) GW
Tandem (1.2 m) 83 (114)
Triaxle (2.4 m) 126 (l5u)
Triaxle (3.7 m) 146 (141)
Triaxle (4.9 m) 157 (139)

3. At comparable load magnitudes (approximately 5000 kg), one
application of a single steering axle is equivalent 1n potential
damaging effect to approximately 4 (7) applications of tandem
axle (1.5 -1.8 m) - dual tire configuration.
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52.

Table 4.11
Average Pavasent Resporse Ratios and
Loxt Eguivalency Factors,
Site 10, Alberta
Average Pavement Response Ratios ioad Equivalency Factors
Loading Pavarent Surface Deflections Interfacial Tensile Strains Based on
Condition P/Dy A1/0, /Ty S1/% 52/ % Deflections Strains
Steering Axle
379 kq 0.710 1.048 0.272 1.19%
5110 kg 0,880 1.1% 0.615 1.974
Single Axle
9182 kg 1.154 1.1u3 1.723 1.451
9570 kg 1.254 1.18% 2,363 1.9%
11127 kg 1.264 1.313 2,465 2.815
Tandam Axle (1.2m)
13582 kg 1.085 0.489 1.an 0.970 1.439 1.
18100 kg 1.324 u_ 471 1002 1.0a0 2 .9h7 2_hhR
22327 kg 1,54 0.513 1.280 1.154 .21 4.278
Tanaan Axle (1.5m)
5445 kg 0521 0.306 0.545 0.515 0.085 g.18u
6682 kg 0.597 0,33 0,656 0.654 0.167 Q.39
841 rg 0.647 0,397 4,738 0.704 0.221 0,580
9109 kg 0.629 0.401 U779 0,739 0.274 0.7
9585 kg 0.744 Q.48 (.587 0.877 0.390 1.241
10345 kg 0.325 (.45 0.767 u.762 0.530 a0.721
10645 kg 0.846 0.481 0.860 0.820 0,592 1.03%
11718 kg 0.832 0.431 0,567 0,833 0.538 1.081
11827 kg 0.887 0.528 0,907 0,908 0.7z 1.377
12500 kg .9%% 0.602 1.030 1.7 1.033 2.146
13136 kg 0.961 4,016 0.954 0,925 0,941 1.58)
13236 kg 0,959 0.208 U, %0 0,484 0).929 1.416
14582 kg 1.037 0.625 1122 1.107 1.319 3.08)
14936 kg 1,071 0.540 1.081 1.028 1,394 2.319
15336 kg 1.064 0,968 L.owo 0.979 1,32 1,891
15582 kg 1.140 0.592 1.102 1,045 1782 2.628
19280 kg 1.269 0,789 1.223 1.21% 2,823 4,295
Tandem Axle {1.8m)
14064 kg 1.072 U646 1,149 0.9496 1.525 2.184
18382 kg 1.268 U, 741 Ll 1.147 2.7 3.2
22127 kg 1.313 0763 1 1.243 317 4,673
Trmaxle (2.4m)
20042 kg 1,134 0,440 0.371 0,917 0791 0.843 1.681) 1.652
26145 kg 1.346 (4,509 0.472 1.044 0.897 0.974 3.2 2.744
31645 kg 1.4 0,03 0,571 1.193 1.042 1122 5,004 4.673
Triaxle (3.7m)
20609 kg u.932 U628 0.620 0.w44 1,07 0,997 1.096 3.073
2603 kg 1,064 U, 742 0.718 1.0%2 1.111 1.115 1894 4,131
31664 kg 1.2 0.912 0,897 1.165 1.211 1.233 4.037 6,073
Triaxle {4.9m)
25436 kg 1.048 Q.337 0.682 1.066 1,117 1,135 2,045 4.416
31955 kg 1.2 1.097 0.952 1.207 1,232 1.191 4,953 6,147
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54,
A. Gross Weighr-Load Egquivalency Facror Relationships

Tandem {(l.5 - 1.8 m) Axles
Maximum Gross Weight = 22100 ky

Based on Deflections:

Foe U.0UUB3 (@W)2.750 2 = g gs N = 20 2Sey = 0.UT
Based on Straijns:

F = 0.0049 (GW)2.260 r2 = 4,94 N = 20 2S¢y = 0.08%

where: GW = gross weight, kg x 103

B, Equivalent Loadings

The folilowing summarizes results of comparisons between equivalency
factors for tandem (l.b - 1.8 m) axle loads and equivalencies for
all other axle loads and configurations testead at this site.

Note: Non-bracketed and bracketed gross weights and load appli-
cations are tnose obtained from comparisons of equivalency factors
pased on deflections ang strains, respectively.

1. One applicatien of a 13300 kg (lU4u0 kg) tandem axle
{1.5 - 1.8 m) - dual tire load is approximateiy equivalent in
potential damaging effect tTo one application of tne standard
8160 kg single axle-dual tire lcad.

2, For the range of loadings tested on carrying axle configurations
of the pavement test vehicle, on average:

Une application of a tandem (1.5 - 1.3 m) load is equivalent in
potential damaging effect to one application of a single
axle-dual tire configuration naving a gross weight equal to
approximately o7 (70) percent of the tandem (l.5 - 1.8 m) lcad.
Average gross weight equivalents for other carrying axle
configurations are:

Percent of
Configuration Tanuem (1.5-1.5 m) GW
Tandem {(i{.2 m) 849 (108)
Triaxle (2.4 m) 127 (196)
Triaxle (3.7 m) 149 (13u)
Triazxle (4.9 m) 141 (133)

3. At comparable ‘load magnitudes (approximately 50u0 kg), one
application of a single steering axle is equivalent in potential
damaging effect to approximately 8 (10) applications of tandem
axle (1.5 -1.8 m) - dual tire configuration,
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56.

Average Pavament Response Rariog

Loaag Equivalency Factars

Loading Pavement Surface Deflections Interfacial Tensile Strains Based on
Conatrion 0y /Dy 21/0y &g/l Sy S2/% 335y Defiections Strains
Single Asle
9182 kg }.110 L.4g7
11127 kg 1.228 2.1
Tarngam Axle (1.2m)
13582 g 0.972 0.423 0.936
22327 kg 1.417 0.663 3.570
Tandem Axle (1.5m)
5445 kg 0.455 0.368 0,073
9585 kg 0.747 0,431 0,371
10645 kg 0.7/87 0.447 0.467
11718 kg 0.880 L.565 0.653
12500 kg 0.893 0.530 0.740
13136 kg 0.929 0.579 U.881
13235 kg 0.937 0.599 0.923
14582 kg 1.013 U.580 1.176
15336 kg 1.7 0.633 1.203
15582 kg 1.050 0.6%) 1.43%
Tanoem Axle (1.8m)
14064 kg 0,543 0,630 0.973
22127 kg 1.249 0,908 3.
Triaxle {2.4m)
2082 kg 1.027 0.531 (0.506 1.2%
31645 kg 1,3% Q.635 Q.075 3.441
Triaxie {3.7m)
20609 kg 0.904 0.616 0.605 0.988
31684 kg .18 0.564 0.862 3.042
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58

Gross wWeight-Load Eguivalency Factor Relationships

Tandem {1.5 - 1.8 m) Axles
Maximum Grass Weight = 22100 kg

Rased on Deflections:
_ 2.687 2 _ _ 3
F = 0.,00083 (GW) ré = 0.49 N = 12 5gy = 0.028

where: GW = gross weight, kg x 103

Equivalent lLoadings

The following summarizes results of comparisons between equivalency
factors for tandem {1.5 - 1.8 m} axle loads and equivalencies for
all other axle loads and configurations tested at this site,

Note: Non-bracketed and bracketed gross weights are those obtained
from comparisons of equivalency factors based on deflections and
strains, respectively,

1.

One application of a 14000 kg tandem axle (1.5 - 1.8 m) - dual
tire load 15 approximately equivalent 1in potential damaging
effect to one application of the standard 8160 kg single
axle-dual tire load.

For the range of loadings tested on carrying axle configurations
of the pavement test vehicle, on average:

One application of a tandem (1.5 - 1.8 m) load is equivalent in
potential damaging effect to one application of a single
axle-dual tire configuration having a gross weight equal to
approximately 58 percent of the tandem (1.5 - 1.8 m) Tload.
Average gross weight equivalents for other carrying axle
configurations are:

Percent of
Configuration Tandem (1.5-1.8 m) GW
Tandem (1.2 m) 97
Triaxie (2.4 m) 136

Triaxte (3.7 m) 147
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Table 4.13

Average Pavement Response
Load Eqrivelency Factors,
Site 12, British Columbia

Ratios and

60.

Average Pavement Response Ratios

lLoad Equivalency Factors

Load1ng Pavement Surface Deflections Interfacial Tensile Strains Basad on
Cond1zion Dy /Dy a1y a0y $1/% S2/%n S9/% | Deflections Strains
Steering Axle
3790 kg 1.004 1.137 1.015 1.6
5110 kg 1.069 1.21l6 L2580 2.143
Single Axle
9182 kg 1.072 1,280 1.3 2.555
11127 kg 1L1% 1,106 1.613 1,466
Tandem Axle {1.7m)
13582 kg 1.018 0.777 1.2%4 1.7 1,453 5,129
18100 kg 1.074 0.761 1.33% 1.269 1,666 5.479
#2327 xg 1.291 Q.882 1,246 1.243 2092 4.992
Tangem Axle (1.9m)
5445 kg 0.458 0,441 0,753 0,735 0,086 0.651
9109 kg 0.736 0682 0.676 0,749 0.546 0,49
9555 kg 0,874 0.759 0.923 1.017 0.950 1.204
10345 kg 0,244 Q.7e0 0597 0.9%40 0.877 1.45
10645 kg 0.779 U599 1011 1.039 0.639 2.19
11715 kg 0,923 0.783 1,19 1.188 L3 3.874
11827 kg Q.776 U.676 1.110 1.153 0807 3.204
12500 xg 0.914 0.791 1.214 1.210 1.121 4153
13135 xq 0.856 0.743 1Lml 1.036 0.877 2.352
1323% xg 0,921 0.770 1.1le6 1,181 1.102 3.7
14582 kg 0,981 0838 1.173 1.211 1.441 3.904
14936 kg 0.857 0.731 1.273 1.273 0.860 .05
15336 ky 0.0 Q.927 113 1.169 1.716 3.741
1582 kg 0,9%58 u,B54 1.099 1094 1,348 2,863
Tancem Axle {1.8m)
14064 kg 1.040 0.885 1.2% 1.218 1.789 438
18382 kg 1,076 0,860 1.323 1.318 1.885 5,75
22127 kg 1,224 1,017 1.071 1.020 3.255 2.37%
Traxle {(2.4m)
20082 kg 1.087 L8201 0.794 1.063 1.035 1.049 2.262 3,600
261495 &g 1.114 0.836 U, 792 1.222 i.185 1.177 2,425 5,906
31645 kg 1,185 [1R-1} 0.517 1.219 .19 1.175 2.711 5.930
Traxle (3.7m)
20909 kg 1.3 1895 0.883 L1800 1.157 1.209 2.343 5.673
26036 ky 1.063 0957 0,937 1.10% 1.118 1.124 2.388 4549
31684 kg 1.1 1.004 1.u07 1.212 1.137 1.115 3.534 5.218
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62.
A. Gross Welght-load Eguivalency Factor Relationships

Tandem {L.5 = 1.8 m) Axles
Maximum Gross Weignt = 22100 kg

Based on DPeflections:

F = .00369 (6W)2-207 2 = u.84 N = 17 2S5y = 0,129
Based an Strains:
Fo=u.0336 (GW)1-776 2 = Y5l N = 15 eSey = 0,106

where: GW = gross weight, kg x 103

B. Equivalent Loadings

Tne following summarizes results OT comparisons between equivalency
factors for tandem (1.5 - 1.8 m) axle loads and equivalencies for
all cother axle leads ana configuratjons tested at this site,

Note: Non-bracketed and bracketed Qross weights and loaa appli-
carions are those obteined from comparisons of equivalency factors
based on deflections and strains, respectively.

l. One application of a 12700 kg (o800 kg) tandem axle
(1.5 - 1.8 m) - dual tire load is approximately equivalent 1in
potential damaging effect to one application of the standard
8160 kg single axie-dual tire load.

2. For tne range of loadings tested on carrying axle configurations
of the pavement test vehicle, on average:

Une application of a tandem (1.5 - 1.8 m) load is equivalent in
potential damaging effect to one application of a single
axle-dual tire configuratian having a gross weight egual to
approximately 67 (80) percent of tne tandem (l.5 - 1.8 m) loaa.
Average gross weight equivalents far other carrying axle
configuraticns are:

Percent of
Configuration Tandem (1.5-1.8 m} GW
Tandem (1.2 m) 104 {107)
Triaxle (2.4 m) 136 (L43)
Triaxle (3.7 m) 126 (194)

3. At comparable load wmagnitudes {approximately 5000 kg), one
application of a single steering axle 1s equivalent in potential
damaging effect to approximately 13 (4) applications of tandem
axle (1.5 -1.8 m) - dual tire configuration.



4.14 LOAD EQUIVALENCY FACTORS

SITE 13
BRITISH COLUMBIA
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Table 4.14

Average Pavemert Respanse Rarics and

Lomt Equivalency Factors,
Site 13, Bricish Columpia

64,

Average PavemenT Response Ratios

Load Equivalency Factors

Loadfng Pavarent Surface Deflections Interfacial Tensile Strains Basea on
Condition /Dy ST &3/ 51/% 52/% 535 Defiections Strains
Single Axle
q182 ¥G 1.188 1.045 1.924 1.1
11127 ¥G 134 1.106 2.82% 1.463
Tangem Axle {1.2m)
13582 K6 1.014 0.600 0.935 0.934 1.1 1.548
22327 va 1.403 0.773 1.082 1.081 3.994 2,695
Tanden Axle (1.5m)
5445 KG 0,545 0.368 0,641 (.584 0.122 0,315
9555 Kb 0.851 0,604 Q.51 0.827 0.6688 1.082
10645 ¥G 0.787 0,566 0.939 0.938 0.51% 1.554
11718 kG 0,907 U.624 0. %5 0,544 0.858 1.748
12500 kG 0.916 0.634 1,049 0.99%6 0.952 2,14
13136 kG 0,980 0.722 1.085 1,081 1.214 2,449
13236 KG 0,986 0.752 1.020 L.ap 1,288 2.0%
14582 £ 0.979 0.679 1.039 Lo 1.15 2.237
15336 KG 1.017 0.713 1.079 1.059 1.341 2,540
15682 K6 1.085 B.722 1,086 1.045 1.6% 2,652
Tarncem Axle (1.8m)
13064 kg 1,020 0.7%9 0,981 104 1.431 2.020
22127 kg 1,313 0,932 L1 1.1 3.678 2,937
Triazle (2.4m)
20082 kg 1.110 0.646 0,59 0,981 0,915 0.932 1.819 2.416
31645 kg 1.273 0.722 0.642 1.089 1.321 1.069 2.981 3,
Triaxle {3.7m)
20509 kg 1.003 0.743 0.742 0.937 0,953 1,935 1.656 2.558
31664 kg l.an 0.887 0,876 1.114 1.072 1.081 2.839 4152
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A.

B.
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Gross Welght-Load Equivalency ractor Relatiansnips

Tandem (1.5 - 1.8 m) Axles
Maximum Gross Weight = 22100 kg

Based on Deflections:
F o= 0.0025 (GW)2-2357 »2 = y 96 N = 12 2Sgy = 0,068

Based an Strains:
F = 0.0243 (GW)}4-093 12 = 0,88 N = 12 2S¢y = 0.090

where: GW = gross weight, kg x 103

Equivalent Loadings

Tne follewing summarizes results of comparisons between equivalency
factors for tanaem (1.5 - 1.8 m) axle loads and equivalencies for
all other axle loads and configurations tested at this site,

Note: Non-bracketed and Dracketed graoss weights are those obtained
from comparisons of equivalency factors based on deflections and
strains, respectively.

1. One application of a 12700 kg (9000 kg) trandem axle
(1.5 - 1.8 m) - dual tire load is approximately equivalent in
potential damaging effect to ane application of the standard
816U ky single axle-dual Tire load,.

2. For the range of loadings tested on carrying axle configurations
of the pavement test vehicle, on average:

One application of a tandem (1.5 - 1.8 m) load is equivalent in
potenti1al damaging effect to one application of a single
axle-dual tire configquration having & 4ross welght equal to
approximately 57 (95) percent of the tandem (1.5 - 1.8 m) loaa,
Average gross weight equivalents for other carrying axie
configurations are:

Percent of
Configuration Tandem (l.5-1.8 m) GW
Tandem (1.2 m) 48 (125)
Triaxle (2.4 m) 140 (147)

Triaxle (3.7 m) 145 {142)
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4,15 Equivalent Loadings and Load Applications

Combining data from all sites, overall averaqe tandem (l.% m TO
1.8 m) axle loadas equivalent 1in potential qamaging effect to otner
loading conditions included in The study ara presented 1n table 4.15.
As noteda in Section 3.3, the equivalent loadings were obtainea from
comparisons between equivalency tactors for eacn individual Joading
condition ana the gross weight equivalency tactor relationships for
tandem axle loads. Tne equivalent loadings 1ndicate, Tor example, that
pased on surface deflections, one application of a 918U kg single axle-
dual tire loaad is, on average, equivalent in potential damaging effect
to one application of a 15 90u kg tanaem (l.o> m to 1.8 m) axje-dual tire
loaa.

Tanle 4.15
Average Equivalent Tandem (1.5 m to 1.8 m) Axle Loads
Equivalent Tangem (1.5 m-1.8 m) Loads kgxl03

Loading Based on Based on
Congition N Deflections N Strains
Single Axle

4180 kg 14 15,9 (1.5)* 13 13.3 (2.3)
957U ky b 17.4 (l1.4) b 13.7 (3.1)
11130 kg 14 1.9 (1.8) 13 14.8 (3.2)
Tandem 1.2 m
13982 kg 14 14.4 (u.8) 12 13.8 (1.7)
18100 kg W 18.4  (z.2) 4 16.8 (1.3)
22327 kg 14 23.1 (2.5) 12 18.3 (2.2}
Triaxle 2.4 m
20082 kg 14 16,3 (1.8) L2 14.6 (1.6)
26145 kg 10 17.6 {1.58) 9 18.7 (l.6)
31645 kg 14 22,1 (2.4) 12 2l.1 (1.9)
Triaxle 3.7 m
2U510 kg 14 14.8 (2.u) 12 16,2 (1.8)
26030 kg 10 17.6 (1.8) 9 18.9 (1.o)
31664 kg 14 21,2 (l1.5) 12 21.2 (2.1)
Triaxle 4.9 m
25836 kg 6 18,5 (2,2) 6 20,2 (1.3)
31995 kg & 24.2 (2.2) b 22.9 (uU.7)

*One standard deviation
N=-Numpber of comparisons
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The average equivalent tandem axle loads are approximately a
constant multiple of the loads on each configuration. For example,
based on pavement surface deflections, average tandem (1.5m to 1.8 m)
axle-dual tire loads equivalent in potential damaging effect to single
axle-dual tire lcads are 1.73, 1.82 ana 1.70 (15.9/9,18, 17.4/9.57 and
18,9/11.13) times the magnitude of the single axle loads. Combining the
equivalent loadings by axle configuration, average eqguivalent tandem
axle load ratios (X) for each configuration are:

Axle Basea on Based on

Configuration Deflections Strains
NoK g N K g

Single Axle 34 1.73 0.17 32 1.34 0.26
Tandem 1.2 m 38 1,04 0.10 33 0.92 0.13
Triaxle 2.4 m 38 0.72 0.08 33 0.70 0.07
Triaxle 3,7 m 38 0.69 0.08 33 0,73 0.09
Triaxle 4.9 m 12 0.73 0.08 12 0.75 0.0%

The average deflection related load ratios indicate that:

i) For the range of single axle-dual tire Joads included in the
study, the magnitude of the average equivalent tandem (l.b m to
1.8 m) axle load s 1.73 times the magnitude of the single axle
load, Conversely, for a given tandem load the magnitude of the
equivalent single axle load is approximately 58 percent (1/1.73)
of the tandem load, This percent is in close agreement with &0
percent eastablished from previous analyses of deflections and
strains recorded under single and tandem axles having grass
weights ranging from 5700 to 12 000 kg and from 9700 to 20 000 kg,
respectively, (Ref,l) and with the AASHO performance refated load
equivalency factors {Ref.5}.

ji} For a given tandem (1.2 m) axle-dual tire gross weignt, the
magnitude of the equivalent tandem (1.5 m to 1.8 m) axle loaa 1is,
on average, 104 percent of the tandem (1.2 m) axle load. This
finding inaicates that, at comparable load magnitudes, increasing
the centre to centre spacing between axies from 1.2 to l.5m
decreases the relative potential damaging effect of tandem axles.
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iii) On average, for a given tandem (1,5 to 1.8 m) axle-dual tire load,
equivalent triaxle (2.4 m) and (3.7 m) loaas are approximately
1.39 (1/0.71) and 1.45 {1/0.69) times, respectively, the magnitude
of the tandem load. At comparable gross weights, increasing tne
centre to centre spacing between adjacent axles of a triaxle from
1.2 m to 1.85 m decreases the relative potential damaging effect
of the axle group. The average equivalent gross wejght ratios are
in close agreement with the value of 1.4 obtained from results of
previous field studies carried out to assess the relative
destructive effects of tandem and triaxle configuratijons (Ref,l).

1v) Relative to a triaxle (3.7 m)-dual tire load, the equivalent gross
weight of a belly-tandem axle group having a centre to cenptre
spacing between the belly and lead tandem axle equal to 3.0 m (the
triaxle 4.%m configuration) is approximately 95 percent
{(0.69/0.73) of the conventional triaxle load.

Wwith the exception of the single axle-dual tire confiquration,
average equivalent load ratios obtained from comparisons between
predicted equivalency factors basea on asphajtic concrete fatigue
life-tensile strain criteria are in close agreement with those derived
from deflection measurements, Reasons for the vrelatively low
tandem/single load ratic value (1,34) nave not been identified,
However, an examination of the data indicated that below average ratio
values were generally associated with test sites where changes 1in
recorded strains with variations in gross axle weight were small. These
sites were 4, 5, 6, 12 and 13. Deleting these sites from the analysis,
the average equivalent tandem/single load ratio was found to equal 1.55.

The average strain related load ratios reveal that for a given
tandem (1.2 m) axle load the equivalent tandem (1.5 m to 1.8 m) axle is,
on avarage, 92 percent of the tandem (1.2 m) Joad. Similarily an
equivalent triaxle (3.7 m) load is approximately 96 percent {0.70/0.73)
of a triaxle (2.4 m) load, These comparisons indicate that increasing
the centre to centre spacing between axles increases the relative
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potential damaging effect of the axle group. This finding is contrary
to the results obtained from comparisons of the deflection based load
ratios; suggesting that, for the range of axle spacing included in the
study (1.2 m to 1.8 m), the influence of variations of axle spacing on
potential pavement damage is dependent on the postulated, deflection aor
strain relatea, pavement distress criteria. Use of the average ratios
to identify equivalent configuration gross weights beyond the limits of
the loadings included in the test program is cautioned,

Relative destructive effects, expressed in terms of equivalent
number of Jloaa applications, of various axle configurations ar
comparable gross weights are summarized below. Utilizing data from all
sites, the equivalent load applications equal the overall average of
individual comparisons between predicted Joad equivalency factors for
the noted loading conditions. The non-bracketed and bracketed average
eguivalent 1load applications, together with the standard deviations
g and number of individual comparisons N, are those obtained from
comparisons of the aeflection and strain related equivalency factors,

respectively.

i) At comparable gross wejghts (9200, 9600 and 11 100 kg), one
application of a single axle-dual tire is equivalent in potential
damaging effect to 4.4 (3.2) appYications of a tandem (1.5 m o
1.8 m} axle configuration.

g =1.2 {(1.6), N =134 (21)

i1)  One application of a 20 000 kg ranaem (1.5 m to 1.8 m) axle-dual
tire load 1is equivalent 1in destructive effect as 2.1 {2.2)
applications of a triaxle (2.4 m) configuration, and as 2.6 (1.8)
applications of a triaxle {3.7 m) configuration, having the same

gross weight.
o =0.6 (0.9), N
g=1.0 (0.7}, N

14 (13) for the triaxle {2.4 m)
14 {13) for the triaxle (3.7 m)

[}

iii) At comparable gross weignts {13 600, 18 100 and 22 300 kg), one
application of a tandem (1.2 m) axle-dual tire is equivalent in



iv)

v)
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potential damaging effect to 1.2 (0.9) applications of a tandem
{1.5m to 1.8 m) axle.
g = 0.3 {0.3), N =38 (33)

At comparable load magnitudes (25 800 ang 32 000 kg), one
application of a belly-tandem axle grouping, the triaxie {4.9 m)
configuration, is equivalent in destructive effect as 1.2 {1.1)
applications of a triaxle (3.7 m)-dual tire.

o= 0.2 (0.1), N =12 (12)

For gross weights ranging from 20 000 to 32 Q00 kg, one zpplica-
tion of a triaxle (2.4 m) axle-dgual tire is equivalent in poten-
tial damaging effect to 1.2 {0.9) applications of a triaxle
(3.7 m) axle-dual tire.

a=0.,4 (0,2}, N = 38 (33)
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5.0 INFLUENCE OF STRUCTURE ON PREDICTED LOAD EQUIVALENCY FACTORS

The following presents resulits aof analyses carried 0ut To assess
the effects of pavement structure on the magnitude of the predicted load
@quivalency factors. Tne analyses were conducted wusing the gross
weight-equivalency factor relationships developea for tanaem {(l.% m to
1.8 m} axle loaas. A brief aescription of each instrumenteg pavement
structure is presented in table 5.1,

5.1 Deflection Related Equivalency Factors

The gross weight versus Tload equivalency factor relatienships
derjvea from deflections recorded unaer the tandem {1,5 s ang 1.4 m)
axle configurations are shown in figure 5.1. Tne predicted factors are
highly aepenaent on tne magnituae of tne relative deflection ratio
U1/Dp. Based on the assumed pavement aistress criteria and selecled
exponent coefficient of 3.8 (Section 2.1), a 10U percent wvariation in
D1/U, results in approximately a 4u percent change 1n the magnitude of
the predicted equivalencies. From figure 5.1, maximum predictea
factors, site 3A, were approximately Twice the magnitude of those for
site 8. This extreme site to site difference reflects a 2U percent
difference between The magnitude of average deflection ratios for the
two sites. FExcluding site B, average deflection ratios for a given load
at any one site were within 7 percent of the mean ratios for all sites.
Compared to aifferences 1in component Tlayer Thicknesses and materiails
comprising the various structures, these site to 5ite variations 1n
relative response measurements are small. Tne ola roaa bed subbase at
site 8 appears to be the main structural component difference petween
This and other sites.

Using an asphalt concrete/base/subbase equivalent layer thickness
ratio equal to 2:1:U.5, an equivalent base layer thickness was calcu-
lated for each structure. A plot of equivalent base layer thicknesses
versus predicteq equivalency factors for 1U 000 kg ana 2u 000 kg tandem
axle loaas 1is shown in figure 5.2. The predicted factors sSnow no
measurable trend with changes in equivalent base thickness.



Table 5.1 Pavement Test Sites
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Structure
Site Province Location A.C. Base Sub-Base Subgrane
N, Thick.{mm) | Thick.{mm}-Mater1al Thick . {mm)-Matarial Matertal
1 Naw Brunswick | Hey.15 - 10 km, 225 7& - Crushed rock 4680 - Crushes Silty-sam
E. of Moncton SanIsTone
2 Nova Scotia Hey. 102 = & km, 180 275 - Geanular 20 - Granular Gravelly=-
5. of Truro clay
k"3 Queber .30 = 55 km. 135 20 - Croshed 625 - Granite sam Gramitic-
W, of Quebec Oity Timestone gravel
B Queber Hay. 40 = &6 km, 130 376 = Crushea 450 - Granitic sam Gramitic-
W. of Quener City T1imestone gravel
4 (uebec Rre.363 - 73 km. 56 150 - Granitic 450 ~ Gramitic sam Clay
W. of Queber City ge1ss
5 Quebec Rte 363 - 73 wm. ' 200 - GramTic 550 - Granitic sam Clay
W. of Queber City e1ss
& Ontario Hety . 7-Patercorougn 1 180 - Gramular A 350 - Granular C S1}ty-3ang
Bypass
7 Ontario Hay 403 - 19 xm, 170 200 - Granular A 290 - Grarular 8 Sang
W. of Brantfora
8 Onzario Hay.55 - 8 km. E. 190 30 - Granular A %0 - Od rox Clay
of 5t. Catnartnes
9 Alperta Hy.21 - 8 km. 136 170 = Cament Stab. - - Clay
N. of Three Hills Sand
10 Aloerta Hwy.2L - 8 =m. 1% 250 - Granular - - Clay
N. of Three Hills
11 |British Columbia | Hwy.97 = 110 km. 75 145-Asphalt ona.gran, 610 - Grapylar Peat/Siity
W. of Chetwyna 200 - Granular 1003 = Shat rock Sang
1?2 [British Columbia | Hwy. 97 = 112 km. &5 155-Asphalt bnd.gran, 610 ~ Gramlar S1lty=-5ana
W, of Chetwyna 210 - Granular 975 = S11ty graval
13 [Britisn Caluma | Hey.16 = 16 xm, 10 545 - Granular &0 - Clay and samd Clay
N.W. of 420 - MT run gravel
Tete Jaune Cache
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5.2 Strain Related Equivalency Factors

Gross weight-load equivalency factor relatianships derived from
Tenstie strains recorded under tandem (1.5 m and 1.8 m) axle configura-
tions at each site are presented in figure 5.3. Ar a gross weignt equal
te 1U 000 kg the equivalencies ranged from approximately 0.3 to 2.0, at
15 00D kg from 1.0 to 4.uU, and at 20 000 kg from approximately 2.0 to
7.0, Tpat is, site to site variations in the magnitude of the predicted
equivdlencies tendeg to decrease with increasing load.

An examination of fthe average axle weight-strain ratio relation-
ships for leaaing axles of tandem ane triaxle configurations, presented
in the Appendix, 1ingicated that the magnitude of the strain ratios
tended to decrease with increasing asphalt concrete thickness. From
Tthis observation, predicted equivalencies for tandem gross weights eqgual
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te 10 QU0 kg ang 20 ULL kg at each site are snown as a function of
aspnalt concrete thickness in figure 5.4, These plots reveal tnat, at
the Tlighter 1load, equivalency factors decreased as asphalt concrete
thickness increased from approximately B> mm To 190 mm and, thereaftar,
remained relatively constant with 1ncreasing asphalt concrete thickness,
At the heavier load, and baseq on limited test results, the factors were
less sensitive to variations in pavement surface thickness. (A maximum
of fwh Lests/sirLe were carriea out at this loaa level.}

Combining test sijte aata, regression analyses vrelating the
predicted tandem (1.5 m ana 1.8 m) equivalency factors to gross weight
(GW,kg) and asphalt concrete thickness (T.mm) yielded the expression:

0.578 + 0,0155 (T) (logyybW) - U.U69I(T)
0.86  1Sey = 0U.1a4 N = 204

togyy (F)
2

Using this expression, equivalencies for an 16 GUU kg tandem axle load
{approximating present maximum allowable loadings) increase Yrom
approximately l.8 to 2.6 as asphalt concrete tnickness decreases from
200 mn to 100 mm. Tnat 1s, based on asphalt concrete fatigue 1jfe-
tensile strain criteria, one application of an 16 000 kg tandem axle
loaad on the thinner pavement is equivalent in potential damagqing effect
as 1.4 (2.6/1.8) applications of tne same load on the thicker pavement.
Similarly, the equivalent loaa applicatien ratio (F.i00mm/F,20Umm) Tor
an 10 00U ky tandem axle Joad equals 3,0{1.2/0.4)., {(Due to the limited
number of tests conducted at neavier loaadings, use of the above expres-
sion for estimating load factors for tandem (l.5m - 1.8 m} daxles exce-
eding 16 000 kg 15 cautioned.)

Tne results of the abcve analyses reveal tnat the site to site
variations 1in loaad equivalency factors predicted trom the 1in situ
tensile strain measurements can be artributed, 1n part, TO variarions in
asphalt concrete thicknesses. The equivalency-asphalt thickness
dependency lends support to  lead equivalency factors for fatigue
cracking developed using mechanistic pavement models (Ref. 7).
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APPENDIX
AXLE WETGHT-PAVEMENT RESPONSE RELATIONSHIPS

Al.



Table Al
Axle Weight - Pavement Respanse Relationships

Pavement Response Ratio = K {AW)C
where: AW = Axle Weignt; kg x 103

A2.

Deflection Ratio Strain Ratio
Site Dy /My, 51/%
Na. {(Axles 8 1,5 & 1.8 m Spacing) (Ax}es B 1,2, 1.5 & 1.5 m Spacing)
K C N ré 2Say K c N ré %Sy

1 0.299 0.624 23 0.94 0.023 0.153 0,886 29 0.98 0.020
2 0.311  0.546 20 0.78 0.037 0.309 0.525 2b (.9 0,022
A 0.280 (.62 23 0.98 0.014 0.17% 0.764 | 0.93  0.0%0
B 0.274  0.870 23 0.98 0.014 0.419 0.431 2 0,87  0.024
4 0.226  0.787 20 0,99 0.008 0.814 0.157 26 0.3  0.028
5 0,242  0.747 20 0,88 0,012 0.515 0,377 26 0.49 0.049
6 0,231 0,79 23 0.9 0.023 0.498 0.365 2 0.7 0,023
7 0220 0.745 14 0.97 0.017 0.189 0.775 18 0.94  0.028
8 0.180 0,803 14 0.98 0,015 U178 0.781 18 0.99 0.012
9 0.271  0.698 23 0.96 0.021 0.354 0.529 29 0.94 0,019
10 0.226 0.768 23 0,98 G.017 u.314 0.593 29 0.4 o0.021
11 0,217 0,783 14 0.98 0,013

12 0.268  0.649 Y| 0.84 0,036 0.536 0.389 24 Q.66 0,030
13 0.296 0.624 14 0.9 0.021 U.443 0.426 17 0.86  0.022
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