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INTRODUCTION

Tﬁé-concrete pavement.design prespnted in this report has been

"ﬁade ﬁith dué.céhsi&eraﬁion to all knowﬁ requirements for a modern high-

- way and is based on principles established by theory, research and experi- j
‘ence. The recommendations contained herein have been prepared for cohsidaram

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

The design as developed in the rebort recognizes four distinet

. glaszes of highwaye based on traffic conditions and embodies other fea-
tures in pavement construction in keeping with the modern trend. The ds-

sign features are briefly summarized as {ollows:
1. Highway Classes: I Expféssway, 11 Heavy Primary, 1II Light Primary _
‘and IV Secondary.” S

2. The pavement will be of unlform thickness and prop@rly xeinforced.

3. Slab thickness according to clasg iz respectlvely 9 10 9 10, 7—9
and 6~8& inches.

i, _,:,\

4s» 8lab length between breaks in reinforcement is 100 feet. No in~
termediste joints.

5, Weight ‘of reinforcement per 100:-square feet for each thlckness
will ‘be approximately 98, 98, 85 and 78 pounds’ respectively.

. 6. Expansion joints will not be installed 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 directéd by the
Engineer.

7. Wood boards one inch wide will be used for expﬁn51on joint flller.4
8. Contraction joints will be 1nstAlled at 100 foot interVWlS
9. Gontractlon 301nts will be formed by a groove. 1/2 inch wide and 2

inches deep in the surface, ond in addition; a metal parting strip
1 inch High will be installed at the bottom of the joint.

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




11. Dowel bars, 1-1/4" x 15" spaced =t 12 inch centers will be re-
quired at all transverse joints for the prevention of faulting.

12. A1l jointe will be sealed sith en d&Dnﬂlth latex joint sea llng
compound.

Thc selectlan of this design was influenced by the fa Cts that:
(1) every joigt 1s potentially a source of structural.weakness;CDﬁtrlputlng
to tbe'uitimaﬁg_deteyioration of the pavement accompanied by:iﬁéreasing
-_mainten&nce costs, (2) it is possible to design & concrete pavement slab up
to 200 feet and pqssibly more in length of sufficlent strength to withstand
pombined_warping, load and frictiqn stresses for sny predictahle traffi
con&ition and subgrade support satisfving certein sssumptions;: (3) the ssr-
vice_performance of 100 foot slebs constructed ten or more years ago on
suitable subgrades has been very satic factory. £t would aﬁpe&r then to be
good engineering practice to reduce the number of joints.to tn ahsolute
ninimun consigtent with sound design practices and.economic considerations.

_The'report has been presented in three.partse Part I explaing in

detail the method of determlning cross-section thxckne&s 1y strﬂss ahalysisg

takiﬁg;intq_aqqauntmﬁhe_principle of fatiguai; Par% I prusonto & discussion

_of several importent factors which influence i{ransverse joint.spacing sub-

" stantiated by theoreticsl considerations and the results from observational

.éﬁﬁdies,'inﬁluding.slab:movement meaavmements on.ﬁhe:Michig&Q Teat Road.

Part III covers the design of trensversge joints including brbﬁision for slab
movement, fhe exclusion of'foreign'ﬁaﬁﬂér 5ﬁd the désign aﬁd.épacing of load
transfer devices. Detgile& conelusions and recommendations.are presented

: at_ﬁhe_end.

Tor convenience to the rndder, it hag bemn though advisable to pre-
_'face the main bodj of: the report: ky stmmary of assumptlunw on which the

design is based




























FROM REPORT TO PUBLIC ROADS ADMINISTRATION
BY PLANNING AND TRAFFIC DIVISION 1938
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COXCRETE PAVEMENT DESIGE STUDY
TABLE NO. I :
DETERKTIEATION OF WEEEL L02&D FREQUEECY
ASED OK 1936 TRAFFIC COUNT

e

@

TWeight Route Ko Time Dirgetion Total Tobal Ratic WEEEL LOADS

Station of Tehiclez  Axles Axles to Under % 40O0U-4400 % A4500~5400 %  G500-5400 % GLO0-7400 % 1500-9400 % O800-9400 & Grer 9400
Hos Treffic Weighed Teighed Vehieles 4000 4250 5000 3000 7000 halsls) 9000 19,000 12:3 1
81 Us 24 1 2,987 7,638 2.56 4,487 §8.7 285 3.7 667 8.7 754 9.9 670 8.5 477 ©e3 229 3.0 69 0.9 41,3
223 Us 24 Aug.=Sspt. 2 7,131 18,235 2.55 11,174 51.3 715 3.9 1,508 8.5 1,687 9.1 1,427 7.8 1,05% 5.4 523 2.9 71 Gea  33.7
220 Us 16 Fob.-Mar, 2 1,955 4,973 2.54 31,187 63.6 204 4.1 453 9.1 434 8.7 383 747 207 4.2 102 2.0 23 Teb 3%.4
221 Us 12 Apre~May 2 3,543 9,916 2.51 6,633 66.9 433 404 809 3.2 971 9.8 757 Tob 216 242 76 07 15 Ge2 33.1
112& US 12 1 1,384 3,587 2.59 2,407 67.2 169 4.7 291 8.1 247 5.9 2z2 6,2 127 3.5 52 1.4 72 2.0 32.8
120
222 Us 112 June-dJuly 2 4,343 10,666 2.46 7,248 67.8 483 4.5 B87 8.3 701 6.5 673 6.3 450 4.5 179 1.7 45 Ced  32.2
90 Us 24 1 1,127 2,928 2.60 2,023 69.2 1310 Aot 231 7.9 221 75 144 4,9 91 3.1 80 2.0 28 1.0 39,3
102 s i2 1 1,407 3,192 2,27 2,234 0.0 135 4,2 254 B.o 241 76 176 5.5 81 2.5 29 0.9 az 1.3 30.0
89 Us 10 1 1,570 3,938 2,51 2,797 Tl.1 183 3.9 247 6.3 285 7.2 214 g4 158 40 63 1.6 21 0.5 25.9
224 Us 10 Sept.=Oat, 2 2,787 6,532 2.34 4,693 71.8 251 3.5 444 6.8 450 6.9 317 4.9 201 3.1 180 2.3 26 Q.4 28.2
91 M 78 1 912 2,160 2,31 1,557 72.1 $1 4.2 209 9.7 161 7.4 33 3.8 3% 1.9 9 V3 11 0.5 27.9
73 Us 16 1 1,244 2,987 2,40 2,228 74.7 103 3.5 212 7.0 160 5.4 107 3.6 90 2.9 46 1.5 4% 1.4 2543
49 Us 131 3 856 1,963 2.29 1,527 77.9 87 4.4 140 7.1 113 5.8 40 2.0 32 1.6 18 0.9 6 2.3 22.1
107 Us 127 1 1,469 3,197 2,18 2,505 78.4 130 4.1 207 6.5 170 5.3 121 3.8 45 1.3 12 0.4 7 0.2 21.6

AVERAGE 2.44 69,3 4.1 Te9 74 5.8 3.4 1.6 0.7
ESTTHATE 2,50 HIGHEST VALUES 4.7 $.7 9.9 8.8 6.3 340 2.0
Bstimated Whesl Loed Fregueney on Basis of Treffic Study 5.0 9.0 10.0 9.5 b4 4.0 1.0




SOWCRETE PAVEMENT DESIGH STUDY

TABLE II

Tokal

Vehicles

Toighed

TWHEEL LOABS

4500-5200° % S5500«6400 % 6L00-7400 % 7500-5400
5A00 8000 7000 3000

BEGD-5400 % Gver 9400

(9] 1-4

(e}
=]

-3

STEARY OF LOADOMETER SURVEY
BY PLANNING ANT TRAFFIC DIVISION
1942
Totel Hatio
Axles Axlos to  Under % 4000~4400 %
¥aighed Tehicles 4C0C0 4280
294 2.53 187 83.2 11 3.7 ]
416 2.55 256 63.9 18 453 35
308 2.78 200 £5.3 10 2.3 18
457 2,49 318 69.8 18 3.5 25
507 2,60 369 72.8 20 3.9 20
592 2.86 450 75,1 16 2.7 28
479 2.22 BE 76,2 15 3.1 30
318 2,43 242 76.5 14 4.4 ig
290 2.45 227 73.3 3 2.8 I
27% 2.27 226 82.2 3 2.9 15
2,48 72.8 3.5

3.2
3.4
4.0

5.0

hs]

1ot
pH1 8
ot

3

27.2

23.%

23.4

923.4
21.7

17.8



CONCRETE PALTEMENT DJESIGE STUDY

TABLE IIT
SUMMARY OF LO&DIY

TER STRVEY

8Y PLANEIEC AND TReFFIC DIVISION

1943

Teizh Route Yo Time Total Total Ratio WHEEL LOADS
Station Yehicles ixles ixles to ndar Z 7 4000=-4400 %  AR00«5400 % 5500-8400 % 65007400 % 7500-8400 % JE00-5400 % Over H400 % %
Eo. Weoizned Weighed Vehicles 4000 4280 5000 5000 7000 3000 9000 15,000 Yheel
Load
118 s 11z July 2% 70 197 2,81 103 52.2 6 3-0 25 12.7 27 13.7 18 951 14 7al 4 2.0 o} 0.0 47.6
TE 131
31 1S Z4 suge 13 202 562 2.79 314 56.0 23 4.1 30 5.3 a4 7.8 71 12.6 a4 7.8 23 4,1 13 2.3 44,0
T8 2%
112 75 12 July 30 112 315 2.81 179 55.8 b 4.8 26 8.3 25 7-9 38 12.0 22 740 4 1.9 4 1.3 43.2
39 Us 10 Augs § 104 264 2.54 165 62.4 11 4.2 14 5.3 14 5.3 32 12,1 20 7.6 5 2.3 2 0.8 37.6
¥ 15
109 Us 131 huge 2 88 225 2,62 148 65.8 10 4.4 22 9.8 11 4.9 12 5.3 13 5.8 6 2.7 3 163 34.2
gz s 25 Aug. 10 130 323 2048 214 66.3 12 3.7 26 8.0 1% 5.9 13 4,0 22 6.8 11 I.2 6 1.9 33.7
97
103 TS 16 Aug. 12 156 406 2.60 269 66.3 20 4.9 22 5.4 30 T 25 6,2 19 4.7 13 3.2 ] 2.0 33.7
27 93 131 fug. 5 59 145 Z.48 04 7l.2 6 4.1 7 4,8 7 4.8 5 Je4 10 6.5 [ Jad b 1.4 28.8
gz g5 27 Bug. 6 &4 164 2.56 120 73.2 <] 3.7 11 6.7 9 984 g 1.0 B 4.9 3 1.8 2 1.2 26.8
40 73 31 Eag. 3 &0 136 2.27 164 76.5 a 2.9 10 Tod 7 gel 5 3.7 3 2.2 3 2.2 0 0.0 23.%
AVERAGE 260 64,7 4.0 7ok 6.8 7.1 Sa1 27 1.2




COWCRETY FAVEMENT DESIGN 3TUDY
TABLE HO. IV

COMFUTATION OF CRITICAL WHEEL LOAD FREQUENCY, PER DaY

Class  Highwey Iype Tetel Deily Commercial Copmereiel  Estimated Betic of  Totel Delly Deily Wheel Lomd Fregueney for Esch Class
Treffic Cepaeity Traffic Traffic Com., Traffic  Axles te Axle Losds  4000-4400 4500-C400 SL00=5400 &500=T400 7H00«0400 0600=5400 Uver $400
per Lane Percent Por Lane per Leme Yehicles 4200 5000 5000 7000 8000 9000 10,000
4% 9% 104 §.5% Te5% 4% 1%
T Lxpress Weyv 12,000 15 1800 2000 2.6 5200 208 468 320 494 390 208 52
Divided Lene
I Heavwy Primary 12,000 8 960 1000 2.6 2600 104 234 260 247 195 104 26
2 lane
Iil Lizat Primary 12,000 2 240 250 2.6 650 26 59 65 62 49 26 6.5
2 Lene
v Secondary 12,5000 1 120 128 2.6 328 13 29 33 31 24 13 3
z Lane
TABLE KO.¥
SOMPUTATION OF CRITICAL WHEEL LOAD FREQUENCY, PER YEAR
Ciase Highwey Type Critical Wheel Losd Per Ysar
4200 5000 2000 7000 8000 900¢ 10,000
b Express Way - Divided Lene 75,520 170,820 189,800 18c,310 142,350 75,920 18,980
iS4 Heavy Primery - 2 Lane 37,960 84,410 94,5900 96,155 71,175 37,960 9,490
ITI Light Primery = 2 Lane 9,490 23,353 23,725 22,539 17,754 95490 2,373
7 Secondery - 7 Lane 4,745 16,677 11,863 11,270 8,897 1,187

4,743
















. RIGID GIRCULAR PLATE

lP

k = subgrade modulus
P =load in pounds

~A=area in square inches
z = deflection in inches

2. FLEXIBLE CIRCULAR PL%TE

7
. Volumetric Displacement-V P=load in pounds
V=volumetric displace-
hod A: k
Method A v 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.

V=A 24y

3. FULL SIZE PAVEMENT SLABS

JP

_________ I SN 25
SRS \\\?/ WSSTZY S
For__Interior: =%$i—‘:z
For Free Edge: K =Z(__)_(—),__l'g:‘3|;20-4u 2pe
k=subgrade modulus,p.c.i.  P=load in pounds
u=Poissons ratio z=deflection in inches

E=modulus of elasticity,p.s.i.  h=slab thickness in inches

. P ment of soil in cu. in.

Figure 2



3.{ Load-defleqtionﬁ@ests un ful;gsize;pavgment sla§§.\ Thia -
cedure consists of asplying test loade at tbe’free adge or interiof point
of ayguvem@nb slab of uniform thickness and gfyncrma1;§ize. Iffthe elngtic
modulus Lf the concrete in the slab is’known, it i§ Q§sSib1e;tu eﬁtimatejthe
value c¢f the subgrade modulus frum the slab defléctiqn finder the applied
lead by means of deflection formulas given by Westerggérd (4). See Pigure
2,;yart 3.

ALl of the’three procédures fgr;determining‘thé‘subgrade moculus
have been tried by the Department on various cceasiuns. ;Ip has bheen found
that the procedure employing the flexible circular plate, with the Subgrade
modulus computed by the deflecticn methud (Method 2B), gave much more cun-
Sistentland reproducible results than did eny of the other procedures.

Recent, field studies by this methud on sanﬁy‘and sandy clsy sub-
grads materials.gave values for subgrade modulug of approximatelﬁ\zoo‘and ,
BOO\p‘c.i.{ respectively. Since 1t is not anticip&tethh&twthe subprade
moculus under povement slabs will exceed 300 p.c.i, under normal construction
conditions.ehpluying sand subbase m&terial,‘extreme values for "M of 100
and 300 p.c.i. have<beenyéssumed in the calculatiwng for pavement thicknesé.

Physical Properties ogmgggggggga The physical characteristics of
conerete invelved in Methad ZB‘and in,Wesfergaard}s equatoong Tor streas
determinatiuns are: modulus of elasticity and Polssen's ratio.

The moudulug of elasticity of conerete produced under modern design
requirements and Michigen specifications is approximately 5,000,000 to !

6,000,000 pounds per square inch. A value of 5,000,000 wzg ugsed in com-

puting unit stresses.

(4) Westergaard, H. M.: "Computation of Stresses in Cuncrete Roads. M
Proceedings of Highway Research Buard, 1925. Part I.

515 =




Poisson's ratic for concrete was considered to be 0.15 for stress
due to load, and zero for warping stresses.

Calewlation of Wheel Load Stresses. The maximum unit tensile

stress in the concrete has beén calculated by‘équations I, II end III for
wheel‘loads ranging from 4,000 toJIO,OOO peﬁnds'whén they oceur ot the
four critical points such as (1) at the interior, (2)\at“%ha'free‘longie
fudinsl edge, (3) at a transverse joint eége and (4) at a corner. In the
calculation of unit étréssés; glab thicknesses from 6 to 12 inches in
_one-inch increments wers considered. Two extreme conditions of subgrade
support were assumed, with values for subgrade modulus "k" of 100 and
300 pounds per cubic inch.
The computed stresses for the conditions described qho&e ﬁre
presented in Table VII. They are also presented graphically in Figures 3,4,5.

Calculationc of Temperature - Warping Stregses.

&

Warping stresses were computed for temperature differentinls in
the slab of "3h" in spring and summer, "2h" in fall sand winter =nd "h" at
"

night, where "h" equels slab thickness, according to Westergasrd's analysis

(5)% and assuming Poissen's ratic equal tou zers. The equations for computing

warping stresses are given as follows:
ping 2

For interior, longitudinal snd transverse joint edges.

Swx = 8_ . G and Swy = S, C; - -
S =Feud, ,C =12L . ¢l=12¥

VD 2 ‘ X = ¥y .

%(5) Westergaard, H. M.:"Analysis of Stresses in Concrete Prvements Due to
Variations of Temperature.! Preoceedings of Highway Resenych Board,
1926. ,
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T4ASLE NO. VII

SUMMARY OF WHEEL LOAD STRESSES DETERMINED BY WESTEEGAARD'S EQUATIONS

Thesl _ -
Logd P K - 100 = Slab thickmness in inches K = 300 - Slab thickness in inches
6” ?n 8" 9w len ” » . Ll L 8" 9n lON llw 107
Wheel Load Stresses at Interior of Slab by Eguation Noe I
4000 143 109 87 70 57 48 40 125 96 77 62 51 42 36
5000 169 131 104 8a 70 59 50 148 115 92 75 62 52 25
6000 194 151 121 98 81 68 58 169 133 106 87 72 61 52
7000 219 172 137 111 92 78 67 190 149 120 98 82 69 60
8000 242 189 182 124 103 87 75 209 165 134 110 91 78 66
9600 264 206 167 136 114 96 83 226 178 145 120 100 8 73
10000 283 223 180 148 124 105 90 241 192 156 129 109 93 80
Wheel Load Stressss at Lomgitudinel Edge of Sleb by Eguation No. II
4000 198 156 126 103 86 73 63 167 133 108 90 76 64 55
5000 233 1834 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 8% 77
7000 293 234 191 159 135 116 99 239 195 162 136 116 99 86
8000 320 258 211 177 150 128 111 259 213 177 150 128 110 6
9000 346 279 230 192 164 140 122 277 229 193 161 139 121 108
10000 369 298 247 207 177 152 132 292 243 204 173 151 129 113
Theel Load Stresses ot Transverse Edge of Sleb by Equation No. II
4000 221 171 137 112 93 77 66 190 149 120 98 82 89 59
5000 262 205 165 134 112 94 8o 223 177 143 117 99 84 71
6000 301 236 190 156 130 109 94 254 202 164 136 114 97 83
7000 337 266 215 176 148 125 108 284 227 185 153 130 110 95
8000 373 294 238 198 166 140 120 311 250 204 170 la4 123 10
$000 404 322 260 216 182 154 132 335 272 222 185 158 135 117
10000 437 347 285 235 199 188 145 360 291 242 202 171 147 127
Wheel Load Stresses at Corner of Slab by Equetion No. III
4000 202 155 123 100 83 70 59 179 139 111 91 76 64 55
5000 245 188 149 122 101 85 73 214 167 135 110 92 78 7
6000 287 221 176 143 119 101 86 249 195 157 129 108 92 79
7000 325 252 201 164 137 118 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
15000 439 341 274 224 187 158 136 368 294 239 199 167 143 123
Wheel Load Stresses at Cormer of Slab by Equation No. IV
4000 282 212 166 132 108 90 76 262 199 157 126 104 87 74
5000 3456 261 203 163 134 112 95 318 243 192 15% 128 107 91
6000 409 309 241 194 159 133 113 373 287 226 183 151 127 108
7000 469 356 278 224 184 154 131 426 328 260 211 174 146 128
8000 g31 403 316 254 210 179 149 479 369 294 239 197 % 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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PABLE NO. VIIX
STMMARY OF WARPING STREESES

AT INTERIOR AWD LOWGITUDINAL BDGE OF SLAB BY BQUATION ViI

AT &4 POINT MIDWAY BETWEEE ENDS

LENGTE OF S1A3 IN FEET

At @ distanos of

7 B 27 feet
1

Slsb Thicknesa ot 1667
Iz Inches 10 1l 15 20 30 40 50 iz from end of slsb
e 100 k= 300 = 100 Ex 300 ke 100 Em 300 K= 100 ¥= 300 k= 100 ¥z 300 ks 100 &= 300 E= 100 e 300 Ez 100 ks 300 Kz 100 k= 300
& 103 184 129 211 220 263 265 287 258 243 287 248 248 248 248 248 258 258
7 87 173 113 208 221 297 295 313 311 294 300 289 289 289 . 289 289 302 302
8 6y 159 % 135 214 311 s 350 358 340 343 330 336 330 330 330 344 344
9 60 143 81 178 _ 197 319 323 394 £03 391 190 372 37 371 371 371 388 388
ig 48 124 68 183 - 181 320 326 425 443 444 442 416 413 413 413 413 430 430
11 41 109 59 146 163 313 319 433 476 493 491 458 455 a54 454 4548 473 473
1z 38 o2 50 130 147 300 307 457 517 538 539 5eo 500 495 495 495 216 516
TABLE IX
WARPING STRESSES AT CORWER OF SLAB BY HQUATION VIIZ
Slsb Thickuess LOAD OE SLAB I POUNDS
In Inches 4000 5000 6000 7000 8ooo 9000 10000
Bz 100 k= 300 Bz 100 &z 300 Ez 100 Bz 300  Ez 100 kg 300 Bz 100 Eg 300 kK 1007 Bz 300 ¥ 100 Er 300

) 21 24 22 25 23 26 23 27 24 27 24 28 25 29

7 23 27 24 28 25 29 24 30 26 30 27 31 27 31

8 25 29 27 30 27 £ 28 32 2g 33 29 33 30 34

9 27 31 28 33 29 34 3 3E 31 35 3 36 32 37

10 29 34 30 35 3 36 32 37 33 38 33 38 34 40

B n 36 32 37 33 38 34 ¥ 3 40 33 41 % 42

iz 33 38 34 39 kit a1 3% az ¥ 42 37 43 38 44

#% = pedive of reletive stiffness, Ses Bguation Jo- ¥, page 12.




The combined stresses ealculated sepa

geg and for. warping, friction and load strésses a







‘been assuned for the purpose of compubing the number of

pplications per yesr considered in the computution of slsb thickmess







COMBINED STRESSES FOR INTERIOR & LONGITUDINAL FREE EDGE

yj SUMMER
DAY TIME MIGHT TIME
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HIGHWAY CLAS













" Minimum Tensile’ Stress in Pounds per Square Inch ™
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DESIGN DIAGRAMS FOR CONTINUGUS UNIFORM REINFORCED GCONCRETE PAVEMENT
FOR HIGHWAY CLASSES I-il~HI-1V
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A. Compressive Failure manifested by crushing of
weakened concrete sdjscent Lo jointe and cracke

4h G-25 (1)

Compreseive Failure manifested by sudden erupti
of o large section of pavement. 5-39F-7 (6B)

TWO TYPES OF COMPRESSLO!
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SECTION MOVEMENT - 1IN INCHES
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direction the following summer due to expansien. It is olso noted that
there is a slight additionsl lengtheming of the sections with time. The
effect of the spacing of intermediate contraction jeints on the amplitude of
movement at expansion joints is quite noticeable. The-graphe further ilius-
trate the relationship betwsen spacing and width of expansion Joints.
" Furthermore, it has been demonstrated in Figures12 and 13 of

Part II that, in the case of the 2700 foot sections and for the subgrade
conditions asscciated with the project, the movement of the section ends
terminates at a point approximstely 900 feet from the expansion joints. The
intermediate portion of the pavement evidently remains steticonary, and is
therefore considered to be under fnll restraini. From this fact it may be
concluded that, for similar circumgtances under which normal expansion
jéints have been omitted throughout the project and similar horizontel
stress relief is deaired at a given location, it will be necessary to
provide adequate'expansicm space for the movement of approximately 900 feet
of pavement on each side of that locaticn.

From the data presented above it would seem logical that a one
inch éxpansion joint will provide sufficient expansion space for pavement
sections up to appfoximately 400 feet in length which is being considered
for fall censtructlon sfarting September 15th. For conditions similar to
those of the Test Road it is apparent that 2 te 3 inches of expansiun space
will be the minimum requirement at locations where horizontal stress relief
is desired, such as weuld be the case when pavements are constructeé-ﬁith—
out expaﬁsion joints.

It is important to counsider ways and means 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 =t

- 59w




-ishort~intefyalsf_gTha_shortest:permissibleud;&t&ncsy£0Er$hefinterval
between: expansion joints shoularbe i6;féet.f{SuCh-afﬁlaﬂ€wa5?employéd on
~th§:MicﬁigéanQSt}Rﬁadrandpfromrall:gppé&rﬁn&@Swthefsb—célled "Expansion
‘Relief Sébtionsﬁ:are;WOrkiﬁg.satisféctorilyxa:See-Figure AN

~Joint:Filler. Careful consideration should-be-given to the

‘matter ofgﬁroﬁiding;thefbest type-of joint'fillér'matérial fér'exp&ﬁSion'
~joints. .SithLthe;primary:purpoéé ofithe;joint filler is to prevent in-
filtration of foreign-mattér when: the sdabs are contracting -and to support
the joint_sealing compound - at thetop, the material: should havg the
greatest possible resilience combined with the property of ‘minimim extrusion
.muﬁdermcyclicfpreQSUres.--The'bituminous premolded - joint fillereg in common
use-tcday;haVE~excellentfnoneextrﬁding-properties,-but on the other hand
they. possess low resilience; which is an:undééirable-featuref “Wood boards
have been_used-for years'byfsome states with very good success. ‘At the
present time;pre—compressaﬁ wood for jolnt filler naterial is beglnning to
revelve favorable aftention. It is understood: that the wood boards are pre-
.compressed. in the dry state to approximately 70 percent of their originsl
_thickness, and are then inserted in the pavement while still in this condi-
.tion.' Because of its pre-compressed condition the wood jeint filler has a
potential swelling distance of approximately 30% of ite original width plus
the distance it would normally Swellﬂuﬁder SHturated'c@nditions; It is
agsuned that the pre—cemprésaed wood when fully satiurated will expand suffi-~
ciently te keep the eipansion joint opening completely closed, or nearly so,
at all times.

Contraction Joints. In order to insure cracking of the pavement

at contraction joints se that each joint may functlon gs intended, it is

- 50 ~
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RELATIVE VERTLCAL DEFLECTION IN INCHES x 1074

For [/ parealit |

bl £

Sk AN

H___
f

i
HH
.

ol

|_|_ 3
f

?

J 1]

i R RN

I
1T
Ll

I
1

IAEEEENEN
K00 O

I EERE

)

5%
IR

£

~{,

B

) T T
) H 1) TET
1 Ll

e Ee

SCNOCd NI d0¥C4 ¥vaHs

SPACING OF JOINT UNITS IN INCHES




RELATIVE VERTICAL DEFLECTION IN INCHES x 104
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A. 1-1/4" x 15" Dowel Bar with Cast Iren Rotor
Sleeve Joint Unit Type "LRC" 39 ¥F.1 (34)

Standard 3/4" x 15" Dowel Bar Unit
Joint Unit Type "N". 39 F 1 (29)

Figure 36

LOAL: TRANSFER DEVICES. CLASS 1 AND CLASS 1I DOWELS

























CONCLUSTONS AND RECOMMENDATIONS

In the preceding text thers have been propounded certain luportant

design features whick wust be given thoughtful cons ideraticn in connectidn:

with the cons tructlun oi iuturﬁ concrets paveusnts in Michigan. The de~

slgn requirenents meutlbnpd included pavesent crogs sectlon, 1t

s ITF S

thickness, transverss joints and joint spacing, and joint design.

importent subject of pavenent foundatien, ffcluding subbase and gubge:

as intentionelly omitted because of the lack of factuzl data pertalning
«to soll behavior under conerete pavenents.

The recemnendativng get. forth below, end. substentisted for the
nust part by date in the text, are based on soond engpineering princlples
end practiee and in keeplng with the Duturs trund in concrete coustruction
practice.

Pavenent Crosg-Secilicn Shope

The uniforn, as well as the thickened edge cress sectlon haove
been cengidered in. the design snalysis for couparative purpeses. Although
a-pavement of uniform thickness pay c¢ost more to bulld than one of non-

~

uniforn thickness beesuge of siighily incranged concrete gquentities; it i

o

congidersd, howsver, to be a wore desirable cross sactlon for the followlng
rengung; |
1. The slab thickness can be conputed by recwgnlzP methods with
greater preclsiun and cerfeindy.
2. The trend to wider pa veuents uinindzes the need of the thickened
edge.
3. Auxiliary edge strengthening st trangverse joinls, or at creacks

whernt they occour, is nob nurnnlly necessory to reduce stresses.

!?l? ",




4. Bubgrade preparaticn can be sccomplished better and cheaper.
5, It sinplifies joint design and construction.

Pavenent Cross-Section Thickness

~ The concrete pavenent slab has been desined, on the bagis of
fatipue, to withstand for a definite period of time the repented counbinesd
eritical stresses induced in the pavement by traffie loads, temperature-
warping and friction forces. By taking into account the property of fsti-
gue, it isg pussible to estadblish a ninisum thiclness of slab which mlght
be expected to prevent cracking under repeated stresses for a definite
period. In the design analysis, slab thicknesses were deternined on the
basgis that, under nornal conditicns and for the sssumptions considered,
cracks should not cccur within a pericd of 20 years.

The slab thickness dimensiong given by the graph in Figurs 10 of

Part I, must be congidered asa oininum volue for any one of the fcu} re-
cognized classes of highways. Although not given in the discussion, there
are maxioun limits for slab thickness, under the assunptions, which are
fixed by warping effect. The recommended minimun glab thicknesses for the
conditicns as assuned in the anslysis and for 100 fout slab lensths are
as follows:

Minipun Thiclmess

Class I Highway - 10 inches

Class II  Highway 10 inches

1

9 inches

9
9
Clags IIT Highway 7
6

Class IV  Highway 8 inches




Trensverse Joints and Jolnt. Spacing:

By/virtue uf-the facts set furth previcusly in.Part IL, and he-

-

ceuse theoretical analysis and factuxl data are not availsble for the

gquate-deslgn of long slabs, it is recemmendad. that continuous sladb con-
struction be given considerstion in future concrete pavensnt ceomstruchica.

Joint Spacing. On the bogls of field snd research experiencn,

design requirenents and assunpbions previously discusgsed, 100 Tsat is the
naxivun slab length whlch should be congidered at the pregsnt tice foi cun-
tinuous reinforced povenent constructicn.

Contraction Joints. Contraction joints must be canstructed every

106 feet in order to creste the continuous reinforced 100 foot slab sections.
The reinforcement which runs continuouply throughout the sectlon 18 brolken
at the joints.

Expansion golnts. The use and sweacing of exponsion joints will

ol

be determined by the time of yesr at which the concrete i uoured. Sephenber

15th is considered the dividing line bBetween sunver usnd fall construction.

It is recoamended that during swwer consbruction expension joints be
eliminated except to relieve horizontal pressures st such points ag bridee
structures, intersections, st sharp horizontel or verticel eurves, to

% L

nininize the possibllity of conpression. fallures, smd at other loocations

required by design or construction progress.. During fall “Uﬁuu wotion

expansion jolnts will be installed at intervels of not less thrn ACO feet,
not greater than that of one days pour 1f warranted by the nginesr.

Heinforcenent.

For continuous siab construction it is recomiended tist the crocs
section area of the longltudinal steel reinforcesient shall be nob léss than

that conputed by equation. Neo. XILI, page 42, Part II.

-




The cross section area of the transverse steel now employed for

22 foet pavements is also sufficient for Qﬁ:fbet pavenenit ‘widths.

Joint Design.

It has been poiﬁted out that, in the design of transverse jeints,
consideration must be given to three importent factors, namely: provision
for slab movement, sealing of the joint against foreign matter, and to de-
vices for insuring the mutual alignment of the abutting slabs.

Provision for Expansicn. In order to reduce horizontal pressures,

the following provisions for expansion are recommended:
400 foot sections 1 inch
900 - 1000 foot sections 2 censecutive, 1 inch
jolnts in accordance

with Figure 21

Sealing of Jeints. In contraction jouint constructicn the grooved

and poured type of joint is preferred over that of the premolded bitwmzinous
parting strip commonly used. The former method offers a wuch more positive
gseal at the top of ithe Joint. However, both nethode have the smne fault In
that thay offer no resistance to infiltration at elther the sideg or the
bottom of the joint.

Infiltration at the sides and bottom of jolints may be prevented
by either of two suggested methods, or nore effectively perhaps by a com-
binatlon of both. If the joint is to be consléered only as a contraction
joint, then it will be necessary to encase the sides and bottom of the joint
in a metal sleeve constructed in conjunction with the joint assembly in
such a manner as not t6 impede the movement of the abutting slabs. If,
however, each joint is to be considered an expansion joint, then the

employment of a premolded bitumincus jeint filler materisl or wood board must

- 80 -










VIEW OF MODEL ILLUSTRATING PROPOSED DESIGN OF
CONTRACTION JOINTS '

Flpure 32




VIEW OF MODEL ILLUSTRATING PROPOSED DESLGN OF
BXPLNEION JOINTS.

Mlgure 33
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