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INTRODUCTION 

The concrete pavement design presented in this report has been 

made with due consideration to all known requirements for a modern hi.gh-

way and is based on principles establ:\.shed by theory, research and "'xperi-

ence. The recommendations contained herein· have been prepared for considera-

tion in connection with Michigan's post-war highway construetion program. 

The design as developed in the report recognizes fouJ' distinet 

classes of highways based on traffic conditions and embodies other fea--

tures in pavement construction in keeping with the modern trend. The de-

sign features are briefly summarized as follows: 

l. Highway Classes: I Expressway, II Heavy Primary, III Light Primary 
·and IV Secondary. J; 

2. The pavement will be of uniform thickness and properly reinforced. 

J. Slab thickness according to class is respectively 9-10, 9-10, 7-9 
and 6-8- inches. 

4. Slab length between breaks in reinforcement is 100 feet. No in­
termediate joints. 

5. Weight of reinforcement per 100 square feet for each thickness 
will be approximately 98, 98, 85 and 78 pounds respectively. 

6. Expansion joints will not be :l..nstalled during summer construction 
except at structures, intersections and at other locations speci­
fied. During fall construction, commencing September 15th, ex­
pansion joints will be placed at intervals of not less than 400 
feet or not greater than that of one days pour as directed by the 
Engineer. 

7. Wood boards one inch wide will be used for expansion joint filler. 

8. Contraction joints will be ir1stalled at 100 foot intervals. 

9. Contraction joints will be formed by a groove l/2 inch wide and 2 
inches deep in the surface, and. in addition, a metal parting strip 
1 inch fl.igj:l will be installed at the bottom of the joint. 

10. A galvanized metal shield will be required at the bottom ruJd edges 
of joints to prevent infiltration of foreign matter. It will be 
fabricated in conjunction with the dowel bar assembly. 



11. Dowel bars, 1-1/4 11 x 1511 spacc'd o.t 12 inch centers will be re­
quirerJ at all transverse joints for the preventicm oi' faulting. 

12. All joints will be sealed with a.n asphaltic-latex joint senling 
compound. 

The selection of this design was influenced b;y the fe.cts that: 

(1) every joint is potentially a source of' structural weaknoss contrituting 

to the ultimate deterioration of the pavarr.ent c.cccl!upanied by increhsing 

maintenance costs, (2) it is possible to desit;n a concrete paveiJlent sJ.a1:.: up 

to 200 feet and poseibly more in lrmgth of sufficient strength to v;.ithstF"nd 

combined warping, load and i'r:Lct:Lon stresses for ·ecny predictable traffic 

condition and subgrEde support satisi'yint; cert1"in ascumptions; (5) tha ser-

vice performance of 100 foot slr,bD construct8d ten or raore years ago on 

suitable sub grades ha.B teen very satisfactory, It woul:l appe&I' then to be 

good engineering practice to reduce the number of joints to an absolute 

minimum consistent with sound. desit;n practice;;. and economic con:siderationso 

The report has been presented in three parts. Part I explains in 

detail the method of' determinint; cross-section th:L.ckness by stress analysitJ 

taking into account th<l principle of' fatip,ue. Part II presents " discussion 

of several important factors which influence transverse ,joint spacinf; sub-

stantiated by tlworetical considerati:ms and tho results i'rOI:l observational 

studies, including slab movement measurements on the Michigan Test Eoad. 

Part III covers the design of tncnsverso joints including provision for slab 

movement, the exclusion of foreign 1natter 'md the desitn anrl spacint. of load 

transfer devices. Detailed concluGlons and recommendations ure prc>sented 

at the end. 

For convenience to the reader, it has been thoubbt advisable to pre-

face the main .body of' the report by a sUJrun&ry of assumptions on which the 

design is based. 

-·2-
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ASSUMPTIONS CONSIDEIUW. IN THE J.l]gGN 

1.. The. load and warping stres:Jes are evalllated by the !! •. M. 

Westerga.&trd th<>m'Y with all its aSSlu~lptions. The corner stresses are 

evalU11ted in th& case of upward warping by the F,'Ublic Roads Adrainistrat;i.<m · · 

experimental formula and trw corner tem;)erature stresses ·by the formula pro-

posed by Bradbury (See Text). 

2. Slab thickness comput'\tions ha'(e been based en. the a.ssumpti.;;n 

that the combined load, warping and fricthm stresses do not exceod values 

sufficient to produce cracks due to fatigue before 20 years·for·the traffic 

under C€)nsideration.. This 20 year period, referred tc. ~s 11 cr'tH~k eJqn~ctancy11 , 

is believed reasonable and one possible t'' vbtuin under m.;,dern constructiun 

methods. 

J, Westergaard's analysis considers loadiJ applied in the i.atcrior, 

or at the edge, or eorner Qf the slab. With the advent <lf wider pavements 

the possibility of all .wheel loads reaching the enr.tre8e edge or cornflr powi-

tions is reduced. Thus, consic1eration has been given tc' both :cOO porcent 

and 50 percent wheel load applications at the critieal point:;. 

4.. The subgr&de is assumed tu be unif'orrJ throughout, V'IeJ.l drRinnd, 

sta.ble and to have a de£'1,nite numericf'Ll value for subgrade reaetion. The 

sub~;;rade reaction "p" at a point is propurtionat" to the deflect:Lon at thRt 

point and to a coefficient "k" which is th,~ ;-;ame for all point« .of the slab 

and which i~1 called the subgrade modulus, 

5. Preliminary subgracle stud~qs b;z tht~ Departt~ent indicat<'- that 
; ~+ 

the modulus of subg]:adl!> reacticn for .subbases c,f SHndy or grarmlar nature 
/l 

are in thi'J order of 100 to 300 p.c.i. Since granular subbasrJs are utilized 

in Michigan, the ~1xtrem.e values of 100 and 300 p~c~i~ f.t.ave~ been o.srn.m1ed ft)r 

subgrade nodulus "k" in computing slab thicknessHs. 

- 3 + 



6. Laboratory and field studies l;y the Do[>artment and other high­

v;ay organizations indicate that the subgrade friction coeffl.cient vcu'io;s 

between approximately 1.0 for light granular soils to 2.0 for heavion' clay 

soils. A friction coefficient of 1.0 was used with "k" equ<l to 100 and a 

value of 2.0 with ilk11 equal to 300for the determiriat:Lon of slab thl.cknessee. 

7. 'l'he friction f'o:rceo are assumed to produce only urdformly dis-­

tr:Lbued direct tension or compression stresses without any hemUng oi' the 

slab. 

S. 'l'he Sllbgrade friction stresse1l fot' slabs of equttl length cl,nd 

thickness are considered ident1clll for both typos of constru<:tion. 

9. All slabs are considered to be unrestrained s.t the endc. 

Therefore, forc\~S which may be caused by dowel bn.r fric.~t..ion, terrrperaturr.:~ or 

other· sources are hot considered in the analysis. 

10. All joints are assumed to act as ideal h:iJl.J[!l.l! without the 

transmission of n.ny bending moments ~md wtthout per·mitting :tnfi1 tr•.J.tl:on or 

af'f'ecttng riding quali. ties. 

11. Contraction joints c.onta.ining load tr,msfor device<l r;re the only 

type of plane of weakness joints considered. 

12. Expan-sion joints are );1lanes of t6t~1l slab separation in tha 

pavement located at breaks in rt~inf'orcement. 'l'htlY' usually contain n prc:rilolde0 

filler mater:to.l suitable fr/t' preventing infiltration nnd capable of' absorbing 

compression forces. Slip dowels and other devices are genercllly includerl to 

;m,venttng faulting of th<: slab ends. 



13, For th~ type of pavement construction ~nqer consideration 

sufficient reinforcement is provided so that the width of transverse cracks, 

if they should appear, .sho~ld remain very sma,ll in order to prevent the 

inf'iltra.tion of foreign l!latter and to provide a certain amount of edge 

support. The whole friction force is ass~med to be taken ~p by the longi­

tudinal bars of the reinforcement without exceeding the yield point of the 

steel. 

14. Under present construction methods dowels or other ds•vices 

are considered necessary at expansion and contraction j oin'ts to prevent 

faulting only. Their ability to reduce edge stresses by load transfer is 

not considered in the design analysis, except in special casr:>s when 50% 

load transfer fel!!tures are prc.vided. Consequently, an. impaet factor of 1.5 

is utilized in computing slab thickness at transverse edgen and at corners. 

At all other points the impact factor is oonsidered to be 1.00. 

15. Cracks occurring in re.inforcEld pavement arE' assum(od to 

permit 50% load transfer. 

16. In the computation of warping stresses, the length of slab 

is considered to be the distance between ~my two consE>cuti ve ,joints. 

17. Tho average interpolated slab thickness between the ones 

for (k = 100, F "' 1.00) and (k " 300, F = 2.00) represents the thickness 

for k = 200, f = 1.50 for the same traffic anC' same crack exp€lcta.ncy. 

18. Certain physical properties of eon crete ar8 assume(! to 

have the following values in the analysis: 

Modulus of Rupture 

Modulus of Elasticity 

Ultimate Cc,mpresoion 

-' 5 -

750 p.s.i. 

5xlo6 p.s.i. 

5,000 p.s.L 



Poisson's Ratio is 0.15 :f'orloads and. zero for temperature or 

warping stresses. 

The Temperature Expansion Coefficient is 5. 5ltio-6. 

19. Four classE!s of traffic are considered defj.ning the iottd 

forces. 

20. The radius of load distribution is defined by Bradbury 

(See Text). 

21. Temperature differentials of )h in summer, 2h in ~~j.nter 

and (h) at night are cons:l.d~red where "h" equalS slab thickn6ss. 

- 6 -



PART ONE 

DETERMINATION ·. m' SLAB. THICKNESS 

The thick;1ess requiremenf,s for the types of concrete pavements 

under consideration have been determined by stress analysis, since methodro 

are available for calculating the stresses induced in a concrete pavement 

slab by external forces and temperature, and since the stress-rssisting 

properties of the concrete material a,re well establi.shed. 

In connection with the method of stress analysis, the principle 

of fati!;;Ue has been utilized as a means for analytically predicting the age 

at which cracks. may be exp(;)cted to occur in concrete pavements of di.ffer,~nt 

thicknesses, because it is possible to ascertain, with a reasonable degree 

of certainty, the particul,ar traffic char·acteristicn to which the p~t.voment 

is to be subjected and the frequency of combined load, warping e.nd friction 

stresses~ 

Special consideration has been given in the analysis to such 

factors as: wheel load frequencies based on actual. traffic surv<'•Y data 1 the 

latest recommendations of the Public Roa,ds Administration in regard to 

stress analysis, the us.e of definite design values obtained from field and 

laboratory studies conducted by the Department and the introduction of' an 

advanced method for determining the numb"'r of stress repetitions to cn.use 

failure. 

The cro:ss-secti,;n thicknesses for several types of pavP.ment con­

struction have been determined on the basis of comblned load, warping and 

subgrade friction strosses employing the assumptions and data outlined 

early in the te>:. t. 

- 7 -



In determining slab eroas-section thickness, consideration is 

given to continuous slab :Lengths of 10, 20, 30, 40, 60, 100, 140 and 

200 feet. 

-8-



Traffic In· Relation To Wheel Load Frequencies i,nd Hi.ghw:w Clllsse1; 

The daily frequency of wheel loads in excess of 4,000 pOUtids 

for the different classes of highways dlln be predicted with a reasonable 

degree of accuracy from existing traffic survey data. For the purpos<>. of 

the design analysis, traffic data were obtained from the Planning nnd 

Traffic Division f0r the years 1936, 1942 and 1943. These data are pre­

sented in Tables 1, 2 and 3. Figure 1 is a graphical presentation of the 

do.ta in Table 1. This graph has been used as R bods for estimrting the 

future wheel load fn,quency for ench class of load in termr; of percE•ntr.ge 

of t0tal daily axle loads uccurring on certain routes represenb.tive ,,f a 

particular class of highwRy. 

The fuur highway classes recugnized by the Design Division nre: 

r. Express Way - Divided Lane 

II. Heavy Primary - 2 Lf.<.ne 

III. Light Primary - 2 Lane 

IV. Secondary - 2 Lane 

The classificaticm vf these types o.f highwnys by trnffic chnro.c-· 

teristics is made in Table 4• 

Determination vf Criticnl Wheel Lvad F'reguency. Tables L.. rtnd 5 

also contr,in the computed critical wheel lund frequency per day ·md per 

year respectively. The daily wheel luad frequency is determined by mul­

tiplying the pHrcentage for each wheel clnss by tutal dnily nxle lc·~ds. 

The tvtril critical wheel luv.ds per year in Table 5 were c>btrLined by mul­

tiplying the values in Table 4 by 365. 

- 9 -



Load Stress Galcullltions 

The magnitmJe of the stress rlevel()ped in a P'~'terflent sl~tb by •1 

(!efinite Wheel loo.d will be determined by c;•nsidering: (1) The verticnl 

c,,,r,,p,ment c·f the lao.d, (2) The positivn of l,;ad with respect tw edge c.f 

Glab, (3) The ,,rea over which the loao is distributcJd on the pavement sur­

face, (4) C8rtain physical charucteristics of the pavement material, (5) 

Certain physicnl characteristics M' the subgrarJe, ( 6) Time durati<.m of the 

·load, and (7} Impn.ct of luDd. 

Formulas I, II, III Gnd IV beloV< o.re used for the cn.lcult•. tion of 

stress vn.l11es. These are ~eri vud from Westergtwrd t s rtrinlysis (1 ).-::... 

Case I, for mo.ximum unit stress .st. interior of slr.b (f\) 

Case II, for mo.ximum unit stress o.t edge of' slab (Se) 

S
8 

= 2.117 x (1 + 0.54u)P 
2 h f og {h)+ 1/3 log (];\ 

10 \b 10 K/ 
.1 or 

= 2.288 P ji"cg it~ 
~-. 10 \'b/ 

+ 0.089766;; - - - - - - - - - - - - - II 

Case III, t'or Irtaximum unit stress at Cvrner (8
0

) 

a .Ji 
t 

for c'ownwn.rci warping - - ·- ... - - - III 

aW 
t 

fl)r upward warping - - - - - - - IV 

lf(l) VJestergaard, .H. M.: "ComputD.tion of Stresses in Cuncrete Ronds", 
Proceedings of High·.my Research Bum'(, 1925. P:Jrt I. 

- 10-



GRAPHIC PRESENTATION OF WHEEL 
LOAD FREQUENCY BASED ON 1936 

TRAFFIC COUNT 
FROM REPORT TO PUBLIC ROADS ADMINISTRATION 

BY PLANNING AND TRAFFIC DIVISION 1938 

AVERAGE 
GROUP I 

04~~~~-+~~~~-~~~~~~~~~~~~~~~~~~~~ 

<r 
0 
'.:J 
~3~~~~-+~~~~~~~~~~~~~~~~~~~~~~--1 

.JJ 
w 
I 
~2~~~~-+~~~~~~~~~~~~·T-~~,~~~~~~~~ 

6000 4000 5000 
·--··-··-···· ···--·-···----····c·c"c:c:--~~~ 

8000 9000 10000 7000 

WHEEL LOAD IN POUNDS 
Figure 1 



Weight 
Station 

No. 

81 

223 

220 

221 

112& 
120 

222 

90 

102 

89 

224 

91 

73 

49 

101 

Route No. Time 

us 24 

us 24 Aug.-Sept. 

TIS 16 

us 12 

us 12 

us 112 June-July 

lJS 24 

us 12 

us 10 

us 10 Sept.-Dot. 

M 78 

us 16 

us 131 

us 127 

Direction Total Total 
of Vehicles .A.xles 

Traffic 7:eighed Weighed 

1 

2 

2 

2 

1 

2 

1 

1 

1 

2 

1 

1 

7,131 

1,958 

3,943 

1,384 

1,127 

1,407 

1,$70 

912 

1.244 

856 

1,469 

7,638 

18,235' 

9.916 

3,587 

10,696 

2,928 

3,192 

3,938 

6,5)2 

2,160 

2,987 

1,963 

AVERAGE 

ESTIMATE 

Estimated 'J'Jheel Load Frequency on Easis of Traffic Study 

Ratio 
AJ::1es to 
Vehicles 

2.46 

2.60 

2.34 

2.37 

2.40 

2.29 

2.18 

2.44 

2.50 

CJKCRETE PAVKGiJT DESIGN STUDY 
TABLE NO. I 

DETERXIKATIOK OF 7,1:'!EEL LOAD FREQUENCY 
BASED OK 1936 TR.A.F?IC COUNT 

Under 
4000 

% 4000-4400 1, 4500-5400 
4250 5000 

"1; 55oo-Moo 
6000 

4,487 $8.7 285 

11,1?4 61.3 716 

3,167 6).6 204 

6,633 66.9 438 

2,407 67.2 169 

7,248 67.8 483 

2,023 69.2 130 

2,234 70.0 135 

2,797 71.1 153 

4,693 71.8 251 

1,557 ?2.1 9l 

2,228 74-7 103 

1,527 77 ·9 8? 

2.505 78.4 130 

69·3 

RIGREST VALUES 

667 

3·9 1,608 

4.4 

3·9 

).8 

4,2 

4.4 

4.1 

4.7 

40 

4)3 

291 

887 

231 

254 

241 

444 

209 

212 

140 

8.7 754 

8.5 1,657 

9.1 

3.2 

8.1 

8.3 

7·9 

8.0 

6.) 

6.8 

9.7 

7.0 

434 

971 

247 

701 

221 

241 

285 

4)0 

161 

160 

113 

170 

~ 6500-7400 % 
7000 

670 8.8 

7SOo-ij400 % Bso0-9400 % 
sooo 9000 

477 6.3 229 ).0 

9.1 1,427 7.8 1,059 5.a 523 

102 8.7 

6.5 

7 .s 
7.6 

7.2 

6.9 

7.4 

5.8 

5·3 

7.4 

10.0 

38] 

222 

67) 

144 

176 

214 

317 

107 

40 

121 

].6 

6.2 

6.3 

).8 

3-6 

2.0 

).8 

5.6 

8.8 

207 

216 

127 

.!SO 

91 

81 

158 

201 

39 

90 

2, 2 

4,0 

3.1 

1-9 

2.9 

1.6 

1-3 

76 

52 

179 

60 

29 

150 

9 

46 

18 

12 

2.0 

1.4 

2.0 

1.6 

2.3 

0.4 

0.9 

0.4 

1.6 

).0 

4,0 

Ove:- 9400 
10,000 

?l 

23 

16 

72 

28 

21 

26 

11 

41 

6 

1 

{ 7.11~e1 
Load 

G.4 }3. 7 

0.6 36.4 

0.2 33-1 

2.0 32.8 

0.4 }2.2 

1..0 30.-3 

1.3 30.0 

0.5 28.9 

0.4 28.2 

0.7 

2.0 

1.0 



'l:ei;ht 
Station ,._ 

l 0? 

113 

112 

52 

2' 

~·s 131 

'.~3 :..12 
·~:0 131 

-::o 10 
li: 15 

::s 2t. 

r:s 12 

':S 25 
1:; 97 

LS 27 

JS 131 

'.'S 31 

Time 

July JC 

Au;;-. 11 

Jirection 
of 

Tre.ffie 

Total 
Vehicles 
7feighed 

117 

163 

llO 

240 

l)C 

117 

121 

Total 
10t:les 

Weighed 

296 

416 

306 

507 

592 

479 

)16 

290 

275 

Ratio 
Axles to 
Vehicles 

2.49 

2.60 

2.46 

2.22 

2.43 

~ONCRETE PAVEMENT DESIGN STUDY 
Tl.BLE II 

SDNMARY OF LOADOMETEP. ~U~VEY 
BY PT....ANNlllG !};"!; TR.AFFIC DIVISION 

1942 

Under 
4000 

.% 4000-4400 % 4$0D-5400 

187 63.2 

200 65·3 

450 76.1 

}66 76.2 

227 ?8.J 

226 82.2 

4250 5000 

ll 

13 

lO 

16 

20 

16 

15 

14 

8 

3 

4.) 

).1 

4.4 

2.8 

9 

35 

18 

25 

20 

28 

)0 

9 

15 

WHEEL LOADS 

;t 55oo-64oo % 650D-7400 % 7500-6400 % 

).0 

8.4 

3·9 

'·' 
6.) 

4o7 

).1 

6ooo 7000 Sooo 

15 

21 

27 

)8 

18 

)0 

18 

10 

10 

11 

8.8 

8.) 

).6 

).2 

4.0 

5.0 

22 

)0 

25 

28 

24 

)1 

18 

22 

1) 

7 

7.2 

3.2 

6.1 

4.7 

5.2 

).8 

24 

29 

21 

24 

26 

)1 

19 

9 

7 

8.1 

5.1 

4.0 

2.8 

------------

8500-9400 % 
9000 

20 6.8 

13 3.1 

4 l.J 

6 

).6 

6 1.0 

7 

4 1.) 

7 2.4 

1 

Over 9400 % % 
10.000 v:heel 

8 

4 

1 

2 

12 

0 

6 

0 

l 

0 

Load 

2.7 )6.8 

1.0 )6.1 

0.4 J0.4 

2.4 27.2 

0 23.9 

0 2J.4 

0.3 21.7 

0 17.8 

o.e 



Y:eilOht 
Station 

2:o. 

u.s 

112 

109 

108 

27 

52 

40 

Route ~Jo. 

lJS 112 
r;s 131 

lJS 24 
'!S 25 

DS 12 

liS 10 
M 15 

us 131 

IJS 25 
u 97 

TJS 16 

us 131 

us 27 

7S 31 

Tirre 

July 29 

July 30 

AUf• 2 

Aug • 10 

Aug. 12 

Aug; • 5 

AUf, • 6 

Aug. 3 

Total 
Vehiclei!! 
'Neighed 

70 

201 

112 

104 

86 

1)0 

156 

59 

64 

60 

.AVERAGE 

Total 
Axles 

Weighed 

197 

562 

315 

264 

225 

32) 

406 

146 

164 

Ratio 
;...xles to 
Vehicles 

2.81 

2.6o 

2.56 

z.6o 

CONCRETE PAVEI,:E1'T .CESIGK STU~Y 
T.AELE II! 

SlD.CUARY 0?' LO.GJI:ETE..H St'P.VEY 
3Y ?Wa:n;c; pJ;D TRJ2?-::C DI'J:!SION 

1943 

'"~o--c'cc~c-MOVO'"YC-e-o~~CMV>ec~TI~ffi?E"~~L~L~O~AD~S~rc""v=~YC-e-,~~o,cV>ec-c~;o~o-<r----c--Undar % 4000-4400 % 4500-5400 % SSoo-6400 % 65o0-7400 % 7500-8400 % 8500-9400 % Over 9400 % % 
4000 42$0 5000 6000 7000 8000 9000 10,000 "Theel 

103 $2.4 

314 $6.0 

179 56.8 

165 62.4 

148 6$.8 

214 66.) 

269 66.) 

104 71.2 

120 73.2 

104 76.5 

~ 

6 

23 

15 

11 

10 

12 

20 

6 

6 

4 

J.o 

4.8 

4.2 

4.0 

25 

30 

26 

14 

22 

26 

22 

7 

11 

10 

8.) 

9.8 

8.0 

$.4 

4.8 

6.7 

).4 

27 

44 

25 

14 

11 

19 

)0 

7 

9 

7 

7.8 

4.8 

18 

71 

)3 

)2 

12 

13 

5 

5 

5 

12.6 

12.0 

12.1 

5.3 

4.0 

6.2 

3·4 

3·0 

14 

44 

22 

20 

13 

22 

19 

10 

8 

3 

5.8 

6.8 

2.2 

6.1 

4 

23 

6 

6 

6 

11 

13 

5 

3 

3 

2.0 

3·4 

1.8 

2.2 

0 

1) 

4 

3 

6 

8 

2 

2 

0 

o.o 

1.) 

o.s 

1.) 

1.9 

2.0 

1.4 

1.2 

o.o 

Load 

44.0 

4).2 

37.6 

J4.2 

33·7 

28.8 

26.8 

23.5 



CONCRET:b ?AVEUENT DESIGN STlJJJY 
TABLE NO. !IT 

GQ}~PUTATION OF CRITICAL :VREEL LOAD. FREQUENCY, PER DAY 

Class Eig:!may Type Total 9aily Commercial Commercial Estimated Ratio of Total De.:i.ly 
Traffic Capacity Traffic Traffic Com. Traffic A:lcles to Axle Loads 4000-4400 Over 9400 

per Lwe Percent Per Lane per Lane Vehicles 4200 10.000 
' d 1% 

EJ::pre.s s l!'.'ay 12,000 15 1800 2000 2.6 $200 208 468 520 494 390 208 52 
~i vided Ls.ne 

II Rea'VJ" Prim.e.ry 12' 000 8 960 1000 2.6 2600 104 234 260 247 195 104 26 
2 Lane 

:::II Light ?rimary :!.2,000 240 250 2.6 
2 L~e 

6$0 26 59 65 62 49 26 6.5 

:::'7 Secondary 12, JOO 120 '" 2.6 325 13 29 33 31 24 13 3 2 La:;e 

T.ABLE NO. V 
COMPUTATION OF CRTTICAL ',";HEEL LOAD FREQI'EJ:TCY, PER YEAR 

Class Highway Type Critical Wheel Load Per Year 
4200 5ooo 6ooo 7000 13ooo 9000 10~000 

I Express Way - Divided Lane 75~920 170.820 189~800 180~310 142,3$0 75.920 18~ 980 

II Heavy Pril!'lary - 2 Lane 37,960 85,410 94,900 90,155 71,175 37.960 9,490 

I1I Light Prim&ry - 2 Lane 9,490 21,353 23,72$ 22,539 17.794 9i490 2,373 

I'J Secondary - 2 Lane 4, 745 10~677 11,863 11,270 8p897 4, 745 lp187 



where: 

P = appliecl lu~>.d, in pt>unds 

h = thickness of slab, in inches 

a.· "' radius vf vrhael load ('istr•ibution in inches 
The v-alues are giv-en in 1'able VI 

t - rctdius of' relativ-e stiffness, :Ln inchci) ( 11 t 11 substituted fN' 111 11 

in Westergaard's equation) Bee Jl'ortnulli V 

b "' radius of resisting sectiwn, in inches, an<' is computed by 
formula VI 

E "' Modulus of elasticity of' cuncrete in pouncls per square inch 

u = Poisson •s ratio f<:>r concrete 

Z--.:\;:=0.2 
L 

Ra.diUf! of Wheel Load Distribution: Lead cistributi.m radii for 

various wheel loads acc0rding to Braclbury (2);< are given be;low in T~JJlB VI. 

TABLE VI 

k1ad-Distribution Radius, 11 a 11 , in inches 

Locatiun vf whe&l un sltLb 
Wheel Load 

p 

4000 
5000 
6000 
7000 
8000 
9000 

10000 

Cvrner 

4.6 
5·0 
5·:3 
5.6 
5.8 
6.0 
6.3 

, Transverse 
Interior Et1:{.EZ... __ 

1,.6 5 ~5 
5.2 6.1 
5.7 6.6 
6.1 7.0 
6.5 7.4 
6.9 7.8 
7.3 8.1 

><(2) Brac1bury, R. D.: 11Reinf .;read C·.mcrete Pavements" . 
. Wire Reinforcement Institute, 19:38. 
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Lun;;~:i tudirttJ,l 
E~~.:>[ t!B 

6.7 
7.4 
8.0 
8.6 
9.1 
9.6 

10.1 



The Radius of Relative Stiffness:. In rogarc1 to the radius of 

relative stiffness Bradbury states that.,"" concrete pavement slab fur;ctiono 

essentially as a flat plate resting UlJ'Jll n cuntinuu1c but yi·2.lding S\J ppcrt. 

Any tendency for the slab to deflect down.we.rd when a loac'l iro n.pp1 iod on the 

pavement surface is restrained to a certain e)Ctc,nt by a.n upward bc!uce<~ 

reaction exerted by the subgra.de. The degree of resistance to slab d·c-· 

flection thus offered by the subgrade .is <:l,epenaent upqn '!;he. stif'.fnec:r: or 

pressure-defprmation vroperties of the subgrad<Ol .mate:ri.al. But the tendency 

of the slab itself to deflect is dependent upon its preperties of flexural 

stiffness. Thus, the net resultant deflection of the slab,' 1vhich is D.lso 

the deformation of the subgrade, which, in turn, is a. direct measure of the 

magnitude of reacting subgrade vressure, become·s a function fJf the relative 

stiffness ·of the slab to that of the subgrad8. Accordint; to ~lerlteq;aard, 

this factor termed the •radius of relc.tivc ;:;tiffne[<s 1 - to.kns the form of 

a linear dimensien and may be expres:Jed by th<e formula:" 

t Y/ - - - - - - - - v 

t = radius of relative stiffness, in inches 

E = modulus r.•f ela,stici ty of tho concrete, in peunds per sq1.w.x•e· inch 

h -· slab thickn<OlSS, in inches 

k - subgrade modulus in pounds per cubic inch 

u ::: Poisson 1 s ratio for the coticrGte 

- 12 -



Radius of 'Resisting Sectic,n: The slab th.i.dcness 'cbviounly lms the 

effect of' distributing the bending tftl,went c.vet· some d'fective se'ctic,n of 

resistance. Also, the radius of lo<u:l rastri bu t:l"n is 11. f.:,etc,r in dHtermining 

the extent uf mument distribution. Acccrdin!; to Westergaard, the equiw'lent 

radius of the resisting section may be a;,proxim:"ted in terms of the rH.tlius 

of loecd distribution and slab thickness by the following formulae. 

b = V 1.6 i· + h2 - 6.75h when "a" is less than 1.72411 ··--·-VI 

b = 11 a11 when 11n 11 is greater than l. 72411 

in which 

b = equivalent radius o.f resiating section, in inches 

o. ·- radius of wheel load distribution, in inches 

h = slab thickness, in inches 

Determination of ~bg:rade Modulus. In Westergaard 1 s origin.:.tl theory­

it was assumeJd that the reJactions of the subp·ade are vertice.l only nm: are 

proportional to the d<;floctions of the slab. The subgrn.de reaction per 

unit ar.ea Rt ec given i)Oin.t is the yroduct of the deflection at that £•oint 

and a coefficient of subgrtc<"e. stiffness "k" which wns termocl the moCulus of 

subgrade reactiOn. This modulus is exprE-;Ssed in ... Juunds 1.)er square ·.inch per 

inch. of deflection, or ;oounds ;•er cubic inch. 

~o make _.Jractic(;ll use of the, analysis one must be ahle to assign 

a. value tu the modulus of subgrade reaction for the .•.. articular soil structure 

with which he is ccmcernec. There 0;re three recoc:ni'?ed field jrocedures by 

which the load sustaining ability of the subgrn.cJe C"-11 be mec,surtod, 



1. Load-diS,)lacement tests on rigid >tl~.te§., ln which the londs 

subgrude modulus ls obtained from the load-penetN>.ti,~n r·el[Ltionship.,, 'rlw 

method for. computing 11k 11 is l;lhtiiihir· in Figure 2, p!l.rt 1 .• 

is applied at the center of. flexible circular i'lato,l of relatively large 

dimensions. The subgrade modulus "kn is com;JUteo. by twc methvds det1ignntecl 

as the volumetric cUsule_cement methoc1 and the deflecticm methc,d. 

Method A. In the volurn<.tric me thud, the nhape of the deflected 

~.;late must be dGtermined j;Jrt-)Cisely c.nd l ts verticn.l diapl0.cement measurec1 in 

order to estimate uccurately tho volumetric clh:{,lacemGnt rof the soil that is 

caused by the test lc•ad on the Jlntt~. The mudulus of S1,1bgrade r<Jact:L:,n is 

cum,:>uted by dividing the lorcd ·in ~J•.cunds by the volume of' the dis,,laced ~;cil 

in cubic inches. 

advanced, since it is based tt;J«>n a rigoruus theury fvr finite cirenlar 

plates of' uniform thickness, symmetrically loa,de;d and su,1pC.rtecl. The theory 

of these plates Wall devel,>ped by Ferdinand Schleio.her (3). The subgrtJ.de 

m0dulus can be readily ascertninod (from a deflectiun measurnd) 8t m1y 

'<luint under the vlnte from s 1,ecially ,1repared gra)hs. The theory lends 

itself' to the dcterminatiun of deflecth•nS 11t ,)ositiom' not immediately 

·Under the luad, a determination which is valuable as a check and means of' 

·detecting any distortfi'>l'!l of the plde during the test caused by temJ;erature 

and muisture conditions. See Figure 2; ;1art 2. 

(3) Schleicher,. Ferdipnncl: Kreis plljltten auf raasticher Unterll;age. 
(Circul~tr Plates on Elastic Sutgrades) 1926, 
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I. RIGID CIRCULAR PLATE 

k- p _.--A ·z 

k = subgrade modulus 

P = load in pounds 

A= area in square inches 

z = deflection in inches 

Method A: k = ~ 

V=A·zav. 

P= load In pounds 
V= volumetric displace-

ment of soil in cu. in. 
z =deflection in inches 
k =subgrade modulus 
A= area of plate In sq. 

inches 

Method B: "k" can be determined from prepared graphs 
based on relationships between load de­

flection and physical properties of the 
.plate. 

3. FULL SIZE PAVEMENT SLA-BS 

For Interior: 

For Free Edge: 

k- 3(1-uz)pz 
-16Ehllz 2 

k _ 2(1-ue)(J+0.4ulzP2 
- Ehll z2 

k = subgrade modulus, p. c. i. 
u=Poissons ratio 
E=modulus of elasticity,p.s.i. 

P = load In pounds 
z =deflection In inches 
h=slab thickness in inches 

Figure 2 



J. 

cedure cunsists of a~ii>lyin.:; test loads at the free edge (:r interior p: .. int 

of a 1mv~;ment sl!lt, of uniform thicknes::~ and tif ncrnml size. If the olllstlc 

modulus d' the concrete in the slnb is known, it is 1>ossi ble. tc· est:i.mn te tho 

value of the subgrade modulus from the slab deflection under the applied 

load by means of deflection formulas given by Westergaard (4). See FiguN: 

2, part 3. 
·, 

All of the three procedures fur determining the subgrnde moc~ulus 

have been tried by the Deyartment un VD.rious occasions. It hns been f.:.und 

that the procedure em.i_;loying the flexible circular plate, with the subgrm1e 

mudulus cum~;uted by the deflecticn methud (lv'iethud 2!3), efl.Ve much more c~m-

sistent· and repr<Jducible results than did nny of the uther vrocec1ures. 

Recent field stuC.ies by this methvd on sandy i1.nd s::mdy clD.y sub-

grade materials gave values for subgrade modulus of '-1-!)iJroximPLtely: 200 :mel 

300 p.c.L, reS~:lectively. Since it is not anticlflflted. thnt the eubgr~.td~ 

mudulus under ;.ju.vement slabs will \:JXceel.i 300 1).c.i. under normnl constructi.:;n 

conditions employing st:md Sl.lbbase material, extreme values for 11k 11 of 100 

and 300 p.c.i. have been asswned in the calculnth,ns fur ~avement thickness. 

The physical charac.\teristics of 

ccncrete involved in Method 2B r..nd in vleste;rgaard's equat.::ons .for stre~1s 

determine.tions are: modulus of elasticity and Poiss'm 1 s ratio. 

The mudulus of elasticity (Jf concrete producec under mudern design 

requirements and Michigan s 1,ecifice.tit1ns is ap;:~roximatelY: 5,000,000 to 

6,000,000 pounds per sqm1re inch. A value <:.•f 5,000,000 w::(~> used in com-

imting unit stresses. 

(4) Westergaard, H. M.: "Computation uf Stret:Jses in Cuncrete R<JHds. 11 

Proceedings of Higlwray Resr;~-trch B1Atrd, 1925. Part I. 
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Poisson's ratio for concrete was to be 0.15 for 

due to load, and zero for warping stress0s. 

The maximum unit 

in the concrete has been calculated by equations I, II r.nd for 

wheel loads ranging from 4, 000 to ·10, 000 pounds when they occur r, t the 

four critical points such as (l) at the interior, (2) nt the 

tudinal , (3) at tt transverse joint and {4) at n corner. In the 

calculation of unit stresses, slab thicknesses from 6 to 12 inches in 

one-inch increments were considered. Two extreme concli tions of subgr'"~.de 

support wel'e assumed, with values for subgrade modulus "k" of 100 nnd 

300 pounds per cubic inch. 

The computed stresseB for the conditions described nbove rcre 

presentGd in Table VII. They are also presented graphically in F'igures 3,4,5· 

Warping stresses were computed for tmnp~rature in 

the slab of 113h11 in spring nnd summer, "2h 11 in fall n.n<J. winter .s.ncl "h" 

night, where 11h 11 eqm~ls slab thickness, e.ccording to Westergae.rd 1 s analysis 

(5)* and assuming Poisson 1 s ratio equal t<; zero. Tho equntions for· C(;mputing 

wnrping stresses are given as follcAvs: 

s 
0 

t··vT 

----~-------.. -·------,---
i~(5) Westergaard, H. Ivl.:"Analysis of Stresses in Concrete Pn.vemont;:1 Due to 

Varintions of 1rempern ture. 11 Proceec!ings c.f Hlghway R;::,sf:lnrch Board, 
1926. 
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TAi>LE NO. VII 

SU'.!!.u\RY OF WHEEL LOAD STRESSES DETE!ti<IllED BY WESTERGAARD'S E<.iUATIONS 

"\'\neel 
Lot.d P K - 100 - Slab thickness ~ i~ehes K : 300 - Slab thickness i~ ~ehes 

6" 7" 8" 9" 10" 11" 12" 6" 7" 8" 9" 10" 11" 12" 
~neal Load Stresses at I~terior of Slab bi£ E9us.tlon No. I 

4000 143 109 87 70 57 48 40 125 96 77 62 51 42 36 
5000 169 131 104 84 70 59 50 148 115 92 75 62 52 45 
6000 194 151 121 98 81 68 58 169 133 lo6 87 72 61 52 
7000 219 172 137 111 92 78 67 190 149 120 98 82 69 60 
8000 242 189 152 124 103 87 75 209 165 134 110 91 78 66 
9000 264 2o6 167 136 114 96 83 226 178 145 120 100 86 73 

10000 283 223 180 148 124 105 90 241 192 156 129 109 93 80 

Wheel Load Stresses at L~~itud~1 Ed~e of Slab bz E9ustion No. II 

4000 198 156 126 103 86 73 63 167 133 108 90 76 64 55 
5000 233 184 149 124 104 88 76 195 156 128 107 90 77 66 
6000 265 211 172 142 120 102 88 219 177 146 122 104 89 77 
7000 293 234 191 159 135 116 99 239 195 162 136 116 99 86 
8ooo 320 258 211 177 150 128 111 259 213 177 150 128 no 96 
9000 346 279 230 192 164 140 122 277 229 193 161 139 121 105 

10000 369 298 247 207 177 152 132 292 243 204 173 151 129 113 

Wheel Load Stresses at Tra~verse E~e of Slab bl E~us.tion No. II 

4000 221 171 137 112 93 77 66 190 149 120 98 82 69 59 
5000 262 205 165 134 112 94 80 223 177 143 117 99 84 71 
6000 301 236 190 156 130 109 94 254 202 164 136 114 97 83 
7000 337 266 215 176 148 125 1o8 284 227 185 153 130 110 95 
Booo 373 294 238 198 166 140 120 311 250 204 170 144 123 lo6 
9000 404 322 260 216 182 154 132 335 272 222 185 158 135 117 

10000 437 347 285 235 199 168 145 360 291 242 202 171 147 127 

1fueel Load Stresses at Corner of Slab by Esustion No. III 

4000 202 155 123 100 83 70 59 179 139 111 91 76 64 55 
5000 245 188 149 122 101 85 73 214 167 135 no 92 78 67 
6000 287 221 176 143 119 101 86 249 195 157 129 108 92 79 
7000 325 252 201 164 137 116 99 280 221 179 147 123 105 90 
8000 366 284 226 185 154 130 112 313 247 200 165 139 118 102 
9000 405 315 252 205 171 145 125 344 273 221 183 154 131 113 

10000 439 341 274 224 187 158 136 368 294 239 199 167 143 123 

Wheel Load Stresses at Corner of Slab bl E~ustion No. TV 

4000 282 212 166 132 108 90 76 262 199 157 126 104 87 74 
5000 346 261 203 163 134 112 95 318 243 192 155 128 107 91 
6000 409 309 241 194 159 133 n3 373 287 226 183 151 127 108 
7000 469 356 278 224 184 154 131 426 328 260 211 174 146 125 
8ooo 531 403 316 254 210 175 149 479 369 294 239 197 166 142 
9000 591 450 353 284 234 196 167 530 411 326 266 220 185 158 

10000 646 493 388 313 258 216 183 574 447 356 291 241 203 174 
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Near cc,rner of slab, according to Bred bury ( 6)1< 

= E .. e~d. 
3 (1-u) 

which reduces to 

Sw 
c 

. I !!­
V t 

- - - - - - - - - - ~ - - - - - - - - VIII 

Swx and Swy -- Warping stress in pounds per square inch in :x: ( tn,,nsverse) 
and y (longitudinal) directi"n respectively 

Sw
0 

C:x: and Cy 

E 

e 

d 

t 

L 

w 

- Warping stress noar corner of slab 

- Cuef'ficients def'lned by graph in figure 6. in relation-­
ship with C~ and CJ' 

=• Modulus of el!istidty uf concrete in p.s.i. 

::::: Thermal ccefficient .Jf concrete 

-- Temperature differentinl br;tv;ecm t'JP and bcttum of slab 

= Radius of relntive stiffrwss in inehes (FquaUon V) 

= Length of slab betwc;en joints in feCJt 

= Width of sla.b in feet 

Fur slab lengths greater than (12t) the vt.:?~rpinE ntresses nt ~'" c'.lif;tnnee • ... <f 

~ -I I t 1/2 from slo,b enc was considered to be 1.043 ~' ;::;, , in accnrc1ance with 
c 

Bradbury (6)"· A complete summary uf warping stresses for critlc~.l pc,.ints 

is pres<mted in Table VIII o,nd IX. 

(6)l< Bradbury, R. D.: Reinforccld Concrete Pnvements. Wire Reinforce;nent 
Institute, 1938. 
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Subgrade Friction Stresses 

The subgrade friction stresses in tho concreto at the middle of the 

slabs "L" feet long •nero determined hy the follovring equation.: 

s = r.w.r.. 
f 

- - IX 
2$8 

where: 

S =Friction s·tress in pounds·per squ[o\re inch 
f 

f = Coefficient of subgr:ade friction 

W =Unit weight of concrete aesumed at 150 pounds per 
cubic f.oot 

L = Length of slab in feet 

Laboratory Rnd field studies by the Ikopnrtment and other Highway 

Organizations indicate that the subgrade friction coefficient vo.ries hetw.oen 

approximately 1.0 for light t:,cr·anular soils to 2.0 .fox· heavier cley ,;oil,;. 

A friction coe>fficiont of 1.0 was used with 11k 11 <equal to 100 and a value of 

2. 0 with 11k 11 equal to 300 for the determination of slab thiclm8f.'8. A value 

of J.. 5 was assumed for 11 k 11 = 200. The calc)llr:tted friction stresses arc, 

presented in table X 

TABLr: X 

SUMMARY OF SUBGRADE J'JUCTION STRESSJ<;f?_ 

10 
15 
20 
30 
40 
60 

100 
140 
200 

Stress p .. s.i$ 
k = 100 
f = 1.0 __ _ 

5.2 
7.8 

10.4 
15.6 
20.8 
31~2 
52.0 
72.8 

lOL,.O 
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Stress P•Soi. 
k = JOO 
f ,~ 2..JL_. __ 

10.4 
15.6 
2o.e 
31.2 
41.6 
62.4 

104.0 
145.6 
208.0 
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Slab Th.iobess 
In Inehee 10 

6 

7 

8 

9 

10 

11 

12 

Slab Thiokneu 
In Inches 

6 

7 

8 

9 

10 

11 

b 100 k: 300 

10) 

87 

60 

48 

41 

35 

17) 

159 

141 

124 

109 

94 

4000 
k: 100 k:: 300 

21 24 

23 

25 

27 

29 

31 

33 

27 

29 

31 

34 

)6 

38 

11 
k: 100 k: 300 

129 

113 

81 

68 

59 

50 

211 

208 

195 

178 

16) 

146 

130 

5000 
k: 100 k: 300 

22 25 

24 

27 

28 

30 

32 

34 

28 

)0 

)) 

35 

37 

39 

TABLE NO~ VIII 

SU'JMAP.Y OF WARPING STRESSES 

AT I~~ERIOR AND LONGITL~1NAL EDGE OF SLA3 BY EQUATION VII 

AT A POINT MIDWAY BETNEEN ENDS 

LE1r&Tli OF SlAB IN FEET 

1 20 0 40 
k: 100 k: 300 k: 100 ]!.., 300 k: 100 k: 300 lee 100 k: 300 

220 

221 

214 

197 

181 

16) 

147 

26) 

297 

311 

319 

320 

313 

300 

265 

295 

314 

323 

326 

319 

)07 

267 

315 

350 

394 

425 

443 

457 

TABLE ll 

258 

)11 

358 

40) 

443 

476 

517 

294 

340 

391 

49) 

538 

257 

300 

34) 

390 

442 

491 

539 

WARPING STRESSES AT CORNER OF SLAB BY EQUATION VIII 

LOAD ON SLAB IN POUNDS 

6000 7000 8000 

248 

289 

330 

372 

416 

458 

500 

9000 

60 
1r.= 00 ks 300 

248 

289 

))0 

371 

413 

455 

500 

248 

289 

3)0 

371 

413 

454 

495 

10000 
k: 100 k: 300 k: 100 k: JOO k: 100 k: 300 k: 100 k: 300 k: 100 k: 300 

23 26 

27 

29 

31 

33 

35 

29 

31 

)4 

)6 

38 

41 

23 27 

26 

28 

30 

)2 

)4 

36 

30 

32 

35 

37 

39 

42 

24 27 

26 

29 

)1 

33 

35 

37 

30 

33 

35 

38 

40 

42 

24 28 

27 

29 

31 

33 

35 

37 

31 

33 

)6 

38 

4) 

25 29 

27 

30 

32 

34 

31 

34 

37 

40 

42 

289 

330 

371 

413 

454 

495 

248 

289 

330 

371 

413 

454 

495 

At a di!ltanoa of 

11 tg: feet 

from end of slab 
k: 100 k: 300 

258 

302 

344 

)88 

430 

473 

516 

258 

302 

344 

388 

430 

473 

516 



Determination of Combined Unit Stresses 

Unit stressetl including those procmced by wheel. lor:ds, v:arping 

and friction forces have been combined for each of the critical lea•! 

positions designated as the interior, lungi tudinal free edge, tr"lnsverrlc.• 

joint edge, and·corner; In the case of the trnnsverse edge nnd corner 

positions, combined stresses have also been computed considering 50% loac' 

transfer without impact and no load transfer •1ith 1.50 impact. 

Special combined str.ess summaries were prepared fur the interior 

and longitudinal free edge of continuous slab construction at a distance 

cf C t ··JZ from the free ends when the slab lengths in feet were longer 

than 12t, where 11t 11 equals radius nt relative stiffness (See Equation V). 

The combined stresses were calculated separQ.tely f'"r warping and 

friction stresses and f0r ,~larping, fr~ictiun o.n.d load stresseo as· follows: 

1.. Warping a.nd frictiun stresses at interi(;r and 1 ... mgih1dinn.l free· ec·!ge 

Ssd - sw3 - sf for summer days 

Ssn = -Swl - sf for sununer nights 

Swd = Sw2 + sf for winter days 

Swn - -~1 +sf' for winter nights 

2. lVarJ2ing stresses for transverse edge 



4. Combined wareing 1 friction and 1oac1- s-tre-sses 

s Ssd + " for su;iliner IMys -- "'L c 
S. c ·- Ssn + Sr, for summer nights· 

sc = Swd + SL for winter days 

sc = Swn + SL for winteT nights 

where s represents unit stress and subscripts denote.~ 

s, Summer 

n, Night 

d, Day 

w·' Warping 

f, Friction 

L, Load 

c, combined unit stress 

1--2-3 ,=,lh--2h-3h or tempBrature rlif'ffirential 
whore h =" rolab ·thickness 

Free body diagra.~ illustrating the aetion c;f the com~in·~·r~ t.mtt 

in figure ':7. 

obvi()US that critical combinr.ttiorw of' load· ond w:1rping ntresses (-l.t lHlJ~ !_;;l~.rcm 

section of slab can occur only for a. fmv hours per dr: .• y during certain SE.!D.son:3 

of the year. Therefore, in order to arrive at a logical estimnt,e rw to ths 

number of wheel load applica tipns \·vhich cnn h1::? combined Hi th tom per~ ~u r~-:;;--

1'tarping, the following assumptions have been made: 

6 A. M. rmrl 6 P. !A.' ( ccnsider·"d c1a;v·tim~ tr(ct'fic). This 

fi&rure is deri vec1 fr(Jm T!··blo XI 1 >Nhich i~s cumpilefi from 

traf'fic studies by the PJ.rmning :.:~nd Trnffic Di vird(:n. 

2 ~ Cri ticttl wo.rping tnkes plr~ce during n 5-·hour pertod ir1 the 

c~aytimf,:l and during tho same- :r;;or1c;rl of time itt the night. 

Public Roads Adminis·LrFL.tit;n anC. verified 2y observr:.ti~:Lons 

c,n the Michigan Test H<"ad. 

- 20-



5, The critical period of stress application may be reduced 

one-half because of gradual variation of temperature dif-

ferential in. the slab for the 5-hour period. 

4, In Michigan1 25 percent of days in the year are bright 

according to U, S. Weathe.r Bureau records at East Lansing. 

At night, 10() percent of wheel loads are con:sidered cri·-

tical because of the considerable temperature changes 

during that period which will influence warping of the 

slab more than temperature fluo'!mations occurrug ma. dull 

days. 

5. The nulnerical]$ greatest value of those daily maximr.: is 

apt to occur either during th'' spring &.nc1 summer months, 

or fall and winter months. Each pr;riod is considered 

l/2 year, 

On the basis of the above assumptions, the percent of. total critical 

wheel loads is computed as shown below, where. each factor is tak•Em in order 

of presentation above. 

Day Time 

For spring and summer: 0.75 x .§. x 1/2 x 0.25 x 1/2 x 100 = 2,0% 
12 

For fall .and winter 0, 75 X .§_x l/2 X 0.25 X 1/2 X 100 = 2, O% 
12 

Night Time 

Fbr · sprin,g and summer: 0.25 X 5 X - 1/2 X 1 X 1/2 X 100 -- ., 6% ••• r,:, 4 '0 

12 
For fall and winter 0.25 x.§.x 1/2 X 1 X 1/2 X 100 = 2.6% 

12 

On the basis of the above assumptions and calculotions, a value of 

4% has been assumed for the purpose of computing the nUmber of wheol load 

applicll.tions per year combined with warping. The total cdt:Lcal wheel load 

applications per year considered in the computation of slab thickness are 

given in Table XII. -21-



TABLE XI 

HOURLY DISTRIBUTION OF' Al'lNUAL AVERAGE .DAll/{ TRUCK Tl1AF'FIC 
FROM A COMfiOSI'l'E OF .3 TRAF'IIIC COUHT STAT!ONS 

Based on 1 Week frorn Each Month of the Year 1936 

By Planning and 'l're.ffic Division 
Michigan State Highway D<ppartment 

TOTAIJ TEUCK2. & 
SiNGLE TRUCKS TRAILER COMBINATIONS TRAILER COMBINATION;-

HOUR VOLUME PERCEN1' VOLUME PJi;HGENT VOLU~IE: PERCENT 

12 l'M - 1 Al~l 16.?9 1.36 53.85 5.22 70.6/+ 3.12 
1 AiVI - 2 AM 14.75 1.20 57.06 5-53 71.81 J.17 
2 AM - ., _, AM 15.85 1.28 52.72 5.11 68.57 J.OJ 
JAM ·- 4 AM 17.66 1.43 51.78 5.01 69.41, ).06 
I+ J\JV! - 5 AM 1<1.99 1.54 1,9 .59 4.80 68.58 J.OJ 
5 AiVI - 6AM 26.16 2.12 50 .. 07 ./,.85 76.2} 3.36 
6 AM - 7 AM 38.32 3.11 47.U5 4.57 85.50 J.'l? 
7 AM - 8 AM 51.66 /+.19 36.27 3-51 '67.93 3.'68 
8 AM - 9 Ai\11 69.45 5.63 32.18 3;12 101.63 4.1,'6 
9 AM - 10 Alii 84-97 6.89 36.31 3·52 121.28 5-35 

10 AM ·- 11 AM 86•73 7.03 .37 .69 3 .65· 124./+2 5 .1.9 
11 Al\1 - 12 M 86.66 7.02 38.68 3,7') 125.31, 5~'53 
12 M - l PM 78.87 6.39 40.37 }.91 119.24 5.26 
1 .PM - 2 PM 82.88 6.72 !,1.08 ;3,9,8 J-23 .96 5~_47 
2 PM - 3 PM 84.99 6.89 41.70 1;.04 126.69 5.59 
3 PM - 4 PM 8J.J9 6.76 41.81 4.05 125.20 5.5J 
4 PM - 5 PM 8J.95 6.81 43.17 1,.18 127.12 5.61 
5 PM - 6 PM 78.91 6.40 39.10 J.79 118.01 5.21 
6 PM - 7 PM 57.81 .\ .69 37.46 3.63 95.27 4.20 

. 7 PM - 8 PM 47.12 3.82 J7.Jl J.61 84.1,3 3. 73 
8. PM - 9 PM 36.11 2.93 39.29 3.80 75 ./,0 ).JJ 
9 PM - 10 PM 2'7. 74 2.'25 38.60 3. ?L, 66. 3l, 2.93 

10 PM - 11 PM 23.13 1.8'1 42.59 4.12 65.72 2.90 
11 PM - 12 PM 20.64 1.67 46.59 !,. 51 67.23 2~97 

2L..-Hour Total 1233-53 100.00 10:32.45 100.00 2~65C:9B 100.00 

6 AM - 6 PM Total 73.84 46~07 61.1'7 
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COMBINED R s R 

DAYTIME 

Sc=SL+Ssd"SL+ :;-Sf 

p WINTER 

·~~: .~:: ?: '·.··:·- ·;· ··.· '•'?.'<.~\.~_~:~: 

·~:c s ... z- _s,.,:< '":: 
"'·· Sww ---·- -~svw - ·.~> ' Sf~~--~~.s~"'' 

DAYTIME 

COMBINED STRESSES AT CORNER 

SUMMER 

p 

WINTER 

NIGHT TIME 

"SL+Ssn" SL ··Swl-

E 

.j::~·rc, :·.: .. · ..• · · .. ", .·~:·~.!··~:. 
' ;:.r:0 /~ ""'"' / '\ -7- '1 ':: 

NIGHT TIME 

Sc = SL +Ssn"SL •sw, ~sf 

NIGHT TIME 

Sc=SL tSwn• SL +Swl l-Sf 

Figure 7 



TABLE XII 

NUMBER OF CRITICAL WHEEL LOAD APP]tiCA1'IONS I'ER YEAR 

HIGHWAY CLASS I HIGHWAY_ GLAt:iS Il 

Number Combined Number Combined 
Total with warping Total with warping 
Critical 4% Spring & Summer • Critical 4% Spiing & Summnr 

Wheel Erbeel or Wheel or 
Loads Loads 4% Fall & Winter Loads L,% ~'all & Winter 

4000 75,920 3,037 37,960 1.513 

5000 170,820 6,833 85.,410 3,416 

6000 l$9,800 7,592 9/,, ')00 3' 796 

7000 180,310 7,212 90,155 3,606 

8000 142,350 5,694 71,175 2' 8!, 7 

9000 75,920 3,037 37,960 1,518 

10000 l!l,980 759 9 ,1,90 3BO 

HIGHWAY CLASS III HIG!WIAY CLASS IV 

4000 9,490 380 4, 71,5 190 

5000 21,353 854 10' (J77 1+'27 

6000 23,725 949 11,863 1,75 

7000 22,539 902 11,270 ~~51 

8000 17,794 712 $,897 356 

9000 9,490 3$0 !,,7!,5 190 

10000 2,373 95 1,187 48 
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DETERMINATION OF SLAB THICKNESS 

The deter·mination of slab thicknBss is based upon the cracl\ ox-

pe.,tancy of the pavement slab. The "crack expectan.cy" of concrete pave-

ments is defined as the number of years elapsing between constr1.:tction of 

the pavement slab a.nd the time at which cracks are expectc:d to oecur. H 

being assumed that the cracks when they occur are caused by fatigue) in Llw 

concrete due to repetitions of unit stresses of mA.gni tudes ox.cfh'JC1ing 50 

percent of the ultimate rupture strength of the concrete. I,aboratory 13tmlie.s 

on the fatigue of concrete indic&.te that emit stresses of magnitudes les:J 

than 50 percent of the ul tirnate rupture strength of the concreto are not 

harmful to the struc·tural :Lntegri ty of the concrete structure. 

Stress Cycl~. When computing crnok exp"ctancy for any part of a 

pavement slab it is necessnry to associate maximum stress possibilitit?B ~ 

with stress cycles and the principle of fatiguel. A stress cycle iR con-· 

sidered as one complete change in unit stress from minimum to rnaxiwum. The 

number of stress cycl,,s per year which are caused by the frequency of load 

applications and temperature changes during tha.t period are determined in 

the following manner: 

1. Stress cycles due to load and temperature; cycles varying from: 

ssd to (S + s ) 
Sd L 

swd to (S wd + SL ) 

s to (Ssn + s ) 
sn L 

s to (S + SL ) 
wn wn 

with load frequencies as given in Table V. 

2. Stress cycles due to warping only: 

c"~ to 8 
"'sd sn 
S to S 

wd wn 

- 24 -



Since 1/2 year is considered as spring nnd surmner or fall nnd 

winter and 25 percent of the days in the year are bright, t.lw number of 

complete warping cycles per year are computed ·RS follows: 

1/2 x 0.25 x 365 = 46 cycles 

1/2 x 0.25 x 365 = 46 cydes 

J. Stress cycles where friction force varies from: 

+Sf to -Sf with an·annual frequency of unity 

/+. JJny other possible stress cycles were assumed not to affect the 

crack expectancy. 

Fatigue of Concrete. The number of stress applications to cause 

failure of thr; concrete was determined from the speoinlly prep>tred graph 

presented in Figure $. This tentative fatigee graph has been prepared on 

the basis of concrete fitigee data determined by the IJ!Unois Division of 

Highways ( 7);}, which has been interpreted graphically by Bradbury. The graph 

presented by Bradbury has been modified and extended voluntarily .by the· 

authors to take into consideration th0 relationship· of fatlguo duo to stress 

repetitions when the loads are applied to concrete slabs already under 

varying magnitudes of stress. This elation is based· upon the work of Germnn 

investigators who have mnde similar studies with metals (S)'!" In Bradbury's 

in·~erpretation of the fatigue principle he assumes thRt th,, concretG in the. 

pavement has zero stress at time of load appll.cat:Lon. 

;f(7) Illinois Division of Highways, Engineering Report No. :34-1, Fatigue 
Curves according toR. D. Bradbury. Heinforced C<meretb Pavements-·1931!. 

'f(8) Report No, 42, October 21, 1933. Verein Deutscher Ingenieuvc (lZDI) 
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Calculation of Crack Expectancy. The design faet•,',rs wh.i.eh affect 

crack expectancy in pavement slabs are: thickness, slnb length, subgrade 

modulus, uniformity of cress section, and traffic volume. The crnck expec-, 

tancy for ea9h case is calculated separately in the foll<JWing manner: 

Vlith the subgrade assumed eonstant, slab length and thickness 

fixed, the warping stresses and load stresses are Computed for critical 

points in the slab. These stress values are then combined and tabulated. 

The mnximmn and mind.mum str.esses fc;r each wheel load class n.re selected 

for the spr',ng and summer seasons, and ~,lso for the fall Hnd winter. He--

peti ticns of cycles to failure are reB.cl frum Figure B. The repeti tiom: of 

cycles to failure are clesiguatei:l 11 1\ 11 , }'or each VlhtlE•l load cls,ss the ai:mnal 

load frequency is selected from Table XII. This value is termec) "r". 'fhe 

ratio _t is then computed.- A similar computation is made for warping stresses 
R 

only, again using Figure 11· for H, but udng r ~"M" (see str<>ss cycles). The 

contribution of stress due to friction is n<3gligible, since the annual fre-

quency is unity. The ratios _lZ are summed, cmd the reciprocal of this value 
H 

is the crack expectancy- in years for the particular condition constde-rcrL 

The procedure employe>d in calculating crank expectancy is shown in the 

following exa.mple. 

EXAMPLE OF CHJLCK EXP:ECTAli!CY CYiLCULA'liON§ 

Assu.me for example a point at the interior ui' a r;lab, hnvinr; a 

length of 20 fee·t, a thickness of 6", k = 100, and f o' 1.0. 'rhe erack e:;_ .. , 

pectancy compntation is as follows: 

FrQm previous calculations the following warping :md warping p.nw 

friction stresses W11re o btainE:d: 

·- 26 -
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TENTATIVE FATIGUE DIAGRAM- PLAIN CONCRETE 

Modification and Extension of Fatigue Diagrams Contained 
in (I) I llinais Division of Highways Engineering Report No. 

34-1 (According to R. D. Bradbury) 
(2) Report No. 42, Oct. 21, 1933, Verein Deutscher 

lngenieure (VOl) 
by W. 0. Fremont. 
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Max. " ,6:565p,s.i. 
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(A) Warping Stre~es from Equation VII 

When d ~ h \hen SWl " 88 p.s.i. 

d ~ 2h then sw2 = 176 p.s.i. 

d " 3h then sw3 "' 265 p.s.i. 

(B) Friction" Stresses from. Equation IX 

When 1 = 20 feet then Sf = 11 p.s.i. 

(C) _pombined Warping and Friction Stresses From Figure. 4 

s = s· - sf = 254 p.s.i. 
sd w3 · 

S
8
n =-Sw1 - Sf = -99 p.s.i. 

swd = sw~ + sf = 187 p.s.i. 

Swn = -Swl + Sr= -77 p.s:i. 

The warping and friction stresses are independent cf the load "P" 
and are combined with load st:ress s

1 
as foll;;ws: 

TABLE XIII 

COMBINED LOAD AND WARPINC', STRESSES 

Load Stresses 
s Combin£d .s,trlilii!mm .... -- -'----

Load L 8wd + 8L swn + sL 8sd + ~'\, 8sn + 8L p (from table VII) 

4000 143 330 66 397 41, 
5000 169 356 92 423. 70 
6000 194 381 117 448 . 95 
7000 219 406 142 1.73 120 
8000 242 429 1.65 496 l/,3 
9000 264 ft51 187 518 165 

10000 283 470 206 537 181, 

To determine crack expectancy, repetitions to failur<~ "H" must be 

determined from the graph of Figure 8. Thief necessitates selection ot' 

maximum and minimum tensile stresses. 'l'hese are tabulated as follm¥s: 
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Lr:.w.d 
p 

4000 
5000 
6000 
7000 
8000 
9000 

10000 

4000 
5000 
6000 
7000 
8000 
9000 

lOOQO 

TABLE XIV 
.--~·....,.., 

DETERMINATION OF CRJ\Cf\ EXPECTANCY 

a r Minimum rrensile 
Stress,froxn (C) 

Ma:i:inrum TBnsile 
Stress, from 
Table .XIII (fr.mL _f)-.e .. :.) (:f:rop ·x,f.~:~KJ .. e . .7!I). 

C' L ("t 

. ~''sd -r ''L 

254 
2% 
254 
25/, 
254 
25.4 
254 

. s~d 

187 
187 
187 
187 
187 
187 
187 

Ssn 

-99 

-77 

Sr 
--11 

Crack E;Kpectancy = 

(Spring and Summer) 

397 
L,23 ' 
448 
473 
1;')6 
518 
537 

"'~--­.... , ; 
~\) 

300,000 
70,000. 

(Fall ana Wintc;r) 
;" 8wcl + 8t~ 

330 
356 ;)() 
381 :)0 

1,06 .:.: .• 
1,29 X> 
/+51 ~0 
L~ 7C .. ;::J 

(We,rping Only) 
s sd 

s f 

254 

187 

+11 

1 
£ 
R. 

3037 
6gJJ 
7592 
7212 
5694 
30:37 

759 

.JP3_7 
'6833 
7592 
?;~1~~ 

56% 
3037 
7~9 

46 

46 

1 

Total 

l) 

0 
0 
0 
0 

CJ .C101 
(). 0108 

c 
0 
0 
n v 

0 ,, 
'' 
0 

0 



Determination of Slab Thicknos§ For A Desired PaveJ!lent Crack 

Expectancy. The crack expectancy calculation is made for each type of 

pavement to be considered. These include thickness from 611 to 12."·, sla.b 

lengths from 10 ft. to 200 ft. and various joint spacing. The resultr" 11,re 

plotted on coordinate paper with pavement thickness against crack expectnr,ey. 

Curves are drawn joining poirtts of the same slab length. A sCtmple cf such 

a family of curves is shown in Figure 9. 

To determine the pavement thickness necessary fur a giv<'!n crack 

expectancy, it is only necessary to choose a dofini te time period, on the 

graph draw 11 horizontal Une through that point ana not.e the abschr;ae d' 

the points of intersection of this line with the crack expectancy curves. 

As a.n illustration see F'igure 9. The required time interve.l is 20 years, 

and the dashed line at this level in'tcrseets tho curves as fvllows: 

Curve No. 

·l. 

2 

3 

TA!,\LE XV 

PAVEMENT THICKNE§S DETERMINATIQ!l_ 

Slab Length 
__ ' In l''eet 

100 

lL,O 

Any length 

Paver:rent Thir1knt'1Sn 
.J.ocatiQ..ll_ ___ ,.___ In Inches 

Longitudinal Edge 

Longitudinal Edge 

Corner 

A design diagram may now be drawn by grP.phJ.ng these data,. using 

slab lengths as abscissae and pavement thicknesses as or('tnates. Similar 

diagrams may be made for each Highway class and for (!efinit•J desie,'ll conrli tions. 
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;!']'_l!Earation q£J)_esign Dia~ahlS, llJlifg:em Cr·oss_J3cction. 

In preparing the design curve~l for uniform pavements, as shown 

in Figure 10, the ·slab thiclmesr;es we:re determined first. for Cl:ws I 

highways .• - -Th~' ·slab thicknesses for pavements in. tht~ uther three classes 

were determiilett from the. design data established from Clas-s I in the 

following maniwr: 

·The load frr,1quencies for traffic Classes IT, III, >me. IV 'ire de­

finite fractions of the frequency f(;r Class I, (SEle Table;' IV anc: V) end the 

ratios of these frequencies to that of Class I m·e rG,spocto.i.Yc1ly l/2, 1/8, 

and l/16. Hence the pavement life period, or c:rnek expectancy .• woul() be; 

expected to be 2, 8, and lEi <l.i.rn('S that of the expectancy fer Class I if 

the slab thickness -remained. unchang&d o 

T<) determine -the pi1v8ment thicknesseS for a given c:t·~c:k oxpec:tancy ~ 

a horizonta.l line is drawn at· the given craek oxpectaney vc>.1ue In o. graph 

simila.r to that of Figure 9~ Tho abscisrm.e of t~he puints of lntt::r.section 

of' this line and each eurv<~ gives the thicknt:sses requirG(:~ for e~1.ch eonc~i tion 

specified fo:r C1ass I traffic. Since Class II traffic ha,s ha:\.f the f·''"'·­

quency, a horizontal line 'it one-half tho value fo:r C1ass. I traffic vdll 

intersect the curves at points whuse abscis~;ae gi vo thicknesses r8('j_tiirecJ 

fvr Class II traffic. Cor:reGpcndingly, lines at 1/8 and 1/16 the v0lues 

of .Class I craCk expectancy yield ·thickness~s required fo.r Classes tii and 

IV .(See Figure 9) • 

Design curves have 12:lsr., beon prepared for twc, ccwes of hi~?hway 

loadings, (1) when 100 percent of all wheel loads act at tho free odge nncl 

corner and (2) when only 50 percent of o.ll wheel loads roach the same 

pc>sit.ions. r'o:r the case of 50 percent whool load RppUcntionu the tJ1ab 
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DESIGN DIAGRAMS FOR CONTINUOUS UNIFORM REINFORCED CONCRETE PAVEMENT 

FOR HIGHWAY GLASSES 1-11-111-IV 

100% Loads reach edge 
No load transfer 

r'lo I 

I 

f-----------~-

__ j_ 

I i ! ! I I I 
I 

• I 

I 

i;i ~ 
1--""';=i------:=4======~-=-+l=-=~========-r=r-· -~----

. ' 
~~ 

t
-- ---- t------t---,. -·_ .... _--

' i : I I 

9 ~i.•• ----:~-------+==~==~---~"=~ -~--;=1---=--r :· -r~~ -~~:~·=+t~-=+~~-=i+~-=!--"' - . --- - r-- " 
::i ~ ---'---' -! ~ I I I ,--------r' -~-+----t-----+-1' ------1 

-g r- , LJ_jl_+-1' --'------+-. --+------+! --+- , r-T--i -1-'lr-------t------rl -----+1' ---;;: 
a"l ! i : i i I , : ! , 

.£ 0' 50 100' ISO 200' 

I ! 
I ' 

-~---~ 

I i i I 

! I 
I 

I 

I 

' 
I 

b o· 50 

50% Loads reach edge 
! I 

i ! 

No load transfer 
' 

i --

10 

I 
I 

! I I 

! I I 

i I 
. • -·-

---~ 

t-+-
! 

I 

I 
_[ -- I 

I 

l'l 
I I ____.-' 

---------- . 

' 
I ! _j_ ! I 

I 
--~····· 

I I l ! 

" 

9 

--- -·- ··--· --
i 

I_ I I ' I 

i ' ' 
. I I I ,-------1 I ··~···-

i I 
' B 

8 
0 50 100 150 200' 

50 % Loads reach edge j_ I 

'0 50 (o Lo~~~-'-r . .. ·-r------r----·+--+-f----t----t-t-----4
1

--t----t-
1 

·-ll-+----1 
-r---t------+---+-r---t·--~+----4--r-t------1-r--+---r---t--l ! 
- --1 I -- - --t- r __ c,--. ------1--'~11-------1--t-- i +--

1 
I • r---+---t~~- -~- f-, ---+ --+---t--r-+--t-+-+-----1-+---t-+-+-l· 

9 I I I I f----+----+--+--+--+--+--+---t----t---1-t----T---t-----t--t----t--+--+----t-7'-4 v 
--+---+----1--+'-t--- r-------~ __ __j__-+-1 --+, ------1

1

1---t-r--+--+ /v-:A--_--i, 
8" '---- ' ---+----1-----f- +--+---t----t-~f--+----+-----1 -!---+--+-----1----:¥/+---:;1-"'/-+ 

1 c::v V , _, -+------t,_--c?~"' __ ~"v- 1 ! I " 

?fltl/~t--~~~Jl:f--I;f~+--~~~~~j..---~J---t~" _L -- ,_, 
j)9 D 

50 100 150 200' 

Reinforcement- in Feel 



thicknesses for the various design requir.,ments are obtained from the crack 

expectancy graphs prepared for Class I highways in the manner described above 

fol;' different highway classes but taking in this case a 10 year period for 

· crack expectancy (See Figure 9) • 

In constructing the design curves for uniform pavements, given in 

Figure 10, largest slab thickness was selected for the subgrade modulus and 

design requirements for "k" = 100, with f = 1.00 and. "k" = 500 with f.= :2.00. 

The average of the above found valuelil! were used for expressing .the slab thick-

ness versus slab lengths for con.tinuous and hinged slabs when "k11 "' 200 with 

f = 1 •. 50. 

Twelve Foot Lanes or 24 Foot Pavement Widths. 

As previously m.entioned, all design calculations have been based 

upon 11 .foot lane.s or 22 foot pavements, However, some 24 foot pa.vements 

have been constructed and others are contemplated. in that connection, sup-

plementa.ry tables and gr4phs were prepared showing the effect on sl<>b thick-

ness of increqsing 11Vi" (width) by one foot. 

The data from the study indicate that critical stress<'>s in pave-

ments of uniform thickness occur at the corners, and since corner stresses 

are not affected by changes in slab width it is obv.ious that .the increase in 

width does not affect the slab thickness at .ieast for a change in lane. width 

from 11 to 12 feet. Therefore, the design data previously presented for the. 

22 foot pavE!ment will suffice for 24 foot pavement widths. 

With the increase of slab width the. sil;,eel reinforcement require-

ments per 100 square feet do not change, but the cross-·sect1ona], area of the 

longitudinal steel must be increased in the ratio .o.f M . Graphs sh<)Wing the 
22 

reinforcement requirements for 22 and 24 .foot pavements will be found in 

Part II "under a separate discussion of steel reinforcement in relation to 

joint spacing. 
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PART Tt 

JOINT SPACING 

The questic,n of joint spacing in concrete pavements hn.s concerned 

highway engineers for a great many years.- At th$ present time the :mb;jeet 

still seems to be quit0' controv•>rsial although th'"re is uval.lablo "'uf'fidont 

ini'ormution on slab behavior to afford a logical ~wll.ltion of this probhm. 

From all v:lewpoints., an ideal concrete paven\eh t surface would be 

_one eon$isting of a continuous ribbon of concrete of 'unif'm·m constrtwtion 

with no breaks in its continuity. Uhfortunately such a concrete p<D.vement 

cannot be achieved 1mder present day practice. Because of its inherr:mt 

weakness in tension, concrete is highly susaep·ti ble to cra.oki.ng under· ten·-

sile stresses particularly thOse induf.~ed in' pavement Sl~J.bs l'Jy Volume changes 

dUe to temperature fluctuation. The nearest approach to· obtaining an ideal 

pavement f'ree of trtmsverse cracks is best accdmj)J.ishred by eli virl:i:ng the 

pavement into sections or slab<:, each slab as long as· poosi ble cunsistent 

with practical design requ.lremen:ts and within economie limi tat:tons. 

TO satisfy these conditions, joints are normall;r provlc'et1 in con--

Crete pavements to re;duce to safe vaJ.uos ihe streGHes caused by expru:.;,sion, 

contradtiori and warping of the concrete, anr: by subgrade friction f'cr·cr,,;s. 

Thus in accordance with the adopt'E>cl design procedure, proGcmtet'l in Part, 1, 

the spading of joints is limited, althou£ih not necessarily fixnc:, by per-

missible maximum ·stress intenstties whieh shoulo provide roasonnble freecom 

from cracks in a period of 20 yearB. JointrJ 1n this catn.gory are generally 

known as expansion and plane of weakness, the latter type b<>:lng commonly 

designated C<Jntraction or '!ummy j C>ints clepenc:ing upon. the manner in which 

they are constructed. 



Expansion Joint Spacing 

It is generally considered in the design of concrete pavements thc.t 

the spacing of expansion joints should be dependent on the allowabl0 com·­

pressive stress in the concrnte and on the maximum compresc<ivn stress cree.te;cl 

by the expansion of the slab. 

It was assumed in the calculations for slab thickness, in Part I, 

that no forces (tension or compressioll) are acting at the ends of slabs 

where the reinforcement is broken. 1'his requirement may be satisfied by 

providing an expo.nsion joint at every break in reinforcement. 

On the other hand, if the exyunsion joints are not px·ov:Lc1ed at 

every break in reinforcement, th0n additional c:ompressive stresses, not con­

sidered in the calculations, wH.l be induced in the p~<vement during periods 

when tho prevailing air ternperatur,; is abov,, that of pouring temperature. 

These stresses wUl reduce the tenr;ile stresses on which the calculations are 

based and, therefore tend to increase the period of crack expectancy whieh 

is a desirable feature. 

Compressive Strength Versus Compressive Stresses. The average com­

pressive strength of pavement concrete in Michigan, ns determined from field 

specimens at 28 days and from pavement cores at llges of at least one yeDr, 

is consistently between 1.000 and 6000 pounds per square inch. It C'm be 

proved mathematically that these unit compressive stress vnlues are in e;r­

cess of any that might be camsed by extreme temperature fluctuatlonr, common 

to Michigan; 

For example, assume as an extreme case thr,.t a pavement L' id during 

an air temperature of 40°F reached a temp<Jrature of 140°F the following 

summer, which is quite possible in Michigan. If the pavement is fully 
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restra:Gv~d, 'the maxirnum possible unit eorrtpresoi Ve strf~SS wh.ioh could occur 

under a temperature differential of 100°F would be 2500 pounds per square 

inch as ·computed by the following equation: 

where: 

- - - - - - - - - - - - - - - - - - - - XI 

S = Unit compressive stress in pounds per square inch 
c 

E = Modulus of elasticity rcssumed as ( 5 x 106 p. s. i.) 

e = Coefficient of expansion assumed as ( .000005) 

T = Telilperu.ture diffenmtinl (l00°F) 

At plane of weakness joints the unit curr.pr,e~:sive stre::;:.ws mr:.,y :i.n-

crease 25 to 35 percent over that at expansion joints becr .. use of the re-

duction in net cross section area due to the groovo or bituminous prc·t'ting 

strip employed at tho pnvem6nt surface to form the jo<i.nt. 

FurthE>rmore, observational studies on older pnvoments indioc:te 

that excessive localized strccsl¢!iis m'l:w9t occur r·t the adjoining i\1.eoe1 of 

pavement joints or cracks bEl cause of the following ncknowledgt:.;d facts~ 

(l) that the adjacent slabs are never in an idc~e.l horizontal plane condi-

tion, due to the curling effect, and t.herc'fore t.he slab faces m<?.ke con-

tact at thf:}- upper or lower edges v.ilien tho pavement is under comprossion) 

thus incurring high lucn1ized l_Jarasi tic stresse~J which ul tima-te1y may 

result in spulling and abnormo.l compr">ssion :t~.ilures; ( 2) t.ha t, in p,oner:tl 

formed j c•ints are seldom constructed in a t,ru~~ vert:lcnl pl:me rl(;rmnl to 

the sls.b surface·, and (3), the unequn1 distribution and chal'aot,::r uf in-

filtration material. 

The high unit comprr:1ssiv(~ stressos mentiurh:;d above n.ro reduced 

at early ageo of the pavement becauso of .initial shrinkage of the concrete 
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which is known to take place during the hardening process, Q.nd subsequently 

by stressrelief due to elastic deformutiun and plastic flow of the eon-

crete under continued compression. Studies by CleiJl!ller (10)>; indico.te that 

the hardening shrinkage factor of concrete is appruximately0.02 porcent. 

From the. following relationship such a shrinkage factor would be equivalent 

to a temperature differential in the concrete of approxi1na.tely 40°F: 

where: 

T = ..£L 
e 

- - - - - - - - - - XII 

d = Linear disple.cement per unit length =· .0002 inches 

e = Coefficient of expansion = ( .000005) 

T - Temperature differential in degrees Fareriheit 

Thus the compressive stresses whioh would· likely occur in -~ com-

paratively new pavement constructed without expansic'r\ joints and when sub-

jected t" the extreme temperature differenti:tl of l00°F would be in reality 

equivalent to those caused by a temperature differential of approximately 

60°F. Hqwever, as the pavement increases in age there will be ll progressivE! 

i.ncrease in compre.Ssi ve str·esses. The slrLbs will become' m<,re and ffil)rci re-

strained because of the gradual increase in slab lengths due to moisture 

changes and continued hydration, RS well as by the infiltration of foreign 

matter at cracks and jfJints all of which tend to absorb .the exp1msion srmoe 

originally provided. Eventually the pavehtent becomes fuliy re5trained. 

Ht>wever, when a concrete pavement becomes fully restrained with 

, time, the maximum Mmputed compressive stresses are not likely to nmterializ•,, 

»(10) Clemmer, H. F., "Rigid Type P:wemen·t Joints (lnd Joint Spacing. n 
Highway Res.earch Board Proceedings, 1943. 
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because it is known that c~.mcrote under suotained lOfLds undergc.ms a certuin 

amount of plastic defc,rmati<,n ~1h:lch >~i1l reduce tlw cc .. mprc,r.<sive 8trosses. 

The amount of st,Y.ess roli~f dei)ends on ht)W lt';ng the pressure is maintained. 

§tress Relief by Plastic llefurntiLti,;n. Accerding to f,wJ.s (ll)lc·, 

ror bne te}1t c(:ln<fi tion ci tc--1d, the unit plastic ri~~:~\V in concr;;~te .rnaches} 

under a unit stre'ss of t; ~ 6oo p.s.L, ep91ied at tho 'age .:,r 28 cln.yH, a 

value higher than 700 millionths per unit hngth after 2, 000 cht;rs, 75 per-

cent of which takes place wJthin thE> first 100 ckys. 

The elastic unit stro.in at f, ·- 60CJ p " ' J.. f '·' = " -· l 06 - ·~·~·· ,_ ,, ) ---

is 600 
5 X 106 

= .000120 inches per unit ].;;ngth or ayprcximtltel:l ons sixt,h of 

that of maximum plastic t'low .. 

stress of 600 J>Ouncts per -squ.?;:re inch anct ccnntr~;.ineCL a.t the -ends to .r;_ 

mately 100 pounds per square 'inch. 

N.vw assume that a bar is -fixed at th<1 ends in .a rw-istress condi--

ti•on and when _l)eated gr1:du~.illy _will be gradually comi.!r<or,;sed. If there is 

no flow then the unit stress f,_.und by ro.quath•n XI will reuch 11 vrduc oi' 

2.200 pounds pe:r square inch f. or the :t;ollovilng condi tiuns: 

,E = 5 x 10
6 

p.s.L (modulus uf•t:lustiC:ity) 

e = 5. 5 x ,lo-6 ( coetTicient uf .expansion) 

T = SOOF ( tempm:'ature diffr~rentiul) 

If'. the temperatm;:e increase is gr·ndu!.tl and E9vtcnds over S<WfT•':l. 

m_anthi3, pl~S~i:c fluw will o.ocur. _anti the. res:nl ting un.i t .strt;;-:3s •ni11 .be 

cl:msidernbly smaller than 2200 pcJunds por squn.ro inch. 
~ 

_~r(ll) Davis, R .. r~~ 1 Davis} -H. E .• ar\C.l 'B:hJi'l"l:'l, .E:~ H9! "Plastid f'lo:Y n.nd 
VoluJlle Changes G.f Concrete"~ A .. S.':LM~ Proc~eodings_, Vel~ 37, 
Part II, 1937. 
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Therefore, &pplying the above results to high1'1ay pavements it 

may easily be seen that, 

(1) The compressive stresses will probab1.y never reach the 

values on which the pavement design is basec1. 

(2) The warping stresses might be affected by flow to o. 

smaller extent. 

However, nothing conclusive can be said until such time as the 

effects of successive compressive and tensile plastic flows on the strength, 

crack expectancy and fatigue of concrete can be studied. 

Compressive Failures. Failures in old concrete pavement<l due to 

lack of expansion space are generally manifested either by complete crushing 

of the weakened' concrete (idjacent to joint and cracks, or by the suck' en 

eruption or blowup of fairly long sections of pavement. The two types of 

compressive failures are illustrated in F:i:gUre 11. Tile first type is fo.irly 

cmrunon in Michigan occurring on old pavements during prolonged periods of 

high temperatures. The second type is rare; no doubt because the common 

occurrence of the first type which offers sufficientstress relief to prevent 

blowups. Compression failures may· be expected to be greatly reduced in the 

future because of improvements in expansion joint construct:i:on during the 

past 10 years such as the use of non-extruding joint filler and load transfer 

deviceS< 

A recent sur1fey of compressive failures. occurring hoth.in concrete 

pavements, and in old concrete pavements capped with a bituminous sur·face, 

which occurred in large numbers during the hot spell of 1944, reveeJ.et' thnt 

the failure appeared, without exception, in ()avements at leost fifteen :':)'ears'· 

old. Also it was observed that the compressive failures were of the first 

type occurring at cracks and joints where the concrete had become so weakened· ' 
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by stre.ss fatigue and weathering that it could no l;mge.r withsttmd the 

compressive force, In such C£cses it was obvious that tho compressive ft?rce 

could not be unif(mnly dispersed along both faces of the cracks or joints 

and that the effective net cross section. of the slap had been materially 

reduced by spalling at both top and bottom edges, In the future such con·­

di tions are lest1 likely to occur on modern paveu,ents and employing ~he non­

extruding type <Jf joint filler provide\.l they have .been propot·ly sealed and 

maintained throughout. their life\ 

On the Michigan Test Road. projec:t, pavement sc'ctions up to 270.0 

feet in length were constructed with expansion joints only at th13 ends, 

The data presented ln Figures 12 and 1:s indicate that the movement of long 

sections due; to temperature is confined to the end portiqns which in this 

case extend for a distance of approximately 900 feet from the ends. 1.'he 

900 to 1000 foot lengths of pavement with:i.n the central portion of the same 

2700 S<;>ctions have been under restr&int comparabl•o to that, of a p~tvement 

with no expansion joints for the last four years v:ithout any noticeablro 

detrimental effect. eHh<olr on ·the central or end portions, 

In addition, obpervational ·surveys throughout Ivl.ichig.~n rwreal 

that there are many miles of old ccmcrGtc• pavement which have been in full 

restra,int for a number of years with no indice.ti:m of compressive failures. 

Also it is generally recognized thtlt a certain amount o£' COiii1)ressi ve stress 

is considered desirable to prevent free ci'aCJking especie.lly in lon,~ slabs. 

In view of the above observations. and since the n,~rmal compressive 

stresses cannot possibly exceed the value of 3500 p.s.i., as shown by cal­

culations, even in the case of infinitely long disknces between expansion 

joints, it may be c~mcluded that, on straight level stretches, the expansion 

joints may br;, entirely omitted, Where .the hor!zontal forces have to be 

considered,, such &.s at structures, intE".1rsections, at sharp vertioql or 
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A. Compressive Failure me;nifested by crushing of 
weakened concrete adjacent to ,joints and cracks. 
44 G-25 (1) 

B. Compressive Failure manifested by sudden eruption 
of H large 1:1ection of pavement. 5--3£!F-? ( 6B) 

TVVO TYPES f)F' COiv1PHE:8SION FAILURES, 
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horiz<N~cWl. curves expansion joints should be provided\ 

Contraction Joints 

Contraction !"lane of' Weakness Joints are installed :ill the pave-

ment for the purpose 11f controlling direct tensile strsi'Ses as well as 

warping stresses. Si!llce the reinforcement must be b:t'oken at contraction 

joints, the joint is free to open, and, therefore,it is commo!! ptractice 

to provide some kind of load trw~sfer device at the joint. The common 

slip dowel is most generally employed f't\r this purpose. 

C;,n'traction joint spacing will be governed by three factors! 

(1) The tensile and warping stresses in the concrete. (2) The allowable 

width of joint opening which must be consistent with good riding qualities, 

economic joint design and ability to exclude foreign matter and (3) the 

cost of steel re:l,nforcernel:ilt, Experience ancl z·esearch seem to indicate 

that approximately 100 f~~t :l.s the maximum llpacing for contraction joints 

which can be s~cessfully employed at this time and meet the qualifications 

set forth above. 

Warwing Stresses Versus Slab Length. In order to present a 

general picture of the critical stress conditions that may rHsult from 

restrained temperature warping, for different length slabs, stress diagrams 

have been i;lrepared. as shown in Figure 14, utilizing Westergaard's (12)·* 

•.analysis of stresses ill concrete pavements due to temperature. The curv~>s 

in Figure 14 illustrate quite clearly, tl:u.tt for slab lengths less t.lmn 20 

feet, the warping stresses dimin:i.®h very :r-ajJidly, and for slabs 10 feet 

(12 )1• Westergaard, H •. ill!.: "Analysis of Stress in Concr,3te Pavements Due 
to Variations in Temperature." Highway Research Proceedings, 1926. 
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or less in length thay .bec.(lme neg:J.igibl;8•. Th;i..s fr,c~ ha.s eonst:L tut<?.c1 th.o 

main re;.1son for the tre,nd tcwe.rds shorter jcint S.[Jaci.ng, thus reducipg. 

reduction in slab thi.ckne.ss. 

in Figure 14 that maxim= warping stresses occur in slab lengths betwoen 

20 and 30 feet. Also for slab longths in exceso of 30 feet there b no 

material change in warping stres!J.eS at interior irrospective of shib :Length. 

Fnrthenuore, in the intfJrior portion of sl,.,be. longer th''Jl 30 foet, the• 

crease slightly at a point approxi!:lately 13 feet froya the ;:;lc:.b end~J. In 

the case of long oontinuour. slab~. approxim~d.ely 20.. feet m· longer the 

warp~ng stresses J::tny be retl~c_ed ~1.nd nnde comparable .to_ t;p.ose~ irt- the in:Gerior 

by making the contr&etion anc1 expansicn ,joints as rigid in bemlinic .r,s the 

eon crete slab section is. 'fhis nicht el.Lrainnte the bu.lge .:Ln the streGs 

curve near thf.> ends of the slab. See I•'it5Ure 14. 

free contract].on ,joints wi.ll open a slight amount clhQl:tJ,y nfter construction 
~· - . . . 

due to norraal shrinkage of the concr13te cl.uring the ini tia1 h;;.n}r.~ttion proeess .~ 

and subsequently to a greater degree dllring ~he first _general col(} $~Jell 

after completion of the pavement. 

Tho opening of plcffie of weakness joints clue to .contraction of the 

concrete during the hydration period may be influence(' com>iderni.>Ly by 

temperature o.nd moisture conclitions of the concrete at 'that tine. 'fhu,1, 

by the preservation in the fresh concrete of the heat of hydration 'md 
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heat absorbed from other sources as well as ktoistui•e content (13)*, it 

might be possible to re-tard excessive -tensile stresses during the critical 

peri6d which exists at the early age of' the pavement. Also, experir:1ents 

with expanding concrete indicate the possib:i.l:i.ty of Glim:tnatlng the forma­

tion of cr!'tCkS at early ages of the pavement (lt\.)lF. 

\Vhen transverse joints huve once opened they se1<J.mn return to 

their original position even though the pavement is fully restrained. 'This 

is clearly illustrated by graphs in Figures 15-16-17-18 which show how the 

residual opening of contraction andd.unray ,joints gradually increanez with 

time, No doubt this condition is due mainly to the infiltration of foreign 

!!latter into the joint opening during ~)eriods of m&"{iJ:!Urn opening. The in-

crease in residual joint wicJth opening with time is more proliouncecl ''·S the 

spacing of contraction joints is increased and the slabs are not fully 

restrained due to the presence of expansion joints. 'l'his is also clearly 

illustrated by th<l above gro.phs resulting from slab movement studies in-­
/ 

eluded in -the Michigan Test !'load Projec-t. 

On the basis o.f the Test Road date. it is logic~.l to expect thnt 

the average ccmtraction joint opening for slab lengths of 100 feet under 

f'ull restraint will flat exceed. aJ?pl:'oximately 1/4 :i.nch and,. therefore, shoulcJ 

not constitute a serious construction problen. However, in the case of 

100 foot slabs partially unrestrained, sudh ·as v;iJ.l occur when they are 

located near expansion joints, it is to be expected that the joint opening 

will be greater than 1/4 inch. 

---------------------
(13)* Swayze, M. A.: "Early Concrete Volume Changes: and Their Control, 

A.c.r. Journal, Vol. 13, No. 5, AprH 1942. 

(14}*Caquot, A and Lossier, Henry: •'Expanding Cements and Their Application 
Sel;f Stressed Concrete", Le(1enie Civil VCXXI, .N.o. 8, April 15, 1944. 
p. 61-65, and No. 9 May 1, 19-41,, p. 69-·71. Abstract by R· 1. Bertin. 
A.c.r. Journal, January 1945. 



Cost of Reini'o~ent;. A comparative study of eoncpete paveltlent 

costs, in whic.h the proper weight of reinforcement is considered vorsu.s dif-

ferent contraction joint spacing and udequate ,j qil]t construct:ton for the same 

slab thickness, w:tll show that the initial cos·t per mile of pavement with 

100 foot contraction joint spacin& is not materially grerater than that when 

the contraction joints are spaced 20 feet apfcrt. When contr.nction joints are 

considered at distances greater tb>;n 100 feet, the additiDnal co.st. of re·-

inforcement will probably overbttlance the adyantages gained b;y tlid use of 

p~;vements 'rrith as few joints as possible are_ ob'v.tous and thi.~~ fact hati not 

been overlooked in setting up tho design recommendations. 

From 1924 to 1954. ~lichigan constructed ii1!3'IlY miles of concre·be 

pavement with expansion joints only, which were spaced at 100 foot int<,rvals. 

After more than 10 years in service many of these 100 foot slabs are in 

perfect condition, especially so in those areas whG:re t~he pavemt:m~s were 

constructed on well dr>.tin•Jd granular s1,1bgraue material. 

Reinforcement 

Steel reinforcement is considered necessary in cqrlCrE,te pavements 

to control free cracking m1d to prevent the opening.of crackr: .vhon thet 

occur. 

For a con·iiinuous slab the reinforcement should ba dimenf!ionN~ on 
' >' ' ,, ,' ' ' ' ' ' ' ' 

the basis of methods used in reinforced concre·~e structures. HowevEor, since 

this method has proven impractioe.l, reinforcement is now generally dimansionc,:. 

for direct friction forces" This method seems to givo satisf~-5!tory __ r~~~ts 

and has been adopted in the present design. 

Requirements for Longitudinal St•3cl 1\plnf~l.!l.i.. Th8 aJu)unt of 

reinforcement necessary for proper design requirements can be readily <:>btain0 
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COMPOSITE SEASONAL CONTRACTION JOINT MOVE N' 
RELATIONSHIP BETWEEN CHANGES IN 
JOINT WIDTH AND L NGTH 0 SECTION 
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0
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COMPOSITE SEASONAL CONTRACTION JOINT M 
RELATIONSHIP BETWEEN CHANGES IN 
JOINT WIDTH AND LENGTH OF SECTION 

SERIES 2 30' SPACING - !5' DUMMIES 

0.3 I 

(9
1 

join1s) (9 joints) 
I I 

0.2 120' SLAB 240' SLAB 

J '"' 
/ ' J \ / " 0.1 ._J v 

f-1 v v 

/ / 0.0 

VI 0. 3 
(9 joints) w 

X I I 
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z - j \ 

0.1 u v ~ ' z -
"' 

{6 join sl 9 joints) 
3: I I I 
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:OMPOSITE SEASONAL CONTRACTION JOINT MOVEMENT 
RELATIONSHIP 8 ETWEEN CHANGES IN 
JOINT WIDTH AND LENGTH OF SECTION 

SERiES 3 20' SPACING 

o. 3 ~---~-12 b· s L As~+------1~-+--+- 2 Jo· s LAs-+~--ll 
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• I I 
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COM POSIT SEASONAL CONTRACTION JOINT MOVE MENl 
RELATIONSHIP BETWEEN CHANGES IN 
JOINT WiDTH AND LENGTH OF SECTION 

SERIES 4 10' SPACING 
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fr<:lln wel],-,known rels,t:i.onships, All a .matt!l)r of conven:l.ence in analyzing. the 

.between sla,b lengt)l, !'Jla):l tl:!:i,ckn,ess and qv,a.ni;ity of reirJforcement per 10.0 

square feet .of pavement. 

The cross section area. of. longitw;linal steel re:i.nforcemeni; for 

various slab lengths !lUlY be cqmpute~ by tbe foJ,lol'l:i,l):g eCJ.uation: 

L = As ... x Ss x .. 24 ~ - ~ - - - - - - -
h x w x a £f x c 

where: 

Jl,s =.Cross sect:i,onal area of steel in square inche.s 

h = Thickness of slab in inches 

W = Width of pavement in feet 

d = Unit weight of concrete, 150 pounds per cubic feet 

f = Coefficient of concrete subgrade friction 

C = Factor of safety.= 1.25 

Ss =- Yield point of steel = 0,8 ultimate strength 

- - -· XIII 

Relationships between weight of reinforcement per lOO"square 

feet and length and thickness of slab for a 22 foot pavement are presented 

in Figure 19, The values for reinforcement per 100 square feet in Figure 19 

include present transverse steel requirements. 

·The gr~ph which is given in E'igure 19 is based on the Depa:t'tments 

l942 specification requirements for mesh reinforcement in accox;uance with 

A.S.T.l\1; Designation A 185. 
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PART III 

JOINT DESIGN 

· The structur'al :tmidequf!cy of transver'tle joints hd!J BeeA fully lipprec­

iated b;y highway eng:l.rieers for a great man:v' ye!frt'S. NG the present time the 

solution of the joint problem has not b<>elifully aitainea and perhaps it never 

will be realized unless a conscientious effort is m~ide to allbnd tll« follow-

ing important factors which have exerc:ised a profound ln:H1ience u:pon the 

de}Jign, construction and p~rfor\'nance of joints.' ·rhey are: 

1. Th1; lack of a suitable joint filler and sealing .c.ompofutd • 

2. The inability of' pres·cnt subbase construct.ion to offer uniform 
and continuous support at pavement joints. 

5. Until recently the comparatively slow progress in ,joint de,,ign 
because of the lack of informativt\ data mid l'io\1!id design theories. 

4. The lack of a recognized test 'prOcedttrc.' fox; evaluating th" many 
proprietary load trt:msfer devices on the mark(,t, 

The Inadequacy of Present Joint De§i,Wl 

Observational s·tudies of many miles of concr~te pavem<)nt.G in 

Michigan, as well r.ts in other states, reveal t,h&.t eonside:rab.le ~au1ting has 

occurred at exp<msicn and contraction j:.;i.nts constructed eHher vlith or with-

cmt dov;els or other types of load transfer.· devicc:s. Pronounced pumping has 

been obseryed in Michigan on pave1~ents located ()11 ~rtuL kJ.tne~ yF;,rrying hm~vy 

commercial traffic, Also, vertica:J. slab movement and faulting is becoming 

quite noticeable on wartime pavements in which th"' reinfor%ment m1d dov1el 

bars have been eliminated as part of the vmr effort to save steel. 

A coopera"ti ve study of the condition of transverse ,j oi.nts in ccm-

crete pavements was Juade during "the summer of 1938 by the lilichigan State 

Highway DeP"trtrnent and tho Public Roads Administration . (15)'f prim~.rily 

to obtain information concerning the behavior of transver11e joints 

Public Roads Admin~.stration: "A 
of Transverse Jo.tnts in Concrete 
P .R.A., June, 1940 
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in concrete pavements in wh:i-eh the joints had been constfuctei:l ll'itllou't 

provision for load ,t:r-ansfe:r,. Conclusiotts from' the survey irtdicr•.te tha.ti 

faulting of the slabs at joints was prevalent ih the elder pavelnehts 

examined il'l the sl.lrvey, arid to M' undesirable extent on all ;'avements. It 

was also no.ted that faulting "!§!,S. evident in pavements constructed on an 

of the several types of subgrades, although pavetnents laid on clay--type 

subgrade mat.erials were found to contain the greater percentage of badly 

fa.ulted joints, Furth.ermore, from 'the' evidemce, it was concluded that 

·some adequate structural ,connection between 'the ends of prlverhetit slab~; 

meeting a.t a. transve,rse joint is an essential part of a' good joint design, 

even though the slab ends the.mselves ate structurhlly adeqhate' 

A recent oondi tion survey of series lOA and lOB df 'the deE1ign 

project (Michigan }!'est Road), which were established for the pUrpase of 

studying joint design, revealed considerable faulting at both expansion 

and contraction joints. The faulting was more' prohorlnced in thosE! Eiectims 

cons.tructed without dow'els. These sections of pavement were constructed 

with and without 3/411 x 15 11 dowel bars. The survey data indica ted thllt 

in the dow.eled Series lOA, 5 percent of the exprcn~:ioh joints had faulted 

1/8, inch or more as compared t0 67 percent in the undowe1ed So:i:ies 1ol3. 

Con'sidering the contraction joirits 1 in the dowel&i:l Series lOA, $ pefcerit 

had faulted 1/8 inch "or more as compared to Series lOB, withotit ttdwels, 

where ·32 percent of all contractiL>n Joints had faulted. 
' 

These above ctbserved facts concerning the performnnce of trfins-

verse joints unqer varioll.s conditions of service indicate' ccirwlusively 

th.at. our !?resent; design of concrete pavemei1ts is inadequ~J.te. H is rea-­

lized th.at. the majority of su.ch failures may be' primariJ.:y· clue to improper 
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s~bgrac11~e~ support a_t ~j oin~t-s. T}0{:~r-~f~cre,, cQt~r:_,eo~t:i:ye .-rnaasutteffl., cA_:fu.:~td ,-em C. 

shqul(l be. conside.red in they preparaticn of the t>ubgt·.ade .•. e:i:tltet• e.s :s: wncltc 

or in, part, especially at joints.. On .the c!"ther hand, ver•)T .much can br1 

done to imrlrove t!lese conditions \Jy th<l .int:roduc·~ion. of highly offic:i&mt 

load tra11sfer. m1:Ltf;)1 into ~oint construction a,nd'> in additic.·n .•. by p'l.·oviclinG; 

means of' insuring prf>:per sealing: qf. the joints.• 

The desit,'ll· of' transve;r,scc .Joints n;ecessi.tates trre:· ct)nsidcit·~tt;ir .. n 

of' certain structural f<>atures which enab1le. the j c,J.nt to perfo:dn it·il ·in~ 

tend~d. functic.!l, ip;cludi.ng, (1) . nllow<m¢e for movement of· slabs dutir'!g 

expansion or cont:raoti()n;\ (2} prtovt.sie:n fc:r --lead transfer Wh0re neCessEn:~yJ 

{3) the in:mrance of, mut\lal alignment of' !;'l.djaoen t slabs to preserve dee·" 

sirable riding qualities, and (L,) m~:;intenance of adequate seal against 

infiltration of water and foreign matter.' All of. theSi9 features tiiill be 

discussed in .. the following text. 

Pr.ovi.sion for Slab. Moveucent 

ThEJ amount of slab mr;,vement whtch ydll .. occur under rrormal con­

ditions i.s depend<Jni; to a cert.nin extent, upon. (1) the. length .of fl}",~l or 

pavement sect~on,. (2) change. in toriginvl slab ler1gth due.tn -h;~Pdrittion and 

moi.s.ture, p) sea$9ilal and daily tentp~rature fluctuati<>ns with rc,s!Jilct to 

pouring t~mperatures, (4), :qubgra<l<!J charact@rist1cs, and ~5) therma:U,co··· 

efficient of expansion of concr,otr;,. In r\11 cases, it 'is degir~tble that 

the free joint opel)ing be ,kept to a minim1.1m. L.t has .. baen 'shc,wtr :in Pnrt, 

II .that joint .width m'?"ement CBJ:l be cwntrol.le.d rather. ef'foct'ively b;r the' 

proper spacing of exptmsion ,and ccntrnctiorl j uin:ts .• 

EX:pr:-nsion __ J~.".:in_ts: Whop ,cxpanf?.ion: Joi-nts, are consider_r~d, -Soll::rl;l" 

for the purpose. of' c.onotrolling UJ;ldesirable hpri.zontA.l pl'!ilSSures, it, :i:s 
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important to know how much expansion space should. be provided to accomo­

date the expansion of different lengths of pavement. Studies of. this 

character were incorporated into the Design Project of the Michigan TeGt 

Road. Throughout Series 1-2'-.3-4-'ll and 12 moriwnents •.vere plrtced at the 

· ends of certain slab sections in order to obs·erve the relative movement 

of sections of various lengths with respect to the subgradr,. The totnl 

end movement in inches of the sections observed, as ()f July 1944, aro . 

given in Table XVI,. 

The data in Table XVI· shows the relative movement of each end 

of the respective slab lengths as well as the average total movement ob­

tained by averaging the end movements of sections of equal length. It is 

to be noted that the movement at the two ~nels of individual sections 

varies considera;b]y in some cases. This is to be expected in the longer 

S<OJCtions because, by virtue of thei.r length, construction features may not 

necessarily be constant thre>ughout the entire length of the secti1m" Pro­

bably the' general total residual movement of the adjacent sections in one 

direction or the other also influences to some extent the relative encl 

movement of the intermediate sections. The unusually large movement 

indicated at l'ltation -3+{>5 at the n:)rtherly end of series l,F iii! conllidered 

to be due' "\io 'tile fact that there are .5, instead ,_,f 3, one inch eX!Jansh,n 

joints within a comparatively sh•n·t distance to absorb the expi'in(lion. 

'l"h!i! graphs in Figure 26 show the. annual progressi vi) chax\1;\EIS in 

expansion joint vridths associate.d with the slab movement study, The graphs 

· indicate clearly how the sections tend to contract during the first vrinte:r 

after construction then undergo a considerable mcvement in thE, c,pposi te 
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TABLE XVI 

SUMMARY .o.F' END MOVEME!'JTS OF Sl\GTIONS 0I'' VAHIOUS Lll:ti\1TH 
OF 

MICHHl,.W T~;s•r ROAD 

Total .F:nd Movement in Inches as of JnlY 1944 

,S. F.;~ --End of Section 
Temp. 
of 
Concrete 

N .. _W 1>' __ J!;."nd- of G8eti.on 'Te;tp. -------~_,........ . ..~-·-
of 
Concrete Tott~.1 

Series Length Monument. F Mov•mnc:nt Monument F Movem,mt .fW<>r·ow: 

Design Pro,j ect 

lA 120 771+20 72 o.J04 772+40 
1C 480 786+80 6/, 0.716 791+60 
lD. 900 807+20 65 0..713 816+20 
lF 2700 236+60 68 0.888 863+60 
2F 2700 864+20 69 1.141 891+19 
JA 120 956+30 71 0.201 957+50 
3D 900 990+30 70 D~650 999+30 
3F 2700 1018+39 65 1.180 1045+36 
4F 2700 1045+55 71 1'~122 --3+65 
4D 900 19+40 78 1.224 28+/,o 
4C 480 42+50 79 o. '724 4'7+25 
4A 120 60+67 80 0 . .369 61+8'7 

Dorabili·ty Project 

llB 120 69.3+00 74 0.4'29 694+20 
llC 360 691,+·30 74 1.247 69'7+92 
llD 6oo 698+00 75 0.834 704+00 
12B 120 729+00 69 0.31,2 7.30+20 
120 360 '730+30 69 1.066 '733+90 
12E 600 '736+52 69 0-478 7L,2+52 

Av0rage of Tot~•1 Section M6vement 
Doc.i;~nl ~r·;,j ect 

Length of Slnb in E.'t. 120 480' ()b · · 2'700 
Expansion spnr:e provided 1 11 2 11 2" 3 11 

Section Movement 0 SB8 1. 310 l. 689 2. 00'7 
0.417 1.457 1.5'76 2.313 
0.816 1.881 2.09'7 

3. 31'1lf 

76. 0.2$4 0. 58Et 
6" J 0.59/, 1.310 
66 0.976 1.689 
75 1.119 2.007 
69 1.172 2'~31;.~, 

72 0.216 O.L,l7 
70 0.926 1.5'76 
75 0.917 2.097 
78 l<2.195 3 . .317 
79 0.65'7 l.SSl 
80 o.?JJ 1 a15'7 
80 0.1{)2 0.801 

74 o.o?L, 0.503 
'75 0.488 L735 
75 1.161 1.995 
69 0.035 0.377 
69 0-393 1.459 
69 1.39;', 1.870 

Durabili ttl Pr·o~ eci; 
1.20 J() .... 00 

1 8 211 2" 
0.503 1.7;15 1.995 
O.J77 1.459 1.870 

- --~---
Average 0.622 1.383 1.715 2.433 O.L,J,O 1.597 L9)2.~ 

<<Section end at south side of Muskegon River Br:idgE• wht~re threre are 5 
instead of 3 - -· 1 .inch expansicn ,joints tc absorb the expm:1sion. rehis 
may account fc:'ir large movement~ 
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direction the following summer due to expansion. It is also noted that 

there is a slight additional lengthening of the sections with time. 1he 

effect of the spacing of intermediate contraction joints on the amplitude of 

movement at expansion joints is quite noticeable. The graphs further illus-­

tr~tte the relationship between spacing and width of expansion joints. 

Furthermore, it has been demonstrated in Figuresl2 and 13 of 

Part II that, in the case of the 2700 foot sections and for the subgrade 

conditions associated with tho project, the movement of the section em's 

terminates at a point approximately 900 feet from the expansion jointo. The 

intermediate portion of the pavement evidently remains stationary, and is 

therefore considered to be under full restraint. From this fact it may bo 

concluded that, for similar circumstances under which normal expDJlsion 

joints have been omitted throughout the project and similar horizontal 

stress relief is desired at a given location, it will be necessary to 

provide adequate expansion space for the movement of approximately 900 feet 

of pavemE>nt on each side of that location. 

From the data presented above it w:mld seem logical that a one 

inch expansion joint will provide sufficient exp11nsion space for pavement 

sections up to approximately 400 feet in length which is being considered 

for fall construction starting September 15th. For ccnditions similar to 

those of the Test Road it is apparent that 2 to 3 inches of expansioJn space 

will be the minimUlll requirement at locations where horizvntal stress relief 

is desired, such as would be the case when pavements are constructed with­

out expansion joints. 

It is important to c~·nsic<er ways and tleans of controlling hori.­

zontal pressures. One method of handling this problem satisfactorily is by 

the installation of two or more on-einch expansion joints consecutively at 



short intervals. The shortest permissible distance for the interval 

between expansion joints should be 10 feet. Such a plan was employed on 

the Michigan Test Road and from all appearances the so-called "Expansion 

Relief Sections" are working satisfactorily. See Figure 21. 

Joint Filler. Careful consideration should be given to the 

matter of providing the best type of joint filler material for expansion 

joints. Since the primary purpose of the joint filler is to prevent in-

filtration of foreign raatter when the sJ.abs are contracting and to support 

the joint sealing compound at the top, the material should have the 

greatest possible resilience combined with the property of minimum extrusion 

under cyclic pressures. The bituminous premolded joint fillers in common 

use today have excellent non-extrw:1ing properties, but on the other hand 

they possess low resilience, which is an undesirable feature. Wood boards 

have been used for years by some states with very good success. At the 

present time pre-compressed wood for joint filler material is beginning to 

reneive favorable attention. It is understood that the wood boards are pr&-

compressed in the dry state to approximately 70 percent of their original 

thickness, and are then inserted in the pavement while still in this condi­

tion.· Because of its pre-compressed condition the wood joint filler has a 

potential swelling distance of approximately 30% of its original width plus c) 

the distance it would normally swell under aaturated conditions. It is 

assumed that the pre-compressed wood when fully saturated will expand suffi- ' ! 

ciently to keep the e:i<pansion joint opening co1~pletely closed, or nearly so, 

at all times. 

Contraction Joints. In order to insure cracking of the pavement 

at contraction joints so that each joint may functivn as intended, it is 
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necessary to weaken the paveElent by reducing its ne't cross-section area at 
. . 

the joints. This 1s a~"coraplished by either grooving the surface of the 

pavement' or inserting a narrow premolded bitUL1inous parting strip in the 

toy of the pavebent. · Bxper'ience indicates that a reduction of' 2-1/2 inches 

in thickness is sufficient to insure cracking at contraction joints for 

pavements up to 10 inches in thl.ckness. 

On the basis of many ob-servations, it is obvious that tho b1tn·­

ninous premo1ded parting strip so C(>lnr.Jonly used· to create the contraction 

joint not only provides inadequate seal to the contracticn joint ovhon c·pen, 

but because of its flexibility nnd instability it is difficult to install 

properly. Consequently spaUing and subsequent disintegrRtion are quite 

coruaon when this material is usEJcl.. SEi'e Figure 22. The gruccved type of' 

joint when pro?erly sealed with an asphaltic-rubber conpuund offers nany 

more advant>tges. 

Observational studies of cracking at contractic,n j dnts rovea.l 

that sorae device is desirable at the bottor.1 of the ,>avement as well as at 

the top to insure cracking in a vertical plane thr:;,ughout the joint. It 

has been observed that a narrow parting strip installed at the bottot1 cf 

the pavement in the same vertical plane as the groove at the surf0.c<J is a 

satisfactory method to contrc1 cracking at contraction jc,intr;. 

As illustrated in Fi&,'llre 22, contraction jo:ints under present 

circuostimces present a defihi temaintenancH :1roble1a, esr;ecially when they 

open m()re than 1/4 inch. The longer the slabs are constructed, the 111idor 

will be the joint opening and the uore serious tbe problem beeocies. 

To throw sot:\e light on the matter of joint width r.wver.1ents 

which raight be expected for 100 foot continuoun slab lengths as propcsed 
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in the design anal;y:sis, the jcint width mqvto!f•Emt~ c;f sevora;t 100 foot cun-

tinu0us slabs oonstru.ctod in Series 9 of the Michigan T<c>St .Road havq b<>en 

prespnted in Table XVII • One inch expansion Sixwe. WlW. provided bet•1reen 

consecutive slabs. The slabs are of 9"-:7"-9" cwstruction with. no steBl 

reinforcement or intermediate joints, and rest up0n a sand subbase with a 

i'riqtion coef.ficiEmt of aj)pr<>ximately 1. 0 tu 1. 5. The. average air tern-

perature at time of pouring was 70°F. The slabs were maint2ined under· a 
' ~' " 

horizontal pressure of 200 pounds. per square inch for a pr,riod of 3 dByB. 

The pressure was applied gradually, startin~;> 4 hours after pouring, .until 

,it reached a maximwn at approxim[ltely 16 hours r,cfte.r pouring. From those 

data it is apparent that at least a 1/2 inch joint width mcvament can be 

expected of slabs 100 feet. long nnd, -thcrefc~·e, provisions_ Yvil1 _have. to be 

made to prevent the infiltratiron of undesirable matrorials. 

As a matter· of further inta·est in thir; study, the j0int width 

movement of' several expansion j<>intll in Series 9 hav"' bl!rm plotted in 

Figure 23 to nhow their behavior since construntiori. Thet>e graphs in 

Figure 23 bring out sevqml interesting facts: (1) the slabs show re-

markable similarity in their seasonal movements, (2) the hulk of thil .slab 

movement is in the nature of c<>ntraction, and, sin"" the slql!s .wer<;J pvunld 

at a fairly high temperature, this fact brings out tho ini'.luence c;f' pour-
i • . . . • . - . 

ing temperature on future slub behaviur. These joil"(h ar.e essentially 

contraction.. joints since very 1i ttle movement takes place bilyonrl th!\.t of 

the ''riginal pouring position'· which i$ considered . the point ,,f zero 

movement. 

It would app<Jnr then that thEJ time uf year at; which a, pEwement 

is poured would determine wlwth<Jr a joint will function primarily as 1111. 
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TABLE XVIL 

SUMMARY OF EXPANSION JOINT WIDTH MOVEMEUT 

·leSERIES 9, MICHIGAN TEST ROAD 

Joint Temp .• Temp~ Temp. Temp. Temp. Temp. Temp. Temp. 
No. Station 35°F l7°F 37°F 20°F 87°F 65°F ?4°F 81°F 

2 163+10 +.185 +.263 +.101 +.167 -:;106 -.045 -.135 -. 2:3L, 
3 164+10 .212 .285 .124 .238 .roo .016 .065 .090 
4 165+10 .216 .280 .144 .220 .080 .002 .080 .094 
5 166+10 .189 .284 .125 .244 .082 .005 .060 .076 
8 169+10 .187 .379 .081 .168 .108 .032 .096 .1.32 
9 170+10 .167 .196 '.126 .248 .1.33 .035 .0$7 .087 

10 171+10 .192 ·478. .114 .198 .096 .ooo .068 .108 
11 172+10 .1.34 • .347 .040 .145 .167 .091 .].69 .219 
12 173+10 .147 .. 310 .053 .169 .1/+4 . 055 .133 . .l/.1 
13 174+10 .160 .292 .133 .231 .11,6 .040 .074 .105 
14 175+10 .118 ~ . on .166 ..:1.4Q.... .058 .,],2~ . .1~ . ..?-. 

Average +.173 +.310 +.101 +.199 -.118 -.034 ~.099 -·134 
Movement 

Winter + .173 .310 .310 .101 .101 .199 .199 

Summer .nil .118 .034 • 034 .099 .099 .134 . 
·-- ---

Total Movement .291 .1,28 .344 ~135 .200 .298 .333 

To nearest 1/1611 5/16 7/16 6/16 2/16 3/16 5/16 5/16 

*Series 9 - Stress Cured, 100 fc-ot expansion Joints, no int<"Jrmediate j(Jints; 
no reinforcement. 
Load tf-ansf'er at expansion joint. 
Average a:ir temperature at pouring 70011. 
Sand Subbase material, coefficient of' friction approximate 
1.0 to 1.5. 

- 53 -



expansion or a contraction joint. This being true it should be,possiblo 

to govern the type of joint construction accordingly. 

For such widths of contraction joint openings as may be rc•xpected 

,for 100 foot slabs, it will also be necessary to provide special menns for 

preventing infiltration C~f foreign matt,er and water at the side;\ and bot-

tom of the joints. The method suggested for consider& tion is the) employ-

ment of a. prop<Jrly designed metal shield of sufficient width tc coinploi:.oly 

seal the sides and bottom of the joint to prevent infiltration, the Tiletal 

shield to be constructed as an integra.lpa:r::t of the dowe1 bar holding 

assembly. The narrow parting strip, m<mtioned previously as bein('; dosirablo 

at the bottom of the jqint to insure V8rtical cracking, m•lY be attwollrc;d to 

the metal shield to facilitate installe,tion. 

Tests by the Department on tho effectiveness of aggregnte inter-

lock disclosed the fact that the efficiency of a.ggregnte interlock as a 

load transfer medium decrease<; vory rapidly with incrr;B,se of joint wi(th 

openin1~' and that it cannot be depended upon for ,joint width operdngs 

greater than approximately 1/16 inch. Since m<aasuremonts on t'he trmi~ r•oad 

show contraction joint openings, even on r~~strn.inf;C pavement's, of 9.S m1fch 

as 1/4 inch in winter, it is obvious that af,:gregate int.;,rlock should be 

given no consideration as a load transfer mechanism in joint design. The 

Public Roads Administration (l6}lf in a recent report r;tates that 110.04 inch 

is the maximum width opening that aggregate interlock can be depended upon. 11 

------· ----------
(16);; Sutherland, E. c. an.cl Cashen, H. D.: 11Structurnl Efficiency of 

Transve:rse Weakened--Plane ,Joints .. 11 Highway Research Boar(' Pro­
ceedings, 1944. 
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In addition to providing for· slab ,Jnov<;>lnont, a j 61nt 01nd -its 

environs should preserve indef:ini tely the original ridihg qualities of 

the pavernent. Experience indicates that in ·order t,, attain this end, it 

is necessary, as an insurance measure, to provide a sui tablo mechanimil 

capable of the two-fold function of transferrring the l(,ad rccross the 

joint and maintaining the mutual alignment of the adjoining slab sur­

faces. By the introduction of a suitable device the total mutual deflec­

tion of the alab ends at joints may be reduced 50 percent and the deflec­

tion of one slab relative to the other almost 100 percent. Thus, in the 

presence of reduced subgrade supp"rt in the vicinity of joints, whieh is 

certain to occur unless steps . are taken tr; correct the subgradc,, the 

mechanism will aid greatly in the prevention of pumping m1d subsequent 

faulting at jqints. The mechanisms so empluyed are commonly referred to 

as lead transfer devices or joint units. 

Load Transfer Methods and Slab Alignment 

If pavements, including surface e.nd subgrade, arf; c.len:lgned a:nd 

constructed in accordance with the principles and assumptions set forth 

at the beginning of this report without consideration of load transfer, 

t.hen no provision for load transfer across the j Qints should be necess8ry. 

However, the desi!,'!l analysis for slab thickness does not take into crm-, 

sideration nc;n-uniform subgrade condj.tions, subgrade volume changes caused 

by moisture or frost action, nor the pumping uction and subsequent fault:l.l.lg 

of the slab ends resulting from decreasing subgrade support in the vi­

cinity of joints. This lack of stability in R1.:lbgrade support at joints 

is due to three discernible factors: (l) continued consoli.dation of granule,r 

subgrade material by vibration caused by the hammering effec;t cf trnffic 
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over the joint edges, (2) by the c!iluUng effect of surface wr<-tur which 

filters into these areus through open joints, or by seepage at the d6eJ•, 

of the pavement and (J) plastic deformation of the subgrade ·c•nder c1ym-rd8 

load action due to the fact that thc> deflection of the slab cmds m1'·Y be 

3 to 5 times that of the interior of the slab. 

Loo.d transfer as a factor in joint dB Sign was fi -r.s·~ recc~gn:L"' .. •::d 

in 1917 when, on a concrete pavement }roject nc;,a.r Newport News, Viri;ir<.ca, 

steel dowels were pl11.ced across all transverse joints for the statod ,:mr--

pose of transmitting load across the joints by ehear. Since that. tirn<' 

numerous patents ha.vc appeared covering all kinds of imaginable sch.mntJS for 

con:;t.ructing t.rannverse joints~ In 'most cases .they v,rere so ::0xpcnsive or 

impractical to construct that they never h'ive been conddered (1'/). 

Lo1td T:ransfer Practices. Although methocls to provi.de load trans-

fer or structural interaction of adjoining nlabs were used B.fJ e.':cr'l.y -9.il 19FI-; 

no attention was given to the determina.ti(m of spacing or to the ev·aJ.unt.icm. 

of the effectiveness of E<uch devices· until 1928. In th11t year H. M. Wester-· 

gaard (18) presented a ratione.l tl-wory i'or joint dosi~:,'11 undor the ti t.lfl, 

"Spacing of d01vels 11 • Since that, time several investigutors (17, (19), (20), 

(21) have presented theories and methods of test for the evahmtlon of load 

(17) Teller, L. W. and Suthe,rland, J~. C.: "A Study of t.h,, Structural Aeti.on 
of Several Typos of Tran$verse and Longitud:lna1 Joi.nt. Designs." Publio 
Roads, Vol. 17, No. 7, Sept. 1936 and Vol. 17,, No. 8, Oct. 19j6. 

(18) Westergaard, H. M.: 11Spucing of Dowels" Proc8ediny,s of.' Highmc,1r llesen.reh 
Board, 1928. 

(19) Kushing, J. VV. and Fremont, W, Q.: "Jr.>int Te!lt.ing Expcn·iments with a 
Th("ory of Load Transfer Distribution Along tho Length uf Jnintc:." 
Proceedings of Highway Research Boar(l, Dec, 19J5. 

(20) Kushing, J. W. and Fremont, lV. o.: "Design of Lone! TrB.nsfer Jdr.:t.c: ;__,_, 
Concrete Pavements. 11 Proceedings of M¥Ehway Resear-ch B:;e.rd, Ikv. 1940. 

(21) Friberg, B, F.: ,','Dowel Design." Prcceedi.ngs of A.s.c.g, Nov, 1939. 
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transfer devices together vd th results of f'ield .and labvra tory studies. 

The results of these invetltigatiuns, particularly in ro£arc1 to 

the functioning of load transfer devices, indieate that there exists, in 

some case,s, a close agreement be.tvreen field tests and values obtairvxl by 

theoretical calculations based. on th.e W<;>stergaard theory of eylab dfii'lec­

tions. A thorough study of these investigations is encouraging and gives 

evidence that a rational met~d of' joint design can be established whereby 

a definite relationship between load transfer device characteristics anc' 

the chara.cteristics oi' slab and subgrade may be utilized. 

An ~ifnrnination of the load transfer devices used at the pr·~;;ent 

time reveals certain definite principles in their design. These. principle~ 

of design may be classified as follows: 

1. The development of shear resistance ~Vith hinge action. 

2. The development of shear and bending momnnt. 

A classification c>f several ~mll-knmm load trwwf'er devices 

with respect to the above principles is given in Table XV:i:n. 

As a matter of interest, Table X'JXhas been preparecl in which 

the r.elative rigiditi.es of different load trnnsfer units spnced on 15 inch 

centers are compared with that of a 1011 x 15" concrete beam simulating a 

section of pavement. The data in Table .X!Kindicate that in order to make 

a joint unit as rigid as the slab, it would be neceesary to use the equiva­

lent of steel WF Sections 8 11 x 8 11 - 58# at 15 inch centers which is imprac­

tical. The data also show that such a slab action has a rigidity np;;roxi-­

mately 13,600 times that of a common 3/L, inch dowel bo.r on 15 inch centers. 

Load Tr,.nsfer Practice in Other Sttt tes. The development of 

· load transfer practice in Michigan is no doubt typical of that which has 
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TABLE XVIII 

CLASSIFICATION OF SOME WELL KNOWN LOAD TRN!Sl"ER DEVICES 

Classification Mimufa.cturm' 

l. ShGar wHh hinge actlon Trnnfllode Base Hig:hvv<tty Stf)(-;1 PI1 o(l_-c.ctr:-~ Co~ 

Cl'~icagc:, ]eight_s, Ill.ino.i;;:. 

2. Shear nncl Bending 
Momemt 

Trunslqcle Jingle Unit 

Ke;rlode Gonst. Joint 

Tho 11Acme 11 or LhleH 

:b'lexible Dowel 

" It I! 

II II 11 

Acme Stnel & Mn.J..:Lcabls 
Irdci Works, Bn.ff'a.lb} ·N~Y. 

II II If 

Con\wntional Dowel Bars 

Double Dowel Un:i.t 

C:odwin Joint 

Tee-Ck:t.: Bar 

J-Bar Unit 

St(~·t:l Product.t~ Co. 
Heights, I1l:i.nci~?· 

~~-. S" G~~dwix~ Co. , Inc" 
Ba:.Lt,:lm{)I"f.':, ]1;1(';,. 

I1''i.vb \VO.y }ljx;;m.nsion J"oint 
CoQ, Oh;icago, _ Il.l.i.nois 

lmteric.~n Concrete Exp::1nll:'" 
slor'J .Jbint Co. ChtcH3.f::o,l:1J 

Nnt'l Road Joint Unit' Nat 1l Hoh.c1 Jcdnt()o., 
Chic~:veo _1 Illinc:;i.s 



TABLE Xi)C 

COM.PARISON OF JOINT UNI.T RIGIDITY VERSUS CONCRF;TE SLAB 

Designation of 
Joint Units 

E.I. 2 
lb. in. Relative Rigidity 

------~~--~--~~-~--~~~,~------~-------

Concrete Beam 
· l5 11wide, l0 11deep 

Am. St. Beams. 
12 11 X 511 - 31.8# 

WF Section 
8 11 X $" - 58# 

St<>el Bar 
0.5 11 wide,2 11deep 

Steel Bars 
D = 1.621.' 

D = 1.25 11 

D = 1.00'1 

D = 0.75 11 

215 .. $ 

227.3 

0.333 

0.333 
0.119 
0.049 
0.0154 

Modulus of Efasticity for Concreto 

Modulus of Elasticity for Steel 

6.25 x w9 

? 
1~ .• 82 X 10-' 

21.75 

21.75 
7.77 
J,2 
.1_,00 

E ::: 5 x 106 p.s .. i. 
c 

E. = 30 x 106 p.s.i. 
0 
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taken place in other states. For example., a st,udy of the da,ta in Tn,ble 

XX: , which was 13ontpiled from the 19L,l S\lfmnary o.f Corwrete Ru~.ds E>pedfiea­

tions prepared by tho Fvrtl:.:md Cement Assuciatiun, r~)Vt:Je.ls th•~ _great di­

versity (:,-f opinion as to what eonStituten adequate load trnnnfer fer tro.nr,., 

verse Joints ir~ con.cre~e pavements. 

A further analysis cf t.ho data in Table XXI bi'int;'S uut nev(•rd 

interesting facts concerning lov.d tranr;fer practice at tho beginnin,•: .:.f th<3 

war: 

1. Conventional 3/1., inch dowEJJ. bars arG used to a grmct(';r 

extent than any otl'wr type of luad tr">nsfer dr;vice. 

2. In some instances 7 /S inch and 1 inch dowel bars ''<lre 

being used inst~:;ad of thG 3/4 inch ,:-,j_zr; .. 

3 .. Dowel bur.·lengths vary from 6 :l.nches to 2'7 :i.nGhE~s, The 

majority being oithc•r 15 inches or 2!, ineher; in longth. 

4 ~ The spacing uf dowel bars is consistent w:i th thr:j :re­

quirements o:!' the Public Hoacls Administrnti,,:n, tk1 t is, 

12 inch to 15 inch centers. Other devices are the same. 

5. Several states perrni t the use of eert.ain 0,pj,•roval pro­

prietary types cf load trr:msfer devices for expH.nsion 

joints and dowel btu·s for C\Jntrncticn joints. 

6o Somn states tJrefer to use lc~:\d transfer deviees ur their 

ovm special design. 

This data has been presEmted to show the (>L~~:.,.gr8 ouent · whieh 

e:xists in design r~;Jquirements f(i.t' load trn.nsfer aerofJH tran:Jverse ~joints 

and to further prove the need uf a metf.t,Jr! for nvaluating luad trnm1fer 

devices on the basis of their ability tc> perform thE,ir in t.cmdecl function. 
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TABLE XX 

" LO.AD TRANSFER i\IETHO.DS AS. E!I~.('LOYED BY S'IATE HlCtH'I>Ai.t DhiP ARTIVlENT 

3/411x2411xl2" 

3/A"x2411xl2 11 

3/4"x24"x:L211 

3/411x24"xl2 11 

J/4"xNSxl2'' 
·3/4 11xl5 "xl2" 
3/411xNSxl2" 

3/411xNSxl2 11 

J/411xNSXl2" 

J/4 11xNSxl2" 
3/411xl2"xl.31' . . 

.:3/411x24"xlJ-l/2" 
3/A"x2l"xl4" 
J/411x2711xl5" 
J/4"x24"x15" 
3/4"x24"xl5" 
3/411x2411xl5 11 

3/4"xl5 11xl5" 
3/4"xl5"xl511 

3/4"xl5"x15" 
3/411xl5"xl5 11 

J/411xl4"xl5" 
J/A''x16"xl5 11 

J/ A11x22 11xl411 

3/4"x2411xl2 11 

7/<l 11x24"xl2" 
7/811xl6nxl2" 
7/S 11xl:3-l/2"xl2" 
1 11¢'xl611xl5 11 

l,-l/2"x¢x:L2" 
10 ga. triang. at 15" 

. . . .. other· Types . .. . .. . . . .... 

l):t Jl.:xpansion At .Contract,icn 
Juints Joints StatesjJsing Th~£.9 'l':YP<>li_ 

Wor 

T cr 

N 

N 
A 
D 
N 
N 

TN 

. App •. 
AH. 

D 
T 
T-OC 
N 
A 
N. 

SP 
T 
N 

SP 
DW 

N. 
N 

.N 
N 

N 
T-.QO 

TA-OC 
N 
A 
D 
B 

D 
T 

D 

N 

D 
A 

AI 
N 
N 
D 

App • 
Alt. 

D 
N 
N 
N 
D# 
N-

SP 
N 
N 

or G 
o:t' m; 

D 
N 
N 
D# 

D 
N 

or TA 
D# 
N 
N 
N 

Colo. ·' Drd • , Idaho, Mont. , 
Nev.,N.M .. ,.Vt., w •• Va. 
N.D. 
J.1.I., va. 
Oregon (AI=Aggr!-;:gf:J te In"t-e17' 

: Me .•.. ,:·Penp.; Ut'lh ·· · lc,eJt) 
D. of c. 
Fla.{Tl'i=TranslodeNnt 11 

, Dowelc) 
Ind .• (App .. =Anf{ apprvvcc'! un:lt. 
Ky. (Al t=Apprcved load-· 

transfE.~r u.rt:i.t) 
Md, 
s.ci. 
IlL (VI=Wing anchor) 

'rrex_. 
!l0b. (#Dowel length 24") 
,La.. 
W:ts ~ 
Ga. 
Ala. , Ariz . ·' H • C • , Tenn. 
Mich. 
Ohio ( DWo:oD<•w-welc1) 
Minn. ( 7/8 11/- .for 9-7-9) 
Calif. 
Miss. 
Ia. (8--7-8) (#2411 long at. 

·12"cc) '· 
Ia. (other tl~3.11 8--?-8) 
Kan; · 
Mo. ( TA='rrancolode· e.ngles) 
Wash. (#3/4xl2:xl5 em FAP) 
Ark. 
Oonn. 

· N.H. (B=Bethlehem type or 

2"xl/2 11x7/8 11 ch.at 1211 N N ,J. N 
equnl) 

Various Variqus N<Y. N 
A A N Mass. 
A A D# Okla. (#3x411px2411nl2 11 ) 

A N N S.D., lVyo. 
N='Not in specifications o.r not required. D=Duwel specified in size column. 
A=As on plans. T=Translcde. OC=Opti'"nal with c<)ntra.ctor. SP=fv1wn allowed 
in special provisions. n or G=J oin.t<l at 60 i't. h1J.ve. do~mls, .1'hos8 at 30 ft. 
have reinforcement ca.rried throu;;h a. grooved or ribbon .joint. V=Va.riable "'' 
fol;Lows ., 2.1 "-19 11-20!1 ±'or lane widths 10 t -12' -11 '-lY. resp{lctively, 
NS=not SJecified. 
lfBased on 1941 11 Surm!la.ry of (}mcrc,te Road S ... •eci.ficntions 11 by Portland Cement 
Association. 
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Eva.l:uati.bn of Load Transfer ]),;vi o•Js; Jt f0cvf: gitaJis the 

Department, realizing the fmportsnoe, Gf th,e jd:Ent Cleslgn prublem, m2de a 

preliminary investigation c•f srweri'\J. prominent loa.d transfer devices with 

the vi'ew of developing a method for (;vs.l\,w.ting j dnt units in tc,rms nf' 

load transfer ability, mechanical stability and their rd3:tiv•.> ai'fed npcn 

stress distribution in the concrete surrouhding the joint uhit.s. .t;fter 

developing an appropriate theory, test prc>oedure, and the t~ljuipraerlt !::hewn 

in Figure 2./V,, and Hi't<or p·e:rforminz tests rjn a f'ew joint unitB, •the 'invc,s­

tigatiGn had to be temporarily suspendf!d because of lack cf Eerscnnc;l due 

to the waro :E:.:trl-ier studies by the De1n1rtment concHrnit;g ·t;he _thfJ"6r;;/ cf 

load tratfsfer have· ·bHen mOittioned previously :l.n the repcr(.-· 

The j o~rit unit~ which have be(Jn thoroughly te~:tt·e:n· "havG been 

evaluated in· Tnble XXI' un the baGi:J cf their relative B(JaeinK in' the 

joint su that the stress iri ·the conct·ete Si:lrruundi.np: the un:i t· Vf()hld·. tfOt 

eXceed the :assumed- design value of 375 pounds per\ squ~lre tn:clY• · ThE.r>.'r•Dlativo 

ultimate shearing strength and t,;t,al deflec·tiw of the various j<,iht\ uni tt? 

a:re also included in Table XXI Jc,int unit LRO (1-1/4 11 x 15" CJt,wel with 

rotor sleeve) with the greitte&t permisnil:il'e· Sl.Jacing of 2A 1hCh,es-·-w8.s __ "taken 

as 100 perccmt for the purp<)SG of comparis<)n. 

The data presented in, Table XXI although not eoncliis:lv~, dis­

clvses severt,J. significant facts which may be hfllpful in ell'Lablishlnti 

specification requirements for jdnt units. In the first plHC(o,' the evn.lua-­

tion'brings out the importance <cf joint unit sp'lcing in relntion tc ·its 

peri'orm,::mce. In c>ther words, f:rom ar!' ecc.ric•inic standp0int, the mol'~' effi­

cient and perhaps more expensive 'juint units m~.y be: srmced at gr<J9,fer';dis·­

tances b<'itw&en centers alvng the transverse'joint ai1d still giv<l equal :;:r 



Equipment and L()ading DevicE:l used for 
Testing Load Tram1fer Units (39 F--1 - 18) 

Figure 2-4 



Symbol 

LRC-0 

CC-0 

l~EFS-0 

N-0 

GRC-0 

I-0 

B-0 

2:--EE-0 

TABLE XXI 

TENTATIVE EVALUATION OF WAD TRANSFcF;R 
UNITS ON VVHI_CH TESTS _HAVr;_ BEEN COMPLE'rED 

When total eombined stress in 

Ult.imate Tested. to 
Shear Max. re-
Strength .pe11ted 
of unit Shear of 
V-in. lbs. V-1~ 

Relative concrete a.t edge due to ].()ad, 
Deflec.., warping and impact dof,s not ex--
tion in ceed 375 p. s. i. for h =•'711 and 
lo-4 k = 100 p. c.i. · ---·-··-··-· 
inches at Max. Shear Joint Spacing Rntin~; 
17=:1000 'lbs~-..JL...;:; lhil. iv incbe,;_.(.a)~_....._% 

17,000 3000 1 '7. 5 2930 24 100 

7,500 2250 23.1 2470 20 83 

9,000 2000 37.'7 Ul50 16 65 

7,500 1000 50.0 1400 12 50 

12,850 2500 63.0 1190 11 46 

11,500 1500 75.0 9$0 11 40 

7,000 1250 81.1 895 9 3'7 

10,000 2000 181.0 125 2 8 

Rating =:..!!._ X 100 
24 

Load transfer units were installed in concrete test specimens. 7 11 deep, 
1211 wide and 15 inches long for each ha.lf of joint. Concreto designed 
f.or .. 35-00 pounds compres1>i ve otrength, Modulus of' Elasticity of 5, 000,000 
p~s~i .. 

- 63 -



better performance than the cheaper tmd less O'fficient uni tB which tc:sts 

indicate must be spaced at very cl<.,tle intc;rvals, Second, t.he data 1ndi--

cate that the cornmon 3/4" :x 15 11 dowel shculd be St)Mtld at intervnls of 

l<JSS than 12 inches for efficient )el:'formance i 1l'hird, for maximum p0r-· 

. formance in load transfer .ability with low deflection values, ·u v1i.Ll be 

bars with metal sleeves tu uniformly distribute the load rotresGes in th;, 

surrounding concrete, or to 1)ropri<ltary devices of high E>fhciency. 

The New Jersey Highwa.,v Department (22) ttft•:r studying tho joint 

design problem from a .practical stand;,oint in .the field, has ·come to the 

conclusion that the most satisfactory method of' load transfer i'or haavy 

duty pr.voments consists of' a design wh:i.ch tends to develop trw highest 

possible rigidity consistent ~vi th !)ractical consid.ern,tions and cost~ To 

realize this end they have used rectangular steel dowel bars 5/8" x 2" x 20" 

spaced at 12 inch centers with excollent rosults during the last 10 yE,>J.rs. 

They propose ev•m hen vier units for the post wa.r ;>eriucl. They firmly b,,,_ 

lieve that it is a wise r•olicy to 1lrovide an adequate ;joint structure in 

order to preserve the investment in the pavement and that the need for 

such l'igid joint design. on heavy duty pavements justifies the extra cost. 

Requirements for Load TJ.:rmsfer DE].vic'!§.· E'ror,, the above r·e-

searches and exueriences it is obvious that a satisfactory load tr·!msfer 

unit must be designed and cont~tructed :tn t:\Ccordanee \Vith Ct~rtP.i"n sound 

princi.;)les .. 

(22) Griffen, H. iii.: "Transverse Joints in the Desi!,<rl of' HEJ'lVY Duty Con­
crete Pavements. 11 Proceedings cf the Hi.ghvmy Research Boc:r6, 194:3' 
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It is believed that these principles are: 

1. That they should be economic!tlly just;i,fiable. 

2. The units should be simple in design in order that the;r nt~;r 

be practical to install and pGrmit positive encasement by 

the concrete. 

J, They should not permit high localized stresses in th.e con­

crete at the joint face which vwuld ultimately result in 

plastic flow and failure of the joint as a whole. 

4.. They should be capable of dis·tributing the load stresses 

throughout the adjacent concrete in order that ::mch 

stresses should not exceed the allowll.ble rle,;ign value. 

5. They must permit free mov<ement td' the abutting slabs at 

all times. 

6. They must retain their mechanical stability under wheel 

load frequr~ncy cvmparable to that for wl!ich the adjoining 

slabs were desib~ed. 

7, They must be constructed in such a manner as to meet 

specified performance requirements relative to stress 

relief and stiffness. Unfortunately, at the present 

time insufficient factual data is available from which 

one can establish definite specification requirements. 

On the basis of the a,bove principles an attempt will t>e ma.rle 

to substantiate the recommendations set forth for l<'JO.cl tr(,nsfer devices. 

The load transfer devices included in the EJvalu:ttion study mentbned above 

were found tc fall into three distinct class0s from the stantc)?Dint d' stiff ... 

ness or lotl,d-deflection relatiunship~ These- clo.sses ar0 rCferred tc~ as 

- 65 -



being_ stiff 1 medium or uveak and designated respecti. vely n.B Glnss 1 1 2,, 

and 3. See Figure 25. 

By means of Westergaarci' s (23) stress ana,lysis and the theory 

of load transfer design advanced by Kushing and Fremont (24) it is por:nihlCJ 

to establish rellltionships between joint unit spacing llnd the r'"fmlting 

strvsses in the concrete slab, provided the> loHd-c1et'1nction charnc'Lr>J:intics 

of the .particular joint unit or lom1 k·~nsfer device a.ro known. Tnbl<c,s 

XXII and XXIII have been prwarod .to show the effeet of reduetiun in sub-

grade suPport qn slab_ s·treSS$S when load trar,1sfer devicen possessing dif-

ferent degrees of s·~iffness are considered. In ·preparing Table' XXII re-

fer<3nce is mr.tde to Table VII, Pai't I and t.o Figures 26, 27, 28 8nd <~9. 

The unit stress Yalues in Table VII, as a I.tlatter of convenlence, he.ve been 

recomputed on the basis of "a" "' 7 inchHs instead of 7.8 and avernf.;Gd to 

obtain stress values for the condition when k = 200 as employed in the 

design analysis. The. load-deflection curves in Figuro:3 26, 27, 28 m1d 29 

are based on the perf'orm_nnce of the various load transfer• tmi ts under 

laboratory tests using the equipment shewn in Figure 24 anc1 the tbeory 

for joint $pacing advancoc1 by Kush.ing and l''remont (2L,.). 

(23)· Westergaard, H. l\1.: "StresMs in Concrete Pavements Computed by 
Theoretical Analysis". Public Roi.,\ds, VoL 7, No. 2, April, 1926. 

(21•) Kushing, J. W. and Fremont, w. 0.: "Design of Lotl.cl Tre.nsft,r Joints 
in Concrete Pnvements ~ '' Highway Research Boo.rd Proceedings, 
November, 1940. 
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RELATIVE VERTICAL DEFLECTION IN INCHES x lo-4 
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TABLE XXII• 

JOINT EDGE STRESSES VERSUS SUBGRADE MODULUS FOR 
LOAD OF 9,000 POul<DS AT TRANSVERSE JOINT EDGE 

B;;l.d:i.us of l'yJ?e of Unit stress in slab fer .the given jdnt 
Slab Thick- Sub grade Load Distri- Joint Unit spacings, us II in p .. s-.i. 

e ' ness una Modulus "k" bution "a" See Fig, ~5 
in inches 12 .. c .. i~ in inches -» 12 in'ches 24 inches infinite Reference 

7" 300 7.8 - ?.o* None 272-290* Table VII 

"' * 7" 100 .7.8- 7.0 None 322-343 Table VII 

7" 200 7.0 None 317 Avg. 290 & 243 

7" 100 7.0 Glass I 218 255 343 Figure 25 

7" lQO 7.0 Class II 260 283 343 Fi~n-e.25 

7" 100 7 • .0 Class III 307 320 343 F" ' ~gure 25 

lOn 300 7.8 - * 7.0 None 158-167'"" Table VII 

* * 10" 100 7.8 - 7.0 None 182-191 Tab1;o VII 

10" 200 7.0 None 179 Avg. 167 & 191 

10" 100 7.0 Class I 126 140 191 Figure 25 

10 11 100 7.0 Class II 152 160 191 Figure 25 

10" 100 7.0 Class II 182 185 191 Figure 27 

*- Stress Values in Table VII com;.JUted for nan = 7o8 :inches have been revised for nan = 7 inches. 
J<-l> Class I = stiff dowel; Class II = medium stiff dowel; Class III = 1veak dowel. 



TABLE XXI~~ 

REDUCTION IN STRESSES DUE TO EFFECTIVENESS OF LOAD TRANSFER DEVICE 

200 1 "" 517 1.50 476 0 00 511 1.50 476 0 00 517 1.50 476 Q 

100 7· "' 345 1.50 514. -8 545 1.50 514 -8 C!) 345 ::j..50 514 -8 
00 

100 1 12 218 1.02 222 +5t· 12 260 1.09 284 +40 12 507 1.58 424 +ll 

100 7 24 255 1.02 260 +45 24 285 1.14 522 +52 24 520 1.,41 451 +5 

200 lO 00 179 1.50 269 0 "' 179 1.50 269 0 C!) 179 1..50 269 0 

100 10 <D 191 1.50 287 "'' "" 191 1.50 287 -7 "' 191 1.50 287 -7 

100 10 12 126 1.04 131 +51 12 152 1.15 175 +55 l2 182 1.45 264 +2 
. 

100 10 24 140 1.04 146 +46 24 160 1 .. 21 194 +28 24. 185 1.47 272 -1 

~:~ -



as: 

where: 

so that 

The impact factor c.onsidered in the. design analysis :is defined 

I =: .15.0 - .;1f 
JDO .;: f 

- ~.- ~- -·-- ~ ~·-~~----XII 

f is the percent load transfer offered by the lead transfer 

device (See Figures '2..7, :21$ rmd 29} • 

I "' 1. 5 when f = 0 

I ~ 1.0 when f = 50 

The percent lcmd transfer offered by the various devices is 

represented by the isolated numbers on the cu:t•ves in Figures 2·7, 2!! and 29. 

By this method the degre<J of impact is considered to vary between the 

values c.f 1 and 1.5 in rel2.tion to the efficiency c,f the load transfer 

device. 

The data in Tableliliil bring out several significant facts 

concerning the effect of dowel stiffness in stress relief: 

1. That slabs of 7 inch Rnd 10 inch thickness, designed for 

"k" = 200 p.c.i. without load transfer devi.ces, when 

placed on a weaker subgrade having k = 100 p.c.i. may 

have stresses not exceeding those of 375 p. s. i. ns con-

siderecl in the basic design in Part I Ilrovidecl the load 

transfer features are adequately designed. 

2. That the stress reduction due to load transfer, though on 

the weaker subg1'ade, is practice~ly independent of· the. thick-

ness of the slab within the range of thickness from 7 to 

10 inches. 
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3. Stress rpduction: affected by lvnd tr:~ns.t'et\ devices under a 

lowering of subgrade supf!ort from 200 p.c.i. to 100 p.c.i. 

varies from apprc,xima.tf>ly 50% for the best ,juint unit to 

practically zero stress reduction f'or the weaker units. 

These stress reduction val.ues may even become less «S the 

subgra.de is weakened below the va.lue of k = 100 p.c.i. 

In the future, with careful subgrade preparathm, ancl if 

the; pavement is designed for k = 200 p. c. i. une should 

not OXf)ect n lowering of this value very much below k = 

100 p.c.i. 

As tht' above comd.dera tit>tHl nnd conclusions have be on rev.chcK: 

on the basis of free edge stresses which have been computer: for d,tfferent 

traffic conditions, the traffic effect is included in the C•:>mputation in 

Tnbles XXII. and XXIJ;l. It is assumed that the eorner stressefJ will be­

have in a similar manner • 

.1\mcng the dowel bar types of joint units that ho.ve been teste<~ 

by the Department, there are two units which meet thG requiremcmts of t:te 

charncteristic Glass I and Class II load-def'lectlun curv'"s ilJ.ustratocJ in 

Figure ;:15.. They are designated as follows: 

1. LRC - 1-l/411 x 15 11 dowel bar (SAE 1020 grade) with cas·b 

iron rotor sleeves for bearing and strestl distribu·ticn 

:tn the concreto. See Fi.g<Jre JO: and Table XXL. 

::z. N - 3/411 x 15" dowel bar (Intermediate grade) plain. Ss"" 

Figure :30,. and Table XXI In both cases the joint units 

were testod with a l inch ,jGint open:Lnc;. 

lfuen ,joint units of type LRC were tr;st<o;d t.o maximum rc•j;eateci 

shear of. V = 3000#, repeatec: 25 'times, t.he finnl deflections did not. 



A. 1-1/411 x 15 11 Dowel Bar with Cast Ircn R•Jtor 
Sleeve Jc,int Unit Type "LRC 11 39 F-1 (34) 

·B. Standard 3/411 x 15" Dowel Bar Unit 
Joint Unit Type 11N11 • 39 F ~l (29) 

Fie,'Ure .$1:5 

LOAD 'fPJ\NSFER DEVICES. CLASS I AND CLASS II IJOVi'ELS 



exceed those defined by the CJass I luad-doflectiun gr17• 1?h in :Figu:rv 25-

a.nd the strength of the j0int units in shet:r· exceec1ed 16,000 lx;;unds 

without reaching fr.tilure. m1en tested to a shear forc8 V = .3930 })(ounrls, 

the maximum permitted stress (,f 375 p.s.i. in a slab of h ·- 7" on a .sub-· 

grade k = 100 p_._c.i. is rea_ched wh&n the units arB corwidercd to he spaced 

at 2A inch centers. For a ;oredeterminod crack expectancy or on weakHr S'Jb­

grades, this spacing might be k•c largo. Therefore, it i.s rc"comment10d tlw.t 

joint units be spaced at intervals not greater. than 15 Inches. 

When the joint units of the .11Nif group wore te_stod 1J.!fLlor sim:l1a.r 

c0ndi tions, exc<ept that a lf!&Xif\lUffi repe& ted 13hear of V = 1000 p<c1,mds was 

used, the d.efle.ctions at the l•lSt twp D.j)IJlicaticns cf' load at V '" 1000 

puunds did not exceed thuse defined .. by the Glass II load-defloctir.m gr'.'Cph 

in Figure 25', and the ultimate strength of the j.cint unit in t>h,,ar did net. 

exceed $000 pounds. 

The behavior ui' thG "N" type of jc,:Lnt unit is unreliable, p.s 

proved by experience, because .the specimens were tested only. to V = .1000 

pounds by repetl tiun, whorcms the mrod.Inum comi>Uted shear is lAJO pcounds · 

for a slab stress of 375 p.s.i. at a spacing (of 13 inct1es in a r;l,,b 7. i;,cheG 

thick on a k = 100 p.c.i. subgrade. p,~,r a given crack e:xpectanc:r on a 

weaker subgrade such a :>pacing might be insufficient f•jr pro;~er, r>lab nur­

port. 

If the deflection curves for the edge cf the slab from ccrner 

lco.ds were known, and the v.?~lue of subgrn.de·-.modulus Hk 11 :frorn w-eakened sUb­

grade were available, then it wc.uld be posnible tu desi!,'n lc'n:c1 tr'emsfer 

devices and dete:rmine their spacing wi t11 greater precisionG 

Furthermore, in connocti<m with very rigid lr·:ld trane . .fer units, 

if tho ~o:tftt units approach absolute rigidi t,y with D. 50 percent. lGad 
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transfer ability, they must produce equfl.l stresses in ·~lw lnod6'<4 and un-

loll.ded slabs if the load distribution c>~rer both aclj cinirig slrcbs wuro tlw 
I 

same. '!'he wheel load is distributed over o. comparativdy large .o.rna by 

virtue of the ·tire, whereas the load trctnsmi t ted by the j <.•in·b l:trdt .ts 

applied over a ver;;· small area. Thus, it is' c<:;n(:dvable thnt tl\0 .unit 

strc~ss ih the Concrete orf the load sidfi mtzy beY for exampl$; 90 p, s-. f ~ 

and in the unloaded slab 210 p.s.L, or appr\..ximately 40 ;."'<>r'cent higher 

than would prew.il under ideal conditions of identical load di·stri1\ution 

which Vlould produce a stress of 150 p.s.i. ·in both slabs. It vrould appear 

then, tl11tt in the rles:lp1 r,f all joint units, provision should be mnee f'<or 

adequately spr0ading cr dl.stributing the stresses into the mas5 of the eon .... 

crete~ rrhis necessitates· th~ use Of nH3tal slfjev.:;s sUrrounding the do1:re1 

bars I"Thi.ch ce.n be deeply imbedded und securely anchored in the concrCJte. 

This i'act has been fully appreeiated by various mo..nu.f!l.cturenl of lr,P.d 

transfer devices who hav~) &.dvanced vririous· types ~.,f metal ·sleeves G Ss far 

the patterns ·of the proprietary metal sleever; cvnf orm· very mueh tc the une 

shown in Figure 31· Laboratory test,g indicate that similar types ef slc1eves 

are not adequate. 

On the basis of the above considerations, teo prevent over-

stressing of the slnbs and· faulting ewing t<:l the weakening of tho subgrade 

i'rorn k = 200 to k = 100 p.c.i. Rnd even less, it .is believed. ~:~t\vieablre tu 

use for slabs r_,f from 7 inch to 10 ].twh thiel'.ness the stiffes·~ t,YfH) d' loa.i'. 

transfer unit (not less stiff than defined by the Class I curve of FigurE' 2~ )", 

or about 50% loac1 transfer (with provisic.n fer pr0per load dish·ibutl.on 

into the mass "Of the ooncr<lte similar to the distributicn wh.ieh rubber tires 

produce on th.e slab suri'tl.Ce), arid of sufi'.iciEmt length to [Jermit accur~e:Le 

installation. 
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Illustrating Typical Construction of f~0tal 
Sleeve Common Among Several Makes of Load 
Transfer Units. 39 J,;.>1 (27) 

Figure 33) 



This leads us- tu recommend the use ot ve-ry ~1tif'f lo'r:.c~ transfer 

units of the LRC type (See Figure 30), wHh 1-1/1, inoh diameter do•r,el bars 

with a high yield point (around 90,000 p.s.i.) and spaced at not rrro'cc than 

15 inches, or some equivalent installation. To prevent deterioration of the 

metal sleeve it should be properly dimensioned and constructe() of niotaJ 

conforming to A.S.T.M. standards. It may evc;n be advisable to consider 

sHghtly larger dowelS to compensate for redudion in crOSs sectiun or''"" 

due to possible rust effect. 

Such a ,joint installation should effect practicallY a 50 por­

cent reduction in deflection of sltlb ends under the same subgrade conditione 

and reduce the relative cleflE>ction of the slab ends to approximately zero. 

Sealing of Transverse Join·ts 

In spi to of ::tll the care that could possibly- be exerc1.f1ed tn 

the design of load transfer units, or in the subsequent construction and 

installation of the joint a.sl>cJmbly in ~he pavement, there remains one 

factor in the desit,'11 and porformanee of' joints which is sadly negloctod, 

and that is the development 6f ways ~-tnd means for constri:tcting, a ·tx~n.nsverse 

joint which is 100 percent impervious to it1ert foreign matter nnd es}ecinlly 

water. 

It is common knovrledge that the infHtrlltion of fine gravel 

particles o.nd soil material into open joints ultit,lately-. causes abnormal 

spalling and longitudinal cre.cking at ,joints. It is .~lso known thnt th<3 

pr,ssage of surface water to the S11bgrade ct.tuses upward curling aetion cf 

slab ends at Joints which is associated with volum·3 changes of the soil a.nc~ 

the f'ormatim of ice lenses. Furthermore, ~ cupping or permanent settlemc';,_ 

takes place at joints which is brought about by the prosonce of ftee wster 

on the subgrade and the loss of subgrnde soil due to pumping of water by 
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repeated deflections of the slabs under rwavy loads, or by pex·m~nent 

changes in subgrade support which may oecur in the presHnce Gf impact ffi1C 

vibration. 

.The pro;,osi tion of curing this joint il.lnesz choapl;t, e)ffec.­

tively, and i"ermanetly, is one of the prin1ary problems in joint design, 

assuming of course that all other faetors can be ta.ken cP_:r:e cf GatisfnC-·· 

torily by proper design and c.onstructicn methods. Tbere tHp '"L'i'D.r<m'Gl..y 

two posfsible methods of attacking the problem. They are, .first, 'the ct•n­

struction into the joint of all feo.tures capable of aYc1Ufling fm•E,1.;;n 

matter and water, and second, te.king the necess?ry steps tc, W'lterpr,, __ .f' and 

stablize the subbase under concret0 pavements .eithor entirelJ' or cmly- in 

the vicinity of joints. Perh1qs it will be rt<}(~e;>SI;\I'Y ultinwtdy tc, c.orc-­

centrate all pc·s:Sible efforts on pc .. th cotu=)iderat.iuns. 

To. adequately seal a joint it is necessc,ry to provick means 

for excluding foreign matter and water from all Gicles, top, bott,Jm <•nr' at 

both sides. In the case uf expansion joints, an at.t(-m1.pt i_s now made to do 

this by insertintr prernolded filler lilatel'ic,ls (Jr wood bo:1rds in the ;i vi.nt 

opening. These materia.ls are i1UPl~;o<wd to expand and contract in unUy with 

the slab ends and thus keei; the j dnt. opening closed" To a certr.ln extent 

this is true, but much has yet t0 be .done t,, improve such mD.terials rmd 

i!ldustry sheuld be capable of prcviding such a product if the highway in­

dustry VHiJJld strongly demand it. 

In regard tu sealing the to1J cf expansiun j <Yin "ts with b:L tuminous 

materials, there ar'~ tvro importrmt .considerations, (l) the. availability of 

a suita[?le_ joint sealing compound ~nd,, s~?Jcond, th~i exercise of proper 

workmanship in app~ying it, On1y- within the la:lt few year;s have thero been 
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available joint Sealing compounds which have shown any merit by wo.y of' 

satisfactory performance. 'I'hese compounds consist in general of a mixture 

of asphaltic material and rubber. The rubber, in different forms, is com--

bined with the a.sphal t by various methods. The Michigan State Highway 

Department has developed specifications for an asphalt-latex joint sealing . . 

compo\mcl which has been used exclusively on twro regular construction pro-· 

jects. Aftei• 4 and 5 years in service, without ma1nt<mance of any kind, 

this material still provides a satisfactory seal e.nd seems to possess me.ny 

more years of useful service. 

AS to exercising proper workme.ni!hip in applying the joint seal-

ing materials, it can be said briefly that present spc>eifications provide 

for such conditions. In order to obtain positive adhesion of the ,joint 

seal material to the concrete., to effect a 'perfect bond at all times, it 

will be necessary to provide methods to insure proper prepe.ra tion of th<'' 

joint surfa_ces and in applying the naterials. Studies to this effc•ct. are 

now under way in the ·laboratory. 

In regard to contraction .l oint.s, bo provision is made r,t the 

presilnt time to i)revent foreign matter and water frem entering the ,joint. 

through the openings which eventually occur at the sir'es and bottom, or 

at t.he surface especially when bi.tuLJi.nous premolded parting ~1trips aro. 

employed to form the plane of weakness. Off hand, it would lSeem ths.t the 

most logical solution to tho joint seeding problem would. be tu surround 

each joint, at sides and bottom, 1vith a oetal ddelcl dimensioned in such 

a manner as tt:t _provide a positive seal without iupeding the moveraent of the 

armt'ting slabs. The shield would be construe tee' and asser:,lolecl in combinaticp · 
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with the loo.d transfer assembly. In addition, the jcint at the. surface 

would be grooved to pro,:;.er width and depth and the spo.ce formec1 by tlw 

grooving process vmuld be filled with the best available ,jc,.int sef;ling col:l-. . 

poun4 Q In this manner, it might be possible to c9nstru.ct . a . . i oint a{jproac:h~ 

ing the ideal. 

The success of the design, Cf~vered in this r~port iG vr.y~l:i.eatec: 

on the proiiE>r design and construction of the pavement f'<lUndp,tien, n.s well 

as the construction and seo.ling of' the joints. 
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CONCLUSIONS AND HECOMMHlJJA'l'ION::)_ 

In the preceding text tJ:Hn'c-J have b6Gn propounded. eertnin ir.1portr:r(lt 

design features which r.:mst be given thoughtful cunsidere.;t:L0n in connecti6h 

with the constr-uctiun of futu:co cuncrete- pavouE:nts in Michican. The·: r;!(~­

sign requirer:lents raentit;ned included paver:.1ent cross secti•..fn ~ :L'!.ii:l_ :Jh_r; f:'O 

thickness, transv-erse j ointo and joint spacing, nncl joint clesig:n_. '1'},.8 

important su.t>,ject of _paveuent foundation, ±D.cluding subbnsn rmtJ subgrPdc ~­

was intentione.lly vtai tted because of the lack nf factual data pertaining 

to Boil bE:havic;T under CuncrotEJ ::.X·l,--:,"·enorrt~J e 

The recomDendatiunu :...:.:et ·fortb. b(Jlow, u.nd r:Jub~;tantinted f,JI' the 

lDUSt part by da.ta in the ·text, fl:t:'e base0_ On [iUFild en[~:in>:::!<:::ring lJr'irtciples 

e_nd p:cactiGm anC. in koepinu with tl.;.e future trund in cunerete uonGtructivn 

practice. 

Paver.1ent C:rz.~.SE:c'h~:g-lSlw.pe 

'IhH uniforu, as well as the thick:nnec1 oclge eroHs ~H:;cti.on h::rvc; 

been con_sicterec;l in th\~_ -design analysis for cuupn.ratiV<-J purpuses~ Although 

a pavenent of' uni.furm thickn0Sf.i oay cost more tc 1;:mild thun one of non~· 

unifortJ thicJ(.ness bocnuso of slightly incr~;n.suC! ccnerete quent.i tit?<H; it is 

considered,. howe'V"Hr, to be a rJerre 1."1osirable cross ~;;action for tht3 fo11.owing 

reascms: 

l. The slcb thicknesr; can be cu>:,plted by rec,)grdzec' Ltethods with 

greater prE)cisivn anfl carto.in-:ty. 

2~ The trend to wider pavGLwnts Eininizes the neecl uf the thiekBfH?C: 

edgeQ 

3. Auxili.A.ry (;;ldge ;3trengthenine t•--t transverse :) (:,lnts ~ o:r at craeks 

when they vccu.r, is ne-t nuri~L,J.l;J nece.ssary to recJuce stre~:;ses o 
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4. Subgrade preparation CM bo accomplished better and ch•1aper. 

5. It simplifies joint design and cunstrU<1tion. 

Pavement Cross-Sectio~ Thickness 

The concrete pavet.aent slP,b has beE!n designed, on the ba::;is of 

fatigue, to wi thstund fur a def'ini te period of time the re},e'tted ct•mbined 

critical st1·esses induced in the pavement by traffic loads, temperatul'e­

warping and friction forces. By taking into account the prw•erty of f.s.t.i-­

gue, it is pussible to establish n niniou111 th1cl<" .. ness of slnb V{hich IJitht 

be expected tu vrevent cracking under repeated stresses for a c~efini te 

period.. In the desie;n analysis, slab thicknesses were deternined on the 

basis that, under nurnal conf'.i.tic:ns anr.i. for the assumptil)nS considered_, 

cracks should not occur within a veriud of 20 years. 

The slab thickness dimensions given by the graph in k'igur<3 10 of 

Part I, must be ccmsidered as a JJinimum value for any urw of the ftur re-­

cognized classes of highways. Although not given in the discussion, there 

are EaXiJJum limits for slab tllicknDSG, under the assuoptir,ns, wh:tch are 

fixed by warping effect. The reconoended miniouu slab thicknesses for th.c, 

concl.i tiuns as assu11ed in the analysiB am; for 100 fout slab lengths are 

as follows: 

Minimum Thickness 

Class I Highway 9 ·- 10 inches 

Class II Highway 9 - 10 inches 

Class III Highway 7- 9 ;inches 

Class IV Highway 6 - 8 inches 
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Transverse Jolnts and Joini Spacing 

By' virtue uf the facts set forth ·,n·evi"usly 1n Part II, n.n<J be-

ccmse thetJretical analysis and fn.ctuatl data are not available for tbo ,:_. ~-~E:~--

quate design of long slabs, it is recoDnsnd8d thr"t contirn1uu;::. sJab con···· 

struction be given consideration in future concrete :txnrmJsnt const.ruc-L1oxt. 

IJaxiwur.l slnb length which should be considered at the preS-BTl:. t:i . .:.::~~ .for cJ_~n--

tinuous reinforced }.Javm.lBnt eonstruction. 

100 feet in order to creo.te tho ecmtinuotw reinforced 100 foot sl::::.b sections. 

The reinforcement which runs \:ontinu .. ouuly th:r·cynehout thr-J onct:i.on is 'broken 

at the joints. 

F .. ucpansion Join"t.!~G The use and f>J:.W~CJ.ng of expD.ns:Lon .jointG will 
., 

be deternined by thE:: tit1e of yeaT at wh:Leh tl1e concrete is ~on rae~-~ ;_-;el;t,enber 

15th is considered the divid.ing :U.ne 1Jetweel1 sur,Iuer unrJ i'al1 coru-Jt-ru.etionQ 

It is recoi:u:wnded that during suul.H3X' cnnstruction ex-~-J!J.nsi.on jo~.nt::1 be 

eliminated except to relieve l.<or1zoutal )ressuros a.t such point~:1 an ·:_;ride:c-: 

structures, intersecti<_>nS, at S~la;rlJ hori::::;onta.l. or vert:i.ce.l eu.rvc.;.:.:: 
9 

to 

oinlr.1ize the lJOSsibility of coupression fni1urt0S, ;·1nd at other lor::ct:!.ons 

required by design or construction .i_..irogress. During fs.ll eonstruct.iun 

eX}Jansion joints will be installed fl.t int.ervn.lf3 of not les3 thr1.r;. 1~00 fec~t, 

not greate:r· than that of rJne days pour if warranted by tb.e J:~ng:i.neor. 

Heinforceuent. 

For continuourJ slHb con.st:ruct,j_un it is rucow.uendec1 tlH3.t th·3 croLs 

section area of the longi tudinul steel re:l.nforceLJGnt sh3.ll be not less thnrt 

that cwputed by equation"' No. XIII, page 43, Pnrt II. 
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The cross section area of the trapsverse steel now employed for 

22 foot pa'Veiaents is also sufficient for 24 foot pavement widths. 

J.oint Design. 

It has been pointed out that, in the design of transverse joints, 

consideration xaust be given to three im1•ortant fnctors, naaely: provision 

for slab aoveuent, sealing of the joint against foreign oatter, and to de-

vices for insuring the Iautual alignaent of the abutting slabs. 

Provision for Expansion. In order to reduce horizontal pressures, 

the following provisions for expansion are recommended: 

400 foot sections 

900 - 1000 foot sections 

1 inch 

2 consecutive, 1 inch 
joints in accordanGe 
with Figure 21 

Sealing of Joints. In contraction jc•int construction the grooved 

and poured type of joint is preferred over that of the prer.JOlded bituminous 

parting strip comwonly used. The farner method offers a much more positive 

seal at the top of the joint. However, both uethods have the s'.lllle fnult in 

that they offer no resistance to infi-ltration <tt either the sides or the 

bottom of the joint. 

Infiltration at the sides and bottom of joints may be prevented 

by either of two suggested rJethods, or roore effectively perh11.ps by a co:a-

bination of both. If the joint is to be considered only as a contraction 

joint, then it will be necessary to encase the sides aml bottom of the joint 

in a metal sleeve constructed in conjunction with the joint assembly in 

such a manner as not tb impede the movement of the abutting slabs. If, 

however, each joint is to be consitler;;Jd an expansion joint, then the 

employment of a premolded bi tU!ilinous joint filler materb.l or wood board must 

- 80 -



be considered. HoVI<Wer, experi!l!>nce cleliK-nS-trates that with perl!n;ps b1t fevr 

exceptions bituminous premolded joint fillors lll.Ck the necessary rc"sil-J.ence 

to act in complete unity with the r;:ovement of the abutting slabs at all 

times, and consequently they have not, in the past, been V<H'Y satisfo.ctc_:cy 

in keeping out inert na teris.l r;r water. The use of' ,>re--cor.1prem;ed wood uny 

on>rco~:le this deficiency to a r~unsiclerable E>Xte!lt,. but no dn.ta are avo.iJ.able 

to oubstantiat.e t.bis fact. Therefore, it IJEY be cleflirabl<> to considnr the 

use of both principles ih joint construction in order to •~f'fectiYely 1•wal 

each joint. 

Each type of transverse ,joint to\huuld be f.lenled only by t.\<;mnf,l of 

an approved type of asphalt-rubber coupotmc~ in aec:ordance with Depart1aent . 

specific<ctions. 

Load 1'ransfer Devices. 

It has been pointed out that so~le kind of Llechmti!m cmst hG ()ro-· 

vid.ed at joints in order to ,n·eserve the ridJ.ng qualities "f tho surface 

and to extend the structural life of the paveuent. The ul-tir.mte J)erfohmnce 

tu eJ.:pect frcm a perfe>ct jcilit unit device would be a 50 pereent. rc•cluct:Lon 

in the deflection of' abutting slab ends and 100 pereent reduetion in the 

relative uovement of one slab end to the other. L&.\"Jorntocy tests 'mel field· 

experience indicnte that the oost rigid type of joint unit is necEJSSary to 

accowplish this end. Two such devices have been described in the text, 

natJely; 1-1/1,11 x 15 11 dowel bars with netal t3hHwes spac<Kl at 15 inch in­

tervals, and 5/8" x 2 11 rectangular bars at 12 inch eEmters romployed by 

New Jersey. Alsc special tre~tl:J<mt of tbe suberade at.. joints haB belen pro­

posed in conjunction with joint unit"'. 
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In view of the fact tha,t there is insufficient factual (lata 

available upon which one can conclusively bese design recolJLtCJldat:tons l!W to 

the ,n·oper size,, type and spacing for joint unit~), and since we are fully 

aware that the j;resent practice of using 3/4 inch dowels at 15 inch cnnteril 

is entirely inadequate :for heavy duty pavenents, it is recom~ended, as a 

preliminary step towards better joint construction that we che.ngcc f'ron the 

pre:>ent practice of using 3/411 :x: 15 11 dowels at 15n centers to that d' 1-l/1;11 

dowels at 1211 cen·cers, until such time that mc>re def'i.n'Ltc data. r.mn be ot.· 

ta.ined on the performance c,f different designs of load tnmsf<n' units. 

In regard to the use of raetal sleeves in con,junctiun with dowel 

bar joint units, tests and ex;Jerience substantiate the fact that they are a 

desirable feature in joint unit construct.ion, . since they tend to IJreserve 

the original efficiency of the joint unit, and will also effect the dis­

tribution uf stresses throughout the adjacent cvncreto. To th:i.s. end the 

metal sleeves nust be so designed and constructed as t'J provide fur adequate 

~nd unifortl stress distribution, comparable to thr; distribution of surface 

loads by tires and in that respect it is ir:<pera.tive that they be firmly 

anchored in the concrete. 
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VIEW OF MODEL ILLUSTHA'l'ING PHOPOSED Dl~SIGN QJi' 

CONTRACTION JOINTS 

Figure 32 



VIEW OF MODEL ILLUSTRATING PROPOSeD DE~.\H.iN Oli' 
EXPPJ~SION JOINTS. 

Figuro 3J 



Highway 
Class 

I 

II 

Slab Rsinfcrcel:lent 
Thickness lbs/100 Rq • .ft. 
(inches) (ap~rox.) 

98 

Heavy Prinmry 9-10 98 

III 
Light Primary 7-9 

IV 
Secondary 6-8 

85 

78 

TABLE ZXi\T 

EUiviMAHY -:F_ DESIGN. RECOMMENDATIONS 

for 

CONTINUOlJS TJh'IFOHl¥1 EEINPCRCED C(_;NGRi~TE PAVl~~FWI' 

J cint Sp::~cinR 

E::::-::pensic·r~ Ccn tracticn 

nc Exj;.E) __ nsi:.:_.x'}_ Joints 
during surill!ler SE.:t1SGil 

ex:ce~-·t s.;, t z, tr-uet.l.~-r~-s ~ 
intersections and 
loce.tions svecifiec~- ~ 
Durir.g f.:::r.Il cor:3truc­
tion 7 cour.:-.ei1cir;.g Sept. 
15, exp&"1SiGn joints 
wi.I:l. be spaced .:it. in-~ 

tervals ci' rH;t less 
than L~oo feet or not 
g-.ceater th(E; th!lt r_;_f CL.0 

d:.:~ys J:~K,-ur as G.ir-ect-ed 
by t~1e Engineer 

.-" -,- ' ' 
1. ocr, ln --c.er--

.Joint Design.,)".._ 
Lor~cl 
Tr:~ .. :r-~ 2 f: er 11·-: ' - -

l-l/411 xl5n 
Dur.'el B!l.rs 

12 inch 
centers for 
:Joth E~\:1··o..xJ.­

sion r·nd Con­
traction 
Joj__nts .. 

l!! 1(00c1 

boarC a,t 
8X1 ;o.nsion 
joints~ 
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foreign raatter~ ·It will be fabricated in conjunction ·,vith the dowel bar assembly. 
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