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SYNOPSIS 

Experimental data is presented in this report on three extensive field teatJs'on 

coocreta pavements in which deflections am strains were recorded for a Vl!.riety of 

vehicles. ThlB data has been analyzed and summarized into influence linea for pavement 

deflection and strain, and load-deflection and load-strain relationships for single and 

tandem axles. Effects of temperature and sl~ab warping on these data are demonstrated. 

A rational theory is presented for determining the relative effect of vehicles on a 

concreta pavement. This theory is rational in that its principle is based on energy 

absorption of the paveml:lnt due to the passage of a vehicle. Influence lines for deflection 

and load-deflection reiatim:w from the three testltare UBed to demoWJtrate the applicatioo 

of the theory. The theory is substantiated by comparison with the results of the relative 

effects of vehicles on experimental test roads. A variety of applications for the theory 

are demonstrated, I!UC'h as in vehicle design, changing legal axle load limits, and 

predicting the effects of traffic load on a pavement. 



RELATIVE EFFECTS OF COMMERCL'\L VEHICLES ON CONCRETE PAVEMENTS 

This is a progress report on the second phase of a cooperative program titled "A 

Study of Dyn:!l.mio Load Aspeets of Truck Size and Weight, " This phase deals vvith ~ 

data on pavel!l:IISnt stresses ~.md deflectionB resulting from varloua types of commereial 

vebiclea. Tbi!ise data were gathered for the purpose of inwroving design of highways 

and bridge11, Man engiooering basis for solving load regulatory prop,emEJ, and as an 

equitable basil! for allocation of motor velli.cle tax responsibility among highway users. 

Project Orgau.izatio:n 

A mmwer of the agenci~Js cooparating in this program had prev!mlllly conducted 

!ndi vidual studie!ll on Wl!!l."imw portioM of the ovorall problem. T'!ll.s study was initiat<;d 

to tie together these earlier efforts ~,nd to expand the work into a more comprehensive 

alll!d orl!,'!lrdzed progl"!l.ln. 

A pwll.ml.UJ.ry omline for the entir© Btlldy iooluding objectives, need, prooed1rre, 

~tnd work sssig:!Im.ems, waa prepared in March 1956, by the Research Laboratory 

Dlv!llion, for review and comment by the Dspartment's admhll.!!tratlon and the cooperating 

agenciel3. The outl!~:~e was approved by the Dspartm~mt 111 Dscember 1956, ll.lld by the 

cooparating agencies by April 1957. Several drafts of the outlioo were prepared, the 

final approval draft being dated Dsce:mher 1!156. 

In the ~roved outline, this !leoond pruwe was titled "Meas!liement of the Relative 

Efflllcts Caused by Different Types of ComlllOOro!.al Vehicles on Pavement Surfaces. " 

1'hl.s progxoe111s report l!lummarizeii! data from th1!i!ee field tests conducted Wider this p!mse 

of thll program. It oollll!li.wts of dllscription of the field tests, IUWlJ!IlllB uri int<~Jrpretation 

of the data, presentation of a theory of relative effect ef con'l-rcial Vl!lhloles, 9,nd 

appliCI!.tiM of thla theory. 'The testa, the theory, and the discuss' oo prl!lsented here deal 



with concrete pavements. This second phase of the program also includes bituminous 

pavements--a comparable report will be prepared, based on field tests on that pavement 

type, aoo a relat! ve effect theory pn1sented. 

Test Objectives 

Test l'a objective was to determine the pattern and magnitude of deflection tmder 

day and mght comlitioi!8 for a variety of commercial vehicles umler identical test 

conditioruJ. 'The Test 1 data were gathllred to ®stabllsh confirming factual information 

on ~icl<l-indn.ood pavem®nt-m:wrgy relationships, based on pavement deflections from 

a varlety of vehicles. A basic theory for ratlllg the relative effect of vehicles had 

previowl ly boon developed !rnd reported in MSHD Research Laboratory Report 256. 

The llbjectiveg of Test 2 were the same as for Test 1, u no night data were obtairwd 

during To!lt 1 dn0 to h:JA:.~lement weathi!lr, In Test 2, both da.y and mgh.t dat:1l W®re obtailll.ed, 

with a differant combination of test vehiclet;. 

Te!i!t :!'a objectives were to obtail:l data on temperature-strain and sil:lgle and tarule11n 

ule loa'li st:raill.!l tbll:oughm1t a conttll.uoMil 24-hour pericd, awl to establish, if possible: 

1. The pattern lUll!! magnitude of load atrlliM !l.nd defloctioas. 

2. Tb® strlliM am! pavement ehnat!on cl:ull.lllglll!l doo to slab warping. 

3. Relationship!! ootW<!ea atrllin aad deflection. 

4. A relati vc effect theory b!l.l!ed on pave:m<ant strllin, similar to the relative effect 

tbeory based oo pllvcment deflection, whlch had been developed previo1lflly. 
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DESCRIPTION OF THE n~STS 

Site plans a!:lld instrumentation for all three field tests are presented in Fig. 1. 

Axle spacing and load diagrams for the test vehicles are g:l ven in Fig. 2. Photos 

of all vehicles are in the Appendix. 

Fi~~ 

The first test was conducted on November 20, :L95G, on a 300-ft !lection of the 

llWrthboond roo.dway of US 27 (Project 19-41, Cl), about 8 miles north of Lansing. 'rhir> 

9 -in. uniform, 22-ft concrete pavement, built in .1951, was coll!ltructed on a 15-in. 

granular subbase over a subgr!!.de of Mtami series soil (clay loam). This soil ia;an 

A-4 typs !Uloording to IDghway Re£Hilarch Boord elasslflcation. 

The teat pl:u1 oallt'ld for load deflection testl! In the afternoon, when the pavement 

is in Its flattelilt or be!lt-!lt!pported COOldltio:~~, 11.nd also in the pred!!.wn early morning 

hours, wlllll!. the <~lab enda are warped ll!pward so that subgrade 1mpport is at a minimum. 

This latter tfl!lt phase, however, wall c~mcelled beoaUBe of extremely heRvy rairu>. 

The fir at or ii,fterwon portion of tho teat involved taking oooHlograpldo recordings 

of p!!.wmsnt l!dge d®flectl.on patterns ll:lldlitr slowly moving vehicles, at three ~~pproach 

joint corners and at three leaving joint corners (contraction joint!!), :md at two mid-11lab 

l~itlildinal h'Sil edge po11itions (Fig. 1). Thll!Ul testa wora nm between 2:00 ud 4:00 

p.m. on th® test d!!.y. The ten vehicles for whl.oh deflectloo patterM were recorded 

ioolllded thre® 1'ypc lll'll (lo!!!ded, half-loaded, empty), three Typs 282 (loo.ded, half-loaded, 

empty), al3ld onll Type 232-2 (loaded), m:w Type 281-2 (loo.dlld), olll.e Type 2 (lotwed) ~md 

a passelll.ger oor. 

l'acll vahlcla 1:w>.de five <.n~eep-!lpoed test runs in numi!Jrical order accordillg te 

assignlld vah:lclil! lU!mlY.ers at 3-minute intervala, so that five rul:lll ,,f each woulli be 

l!lpaeed through th® ~mt!re test poriod. Earll vehicle was positl.m: .ed laoo!11Uy during 

') 
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its nms so that the outer edge of ihe outside tire of ihe load axles followed an alignment 

stripe 1 ft 3 in. from ihe pavement edge. 

Before and during the test period, at 30-minut-3 intervals, recordings were made 

of air and p8V®ment temperatures, and pevement elevation changes. 

Any given concrete pavement slab is in almost continuous movement due to air and 

solar radiation tamp<lrilture variatiollll. These temperature variations cause ihe slab 

ends to warp downward whm1. the slab top surface is warmer than the bottom (day), or 

1l!plllard when the surf~<cc; is cooler thlill the bottom (night). 'I'buB, the magnitude of 

deflection of a pavement joint collllJDr WJ.oor a given fixed load obvloWJly varies throughout 

the day, as ~e slab ende move towa.rd or away from their support, the subbase. Because 

of this phenomeli!OJ:l and beo!lw.le it is im,.oossiblc to nm many dynamic pa vemcnt deflection 

tests ill any l!llort period, separata rests with a given vehichl over a 2""hour period will 

yield varying deflection data. l"hllB, deflection data hnve to oo corrected to one time. 

m ihis teet seriea, all data were corrected to 2:00p.m., the series starting time, 

using too followl.n!J; prooodure: 

The .MSHD weight truck made three pre-tast r;ms at 2:00 p.m., and three post-t,est. 

rwlB at 4:15 p.m. Both of the three-run Beries were completed in 8 minutes or less, 

so the ch&ilgo in pavaroont load-deflection relationship would be !ll!lljUpble. 

The avamge oofloction of the three pre-test rW~B was then subtracted from ihe 

avcragc; for tl:w poet·-teat rune, al!ld tl:w difference Ulled in connection with straight-Una 

interpolation to oorreot the ooflection of ell test vehicles to the standard 3:00 p.m. 

Separata corr®etion factors weHl uaed for each of tht~ eight test points. 

Jie!.!L~ 

The secood ta!'lt was perfmrl!ned J;me 20 and 21, 1957, on a 300-f.c section of the 

southl:wund ro:utway of US 27 - M 73, about 2 miles southwest of Lllnsing (Project 23-17, Cil. 



I <: 

'I'hia concrete pavement, built in 1952, was of a 9-in. uniform thickness, 24-ft wide, 

on a 15-in. subbase over Miami series soil meeting the Highway Research Board A···4 

classification. * 

The test objective was tD duplicate the Teat 1 afternooo data, and also to complete 

the early morning rune that rain had prevented during Test 1. The sUe and instru-

mentation ar'e shoWI:I in FJ.g. 3. The afternoon ami the predavm teste were both suooessful--

the flrst between 1:50 ami 6:00p.m. on Jlill!l 20 ami the second between 12:40 and 4:30 

a.m. on Jmw 21. 

The prooednres were identical with those of Test 1, with these minor differenees: 

1. The test site Villa changed to a more satisfactory location. 

2. Each vehicle made only three runs iootead of five during eaeh test series. 

3. Vehicle load axles were pooltiomed 1 ft from the pavement edge rath<Jr than 

1ft 3m. 

4. Pave1nent ami air temp<Jratures ami pavement elevation changes were recorded 

at 30-mhnrte intervals from 11:00 a.m. on the first teat day through 11:00 a.m. of 

the second day. 

5. Fig. 2 shows variatlollB in vehicle axle loads od spaeings between the two testlil. 

The MSHD weight truck again was UBed as a control vehiele, for the same purpose 

and in the sam® manner as in Test 1. · All deflection data were corrected to mid-test 

tlmes--3: 16 p.m. and 2:10 a.m. for day and !light, respectively. 

Field Test 3 

The third tel!lt wok place August 31 and September 1, 1957, on a 100-ft aection of 

a short spur of ihe northbound roadway of U8 27 - M 78 about 2 miles northeast of 

* In coonection wiih this field investigation, tests were alllo run on a flexible pavement 
on M 79 XW:IU Charlotte. However, due to varioUB troubles <Inco~m.;;ared i111 instrumentation 
and basting, the resulting data were considered too erratic ami w:.relillble to be ineluded 
hl thlB report. 

- 5 -



3. Test 2 site, and at joint. 



Charlotte (Project 32-17, Cl4). This spur section bad been built in 1956, but was not 

~G. 
yet open to traffic. The 24-ft, 9-in. mrlform pavement was constructed on a 12-in. 

subhase, over subgrade soil of the Conover series falling in the A-4 and A-6 classifi-· 

catiOOB of the Highway Research Board. 

The test instrumentation and procedures were· considerably different than for: 

either of the first two field testll, since the test objectives were different. The site 

al!ld instrumentation are shown in Fig. 4. 

The 100-ft pavement area under study included 50 ft at either side of a contraction 

joint. ill addition to being inBtrumented with deflection transducers, this region had a 

numher of electrical reaismnce type 11train gages mounted on the slab and positioned so 

as to determine the magnitude and distribution of slab aurface stresses under dynamic 

loads (Fig. 1). 

The test procedure consisted of six creep-speed ru.ruJ--three by each of the two 

test whlcles--ew:ry hour for a 24-liour period starting at 1:50 p.m. on August 31, 

and continoing uniil 1:30 p. m. on September 1. The two test vehicles were the MSHD 

weight truck with a single re!l,r a:rJe loaded to 19.9 kips, and a Type 382 truck with a 

tandem rear rude loaded to 34. l kips (Fig. 2). 

During each set of hourly nms, oscillographlc recordings were mede of pavement 

deflections and strains. E~~.eh run wu merle with the vehicle positioned laterally so that 

the oo.tmde edge of the outllide tire of tho lood axle was 1 ft from the pavement edge. 

Immediately preceding each hourly test, readings were takoo. and recorded for 

the pavemoot and atr temperatures, the pavement elevation changes, and the pavement 





DATA ANALYSIS 

A fundamental objective of Tests 1 and 2 was to establish data on two relationships: 

1. The inflooooe line for pavement deflection ll.B an axle load approaches, passes 

over, and travels away from a given point on the pavement, and 

2. The axle load-to-pavement deflection relationship at a given point on the 

pavement. 

While these two relatively simple relatloruiliips form the crux of the theory which 

will be dlscUBaed later, actually applying th<Me relatiol!lllhipa to the problem of vehicular 

effe<.:ts on pavement ie complicated by a multiplicity of factors which may affect these 

1. The location of the point on the pavement under corulideration--whether along 

the longitudiml free edge, wong tlw edge but adjacel1lt to a transverse joint, or at an 

interior po!J!rt on the pavement slab (only the first two of these types W<~re eOlll!idered in 

t.he teats or mmlyees). 

2. Too stiffn®as of the s®grade, or more !!pllcifically the modulus of subgrade 

3. The stiffneBB of the pnvement slab, which is il1lflnenced by thiclrnces. 

4. Clim&tic oonditioru;;--the moistl.lftl content of the sul:Jgrade which influences the 

second factor, 11ubgrade stifl'I:Ml!lB, and the w~~;:rpiDg of the slab which depends upon 

t 
temperature dl.fierentinl throughout the depth of the slab. Slab warping ID,Aiueoooa the 

amount of BI!PPOI't the slab rooeivos from tho eubgrade. 

5. Thfl :magrdtnde of the axle load under cmwl.deration. 

These factors l!a w heen coru~idered in the ~~Jaalysis either directly by grouping the 

data 110 that the effect of these factors is apparent, or indirectly by ,:;ontrolling or 

adjusting them so as to eliminate their ofiect •. 

-7-



Inf~~or P~nt Deflection {Tests 1 att<Lill. 

In both F'ield Testa 1 and 2, test vehicles were selected to obtain max:i.mum distances 

between th~l lru:!t axle and the preceding axle. This was done to isolate the pavement 

deflection resulting from the last axle as much as possible from that resulting from 

ti1e preceding axle, thus obtaining the influence of only a single axle. A typical oscillograph 

trace of pavement deflection is shown in Fig. 5. 

To determloo the effect of the magnitude of rude load on the influence line, a wide 

r!llnge of axle loadB were used on the test vehicles. Single axle loads var!e!l from 6. 6 

to 15. 1 ldpt~ ln Test 1, and 6. 2 to 15. 4 ldps in Test 2. T~mdem axle loadil varied from 

8. 2 to 33. lldps and 7. 1 to 2'{. 8 ldps for Testa 1 and 2 respectively. Teat points were 

grouped at the longitudinal free edge as follows: at the el:ili center, at the approach 

side of a tr'lmllverse joint, and at the leaving side of a tralll!lvt~rse joint. 

l''llrther !mlxli vision WIMJ mads with regard to single or tlmdem axle types, and 

time of day, which had a marked Influence on deflection, and all tl!st runs were properly 

adjusted to a common time. However, day and night tests were separated because of the 

great difference between magnitudes of ®flection in these two periods. The imluence 

of rude weight was also considered, but it was foWld that for the range of loads used 

on the commercial vehicles, the magnitude of the axle load did not significantly affect 

the influence l:lne. 

In Fig. 6, the influence linea for pavement deflection due to a single axle load are 

given for Test 1 at tho tinea pavement points mentioned previously. It should be noted 

that ln Fig. 6, the influence line for the approooh side of tho jolnt corner was nearly 

identical to that for the leaving aide, a!Ml subemquently in this report, the approach and 

leaving side t.1st point!! are combined as joint coroor withoot further dosignstion. 

- 8 -
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J<'ig. 7 gives the influence lines for pavement deflection for single axles at the 

longitudinal free edge and at the joint corner for Test 2 under day and night conditiollll. 

•rtJ.e greater distance over which an axle load affects deflection a.t night is very apparent. 

The reason for thia, however, is best dism.wsed in connection with load-deflection 

relatiowhlps. Although day and night influence lines differ considerably, Fig. 8 shows 

that thooe for pavement deflection at night at two different locations are very similar. 

The influence Hue designated "Alma" !a from data obtained in 1952 on US 27 just east 

of Alm!l, Michigan (8-in. paveutent) and reported in 1956 in Research Report 256. 

Imluence lines for p11 vement deflection due to tandem axles are given for Teats 1 and 2 

in Figs. !l and 10. The type of p!lvemem position--longitudinal free edge or joint 

oornar--and tllo oooorete pavement warping dtltermine whether these influence linea 

will have fliEigle or double peakll. The zero location repreflents the time the tandem 

axle is stnddling the pavement point where deflection is being measured. 

Lmu:l-Deflection (Tests 1 and 2) 

Lo!ld-deflection relatioMhips for single ~m.d tandem :J.xlea at longitudinal free edge 

and joint cor:mlr positions are shown Wider day and mght conditions for Tests 1 and 2 

in Fig. 11. When comparing daytime defleotiol18 in Teets 1 Md 2, it should be 

remembered that Test 1 waa co!lducted in November under moist snbgrade conditioM 

aoo Te11t 2 in JUM Ulllder much drier snhgrude conditiol:lll--one reason for tho much 

greater defiectiona in the first case. 

Lo&d-deflection relatioliiBhips in Fig. 11 also compare the effects of a!Elgle and 

tal!dem rude loads. As shown in Table 1, the tandem rode load equivalent to an 18-kip 

silllgle-ule loo.d for deflection depends on pavement position, amount of warping {L e. , 

day or lllight condltim:w), and .may be influenced by other factorB not investigated in this 



"'" c 

' 
••• 
000 

... 
0.00 

' ,, 

.I 

0 

APPROACHING 
-~-~------..,_,_ 

LEAVING I 
--- ·----~·~ 

' 

LONGITUDINAL FRIEf. ED~ 

~ 
I 
I 
I 

·--) '\-
LDAV \"' 

c~---:--i m Y --:~~-' A.~.',~--- J 
1~ 14 102 10 e e <>1 2 a 4 s u 10 12 14 Jil " I Al!Li£ M)$1Th"}N, F!if.T I 
~----------+---~-----J 

• 
Figure 7. Influence lines for pavement deflection: 

Tel!lt 2, single axle. 



0 

lr- --

1 

0.~0 

ALMA- " ?' 

~~ITUOIN.O.L f"RE/i:: EDG[J 

OJ$0 · 

0401 /( ,.p" rt5T 2 

020 ' 

·""' 
0 --MW~ L.____L_.L..___L_-1..--L 

•oo 

0.30 

1HHJ 

I 
I 
I 

AALf. 

2 • ' • " F'OS!TION, FlEET 

-J---
0 

Figure 8. I:nflw:mce lines for night pavement deflection: 
compariliM:>n of Teat 2 and Alm~~; Tast. 

,. 
I 

j 
" 



000 

0.40 -

0.20 

1.20 

'00 

0.00 

O.GO 

040~ 

<.UW> 

0 

" '' ,. 

AP~ROACHIN(.. 

~~----~---

" " ' ' > 2 
AXLE POSI'tiON, fi':ET 

----1--
0 

LEAVING 

' 

Figure 9. mfloon<;a lines for pavainent deflection: 
Te!'ilt 1 (day), tandem a:des. 

,. 
' ' 

] 

" 



0 

APPROACHING 
r---
1 

""'~------ ---- -~---------------

1 

""' 

MO 

'" 

'-"" 

o·~-
11!1 hJl 14 

I 
'-- --- -

NIGHT-

I 
I 

I 
I 

-7 
I 

NH:P~IT --------- I , I 
I 

~DAY 
/ 

~/ 
12 10 ---:-----:-,--,:--,:--

' AXL£ POSniON, FEET 

-1--, 
' ' 

~NAL FR!i:E fSC)(',[ --~ 
-----· 

[---------~ --- JOINf C=li:A 

" I ___ _:./ 

Figure l!l. Influence lme!l for pavement deflection: 
Tei!t 2, tall.d<im axle!!. 



·. 

r,.,~..,.-..... un _ 
L(l',oa!~V!>>t<At. "IH H>OE 

~IW. .. l ..... ~u a 
LON'-!?t)OtWI. n&f iW& 

( ~·w;:J 

I 
/, 

;: 

" ~ '" .. .. " 
0 ~ • ' • " •• ' • '· 

FI~e 11. Load-<lleflectloo 
relationehlp!l for 

!lingle llJ!J.d tedem axles. 

' 
I 

I 



TABLE 1 
TANDEM AXLE LOAD EQU1VALENT TO 18-KIP SINGLE AXLE LOAD 

BASED ON PAVEMENT DEFLECTION 

---

Data Source 
Tandem Axle Load Equivalent, kips 

Day Night 

Test 1 
Longitudinal Free Edge 25.8 
Joint Corner 29.0 

Test 2 
Longitudinal Free Edge 21. 7 16. 5 
Joint Corner 21.0 17.2 

Alma, 1952 
Longitudinal Free Edge 20.5 
Joint Corner 25.4 

AVERAGE 24.4 19.9 



protp·am, such lAB pavement thlckne.ss or modulus of sul:Jgrade reaction. Individual 

values for this relationship for a single test nmy have very little value, but averaging 

vlllues from several may give an approximate ratio between these two axle types. 

Averaging the joint conulr :md the longitudinal free edge positions, results in a 

tlmdem axle load of 24. 4 kip~~ durmg the day and 19. 9 kipa at llight as equivalent to 

IU!. Hi-kip single ule load. 

In F:lg. 12, day ud night dcflectiou are shown at a common scale to illustrate the 

significance of the effect of slab warping on p~~vement deflection. In general, during 

the day the j;ql surface is warmer than the bottom, tending to caMe the slab to warp 

downward. Ilifferel!wes in moisture content also influence slab warping so that even 

during tbe day the sllllb msy not warp do'M!Wil.rd but iMtead may be lass severely v;arped 

upward or more Marly flat. During the night, tbe top surfMe is generally cooler than 

tbe bottom, eaehllg the slab to warp upward and thU!I lose effective 11®grade !il!pport, 

e~~pecilllly at joint ooroors. 

As a res11lt of this warping, pavement deflection.g for a gi van axle load become 

much greater at rught tham i!Nring the day, this increase being most marked at the joint 

cormr. As Fig. 12 show11, rught d®flectimw were approximately 18 times greater at 

the jolm corner, and 5 ttmes greater at the longitudinal free edge, thllll were day 

dl!flootioM for a given load. Although this appoars high compared to most published 

d>.IU. on mpt-to-dll.y deflectioM, tbe ratios were 10. 'I ,to 1 1md 8. 1 to 1 for the joint 

corner and longimdlM.l fr©e edge, respectively, for T®l!t 3, dl.scll!lsed later is tl:JJB 

report. 

Allw, 4umlted tfll!lt prog:r!Ul!< waB conducted by tbe Department in August 1954, 

on S~,la concrete pavement, whlcll also gawe ratios similar to th>ase. For 1m air 

- 10 -
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temperature range of 46 to 83 F from night to day, the maximum ratio of night-to-day 

deflections at the joint corner for a given load was 12. 2 to 1. The effect of slab warping 

on pavement deflections and pavement streSHes will be discussed more completely in 

coruwctlon with Test 3, where observations were made approximately hourly throughout 

a 24-hour period. 

In the first two tests, the recorded vehicle patterns represented vertical deflection 

of the pavement slab. These deflections will be ooed later in this report to develop a 

theory for determining the relative effect of vehicles on a concrete pavement. Repeated 

pavoment deflection may cam~<l a gradual loss of subgrade support due to difJplacement of 

sttbgrads materilll, and !JmtJ may be UEod as a Jneasure for determining tho gradtml 

deteriorD.tion of the pavement structure. 

Another type of pav0meut dctertoratlon, which may not be cauaed by gradual loss 

of Bilhgrade support, but suddenly by the application of ono load exceeding the tensile 

strength of the concrete pavement, is pavement cracking. Cracking is caUBed by 

excesBive telt!sile strain. Therefore, to eompleto the picture of the effect of vehi.cles 

on ccmcrete pavemenis, it Is necessary to determine not only the pavement defleetioM 

but aiao the pavement straill!l. Consequently, an experimental study of the rel!ltionmip 

betw0en pavement load-deflection and lood-atrain was considered necessary to reinforce 

or to modify ll~1y relative effect theory baaed on pavement deflection. For this purpose, 

Test 3 was organized alThd performed. 

This phase of the report presents data obtahwd from that test, discusses the 

factors wilich affect pavement deflection and strain, and correlates these two measures 

of vehlcle relative effect. 

.. 11-



Inflwmce Lines for Pavement Strain and Deflection (Test 3) 

Fig. 13 shows influence lines for pavement strain and deflection for a single axle 

load under day am night conditions at the longitudinal free edge and the joint corner. 

One feature which is very apparent in this comparison is the much shorter ini1uence 

of axle loads on strain, together with the fact that there are both tension and compression 

strains ill the top surface of the pavement. It may be seen that tensile straillil at the 

longitudiml free edge top surface relative to the compress! ve strains are larger during 

the day than at night. This is also true at the joint corner. Maximum tensile strains 

with the rude load at the joint, exceed the compressive strai!IB when the wheel is over 

the strain gllge 5 ft from the joint, both in day and night tests. 

Typical magnitudes of dllflection and strain are shown in Figs. 14 and 15, for the 

two test vehicles under dny and night conditions. Deflection and strain shown for the 

Jongitw:.l~ml free edge represent measuRJments 1nade at toot precise location. However, 

in the case of the joint corner, the maxlmW111 strains which occurred simultaneously 

with a mtudmum corner deflection were at a point 5 ft ahead of the joint. 

In comparing day and night deflections under tho single axle load (Fig. 14), the 

ratios are 1 to 10.7 at the joint corner and 1 to 8. 1 at the longitudinal free edge. The 

ratios of day to night strains, however, are much smaller. Near the joint corner, 

day ~o night compressive strain ratios are 1 to 1. 7 and tensile strain ratios are 1 to 

2. 8. At the longitw:.lnal free edge, compressive strain ratios day to night are 1 to 

1. 2. Somewhat similar relationships are shown for tandem axle loads in Fig. 15. 

D',dly Deflection and Strain Varlatione 

The third t.est program was designed specifically to obtain more detailed infor

mation on the influence of temperature and pavement temperatuxe differentials on 

pavetnent warping, load-deflection, and load-strain during a 24-hour period. From 

~· 12 --
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previous testing it was realized that temperature changes from hour to hour had a 

marked effect on these factors, and, therefore, air temperature and pavement slab 

temperature at the top and bottom of the slab were recorded approximately "very 

hour. In addition, vertical movem~mts of the pavement were also recorded. 

In Figs. 16, 17, IWd 18 the air temperature and slab temperature differentials 

are shown to indicate their effect on pavement wl!.lpi.ng, !llld on deflection and strain 

noor the corner and at the free edge due to a single axle load of 19.9 ldps. The air 

temperatll:!"e range for the 24-lwur period was from a minimum of 64 F te a maximum 

""' of 92 F. This rather wide ran11e in"temperature resulted in a maximum total pavement 

temperature differe~;-between~ and bottom ~~{ab of tllF, or 3. 45-'~ per in. with 

the top surlaoo warmer than the bottom, and.(\ F or ~/8 ;: per in. With the bottom 

surf!We warmer th!!D the tep. The pavement temperature differences resulted in a 

total warping movement of 0. 150 ln. at the joint comer and 0. 065 in. at the longitu.di1U11l 

The reference point, zero, for these warping movements was arbitrarily taken as 

the first rooding, for it was not possible to establish any absolute reference point. Since 

the first r<1adinp oocurrod at approx!mat<1ly 1:30 p.m., with nearly a maximum positive 

temperature differential, the pavement edges were near their nlinimum relative elevation. 

11J.e pavement deflect!.oo at the joint corner (Figs. 16 ~md 1 '7) and at the free edge (Fig. 18), 

are also shown for an rude load of 19.9 kips for the 24-hour period. Pavement strains 

along tha; longitudinal free edge at varlow; distances from the transverse joint are also 

given. The peak-to-peak strain variations, !llld the maximum compressive stral:ns for 

the 111!riou11 tflllt times are shown, the differences ootween these being the maximum 

tensHe strains. At all pavement locations the muimu:m compressive strail!!B occurred 

with the axle over the strain gags, whlle thi<l maximum tensile strairu~ generally occurred 

- 13 -
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for locations near ihe jol.nt when ihe axle load was at or near that joint. The strain 

gage location 5 ft from ihe joint generally had the largest tensile strains regardless 

of the amount of pavement warpillg during tho 24-honr period. 

Collectiwly, Figs. Hi, 17, !lWrl Hl indicate the close correlation between slab 

temperature differential, the resulting pavement warpillg, tmd the increased deflections 

IUJ.d mroeses at the joint corner or the longitudinal free edge due to this warpillg, with 

resulting poor subgrade support c{JIIl.liltion. Thtl ext:rome ratios of day to night load 

de:fi®ction are approximately 1 to 10. 5 at tho joint ooroor and 1 to 9 at the longitudinal 

free edge. Extreme day to night strain ratios at 5 ft from the joint are 35 to 87 micro·-

39 to 70 micro-inches, or a r~J.tio of 1 to l. B. m the o!I!HlB of both deflection and strain 

the lnor•Jaood wa.rpi~~g MlU thlll joint resulm in larger ratios of deflection or 0train botvvoon 

th<11 longltwiiml frao edge au;:li tile joint oorMr. For pavement warping elevation tho zero 

point J.e taken aa the point wh~?Jre the tempemtu:ro diff®rential botween top and bottom of 

thl!l slab ie zero. For both pavement location!! the relatiooohlp between pavement warping 

Thl.B coodition alllo re~i!ults in the m!!.xlmum deflection for boih locations for the given 

load. At the joint oorn'!lr, tl:le tomparatnre gradient :!il.nd tl:le deflection relationship 

"' lqll',;><!llU: to bo UMar, but for tile longitadbml free edge ihe relationship curves Up!ltaro 
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In a atmilar MSHD study In AuglllBt 1954, the maximum temperature differentials 
I . 

between the slab top aNI bottom were 28 F or 3. 11 Jr per in. during the day with the top 
r. 

warmer than the bottmr>, and 1'1 F oJC 1. 89 F'per in. during the night with the bottom 

warmer than tlle top. This re;~niood in M average corner elevation change of 0. 068 ln. , 

compan~d to 0. 150 in. for Test 3. 'I'hc mwdmu:m day to night deflection ratio at the 

joint !HJ>:nwr for tlu) 1954 test was 1 to 12. 2. This comp!U:'e!l to 1 to 10, 7 for Teat 3. 

r' 

Whilll therll may oo sml!Ml error 1.u converting 111tral.ufl to stresses, depending on 

1lltre!ll81l!l are more readily interpreted for design lllll:'j)O!le!l, and there.fore this extons:len 

of thll dua is mwie, bnsed on a•1 M!IW!J,ed modulus of ela~tleity of 5 x 106 psi. The 

_ 3.36P[ · Vf J 5 - -· T _,_ o.925 + 0.22 ~ 

For a modulu~ of ~l.lbgn.oo Aaetio:~~,, K ~ 200 psi per ln. , and a modulus of elnstl.city 

of 0011cretll of 5 x 106 p!!l., botll<~Jf wlrlch awe1u to oo rensonsble allsum.ptiom~, th.e 

"' 'f'h,J notation W!Cd in thl.!! formllla iii that umlly em.ploylld in pav®reel!Rt d.i~il:lgE~. 8l1d 
mil!y b!l found in many ::ri)foroncs sml!I'oos, !lu.oh as "Concrete l"avoml!nt Delil:lgn," 
Port!aii!il Cement Assn. : . (,'Jlioqo ( 1951), p. 17. ' 
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TAB_Lj'~~•'• ~I.J,I 
MAXIMUM AND MINIMUM~ LOAD S'fRE)>S§§ 

0 A.19.9-KIP SINGLE AXLE !fAD *~~'IJo, 
us of Elasticlly assumed 5 x 10 psi) 

.•. ) " . ··. lk.b " 7$:._.,. "<'<k .. ! 
----~--·---

Ten~ile Stress v psi Compressive Stress, p.si 

M(~~;;~~J [ (~~) 
-·---

Maximm:n !YHnimum 
(Night) (pay) 

Longitudinal Free Edge Position 

8 ft from transverse joint 175 5 168 115 

6ft 250 55 210 llO 

5ft 255 55 210 125 

4ft 205 45 185 '/5 

2ft 120 65 175 90 

Mldslab point 88 15 262 145 

All pavement otralns meaBured on top surface. 



Single-Tandem Axle Relat!ol!lBhips 

Practiealllmitations prevented detennination of deflection and strain for the 24-hou:r 

period for more than one single ar.-d one tandem axle load. However, it is interesting to 

observe 1.!\e relatiollilhip between these two loads throughout the period as shown in 

Fig. 20. ln this comparison of tandem to single axle loads, the ratio of effect is noted 

for the :14. 1-kip tandem load as compared to fue 19. 9 -kip single axle load. During the 

teat period the effect ratios varied slightly, but for deflection fue average ratio was 

1. 15 at the jO!int conJ.er and 0. 93 at the longitudinal free edge. The average strain ratio 

of tandem to single axle load was 0. 79 nt fue joint comer and 0. 83 at the longitudinal 

free edl!)!l. For deflection at fue joint corner only, fue effect of the tandem was greater 

than fue single axle load. However, 11 study of ptililished experimental data on tl1e 

rolatioruihlp between the effect of tandem !lllrl single axle loads shows a v·arlety of ratios 

b&ween the two for both ooflectionB and strains. Also laboratory studies under more 

controlled conditioru! mny glve results that do not agree with field studies. However, as 

shown previolWly, sinoo both deflection and strain are so greatly affected by pavement 

wa:rpi!!g, the slab condl.tion at the time of fue test may have a marked effect on the 

relati.ODBhlp between tanoom and single axle loads for comparable deflection and straln. 

At night in the upward W:!i.:rped condition of the pavement sla.b, the deflection effect of the 

tandem axle load appears to oo generally more severe than during the day, relative to the 

single axle load. This is best shown in Table 1, which presents tandem axle loads 

eqW.valent in deflection to 18~ldp single axle loaoo. 

Dafloo!ion and Strain RelationBhips 

S!mc deflection or strrun are fue most log1cru bases for evahmtillg fue rel9.tive effect 

of v~.rious vehicles, it Ia of intsrest to ootermine whetber there is a deflm te rclationBhlp 

between tllese two. Tho relatlmmhlp is established statiati.cally for fue longitudinal free 
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edge am the joint OOI'Mr ln 'i''ig. 21. Th<i! conelation comf:leient. ill 0. 9'1 for i;J;e tandem 

sl'v@,ln 
lm!gi.t~l fr!!e edge tile etz.~ii>!'ll l.llii>!'!!IIU!lell le1111 ri!!pidly witl! !J!crea11ed deflllotion. 
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TABLE 11 
SUMMARY OF THE RELATIVE EFFECT RATIOS 

AAS!IO TEST VEHJCLES COMPAHED TO A TYPE 2 TRUCK 
(Based on Data from Test 2) 

-~. Relative Effect Ratio 

rruck Vehicle Load Da ·-- . Night 
--and ----- ---- Overall Type 

Spacing J~illtG=EJoint Free Avg 
Corner Edge vg Corner Edge 

Avg 

--- - . ----
,-o 

Type 2 1. 00 1.00 1. 00 1. 00 1. 00 1. 00 1. 00 -
AA:'H!O :::'/ 0.02. o. 01 o. 01 0,02 o. 02 0,02 o. 02 

l 
·~,. ,..,. 

~AS!IO 

2 
.R. 0.10 o. 10 o. 10 o. 11 0. 12 o. 12 o. 11 

~ 
0,84 0.93 AA§HO . .t .. .:t .. -::L o. 88 1. 07 0. 86 0.96 0.92 

3 

AASHO 1~--U 1.67 2.11 1. 89 1.82 2.49 2,16 2. 14 
4 

"""'' .. ,.,. 
AAS!IO 

5 
.FF-=i 1.55 1. 75 1. 65 1. 76 1. 78 1. 77 1. 71 

0 0 
AASHO .t .. ·t}.- ... -lit 2.88 3, '19 3. 34 2.60 3.33 2. 96 3. 15 

6 
a--o-------Il 

AASHO 1: . :t:-. -:L 2.56 2.78 2,68 1.94 1. 98 1. 96 2,32 
7 

6 !5 8 --.-, 
AASHO .r .... ·;.~t--- ... -- -::~~ 3,85 5.02 4.44 3.30 5, 04 4. 17 4. 30 

8 

AASHO 
~., 

4. 26 .. t'''.1~ 4.50 4.78 4,64 3.53 4.24 3.88 ... 
9 

,----,;-!f----oo 
AASHO ..t."' :~~- ~· -:,~ 5. 38 7. 11 6. 24 4.60 6.67 5.64 5,94 

10 



At preoont, it would appear to be necessary to have a reasonably good estimate of 

the following traffic iruormntion, to ~t a reliable estimate of the relative effects of 

trnffic lood on tOO performa~:~Ce of specific pavement sections: 

1. Total volume Oil' traffic. 

2. Percent commercial traffic in tho toial volume. 

3. Percent of each om!lmwrol.al vehicle type in tho total commercial trllffie volume. 

4. Perom~t of loaded a!ld unloaded commercial vehicles. 

5. A wrago axle spacing for each comme:rctal vehicle type. 

6. Average axle loads for each com:mercial vehicle type, loaded and unloaded. 

Li~mltatio!IB of. '.nloory 

It may be argued that smftcient data have not been gathered to indicate that the 

theo.cy presented here llil a valid measure of the relative effect of variow:~ vehicles on a 

omcrete pavemumt. However, if pavement deflection is 11 criterion for the rellltive effect 

of vlllhlcles, then the theory presl!eted is logimd and rational since it is based <m the 

p!!.V®ment deflection e~Wrgy resulting from passage of a vehlcle. Further, the deflection 

data pth<i!:red frllillil three different test programs at different locations and different times 

of the year, while varyi~~g widely in absolute values of pavement deflection, are in very 

lilMIItlliilial agre<Dment in indl.catillg the relative effcctB of vehlcles on pavementn. Of 

courne thilll in itself la not a guarantee m the valoo of the theory, for the theory is only of 

val'!!.® if it predicts reasonably well the relative ®!feet of repeated application of knovro 

test vooiclem over different t®mt mectiou which sre structurally identical. Re;w.lils of 

only one te!lt of this type are (.:ll:n:'ently available for concrete p!!.V<Jmenta--the Marylllnd 

Telllt Road. The theory hllB bee11, ~~pplied to the vehicles naed on that te!lt road and the 

rolatiaruilijp between their reLative effetlt socording to the tbilory, and the known relative 

·- :n -
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performance baaed 011 load rc,pell bon ior "first cracking" and "first pumping," are ln 

.remarkably close agrceml!tnt. Another oo!lt of tlw tlHJory nwy be; IDllde when the AASHO 

Road Test i1< conlpleted. 

The theory at fhe present time is suggested !lB appllca,ble only to concrete pavement.8. 

However, te11te have been conducted in a similar nmnoor for bitumhlOIW pavementJl and 

th® presellli theory, or a comparable fheory, is un~r study as a method for determilling 

the x'11llative eff®ci of vehicles on bitumiooWJ pavemont. A report on_tliiB phase of tho 

program o:m11 be e;'!:pectell withl.:!l a year. 



CONCLUSIONS 

}'rom C:llpiH'ime:llttal observations in the three testa the followiDg facts are apparent: 

L The iDflooooe of we load on jJ&vement deflection e.xtemls over a slightly 

gNaler diataaoe for thil longitudiw free ellge than for joint corner positions. 

2. TOO mflwnwe of lil~e load on pavenMmt deflection :Ia much brooder at night thrul 

durh~ the day, for the same pa vemem locat:!OW!l. 

3. The miU:Imu:m influence of rude load oil pavement deflection extel!l!is over a 

distal!l!le of approximately 36 ft. The effect of the IU:Ie is first noted when the axle 

llppr<mclliea the pave:mmt point in quest:!oo but is still 18ft away. As ihe axle ~~pproaclwe 

too :!nfhllilooe lnoreas<11s, ooEilllng to the ma;dm~m~ woon the ar-Je J.s on ltllill point, al!l!i ihen 

il\eo:r®alling as th<ll ul.<ll moves away, with no ii!ppnciallle effect when the we is 18 ft 

or more p:allt. 

4. ln comparil!!g ihe magnitudes of ihe daytime deflllctimJ.B, tl1o longitudi1111.l free 

edi!l;e !iloflllotion i!i! allghtly gNater than the joint corn.er d!lflection, but at night the 

deflt~ction at the joint conlllr is much !P:'l!lllter. 

5. Slllll WGA!llillg l:;i~,s a wry great effect oo the m.agnttude of pavement deflection for 

a given load. Tlilil effect is mooh moN pronounced at the j o:lnt corner thrul ihe loogi

tdiml bell edge. 

6, Tl!.e llillgie !ll.lld tal!l!iem rude load equiwhmts for pavemEmt deflection !ilopel!l!i oo 

ihll partod of d!iiy iUld ihll pavllmlllllt p011iiim1 under oons:!derntian. The l'1ill\lge in eq1l!ivalent 

loods may vary from Marly equal vah11!ls w nearly twice tine load for a uooem for equal 

deflection. T'ne c>Yiily eqwtabl<!! approo.ch to the problem lB sutiatie.al, wllh !Ill illfluencing 

p111rameun·ll !!U©h as pav~HlOOllt wan~ing recorded 100 that proper aa1apUng procedures m.ay 

be employed. 



'l. Daytime deflection testing (1:00 a.m. to 5:00p.m.) of concret-e pavements is 

awJhilllll ool.y on ule loadl!l a!'ld ulo l!lp~~Cinp. 
,,,, r 

2. Tl!ll ~*relative ®fieots of''V®h!oles, oosed on tiul tl:wory, have bema 



5, It has been demonstrated that the relatl ve effect of a 'll<f!hicle can be predicted 

by this theory, using furee different and independent sources of influence-line and load

deflection data, with results from the three tests in very close agreement. While time 

of day, time of year, or particular region of a pavement slab extensively influence the 

magnitude of pavement deflection and the resulting pavement energy values, the relative 

effects of put!clllar vehicles will remain substantially constant with respect to one 

another. 

In summary, based oo a reMomilile amo~mt of experimental data, a ratioiiii!l theory 

has been developed for predicting the relative effect of vehicles on a concrete pavemE!nt. 

This theory baa been substantiated by results from previous test roade lMd may be 

tested further on the basis of results from the AASHO Rood Teet. While at present the 

theory is suggested only for concrete pavements, the application of the theory to bltwnlnoUB 

pavem!lnts is now being analyzed, and it is expected that this theory or a similar one 

baaed on !HI equally rational approach, can be developed for bituminous pavements in the 

near future. It is expooted that a similar report on bituminous pavements will be available 

within a year. 
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APPENDIX 

:Photog:rnpb.s of all test veblcles WIOO for the three field studies are shown in 

Gi!llrp 1'. Alg<Jr Cll. 
F•n'd Motllr Co. 
Frl!llillmlrl Tmiler Co. 
Ulmard Ref1Mrie11, me. 
lJ G.'ll'1 d Tml!Bport, me. 
N. 0. W. Tl'Ul!!pOrt, Ine. 
REO lli\ viiiiWI:I, Th® White Motllr Co. 
Rebl.noon Ci!rl~ Co. 
Howard Sob<lr, mo. 
1'1111l'ord Equlpllllillm Co. 
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Figure 30. Vehicles for Test 1. 
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-@ Figure 31. Vehicles for Test 2. 



Figure 32, Vehicles for Test 3, 



that tJ.me of day. In combining warping and load str<lsses, the maximum tension 

stresses were 800 psi at fuo bottom pavement edge at 10 ft from the transverse joint, 

a'!ld 378 psi at tl:w top lr1 fue same locatio•! during fue !light. While the absolute 

teru~ion etx"tr>B!l values of 800 1md 378 psi are questimmhle becaU!le of fue. abritrary zero 

stress oo'!ldition !U!sumed at tho tlme of zero temperature gradient, fue maximw:n stress 

ohangs of 800 + 378 ~ 1178 psi does represent fue total range in stress encountered at 

thls point due to a combination of warping and load stressea. 



DATA INTERPRETATION 

So far the diso~~Bsion of the 3enalyais of data has considered only the most simple 

eliSe of the effect on pavement deflection, or stress, of a single isolated load. However, 

in many ease!! axle lo!ids on eom~merbial trucks are spaced closer tl!.an 16 or 18 ft, and 

therefore, as shown by the previous l.llfluenee lines, pavement deflections or stresses 

at oerWn times rtiult from the overlapping effec,'ie of two or ev(Jll more axles. The 

overlapping effects of single axles have already been shoWil in the case of tandem axles, 

axles. 

flkrwever, to ru;e data previmllllly obtained for isolated axles and apply them to 

lletw!l comm®rcial vehicles, it is necessu'Y to determine how these overlapping alde 

load effllcill can be combi~Wd. As noted prev1ot!llly, the load-deflection :relaUonshlpB 

are oot padectly linear, espaci!!.lly at larger lollds, and therefore the effects of two 

Effecti vwa Load 

To work systematically with overlapping load effecta, one may 11!16 a coined term 

1.\ 
"effoothre low!" which h!il definition will mean the IHWJ.erical single axle load resulting 

low! straddling a joint is basl.oally two single llXle loods of 16 ldp!l, one 2 ft llhead and 

onil 2 ft IJehilllii n joint. If the load-dllflectlon relationshlp were linear, this would be 

eQIIiivalent to an effective load at the joint of 

16 kips x 0. 70 + 16 ldps x 0. 70 ~· 11. 2 + 11.2 ~ 22.4 ldps 



where 0. 70 is the influence line ordJxw.te 2ft allead and also 2ft behlnd the joint (Fig. 7 

joint corner day influence line). Actually tho load--deflection relatioruJhip !s not linear, 

' \ ~ .. , 'I 
!W.d wn ~.ing 

I 
(-o .... j. l" . 

th® i:dl\WJ~tl liMa l!lnd lO!iid·-def.lectio:!l :ftllatiDMhlpe for single axle~s ~ thebverlappin~ 
....,,,,_'!}c_.. 

effectlll of ti!J!Jiii!('Ulea ro obtain tile co:mp«:ll!!lite deflection pattern. It should bo noted that 

- 21l -· 
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Any theory, oo m&tter how __,j from a theoretical poil:.t of view, moot stand me ~est 

of Wh\'"lt!M'l:r 1t relates reasonably Willi to previooo pnwtl.cal experimental test results, 

After expl..llming this fueory, the results of Hs use will be compared with results from 

pave:@M!i!i!t &Jflectl.on IJllil.der ule P (F:Ig. 24). For eDmpl.e, the positive work doM by 

the fri:lm L'[}e lood ill ply 1, Neptive wox'k is done as me dsflection dscreases bet-en 
2 

Axle Lced!i 1 &ml 2, and thi11 uptive work is the IU'Ol', of the trapezoid 

( )( 
Y1 "rY1,2 ) 

pi , 2 ' pI 'y l ' y I , 2 = pI - pI, 2 2 

'fil0 pooithe work l"llii!Wti."'!! from AJ!lll ll a~~Prooching alMi pa!l!!Wg oviH' me pavement 

joint ll!!i tll!!l llnlli @f the tr!!pll:;;oid 

pI • 2 1 p 2 'y 2 1 y I, 2 = ( f' 2 - pi ,2 )( ~1: :y~~) 
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Only the pool.tl ve work is coMidered because it is obvious from lhfJ diagram that It is 

equru to the negatiV<il work if the pavement deflection returns to zero aftor passage of 

the truck. It should b<!l notod tlmt this la matht1matically :malogoUB to the work done on 

lilUUitlo fowd!i,tia'ft. For this simple case, the total work done by the two-axled vehicle is 

proportlo:n•l com:~tw:lt ~tween load and defl<llctlon, it is possible to su~tltutB aP for 

Y !!Ill follov~: 

yl = aP
1 

y2 = a p., 
" 

y I, 2 = a PI 2 
' 

P1(aP 1) .· (aP2taP1 2 ) 
----- -t ( p -R ) , 

2 2 1,2 

( 1>).. + r~-- l:~\ 

~P12 +~ (P2 --p1,2J= ~ (P12 -~.~ +Pi) 

Th!JI ia the total work dane on the road by the two-axle vehicle. :W general, the total 
.. H J,, 

work done Olil a road by a vehicle with eff®(J~ ald<!l loads P 1, P 2, P 
3

, P 4, P 5 • • • • P n' 

11mlmi~ !!l:'lll!ctiw loods of P 1 2 , P., .,., P~ " P 4 "' •.••. P _1 , is 
~ &,...... n)~"jil: §:o n ,n 

Noll-Lill1!lll.r Laad Dllflectl.(!ll. As shown ill J?:!g. 24 aimflar gr!iphical !U'\!1£!1 ar<!l 
= - =-~-

... 22 ~-



computation of the aroae becomes more awkward, and it iB very difficult to develop 

ii.Il equatlolll l!rulthematieally for the total work done by the vehicle. 

Verification ()(( CoruJtrooted Vebicle-·Deflection Patterm~ 

Both Ill Test~> 1 and 2 datn from certain vehicles were av-ailable as checks on the 

nHd! ty of oovel~l.ng a deflection pattsrn from the single we load data. For example, 

.In Te11t 1 the actwll deflectiom pattern was compared to the theoretical one based on 

s.!ngl® llllde load data for Vehicle 8, 11 sb:-rude truck. However, rather than compare 

ihe111e defloot.!on p11tterM visually, the relative effect on the pav®memt of the actw!l !Ul.d 

th<!loretic~tl ooflectim. patten; W!Ul computed. ThM a mathematical compansoo WWJ 

pooeible. 

Table 3 compares r<!llatiw effeote based on tho actwll !l.~ld thoorllt.!citl deflection 

patterns. It llihowd b<!l noted that a direct comparlBoll b<!ltweon tho relative effects based on 

a©tulillitnd iheor<llticitl dcflectlo1.1 patten• oowloped from single- ~tnd tlmdem-axle daa, 

Wltlil m~~.d® for jow ©orner dam b:i 22 cases and for longitudinal free edge pooitiona in 10 

Cli'.lllea. For <>.ertain uidl.vidwil c!U!ee the d:!fierenoo is rather large, wl.th a mll.ldmum 

dlf:fi:neJ~Wo of 311.2 peroont. But wluln this comparison is made colleot.!vely, between tho 

!!ctWii.l. !Ul.d the ihaoroUcru deflection P~ttterns wl.th regard to sign, the a ver~~gc error 

il!l +3. ill parcllnt for iha joint corWlr aud +!i. 5 percent for the long.!twfuml free edge. The 

cor:n~ltiion betw"len the rellli.Uve .affecm 'im11ed on actual !Ul.d th~Doreticru deflection :p~ttt<!lxua 

i11 slutm!! in Fig. 25, for dam both from jo.!r<t cornar poaitlo:ms !Ul.d long.!t!!.d!wil free edge 

pooHill!U. 'l'he corrl!llitt.l.on coefii!lienw and standard errors of estimate are o. 97 ud 

O.!lli, 11ud ~112 in. -lb ltnd ;t5'/ b:i. -lb for joint corMr !Ul.d longitndl.Wiil free edge poaitiollli, 

rlll:!pecti voly. In ®l!leh o~tllle a mtntlsti!li!J te!llt of iha oorrel~ttillil! c!lilff!dent show11 that the 

<~on®ltiion betweem ~ 11.nd ihl!oreticd dc.flectlon wluos ill highly sip:lfimmt--less 

tliru:l 1 ohll.lll:la ilf!. 101l4J dlJOO oorniWti!!lll. 
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Figure 25. Comparison of relative pavement effect 
based on actual and theoretical deflection patterns. 
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VerJlieliitlon ill' T'lleory by :.:::qwdmentlll TEwt Road Data 

V~Jiillty ill' !he result!§ of any fueory ill subject to doubt unle<lB the results also 

ngrM I'ill!llllolmbly w11U with pravimm expcrimantal d:<ta. Uruortomately to;;t procedures 

in many previous al!:perimental test roods were so ~.rnoo.ged that the relative e:ffoctll of 

Vui0111B types of tri1<1Jkll! and we ~ds on the Ul!Hlfnl life of n gi 'ffln pavement section could 

not 100 dekirli!I:Jiner.l. HoweVIlr, ihe Marylud Test Rood data elm be used to determin® tb.e 

vllllillty of tllim theory, I!OO the .AABHO ROIId Test woon it is completed m~~y also be used 

in this way. 

fu ihe Maryland teats, four dlflenmt vehicle t)'l}!)lll were WlEldo 'The load a:dol!l were 

sl.i!.tle uloli! m 18. 0 1:md 22.4 kips 11.nd tandem a_ldell! of 32. 0 and 44. 8 !dps. '!.be crib!lriw, 

usllld bn tllim telllt for compori!!g iho relative .:Jffect of the test vehicles wora first crac!d.ng 

and firm pl!.lil!Tpblg as shown h:1 1'1<1!1® 4. fu comparing the r;.,enlts of tOO mppl:!~ticl!l of Llle 

theory t.o rel.atiw ®!fccts of th<asll t:rnoks, load dofl.ection d!lta from aeveral Michigan field 

tosta u:we bea ll!IOO. Tl!te firat gro'l!p, l!ilieled "Aim~~ Test," was conduct®d on US 27 

nmr Alma, lificlrlgu, iu lll52, and ihe other testa arc thos0 reptH:wd here. 

fu OOW!pUing tOO :relntive effllct of th<Bae t.nallkll, tOO joint cornor 1!1!1-.J tho lo:ngHudiii!Ji!l 

f:reltl ®dp posili(lii)JI u w bflc:ll! t:rsab!ld l'l!lp!tmtely, with attention to whliliher thl!l data w®:rll 

from day or 'mpt defoootiona. The time of day and the pavem<~mt positicm have l'lome 

. inflne- !1!lll ihll rel!lti w eff<~~ct, but In ill.m@l!li every caae while the mllplHnds m IWiu.al 

defi<ll«ltioill may llil mud!. greater at one Umll or at om looation lJutl!lllt oihllr!l, ih® rel!ltive 

effect ill qmte ooom11tent. Grompillg ihe :ml/lln.lta of dl!ta from all prniow:~ te!ltlil give11 rlillatlve 

lllffect rntioo m 1.00, L 48, 1. !12, mad 3. 24 for Tr!lllllks 1 through 4 while the I!CtWI.l relative 

®ff®ct_$ ~rm.Wwd by averagil!!g tl!.e rilllllulte from :fir!llt piDlllping IUiid fl.mt cr~Wking are, 

r!l!lpoctive~ly, 1. !JO, 1. 48, 2. 42, and 4. 14. Tl·1Ml!:s 3 and 4 with taOO<Ilm ana loads had 

appro"'mllltoly 25 :perooat gre~~:wr !Mltwll relative effect iha'l!. predioted by thl!l theory. 



T /\~~LE 4 
COMPARISON OF THEClf1ETIUJ" \'!JTII .\CTUAL ilEIATIVE EFFECT 

MAHYLAND TEST !lOAD 

Data Source 

Ma:eyhlnd Test H0<1d 
Load repatl.tions for first cracking 
Load repetitions for first pumping 
Actui!l Hel<!tiw Effect 

First cracking 
First pumping 

AG"TUAL AVErW;E 

Crnnputed Th<J~or<!ltical Relative Effect 

Alma T~llt 

Corner - night 
Free edge - niqht 
Awr1lge 

lest 1 
Cor·ner - day 
Fre® edge - d<ly 
Awrrega 

Test 2 
Corner - day 
Free edge - d~y 
Average 

Corner - night 
Frll<~ edge - night 
AWrl!lg® 

THEOR!':"TICAL AVEHAGE' ALL DATA 

P'i!rcent Difference Theoretical ) 
to Actu!i!l lli!htive Effilct ) 

l 

210,000 
126,000 

1. ()() 
],()() 

1.00 

l ,()() 
1,00 
1,0() 

1,0() 
1,00 
1.00 

1.00 
1,0) 
1,00 

1,00 
1,00 
1.00 

1,00 

{~'"r.Y;a.nd Y"'~-;ruc~_T __ 4___ --·--: 
'·-·--·· -···--... ·- ····--- ·-· -·-··-·--- ·-·---·-·- ___ )._. 

144,0(•0 l06,C'Ci0 S.C', one, 
s:) ,ono 44,000 31,000 

l .46 1,98 4,20 
1.49 2,86 4.07 

1.48 20)42 4.14 
. ·-------"-- ·-

1.57 1.98 3 .. 92 
1 ... ~>6 2,40 4,6J 
1 fll CJ6 2.19 4.28 

1.38 1"'42 2.@50 
1.26 1,53 2,48 
1®32 1.48 2.49 

1.44 1.61 2,67 
1 .. 4fJ 1. 79 3~15 

1.46 l. 70 2.91 

1Q36 lo;-53 2,:)9 
1.34 1,67 2,83 
lt~J5 1,60 2. 7l 

1.42. 1. 74 3.l.l 

-4 ··28 -25 



APPLICATION OF THEORY 

Relative Effect of Commercial Vohlcles 

The theory a! relative effect of a vehicle on the pavement is now applied to a 

typical vehicle a! each tnrok classification. This analysis will indicate how the relative 

effect varies for these truclul !md will ahow that provided influence linea am! load 

deflectio:nllf dBta are available, the theory can be extended to any vehicle as lo~~g as its 

load awl axle spacillg are l<::lwwn. The procedure is as follows: 

On the basis of the imlueuce lines and load-deflection dBta, the deflection pattern is 

d:nnm for eaoh rude of the vehicle as it passes over a joint corner or a longitudinal free 

edge pooitiol!l.. Next, these i!!dividwl.l deflectioo patterna for axles are integrated into a 

compollite influence lim of deflection for the entire vehicle, such as the one shovm in 

Jo'it. 23. 'I'lMl relative effect of the vehicle is computed from the composite influence line ----------·- -· 

in term~~ of il!l.. -lb of mergy u expllliMd previollllly. 'I'he relative effect of all vehicles, 

combi:lllltiou can oo computed in this ml!:!lmr. 

'fype 2 truck is shown on the bWili!l of deflection data from Teat 2. The Type 2 truck 

Type 2 truck. 

Ill Table 6 the relative energY: e_ft:~c"te-.9 by pavement deflectioll resultillg from the 

pe!!Nge of each of tho vehiclelil Bhown til tabulated for Test 2 at tha avenge longltudinal 

free ad~ and joint corner poeitio1111. It may oo noted that the deflection-euergy effect 

~ 25-
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Trud~ 

Type 

2 

3 

231 

282 

282 

3S2 

3§2 

352* 

2-3 

2Sl-2 

2S l-2 

ZSZ-2 

232-3 

381-2 

332-4 

f..'"·'' J. 2. :; (, > 

r AIJ 1 J: " 
HLLArJn. t.:\~.HGY !U.S\'Lrl:O.(; FHUM Pt\V~.MLNT DCFLEC'TJo:-.; 

CAUSI·.D BY VAHJUL'S ('(JMMt:HCIAL. VEHICLES TEST 2 

Truck Axle Load 

and Spacing 

005 
t·¥~~ 

oo·-o 
t''t'': 
~ :-··-:-- -~ -e~-. .. .. 
oo-o-(1 
'-••+"-'i•l-
~ -~ » 

00<>9 
~,+, • .,l~i 
J J, ,. 

oO'Ooo 
t"'"t"··~··t·a..·-! 
• ·~ ·~ "' * 

o-ooooo 
i-''1$i:_r•-i'>'l-
~ •• JJ .. "' 

o--ooooo? 
1-"T'"-"~~l-•t" i:_r
• "' .. " .J(, 

oO'OOoo 
l-"-1~1·"-!·"-:~l 
& ... .. .... 

.,--aooo zrooo 
r-·•-l.:}-·•-1 ~ 1·~1-~_)-, -!_~l-. "" .. "" -~ 

Truck 
Weight. 

hips 

26 

40 

44 

58 

58 

62 

66 

76 

76 

80 

- 80 

94 

102 

\10 

118 

I·.nergy 
~----------------.~~~--------.--------

Free 
Ldgc, 

in. -lb 

61.2 

63.0 

90.7 

8G. 1 

77. 4 

96.:1 

95,9 

l06. 8 

100, 9 

109.4 

98,6 

]()I. 9 

130,9 

119,5 

144, 2 

Day T_~'~'~":_ ____ +--~.-N~~···~h~t_T~c~,~~~'----j 
Ratio 

Free Bdgc 
Corner 

Night 
Ha ti o ~ l'5'ii.""V 

Corn~r. 

in, -lb 

20. 7 

32.5 

37' 8 

47.5 

46.li 

51.5 

48. I 

50.5 

62.6 

60.7 

69.0 

67,4 

tl0.4 

73.9 

84.0 

1. 67 

1. 88 

I. 67 

l. 91 

1. 85 

l. 50 

2.00 

l. 90 

1. 71 

l. 66 

1. 59 

I. 46 

l. 51 

1. 63 

l. 62 

l.72 

free 

Edge, 
in. -lb 

177 

307 

307 

4ti8 

412 

431 

439 

537 

5!1 

567 

507 

579 

691 

630 

669 

Curnt-'I'. 

in. -lb 

45~1 

672 

820 

1006 

919 

11:12 

1023 

1019 

1354 

1283 

Htlfi 

Htl8 

1485 

Hi49 

1660 

1594 

H:ttio 
Free Edge 

Cornl'f 

u. :1!:1 

O.Hi 

0,3{! 

o. 48 

0.51 

0.36 

(), -13 

0.43 

0, 40 

0.-10 

0.38 

0,3.J 

(), :19 

0.{2 

0. 38 

0,42 

Fcec I 
Edge 

('orne r 

5, I 22 

21 

--\. ~) 22 

5,3 2t 

20 

5. 3 

I.U 20 

~>. \) 22 

5. l 21 

S.'l 22 

5. 1 22 

5. 7 22 

5.3 2l 

5.3 22 

4,6 19 

·--------
~ Long tandem 



I' 

is less during the dsy at the !!'- lo;mgiturlmsl free edge ~joint corner. However, 

during ihe night the reverse is true, with the energy at the joint corner more than twice 

that at the lo~~gitnd:!nal free <)dge. The much greater effect of pavement warping at the 

corner than at the free edge accmmts for this difference between night and day energy 

effects at thel>tl two loootions. 

havll no intrimJic value in thllml!elvea, for as shown they vary greatly depending on period 

of lky, a.ud change as the pavement warps due to differen,tial temperature effects. However, 

v~y of relatimg the efrecm ~Ji the wrtmm 'll!lhicles on thlll' pavemllnt structure. Even 

thollgh the lf<U!.piturle m energy values chang<&~~th tomperatur<J, the relative relatiom;hip 

b®tween vehicles r®main almost identical. 'I'his hi showllll in Table 'l where th<& relative 

a;rui 2 and thfll Alma Test 00' lll62. 'The ~~greement between the relative effects of the vehicles 

Rlllative Effect of Spec1al Velllcles 

m Test 2 two spec1al vehicles were U!led to determine if their u:nlque rude arrangements 

mlpi lmw somewhat different relaUvll effects on the pavement than regular commercial 

vwicles with similar lo~. Vellicle 10 was 11. "low-boy" trllil©r type with a total load of 

130 ldps. Axle loads W1!lftl grouped !M:i follows: a aingle steering llxle loaded to 10. 8 kips, 

followed by a tdple axle lOII.d of 56. 8 kips conl!lillting of the tandem drive axles of the 



Truck 
Type 

2. 

3 

281 

2S2 

2S2 

2S2* 

3S2 

3S2 

3S2* 

2-3 

2S1-2 

281-2 

2S2-2 

282-3 

3S1-2 

as2-+ 

Truck Axle Load 
and Spacing 

. .:.; :._ __ ()l} 
'"' --··- ..... . .; ... , ... .. .. ... 

Oil'--&. 
: '·:· .. 1~ ~ . . . 

\ 

<')~::rl) 
- •-<•,-·•+•• . .-. .-. 

~-· .. ,., ...... , 
: .. .. ~ ~ 

l.'l""tr05 -6~ 
"·• ,.,_ ·--"~·-. ..- . ~ ~ 

.,--~~--t50 

.. , . ·~-· ,.,..,.,_ ·~·· 
; ;., :;. 

.. - ·-- .. ,, .. ~---·-··. I 
'- ,I 
- 'fl 

-----------~ 

TAB 
j 

RELATIVE EFFECTS OF VAlli j CO)VI:v!ERCIAL VEHICLES 

Truck Weight, kips Relative Effect - Test 1 Relative Effect - Test 2 
11__:_~-------------------

Relative Effect - Alma Test 

Gross Empty ~~ Day c:---- lo=a'L' .:.-· ____ Night Overall Night __ ---:-_ 
Corner Free Edge Avg Corner ' Ed A c Fr Edge Avg Average Corner Free Edge Avg 

-----------------~---~--~-- jr~e=e~-~~ge~-~~v~g-~o~r~n~e~r-~~e~e~~~~~~~~~-~~~-----~--~-

26 

40 

44 

58 

59 

/ 
62 

. 66. 

76 

76 

80 

80 

94 

102 

90 

118 

8 

15 

17 

23 

22 

24 

33 

33 

35 

29 

29 

29 

35 

38 

35 

42 

* Long tandem 

18 1. 00 1. 00 

25 1. 38 1. 45 

27 L 76 1. 58 

35 2.02 2.06 

36 1. 83 2.20 

38 2.10 1. 52 

33 2.16 1. 83 

33 2.16 1. 86 

41 2.73 2. 30 

47 2.63 2.12 

51 3.15 2.58 

51 2.96 2. 05 

59 2.95 2.20 

64 3. 50 2.71 

55 3.04 2.34 

76 3.51 2.62 

1. 00 

1. 42 

1. 67 

2.04 

2. 02 

1. 81 

2.00 

2. 01 

2.52 

2. 38 

2. 87 

2, 51 

2.58 

3. 11 

2. 69 

3. 07 

1. 00 ·I 
ll L 50 

1. 80 

2.21 

2.24. 

2. 

2.22 

2.59 

3.09 

3.10 

3. 96 

3. 35 

3.77 

1. 00 

1. 69 

1. 81 

2.52 

2. 34 

2.H 

2.-6:3 

2, .)8 

2.91 

2.66 

3. 04 

2.65 

2.68 

3. 71 

3.H 

3.81 

1. 00 1. 00 1. 00 

1. 60 1. 49 1. 60 

1. 80 1. 59 1. 54 

2.37 2.01 2.52 

2. 29 1. 63 2.44 

2.26 1.73 2.02 

2.42 1. 63 2.18 

2. 59 1. 79 2.21 

2.89 2.22 2.57 

2.73 1.93 2.55 

3.12 2.55 2.69 

2.87 2.27 2.43 

2.89 2.61 3.21 

3.84 2.96 3.63 

3.25 2.'l3 3.08 

3.79 2.93 3.23 

1. 00 1. do 1. 00 1. 00 1. 00 

1. 55 1. 57 1. 84 2.36 2.10 

1. 57 1. 69 1. 68 1. 65 1. 66 

2. 27 2.32 2.63 3.04 2.84 

2.04 2.16 2. 30 2.77 2.54 

1. 88 2.07 2. 21 2.17 2.19 

1. 91 2.16 2.60 3.16 2.88 

2.00 2.29 2.53 3.21 2. 87 

2.40 2.64 3.13 3.50 3.32 

2.24 2.48 2.92 3.42 3.17 

2.62 2.87 3.08 2.91 3.00 

2.35 2.61 2. 84 2.60 2.72 

2.91 2.90 3.00 3.51 3.26 

3. 30 3.57 3.46 4. 36 3.91 

2. 56 2.90 3.74 4.00 3. 87 

3. 08 3.44 4.10 4. 75 4.42 
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Truck Weight., ldpe 

I Empty 
P&y Gross 

LoAd 

26 ' " 
" 15 25 

44 17 27 

" 23 35 

58 22 36 

62 24 " .. 33 , 
•• " 33 

" " 4l 

76 29 47 

80 23 51 

80 29 51 

94 35 59 

102 38 •• 
90 35 55 

118 ,, 76 

TABLE 7 
RELATIVE EFFEC'!'S OF VARlOUS COMMERC!AL "VEffiCLES 

I Relative Effect- Test 1 

Dmy 

Ccr:ller !Fr-ee Edge I Avg 

1.00 1.00 

1.49 l. 82 

1.®2 1.72 

2.32 2.53 

2.72 2.30 

2.09 1.9& 

2.32 2.47 

2.34. 2.5< 

2.94 2.92 

2.1Hi 2.99 

3.28 3. 10 

J.ll 2. 84 

3. 28 3.04 

3.54 3.47 

3.35 3.37 

3.82 3.78 

"--c'~ 

·""' -· 

--~ --~> (! !..· ' _( G ·r ;·I 
I 

L, 

l.OC 

1. GG 

l. 77 

2.42 

2. 51 

2.1}4 

2.40 

2.44 

2.93 

2.92 

3. 19 

2.98 

3. 16 

3.50 

3,35 

3.80 

Rda.ti ~ Effect - Test 2 

O.y 
I 
l Night 

Col:'ll!lilr j F!"'$e Edge ! Avg i Cornel:' I Free Edge! 

1. 00 1.00 1.00 1. ov 1. 00 

l. 58 1. 7'? 1. 66 1. 46 1. 73 

l. 83 1. 83 1. 83 1.79 1. 73 

z . .:w 2.83 2.46 2. 19 2.73 

2. 25 2.50 2.38 2.00 2.64 

2.49 2.25 2. 37 2.47 2.33 

2.33 z.n 2.56 2.23 2.47 

2.44 2.78 2.61 2.~2 2,48 

3. OJ 3. 10 3.G.S 2.95 3.03 

2.94 2.93 2. S4 2. 80 2. 88 

3.34 3. 17 3.26 3.24 3.20 

3.26 2.86 3.06 :L24 2.86 

_3. 26 2.96 3. 11 3,23 3. 27 

3.88 3. 7S 3.84 :\60 3.96 

3.57 3.47 3.52 3. 62 3, 55 

4. 06 4. 18 4. 12 3.47 3. 77 

Rebtive Effect- Alma Tes.t 

1 Overall Night 

A"1! 
rver:age 

Corr.er [Free Edge~ A"!! 

1. 00 1. 0{) 1.00 l. GO 1. oc 

l. 60 1.64 1.84 2.36 2. 10· 

1. 75 1. 80 l. 68 1,65 1. 6€· 

2.46 2.46 2.63 3,04_ 2. 84. 

2.32 2.3& 2.30 2.17 2. 54 

2.40 2.38 2. 21 2. 17 2. 19 

2.35 2.46 2. 60 3. H5 2. 88 
v, 

2.35 2.-48 2.53 3.21 2.tn 

2.99 3,02 3,13 3. 50 3. 36 

2.1N 2.89 2.92 3.42 3.17 <''"'· 

3. 22 3.24 3.08 2.Sl 3.00 

'·'"-
3.05 3.05 2.84 2,SO 2.72 

3.25 3. 1e 3. O'J 3,51 3,26 

3.75 3.,. 79 3.46 4,36 J. 91 

3.58 3.55 3. 74 4.00 :3.87 

3.62 3.87 4. 10 4. 75 4. 4.2 



(Figs. 2 Ulll 31), Vehicle 11 was an <:>arth !l!craper with two large tires per axle and 

single u:Ie loads of 29. 5 and 15. 1 kips per ayJe when ;mlooded. 

It was not pos§ible during the test program to vary the loads on these test vehicles 

in order to develop load-deflection curves, but the load-deflection pointli! for these axle 

loads aN .mown in Fig. 26 for day and night rests. fur-oo~-n,--fi:lcle-~~ 

·1!J~F~-·~~~1imihnll:lrt·wm. For comparison, tho regular load-deflection 

cm·vl!lfl IU"I! HOWl!!. for comx>llerclal V<'lhiclcs, btli for the !ilea vier axle loads a great deal 

of cxtrap@l&tion is Nquired. m ge11eral lt appears that the larger tires lmd oruy two 

Urea p;~r axle of the e!ll'th scrapt~r caooed dsfloctioDB at the long!tud:lm~l free edg® aoo 

the jomt corll!er which were as l&rge or l&rger tmm would be expected frm:n !lillgle axle 

lo:lllllds of eqlL"<l magnitude with four eonv®!'Atim>.al sized commercial tires per axle. Tile 

dl;,flectiol!l under the o;;ight Ures on the ta.111der11 axl<e of the low-tmy trailer W!Ml of a 

~gmtiD!iil! which mlglilt b® e;tq.>®cted for equal taooem axle loads rutd four .:mnl!l'entlom!l 

Urea per axle. However, the sml!.lli>r ("!iJf1octJon resuli;ll!ig from the trlpl<~< rude, four 

tins per axle, llf the Slilme vehicle is very appereut. Thill triple axle load of 56.8 kips 

had deflecticoo comperahle to single axle loo.ds of 11 kips at the joint corner (day) and 

22ldps (mgilt). At the lollgitw:li!lal free edge equal ooflectloM were obtained for 15 

klp-smgl© aJdes (day) ood 18 kips (rdgllt). 

'l'lle rel!l.tl.ve eff!leis of these two vtihlcles on the pavement are shown in Table 8 

in comparison with a Type 2 vehiel®. 'I'h.e earth scraper lmd an average effect of 

2. 50 ttmllli W!i!l tile low·,boy hauler· of 4. 32 times the efflllct of the Type 2 truck. Tile 

®!'feet ()f the ti.rth scraper is approti:~J~mt.ely the s~~.me !ll!il the Type 382 truck (tot.'tl 

load: 611 kips). Tllo l-·~boy trailer had a greater effect Ul.an. the heaviest oomxnerc!al 

VO!!hicle, Type 3!12-4, with a total load of 118 kips. 

- 27 -
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TADLJ~ B 
RELATIVE EFFECTS Ol' SPECIAL VEHICLES 

TEST~ 

,_,_ 

c----,-----,---,------------•-----
Tr\lck Axle Load 

aru:.l Sp&cing 
Total 

Relative Effect 

Load, DaccY_-r---+-----,--'N"i"'gh'-1'-,----j Overall 

------~"--------"-c-k-ipa ____ Cor~ree Edge _:A:'~gc__c~C~o~r~ne~·r,cLCIF~roe~-'E'd3g~e_,l_c_cA,~&__ __ A_vg ___ 

"" 2 .t"~,t,;::·· 26.0 1. frO 1. 00 1. 00 1. 00 1, 00 1. 00 1.110 

VGW.cle 11 a-~o 

Sc~r .. ~."'},. 44.6 2,82 2. 75 2.78 2.35 2. 50 2.42 2. 60 

V>t~bJ.cl® 10 [;1{)6:o 06 
~w-&y Trl!il®K' ~"'1"'r":l" ~* 129,9 3.47 4.65 4c 00 3,75 5, 40 4.58 4.32 ·-



Verlflcation by Comparing Results of Three Tests 

';I 

As noted previously Test 1 was conducted only during the day and the Alrn.a Test 

only at night, while Teat 2 WruJ conducted during both the day and night. To compare 

the various values of relative effect for both day and night for these two tests it was 

therefore neceBeary to determine the relatioru!hip between the relative effects for the 

two p0rioda, This was done for the Test 2 joint corner and ~-longitw:linal free edge 

pooitioru; ll.S shown in Fig. 27. These lines indicate a very good correlation between 

the day and !l!ight oooervations of relative effect, with a correlation coefficient of 0. 98 

and 0. 97 and a standard error of estimate of ;tiJ. 14 and :!:,0. 19 for the joint comer and 

the longitudinal free edge, regpectively. In each case the relatloru;hip is highly signl-

ficant--chanca of no correlation is less than 1 !n 1000. 

Since the correlation W!l.ll so good between the relatl ve effect values IID.der day and 

night observat.io!:lll it WlU! decided to predict the mies!E~g observatiollB for Test 1 and the 

Alma Test wlwre night or day observations were not made. This has been done in 

Jl'lilllil,l:i.111iil <!!lffllltlt (averaging day and night and joint corner and longitudinal free edge) for 

each of the 16 commeroial vehicles has been analyzed statistically to detsrmine the 

correlaiion between the results of the three tests. 

Thtl results of this multiple linear regression ~malysia are shown in Fig. 28, where 

al'l!ll !he etandard error of estimate ie :til. 099. Tile stsndlArd error of estimate indicates 

tOOt the relative energy ratios for Test 2 (JS) could be pndicted from Test 1 (X1) and 
• 

the Alma Te11t (X:J) within i.oO. 099 of the actl!al moo of Test 2, rnpproxl.mately 68 out of 

100 times. Tl!is rather !!mall at~mdard error of estimate, in addition to a very good 

cm::r16lation ooofflcient of 0. 991 (where 1. 0 is perfect correlation and zero is no 
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f"' I 
Corne Edge A vg 

1.00 1. 00 1. 00 

1. 82 1. 49 l. 66 

1. 72 l. 82 l. 77 

2. 53 2. 32 2. 42 

2.30 2. 72 2.51 

l. 98 2. 09 2. 04 

2.47 2. 32 2.40 

2.55 2. 34 2.44 

2. 93 2.94 2.9 .. 

2. 99 2.86 2.92 

3. 10 3,28 3.19 

2. 84 3. ll 3.98 

3. 04 3.28 3.16 

3. 54 3.47 3.50 

3.35 3.37 3,36 

TABU 9 
SUMMARY OF RELATIVE ~FFE.CT RATIOS Uf VAR!OtlS O:)MW.l:RC!AL \'EHKUS 

Test 1 \. Test 2 .j Alzn=. T8!1lt 

Night"' !loy Night 
Overall 

Day*"' Night 
Overs..J.l 

cl Fe~ I A"ll 
Corner! ~~ l Avg 

,, m•l A"l! ,, Fre< ! ,, Free I 
Comer f:dge A vg: Corner Edge Avg Corner Edge l Avg Corne Edge Avg 

l. 00 1. 00 1. 00 1.00 1.00 1. 00 1. 00 1. 00 1.00 1. 00 LOO 1. 00 1.00 1,00 l. 00 1.00 l. 00 

1. 76 1. 50 1. 63 1. 64 1.58 1. 77 1. 68 1. 46 1. 73 l. 60 1.64 1.91 2.37 2.14 1.84 2.36 2. 10 

1. 67 L82 1. 75 1. 76 1. 83 1. 83 1. 83 1. 79 1.73 1. 76 1. 80 I. 73 1. 64 1.68 l. 68 1.65 1.66 

2. 41 2. 30 2. 36 2. 39 2.30 2. 63 2. 46 2. 19 2. 73 2. 46 2. 46 2. 76 3. 07 2.92 2. 63 3,04 2.84 

2.20 2. 70 2. 45 2. 48 2. 25 2. 50 2. 38 2. 00 2.64 2.32 2.35 2.41 2. 80 2. 60 2. 30 2. 77 2. S."l\ 

1. 91 2.08 2. 00 2. 02 2. 49 2. 25 2.37 2. 47 2. 33 2.40 2. 38 2. 31 2. 18 2. 24 2. 21 2.17 2. ,. 

2. 36 2.30 2. 33 2. 36 2. 33 2. 79 2. 56 2. 23 2. 47 2. 35 2. 46 2. 73 3. 20 2. 96 2,60 3. 16 2. 88 

2.43 2. 33 2. 38 2. 41 2.44 2. 78 2.61 2. 22 2. 48 2,30 2. 48 2. 66 3. 25 2. 96 2. 53 3. 21 2.87 

2. 78 2.91 2.84 2.89 3. 03 3. 10 3. 06 2.95 3.03 2.99 3. 03 3. 31 3. 55 3. 43 3. 13 3. 50!_.. 3. 32 

2. 84 2.83 2.84 2. 88 2. 94 2.S3 2.94 2,80 2.88 2.84 2. 89 3.08 3.47 3.28 2. 92 3.42 3.17 

2.94 3.24 3,09 3. 14 3. 34 3.17 3.26 3. 24 3.20 3. 22 3.24 3. 25 2.94 3.10 3.08 2.91 3.00 

2.70 3.07 2.88 2.93 3. 26 2.86 3.06 3. 24 2.86 3.05 3. 06 2. 99 2.62 2.80 2. 84 2.60 2.72 

2. 88 3.24 3.06 3. 11 3. 26 2.96 3.11 3.23 3,27 3.25 3. 18 3. 17 3.56 3.36 3.00 3.51 3.26 

3. 33 3.43 3.38 3, 44 3. 88 3. 79 3.84 3,60 3.90 3.75 3. 79 3. 67 4.43 -1.05 3.46 4.36 3.91 

3. 19 3.31 3. 25 3. 30 3. 57 3.47 3.52 3. 62 3.55 3.58 3, .55 3.97 4.06 4.02 3. 74 ... 00 3. 87 

3. 73 3. 87 382-1 'LJ~ .. ~.t.t~ 3. 78 
1 ... ·;; ..... 

3.82 3.80 3. 56 3.76 3.66 4. 06 4.18 4.12 3.47 3.77 3.62 4.36 4.84 4.60 4. 10 4.75 -1,.42 

Values shown for night relative effect ratios determined from day values and regression li~ relationehip between day and night values from Test 2. 
Valuee shown for day relative effect .ratioa determined from night v:~.lues and regression line relation.ahlp between day and night values from Test 2. 
Long tallode m. 
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correlatioll), indicates that the results a£ the thre€ tegts agree very closely. The 

resllllte of the three teats have l!ighly aignlf:lmmt statistical correlation, whlch indicates 

that oM or all three of th(l nets of load-deflection data could have been ooed to determl"'o 

tlle :r<llati.vs effects of the various commercial vehicles, with o11ly minor changes in the 

res nlting relationships between them. 

Vehlcle Dllsign 

One !.me resting application• of this tlleory IB in determining the optimum axle 

spaclng for the least relnti ve effect oo the paw :m£Jnt. If two axles of equal load are 

c<II!Jilidered to vary m their spaclng from 0 to 32 ft apart, the relative effect of those 

axles will be as shown m Fig. 29, The data shown were based on lm axle load "P," 

equal to 10 kips. However, the general shape of the11e grapha wolllld be basically the 

!lliJJl!Ul for larg~Jr o:r smaller axle loo.ds than this, although the relatlve effect values 

might «lllfer, slightly. These graphs indicate that the optimum spacing for two single 

aldee !.11 8ft at the joint comer and the longitwlliial free edge for day deflectioM, and 

8 :md 10ft. for the joint corner lUid longitudinal f'ree odge for night deflections. This 

same procedure could be appUed to rumlyail! of optimum spacJ.ng for minimum relative 

effect a£ three or more axle!!. 

Changing l.oad Limite 

The th.eory prooented hero may be wsed to determine the relative effect on the 

pavement of olumging the legal load limim for commercial vehicles. Six typical vehicle!! hav'. 

been selected, !Ul f!hown in Table 10, to illWitrnte the :relative effect on pavement of 

clmngtng the legal limits from A te B. Load Limit A is l!lltips for single axle loads, 32 

kips for tawlem axle loods. However, only one 32-!dp ta!!dem axle lood is perm1tted per 

vehicle <md all other t~m.dem axle loads are restricted to 211 kips. Load Limit B is 22. 4 
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Figure 29. Relative effect of two axle loads "P" 
as their axle spacings vary: Test 2. 
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Trcck 
Type 

281 

292'" 

7.82 

3S2 

Z-'1 l-2 

3!;2-4 

TABLf: 10 
I<:FFECT OF CflANG~;s JN LEGAL LIMlTS 

ON RELATIVE EFFECT RATIOS OF StX TYPICAL COMMI~RClAL VEHICLES 
(Relative Effect Ratios based on Typt! :2 truck as l. 0 - Data from Test 2) 

Truck Axle Load 
and Spacing 

Day 

0 B 00 
~ .• + 
' 1:'.: .• 

-l· r ,.._, 1. sJ 
!t: ~;~i; 

o-00'--------<;o 
~-·- 1·r ... i'r 

:: !:;. ::. 

~---a-a ' ... -t-·"-t-. -I-•<> -1 

•• j~".. ;:·~. ;~\. i~\, 

~oo on 
,_,,, ·• i·r 'J'r "-i·r-

.:, ::~ :i~ ili. 

2. 46 

2.37 

2.[}6 

3,06 

4. 12 

Relative Et'Iect Ratio Percent lnc:rease 

Load Limit A Load Llmit B HelaU" Effect Ratio I Total Vehicle 

I Night I A•g 

, __ 
From Change of A to B Load 

Day \ Night \ Avg 
' 

1, '76 LBO 2,74 2,43 2.58 20 

2.46 2. 46 3. 6-1 3,28 a.46 41 21 

2,40 2.38 3,51 3.38 3. 44 21 

2.35 2 .. 46 4.33 3,80 1.06 33 

3, 05 3. 06 4.58 4,33 4. 41'\ 46 22 

3.62 3,87 8. 12 6,82 '1. 47 93 42 

"' Long t~udam 



kips for single arle loads and 40 kips for tandem axle loads. Long tandems with 9 ft 

between axles are considered in either case as two single axle loads with regard to 

legal !!mit requirements. Coooidering that the vehicles are loaded to the legal limits, 

the change in requirements from Limits A to B increases the relative effect of the 

vehicles on the pavement from 41 to 93 percent with an average change of 56 percent. 

In comparing the increased relative effect Wiih the percent increase in total vehicle 

load, it is noted that the r®lative effect on ihe pavement increases approximately twice 

lUI fast as ihe increase in totsl load. The average increase rn total load was 26 percent. 

Predicting Test Road Performance 

Another application of the theory which may be made is in indicating the relative 

effects ihat test vehicles will have on ihe durability of experimental roads such as the 

AASIIO Road Test now Ullder active study. The iheory's only requirements are that 

vehicle axle loads and spacings be known. In Table 11 the relative effect ratios are 

shown for the AASHO test vehicles in comparison With. a legally loaded Typo 2 truck. 

The variation in relative effect ratios Is from 0. 02 for Vehicle 1 (a passenger car), 

to 5. 94 for iho heaviest truck, AASHO Vehicle 10, with a total load of 108 kips. 

Interpretation of ihe performance of certain experimental test road sections with 

known loading may also be extended tc 110rmal coMtructed pavements of similar 

· performall.Ce characteristics, when loadometer surveys give an indication of the quantity 

and ihe lo.ll.d chamcteristies of the vehicles normally ulling ihe pavement. Thus, prediction 

of the life of a new or e:xisting pa.vement is feasible if reasonable estimates of the past, 

present, and future tridflc loadings can be made. 

The iheory may also have spplicatioo in evaluating performance of normally con

structed pavements tllronghout a state, by considering the performance of these pavement!! 

in ihe light of the variations in truck and paasellllpr VIJilumes and the character of loadings. 

- 30 -



Tn>ok 
Typo 

2 

3 

281 

282 

282 

252*** 

382 

382 

352*** 

'\ 2-3 

2S1-2 

2S1-2 

2S2-2 

2S2-3 

3S1-2 

382-4 

TABLE 9 
SUMMARY OF RELATIVE EFFECT RATIOS OF VARIOUS COMMERCIAL VEHICLES 

Test 1 Test 2 Alma Test 

Truck Axle Load 
Day 

and Spacing rl Free I Corne Edge Avg 

.=:!..oo 
OUT-j-13-j ~ • . ··-·· .. 

WJ . " 
..-oo 
t-'it-·~i . ,, ,, 

i50oo 
1"'~-t'"-t.i-
0 ,, 32 

..-o-oo 
t->2+·~ 
• ,, ~2 

~~~ .. ~ 
I '" 38 

~~~~ 
' M 32 

ooo-oo 
I-•2-!~Hz-0-
lo 32 26 

000-----ot::l 
!"'·-l9-·5~ . " " 
0015"()'() 
1-*'tz-\!l-
• '" •• J2 

oo-ooo 
j-•zt-'"f+a•i 
B I& 1$ 10 " 

'1-4+~ . ,, " ,. " 
O"''""oi:rOO 
J-'3f'>-l:!l-~"'·l-
• •• :l2 ,. ~ 

~.W.tU.\'. 
• '" ~ ,e, ~ 
o·oo~ 

)-<>-i!f-'>f-"~ 
• l2 ,. •• '" 

1.00 

1.38 

1. 76 

2.02 

1.83 

2.10 

2.16 

2.16 

2. 73 

2.63 

3.15 

2.96 

2.95 

3.50 

3.04 

i5"0"5"'oo00150 
J-<2t!-'~~~2--e.f. 3.51 
I M 32 U 20 l 

1.00 1. 00 

1.45 1.42 

1.58 1. 67 

2.06 2.04 

2.20 2.02 

1.52 1. 81 

1.83 2.00 

1.86 2.01 

2.30 2.52 

2.12 2.38 

2.58 2.87 

2.05 2.51 

2.20 2.58 

2.71 3.11 

2.34 2.69 

2.62 3.07 

Night* 

,I Freel Comer Edge A vg 

1.00 1. 00 1.00 

1.23 1.42 1.33 

1.47 1.53 1.50 

1.63 1.96 1.80 

1.51 2.09 1. so 

1. 68 1.48 1.58 

1.72 1. 76 1. 74 

1.72 1.78 1.75 

2.08 2.18 2.13 

2."' 2.02 2.02 

2.34 2.43 2.39 

2.23 1. 96 2.10 

2.22 2.09 2.16 

2.57 ~.55 2.56 

2.28 2.22 2.25 

2.57 2.47 2.52 

I:ay Night 
Overall 

Day** 
Overall 

Avg ,I Fr<e I ,I Free I Avg ,I Free I Corner Edge Avg Comer Edge Avg Corner Edge Avg 

1. 00 1. 00 1.00 1.00 1. 00 1.00 1. 00 1. 00 1. 00 1. 00 1.00 

1.37 I. so, 1.69 1. 60 1.49 1.60 1.55 1.57 2.35 2.50 2.43 

1.59 1.80 1.81 1. so 1.59 1.54 1.57 1.69 2.10 1.71 1.91 

1. 92 2.21 2.52 2.37 2.01 2.52 2.27 2.32 3.60 3.26 3.43 

1.91 2.24 2.34 2.29 1.63 2.44 2.04 2.16 3.08 2.96 3.02 

1. 70 2.38 2.14 2.26 1. 73 2.02 1.88 2.07 2.94 2.29 2.62 

1. 87 2.22 2.62 2.42 1. 63 2.18 1. 91 2.16 3.56 3.39 3.48 

1.88 2.59 2.58 2.59 1. 79 2.21 2.00 2.29 3.44 3.44 3.44 

2,33 2.87 2.91 2.89 2.22 2.57 2.40 2.64 4.40 3. 77 4.0;9 

2,20 2.79 2,66 2.73 1.93 2.55 2.24 2.48 4.06 3,68 3.87 

2.63 3.19 3.04 3.12 2.55 2.69 2.62 2.87 4.32 3.11 3.72 

2.31 3.09 2.65 2.87 2.27 2.43 2.35 2.6i 3.94 2.77 3,36 

2.37 3.10 2.68 2.89 2.61 3.21 2.91 2.90 4.19 3.78 3.98 

2.84 3.96 3.71 3.84 2.96 3.63 3.30 3.57 4.92 4.72 4.82 

2.47 3.35 3.14 3,25 2.03 3.08 2.56 2.90 5,36 4.32 4.84 

2.80 3. 77 3.81 3.79 2.93 3.23 3.08 3.44 5.94 5.16 5.55 

Values shown for night relative effect ratios determined from day values and regression line relationship between day and night values from Test 2. 
•• Values shov.n for day relative effect ratios determined from night values and regression line relationship between day and night values from Test 2. 

*** Long tandem. 

Night 

rl Free I Corner Edge Avg 

1.00 1.00 1.00 

1.84 2.36 2.10 

1. 68 1.65 1.66 

2.63 3.04 2.84 

2.30 2.77 2.54 

2.21 2.17 2.19 

2.60 3.16 2.88 

2.53 3.21 ·2.87 

3.13 3. 50 3.32 

2.92 3.42 3.17 

3.08 2.91 3.00 

2.84 2.60 2.72 

3.00 3.51 3.26 

3.46 4.36 3.91 

3.74 4.00 3.87 

4.10 4. 75 4.42 

Overall 
Avg 

1.00 

2.27 

1. 79 

3.14 

2.78 

2.41 

3.18 

3.16 

3.70 

3.52 

3.36 

3.04 

3.62 

4.37 

4.36 

4.99 



Truck 
Typo 

2 

a 

281 

282 

282 

2S2* 

382 

382 

382"' 

2-3 

281-2 

281-2 

282-2 

282-3 

381-2 

382-4 

TABLE 6 
RELATIVE ENERGY RESULTING FROM PAVEMENT DEFLECTION 

CAUSED BY VARIOUS COMMERCIAL VEHICLES- TEST 2 

Energy 

Truck Axle Load Truck Day Tcst:s Night Teat:s 

and Spacing Weight, 
Free Ratio Free Ratio kipS 

Edge, Corno~ Free Ed~ Edge, Cornor,' I Free Ed~ 
in. -Ib in. -lb Corner in. -lb 

In, -lb Corner 

• ..:_~~~. 0"'"0 ... c~ 
••u-l'-13--j ..,...,,.., 

26 32.8 18, 4 1. 78 126.2 180.3 o. 70 
& .1&~~ ... 

000 40 55,4 27.5 2. 01 201. 8 268.0 o. 75 1'-•M-{9-
' " 

c--o-o 
f-'l2t-•~ 1 44 59.2 33.1 1. 79 194.6 286,6 0.68 
ft I& I& 

0 o-o-o 58 82.'5 40.7 2,03 317. 8 362,6 o. 88 
j'-t2t-•e~ 
8 18· ~2 

oo'"'Qo 
!-12t•~l-- 58 76, 8' 41.2 1. 86 308.2 294.2 1. 05 

' " " 
~~l~llw 62 70.2 43.7 1. 61 255. 0 311.1 0.82 
• " " 
~ ~12~1~ 66 85.8 40.9 2.10 275.3 293.4 0.94 
• ,. 

" 
0 ~000 
r-•2 .!}12~ 66 84.7 47.6 1. 78 279.3 323.4 o. 86 
e n 26 

0 00 0 0 
r•J-1.!1-·~-t:~ -76 95.4 52.8 1. 81 324.6 399.3 0.81 

' " " 
0000'5 
l''ilf'ot•2~ 76 87.2 51.3 1,70 321.9 347.8 o. 93 
&1&1832 

oo-o-oo 
r· 2+·~ -f9+'e.~i ao 99,6 58.7 1. 70 339,2 459.4 o. 74 

' " 18 I& " 
0 0 S,f.,O 
r">t' . 1 818181818 

ao 86.8 56.8 1.53 307,1 409.0 0.75 

0 0 oo 0"0 
j4Jf91!1-g111.~r- 94 87.8 
8183?1818 

57.1 1.54 405.0 470.5 o. 86 

OO"''o 6 *'0 /42~~+H •I- 102 121.7 72.8 1. 67 458.9 534.0 0.86 • " " " " 
OO"'"'ooo 
/-l2-{!l--l 1t 1•fe'i ao 102,8 61. 7 1. 67 388,2 365,3 1.06 
& 32 I& IBI& 

~zA,~4i 
&Z&JZUZ& 

Ha 124.9 69,2 1. 81 408,2 527.5 o. 7'1 

• Long Tandem 

Night 
Ratio- Day 

Free I Corner 
Edge 

a.9 9. a 

a.6 9. 7 

a. a a. 7 

a.9 a. 9 

4.0 7.1 

a.6 7.1 

3.2 7.2 

a. a 6. a 

a.4 7.6 

a,7 6. a 

3.4 7.a 

3,5 7,2 

4.a a.2 

a. a 7.3 

3. a 5.9 

a.3 7.6 



T>"UCk 
Type 

2 

3 

281 

282 

282 

282' 

382 

382 

382' 

2-; 

251-2 

251-2 

252-2 

252-3 

351-2 

382-4 

Truck Axle Load 
. Truck Weight, ldps 

aDd Spacing 

Gro" I E,Pty I :::., 
-·-~ "" ...-.-r~ ... - . . ,._., .. 

Pi . . 
.-o--o r•+•i . . . 
~ 
t"t:·y .,...,..., 
}•t·-B-... 
~ .. i.~Of ...... 
~ 

'"'""'""' . . -
<>9Q06 
r··tl'"'"'t.J... . . . 

0 5o Q 9 
l'""t.l-""""t!:l . - . 
OiS'"~ 

t't"t"'if 
a-o--ooo 
eo+·~'+"i 1 • • .. .. 

oo-o9'9 
rti'ti 
00""""0"000 
'"-f>'l~fo.\"r ' "' ...... 
H-~;s~ 

• 4 

ooo-o-1?~9 

l""'i'"t"n 
""""""0<5'00 t-T;~;.Ht~ 

26 

40 

44 

58 

58 

62 

66 

66 

76 

76 

80 

80 

94 

102 

90 

118 

8 18 

15 25 

17 27 

23 35 

22 36 

24 38 

33 33 

33 33 

35. 41 

29 47 

29 51 

29 51 

35 59 

38 64 

35 55 

42 76 

• Long tandem 

TABLE 7 
RELATIVE EFFECTS OF VARIOUS COMMERCIAL VEmCLES 

Relative Effect -Test 1 Relative Effect- Test 2 Relative Effect- Alma Test 

Day Day I Night jOverall Night 

CornerJFree Edge I Avg Corner I Free Edge I Avg I Corner I Free Edge I_ Avg 
rvertlge 

Cotner I Free Edge I Avg 

1.00 1.00 I. 00 1.00 1.00 1. 00 1. 00 1.00 1. 00 1.00 1.00 1.00 1. 00 

1.38 1.45 1.4.2 1.50 '1.69 1. 60 1.49 1.60 1.55 1.57 1.84 2.36 2.10 

1. 76 1.58 1.67 1.80 1. 81 1.80 1. 59 1.54 1.57 1. 69 1. 68 1. 65 1.66 

2.02 2.06 2.04 2.21 2.52 2.37 2. 01 2.52 2.27 2.32 2.63 3.04 2.84 

1. 83 2.20 2.02 2.24 2.34 2.29 l. 63 2.44 2.04 2.16 2.30 2. 77 2.54 

2.10 1.52 1. 81 2.38 2.14 2.26 1. 73 2. 02 1. 88 2. 07 2.21 2.17 2.19 

2.16 1. 83 2.00 2. 22 2.62 2.42 1. 63 2.18 1.91 2.16 2.60 3.16 2. 88 

2.16 1. 86 2. 01 2.59 2.58 2,59 l. 79 2.21 2. 00 2.29 2. 53 3.21 2. 87 

2. 73 2.30 2. 52 2. 87 2.91 2. 89 2.22 2.57 2.40 2. 64 3.13 3.50 3. 32 

2.63 2.12 2.38 2. 79 2.66 2. 73 1.93 2.55 2.24 2.48 2.92 3.42 3.17 

2.58 2.87 3.12 2.55 2.69 2.62 2.87 3.08 
3.15 3.19 3.04 2.91 3.00 

2.05 2.51 2.87 2.27 2.43 2. 35 2. 61 2. 84 
2.96 3. 09 2.65 2.60 2. 72 

2.95 2.20 2.58 3.10 2.68 2.89 2.61 3.21 2. 91 2. 90 3. 00 3. 51 3.26 

2. 71 3.11 3. 71 3.84 2. 96 3.63 3.30 3.57 3. 46 
3.50 3. 96 

4. 36 3. 91 

2.34 2.69 3.14 3.25 2.03 3.08 2.56 2.90 3. 74 
3.04 3.35 

4.00 3. 87 

2.62 3. 07 3.81 3. 79 2. 93 3.23 3.08 3.44 4.10 
3.51 3. 77 

4. 75 4.42 



TABLE 8 
RELATIVE EFFECTS OF SPECIAL VEIITCLES- TEST 2 

Relative Effect 

Truck Truck Axle Load Total 

Typo and Spacing Load, Day Night 
OVerall 

kip• 
Corner I Free \ Avg Corner I Free I Avg Avg 

Edgo Edge 

2 H:::"' 26.0 1. 00 1. 00 l. 00 l. 00 1. 00 1.00 1. 00 

Vehicle 11 1-·iK 44.6 3.55 2.50 3.02 2.69 2.65 2.77 2.90 
Scraper 

Vehicle 10 pooc._y 129.9 3.09 5.06 4, 08 1.31 3.32 2.32 3,20 
Low-Boy Trailer ,~ ....... ~ 

·._ ! --



TABLE2 
MAXIMUM AND MINIMUM EQUIVALENT LOAD STRESSES 
DUE TO A 19. 9-KIP SINGLE AXLE LOAD- TEST NO. 3 

(Modulus of Elasticity assumed 5 x 106 psi) 

Tensile Stress, psi Compressive Stress, pSi 

Maxim= 1 Minimum 
(Night) (Day) 

Longitudinal Free Edge Position Maxim= I Minimum 
(Night) (Day) 

8 ft from transverse joint 175 5- 168 115 

6ft 250 55 210 110 

Sit 255 55 210 125 

4ft 205 45 185 75 

2ft 120 •• 175 90 

Midslab point 88 15 262 145 

All pavement strains measured on top surface. 

Test 

,-
' 1 

1 
1 
1 
1 
1 
2 
2 
2 

'"' rw 

·~ 
• 
2 

I o ,u 
·~ 0 , 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-~-
I 

1 lw 
I u 1 
~~ 
lw 2 

I w 2 

tf 2 ,_, 2 
t< 2 

I~ 2 
,~ 2 
~~ • !Z 
t!l 
1 
~-

~ 
TABLE3 

LATIVE PAVEMENT EFFECT 
BASED ON ACTUA AND THEORETICAL DEFLECTION PATTERNS 

Relative Pavement Effect in Inch-Pounds 

Time Test Vehicle 
Position Actual L I Theoretic~l Difference 1 Percent 

~flection Defl~tion Difference 

Day 1 8 535 483 - 52 - 9.8 
Day 2 8 226 269 + 43 +19.1 
Day 4 8 215 203 - 12 - 5. 8 
Day 5 8 197 231 +94 +17.2 
Day 7 8 393 383 -10 - 2. 6 
Day 8 8 265 286 + 21 + 7. 8 
Day 1 2 23 22 - 1 - 5.5 
Day 3 2 23 20 - 3 -12.1 
-Day 4 2 19 16 - 3 -15.5 
Day 6 2 20 20 0 - 0.5 
Day 1 9 76 54 -22 -29.2 
Day 3 9 55 66 +11 +20. 8 
Day 4 9 44 51 + 7 +14.7 
Day 6 9 59 55 - 4 - 6.4 
Night 1 2 262 321 + 59 -i-22.4 
Night 3 2 232 302 +70 +30.2 
Night 4 2 177 244 +67 +37. 6 
N~ht 6 2 163 174 +11 + 6.9 
~ht 1 9 597 754 +157 +26. 2 
Night 3 9 710 554 -156 -21.9 
Night 4 9 543 479 - 64 -11.8 
Night 6 9 407 405 - 2 - 0.6 

Average Error + 3.7 
---

Day 3 8 175 228 +53 +30.6 
Day 6 8 566 598 +32 + 5.7 
Day 2 2 32 36 + 4 +13.8 
Day 5 2 31 32 + 1 + 3.8 
Day 2 9 102 1<>4 + 2 + 1.9 
Day 5 - 9 94 86 - 8 - 8.4 
Night 2 2 130 128 - 2 - 1.2 
Night 5 2 162 !Ba + 24 +14.6 
Night 2 9 450 326 -124 -27.6 
Night 5 9 311 352 + 41 +13.2 --

Average Error + 4.6 
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TABLE 4 
COMPARISON OF THEORETICAL WITH ACTUAL RELATIVE EFFECT 

MARYLAND TEST ROAD 

Inta Source 

I 
Maryland Test Truck 

1 I 2 I 3 I ------------

Maryland Test Road 
Load repetitions for first cracking 210,000 144,000 106,000 
Load repetitions for fil-st pumping 126,000 85,000 44,000 
Actual Relative Effect 

' First cracking 1.00 1.46 1.98 
First pumping 1.00 1.49 2.86 

ACTUAL AVERAGE 1.00 1.48 2,42 

Computed Theoretical Relative Effect 

Alma Test 
Corner - night 1,00 1.57 1.98 
Free edge·- night 1.00 1.56 2.40 
Average 1.00 1.56 2.19 

Test 1 
Corner- day 1. 00 1.38 1.42 
Free. Edge- day 1.00 1. 26 1.53 
Average 1.00 1.32 1.48 

Test 2 
Corner- day 1. 00 1.44 1. 61 
Free edge - day 1. 00 1.48 1. 79 
Average 1.00 1.46 1. 70 

Corner - night 1.00 1.36 1. 53 
Free edge - night 1.00 1. 34 1. 67 
Average 1.00 1. 35 1.60 

THEORETICAL AVERAGE: ALL DATA 1.00 1.42 1. 74 

Percent Difference Theoretical } 
to Actual Relative Effect ~--- .... -28 

4 

50,000 
31,000 

4,20 
4,07 

4.14 

3.92 
4.63 
4.28 

2.50 
2.48 
2.49 

2. 67 
3.15 
2.91 

2.59 
2.83 
2.71 

3.11 

-25 

.- i'RUCK:U I TRUCK 2 I Ci'RUCK]J . I TRUCK 4 I 

~ ~;;:A ... ?''";' ~;z;iiff.·'''.'''':;:"',;' ~.;':!'! .. '''·~;';.·' 
13.7' 13.~' "' 14.71 4.4 

"-'-' 8.0 K. 18.0 1\. 6.6 1\. 22.4 K.. 8.0 K. !2.0 K. 9.2 K. 44.S K. 

TABLE 5 
COMPARISON OF RELATIVE EFFECTS 

OF A PASSENGER CAR AND A TYPE 2 TRUCK 

Pavement Position 

Longitudinal Free Edge 
Day 

I Night 
Average 

Joint Corner 
Day 
Night 
Average 

Overall Average 

I PASSEfl.~E:R CAR I I TYPE 2 1-:§KJ 

~~ 
~U5'--i 1-13DO~ 

1.73 K. 1.97 K. 8.00 K. /8.00 K. 

Energy, 
in. -lb 

0.5 
3.5 
---

0.4 
11.7 
---

---

I 

Relative 
Effect 

0.015 
0.028 
0.022 

0.022 
0.065 
0.043 

0.033 

I 

Energy, 
in.-lb 

33 
126 
--

18 
180 
--
--

I 

Relative 
Effect 

1,00 
1,00 
1,00 

1.00 
1.00 
1,00 

1;00 


