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INVECTIGATIONAL CONCRETE PaVEaIaT Ll wlliliwnd
DESIGH PROJECT - mIGHIGsN TESY KOsD

During the Construdtioﬁ of the sichlgan Test Roed in 1240 and subse-
quent‘%o it, many obéervathnél'and special studies have been made In
addition to carrying out the progrem of seasonal physical measuresents
which was sat up in the original cutlins. The teet road has been in
exigtence now for 10 years and during this period there has been collected
and analysed a'considgrabié amount of data. It is the purnoss of this '
report to present as concisely as possible the significant trends in glab
and jolnt behavior as well as other interesting disclosures whleir are
belleved 1o be of sufficlent iuberest in relation to present design and
congbruction of concrets Qavgments.

Since the Michigan Test has been fully described in & Department

53

bulletin eptitled, "The iicbigan Test Road" publighed in July, 1947, in

Regearch Heport so. 3 B published in

the ﬁighway Regearch Board's
Novemﬁer 1945 and Just vecently in a new publication August 1850 by the
Department {titled ”Michig&n Test Road - Degipn Project! repetition of
basic information h§s been purposely svoided in this report except where
neceséary for a betger'underﬁtandihg of thzs regulls.

The important design features included 1n the project for study are
joint spaciag, joint‘design, pavement cross sectlon, steel reinforcewent,
uniforu thiciness versus balanced cross section, stress curing, 2ad relstion
of pevemant crogs séciion to subgrade sunporting valuse. In addition such
congtruction featuraes 5s‘m§chanical soreciing of concrete, mechanieal
tanping of forms, and joiut sesling coupounds were incluﬁgd for obgervatiocnal

gtudy .




In order-tblevaluate the deslgn features previously menllioned under
controlled conditioné,it wis necespary Lo divide the project into 12 test
arcas. The test aresas designated as Series 1 to 1%, ars degeribed in
Teble 1 entitled "Summary of Test Aress™. The table includes important
information pertinent to each test area. To facilitate the study.of &
particular design feature duhh ueri #s has been further subdivided inte
divisions and sections deaignated by letters and mudrals, respectively.

The most outstending contribubtions devived frouw the Tegt Hoad
studles included in the D aeign Project have been: firgt, the use of
bituminous-rubber joint seal malterials; second, mechanical form tamplrg
third, the change te long slabs with heavier steel and no intermediate
plane of weskness joinba; fourth, the use of groove type contrection
jolnt construction; fifth, the use of heavier and more clogely spaced
dowel bars for load transfer in transverse joinmts; and finally, the
elinina 'Dm of expangion joints exceplt at de cignated locations and during
fall construction.

hig renort. conuains migcellaneous project Information pertaining to
soil, traffic and'élimatic conditiong, aud includeg slso & discusgsion of
the general bshavior of jolnts, plab movement and several incidental stu

gsociated with the Projeni,



{1) EXPANSION JOINT

CONSTRUCTICON: -

Type DB-1—5%;" x 15" Dowel Bar Ex-
pansion Jomt Assembly, Dowels at
15" spacing.

Type TEwThickenad Edge 11{" x 187
Corner Dowel Bar Expansmn doint.
Assembly. Dowels 8" {rem siab

edg

Type CB 1—Unthickened Edge, 11"
18" Carner Dowel Bar Expansmn
Joint Assembly, Dowels 8° irom slab
edge.

Type TB—Translode Base Expansion
Joint Assembly

Type TA——Trans}aﬁa Angle Unit Ex-
pansion Joint Assembly

Type A—No Load 'Z'ransfer Feature.

{2) CONTRACTION JCINT

CONSTRUCTION:

Type DB—*%;” z 15" Dowels at 15" spac-

. ing, premo]ded filler.

Type 1B=—%3" x 15" Dewels at 15" spac-
ing. groove and poured seal.

Tygpe 2A—3;" 2 15" Dowels at 15" spac-
ing. premolded filler, metal parting
strip at bottem,

Type 2B—=2," x 15" Daowels at 15" spac-
ing, groove and poured seal, metal
parting strip at bottom.

Type 3—31" 2 15" Dowels at 15”7 spacing,
groove and poured seal, full depth
metal divider plate,

Type 4=—Continuous Plate Dowel As-

¥
Type 5—Koylede Contraction dJoint
Fssembly.
Type CB—I%i" x 18" Dowels at corners,
§” from siab edge, premolded filler,
Type 6G—Aggregate Interlock. Nao
Dowels.

{3) DUMMY PLANE OF WEAHXNESS

JOINTS:

R—Aggregate Interlock, steel mesh
reinforcement continugus through
jeint.

{4] EXPANS]ON JOINT, FILLER AND

pe iﬁPremalded Iiber filler with
Asphalt-hatex Seal,

Type Z==Premolded fiber fillar with
Asphalt-Vultex Seal.

Type 3—Air chamber with top, bottom
and sides sealed with Asphalt-Latex
compoun

Type 4—Air chamber with premolded
rubber seal at top, bottem and sides,
Asphalt-Latex Seal in bottom.

Type S5—Premolded fiber filler with
Thermoplastic Seal.

Type 5—Premolded Kber filler with
SOA Seal.

Table |

SUMMARY
OF TEST AREAS

e

TEST AREA JOINT 3PACING LOAD TAANSFER FELLER
DESIGNATION Mumbsr | Longth | Pave- | Rain- 1N FEET TYPE AND SEAL
¢ ! mant | foree- ¢ Spasial Faglers Under Sludy
Suctions | Plvislon ; Thick- | mand Espan-| ©on- Erpanslen .
bi- n “in nans, |158./190] Expan- | Con. slen traction | Dummy|  Joim
Series ! vislon | Divlslon| fest | Inchen] sq. B, | sien [traction jDummy| {1} 2y {3y 4}
3 1 60 | 878| # 12 | B ® | P81 | DB L.} 1
1 E A 3 ¥ | a1E) B 126 & au 08¢ | DB R t Jairt Spacing
' -4 3 720 L] & e 2] 30 s 1. 31 13:] R 1 Jelrt Dualgn f
€ 3 1440 74 [} 40 & 0 TE 1):] R 1 Belnfersement
2 2 1300 .18 L] wo 12 0 Ba-1 3] R. 1 Expansion Space
JE 1 18 8.14 8 1800 L] H bB-1 [1}:1 R 1
F 1 21 814 & 2 L H :1:3] frl: | A 1
2 F, H e | &1 k1 20 n s DE-{ 7B 3 1 Juint pacing
£ 1 oo $.7-% n 1800 o 16 +]: 0] 78 ft 1 Jaint Besign
B 2 100 | =78 k) W00 | 30 15 pB-f ; DB ] 1 Asinfereament
[H ] "4l 879 3 430 u & TE DB [ ] 1 Ezpansion Spase
* B k] 20 879 H 240 3 18 DB-t DE R 1
A 3 »o | 518 37 s20 | 30 16 | DBt | DB A 1
H ] 1 ¥ | 3T9 ] Hum 12| 20 Mens | BB-1 | DB | Nem 1 Jalnt Spating
] 3 T20 | 9-7-3 | Nons 4] Fail Hens | DB-1 DB | Nsna 1 Raintercamant
[ 3 1440 8.7.9 | Kane 86 20 Mons | DB-1 DB} Nems ] Santractlen Jalnti With and
14 2 Woe | 379 | Name 300 20 " MNeno | DB-1 DB | Hom 1 Whhout Laad Transfer Davieos
E 1 130G | %79 | Mens 1360 o] Nena | DB-1 | Mend | Nena 1 Expansian Spaes
¥ i Ted | 975 | Neme | 2700 20 Hens | DB OB | Moms 1
4 F H 2700 | 979 Homs | 2700 | F Homa | DB-1 | DB | Mons H Jolnt Spacing
E 1 1800 § 37| Keew | 1800 | W Nons | DB-1 | Kone | Mene z Ralufareamart
] -2 00 | 374 Nons 90| W Hera | DB-1 | DB | Nem H Cuntestilon Jolnts With ané
[ 3 M40 | 5.8 Nome LB Mens | DBl | DB | Nome H Viithsut Losd Transtar Devicas
B K 120 % %73 Hene 221 10 | Nens | DB 2B | Mem z Expantlen Spacs
A 3 We § 979 Hane 128 19 Nene | DB DB | Hom 2
[1 A H &0 | 8T 37 120 ] Nons | DB-S 18 Nans ] Contractien Joint Dasign
B 3 60 | T4 7 M oW Ham | 08-1 A Nang 1 Ralniorsamant
c 3 80 374 7 20 o] Nons | DB-3 8 Mans 1
2 3 360 LA R ] n 128 2] Hens | DB-1 3 Manz k]
E 3 &0 9.1.% it 128 2] Hepa | DB-t 3 Hona 1
F 3 = LEE] i 12t A0 Nars | DB-1 4 Mom k]
[ ] wWo{ae o 126 | 39 § None | DB | 47 | Mome 3
] A £ 609 & | Mema | 120 | 30 | Mens | CBA | LB | Noms 2 Crent Soctien
B [ =L] ¥ Kars 120 0 Nerns | ©B.1 8 Ham 2 Saint Dwsign
c 2 ) ¥ | Kepa | 30 18 Mot | CB.1 | CA | Nom H Ralalarcemant
D H 0 L} Nana kL] 10 Nan# | CB-1 B | Nem z
7 A 5 600 { B4 1] 129 ] 36 pB-1 | DB R .2 Gravs Sacthon
1 § 2] k-6-1 I 120 N 15 DB-1 i R 2 Rainjersamant
< 5 504 : 884 | Name 120 { 20 | Mene | DB | OB | Nem -2 .
D § 1] 35-8| Hame 1= 1] Mea | DB-1 | OB Mam H
1 A 1 W T | Mome 126 | 32 | Mome | €B1 | CB | Hane [ Cross Sactlan
B ? ul T | tesne 128 20 Nems | €B-1 | EB | ¥am C2 Reintorcamant
[ 1 ¥ i Hong i) 13 Nens | €B-1 c3 Hom 2 Jaint Daslgn
2] 2 e T Mane 0 12 Hoaa | €B-1 | B | Mom 2
y T3 1 | ¢ | &79] Nem | 10 Hens | TE B8 Homa 4 Stresy Curing
A 1 1886 | +T-8] HNons 15¢ | Nenz | Nere 1B Manz | Mone 4 Jaial Banign
18 3 #® |18 Name e |. 3 | Mens | TB DB i Nem 4 ‘
T4 1 88 | B8] Hons 186 | 30 | Mems | D81 § None 4
10 A4 [ 8¢ | 8-7-8] Nomr e | 2 MNene | DB-1 | DB ! Mone H Contrastiun Jaints With and
A2 [ 1990 | %790 MHem 20 f 15 | None | D81 | DB | Mum § Witheu! Load Trangter Devicos
B $ 1080 | 319} MName 1w oA Nere A | Hone | Nens H .
Bz ] 1080 | 9-7.81 Mons e | 18 Kane | A Fonw | Nens H
H A 1 W |8Id 31 5 | Mane | Mona | TA | Nems | Mene L Gontineeus Sld Constructlen
B 1 1 %12 &0 120 | Mesne | Mone | TA | Noms | HNemo 3 With Asinfsrcemaat
[ 1 | |91 [} 352 | Mane | MNema | TA Nens | Heno §
o 1 0o | 973 0 €00 | Wane | Mona | TA | Mona | MNene [
12 A 1 % | 973 Hane 8 | Hema | Hem | TA Heps | Moma £ - Continbaus $lab Canstrustisn
[ 126 | 8721 Mora 120 | Mone | Henw | TA | Neno | Peoma £ “Withoul Relntarcomoent
c 1 ¥ | 974] Hems 360 | Mone | Henw | TA | Nene | Kam &
[} 1 242 | %13 Nema 242 | Hone | MNenn | TA Nang | Moma §
E 1 e | 9731 MNoeme 509 | Mans | Nem TA: | Kama | Mana §




PLRT I # MISCELLANEOUS PROJECT INFOSuLTiow

During the censtruetion of the pavement surface and subseguent to it,
certain imporﬁanﬁ getual data kave been procured which are divectly or
indirectly associated with the general behavior of the pavement slabs,
Such infofma%ion includes general soll conditions, physical propsrties
of the concrete, traffic conditions end climabological data.

General Scoil Conditions

The subgrade materials are composed, priwmarily, of well-drained
san&y or gravelly soils with the exception of two areas, Stutions 88100
to 129400 and Stations L7000 tb 225408 where 1t wasg necespary to construct
& le-iny sand subbase ovef'éxisting subgrade material. The granular sub-
base and subgrade materials, in general, fall into Burean of Public hoads
801l Clasgeification A-Z, whereas the goil materisl lying within the ahove
stationg meets the Bureau clagsification for A-4 and A-8 soils. The
physical properties oi subgrade seil of four representative lecations
where a subbage was not required are given in Table Il.

The density of the goll at a point 9 in. below the bottom of the
glslb st the tinme of viacing of couecrebe slab ranged from 108 to 11% pounds
per cubic fool. Wolsture content of soil at time of measurement wvaried
from 4.2 to 7.8 verceat of dry welght of soil.

Subgrade performence has been satisfactory throughout the nroject
with the exception of several froect heave areas which have developed in

Series & and 9, The effsct of the frost heave on slab performarce will
be discuassed lator under the phyvsiesl condition of ithe respective geries.

The extent and relative location of soil types and earthvork
operations for the Deasign Project are illugtrated in Figure 1.

-4 -




ABLE I

PRYSLCAL: PROPERTLIES OF D01l AT LOISTURE CELL STATIONS

Station Station Station  Steticn

Tee10 . 5o1+80 1055475 21405
Gravel, % retained, No. 18 siave 15 5 5 28
Sand, % retained, Ho, 270 sievs 84 . al 20 T4
Si1t, & retained, 0.005 ma. 1 % 3 2
Clay, % retained, 0.00) mm. ) 1 1 0
Liguid liwmit 12 19 20 18
Plagbicity 1ndex Hon-— Non- Hon- Non-

Plawgtic - Plastic Plastic Plastic
Specific gravity <46z 2,61 2,65 2.8%
Shrinkage limit, % Ho Fo ie No

Shrinkages  Shrinkegs - Shrinkage Shrinkags
Logss on ignition, % 0,87 .80 1.38 Uuﬁl
Organic content, % C.52 U.54 1.56 0. 45
Cap11¢ary rige, inches 7 12,9 i 10.5
Field moisture equivslent, % 1% 12 20 17
Moisture, bottom in. of ripe, % 24,9 25,2 2%, 2002
mo1ature, top in. of rise, # 8,7 4.7 5.4 8.0

Coefficient of permeability, ft.
per day 26 07 34 40

Welght ou samples, pel 0.5 0.3 0.8 0.5
Voids, & 5.5 32 0 B0 30.8

5t
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‘Physical Properties of Conorele

Certain physical properiies of the concrete such as welght per
cubic foot, ‘consistency, compressive and flexursl strengihb, modulus of

elasticity, and coefficient of thermal ezpansion are glven in Table LITL.

Traffic Characteristics

Aubomatic recording eyuipment was installed on the Test Road to
obtain 2 continucus dally record of traffic flow, From 1941 to 1943,
traffic'ciassification surveyé wére made guarterly - April, July, October,
and Decewber - covering a siz-nour period per day for five days. The siz-
hour periods were rotated around the clock in order that data representative
of & 24~hour day for the different seasons could be obtained for each year.
Starting with 1850, the gbove traffic clasgsification procedurs was chegged
to a continuots 24;hour nericd onee each month, Similar surveys on othexr
highways indicate that guch a procedure gives hetter resulis.

During these surveys the axle loads, axle gpacings, and frequency of
various typen of commercial vehicleg are recorded. Wheel loads are cob-
tained by means of portable léadometers ffom which arle loads uay be
obtained.

Normal monthi§ tra£fidfildﬁ on the Tewt Hoad ig presented graphically
in Figure 2. Valﬁeﬁ representing the pe?centages of different types of
vehicles tfa&éiing the Test Road-based on an average anausl day for the
vears 1941 to 1949 inclusive are given in Table IV. fnnuval averags
wheel load distribution values by direction of travel are presented in
Table V. Figure 5‘presents & graphic cowparison of axle load frequencies

.

ot the Test Road with that of a normal heavy primary roule.

~1



TARLE III

PHYSICAL PROPERTIES OF CONCRETE

Compressive Strength Flexural Strength  kodulus of Elasticity
_ PRl _ z 252 106 pounds
C12-1n. g-in. dia. 8- by 8- by 24-in. o
gylinders  dores _ beaams P SH%{E?ﬁ??cfm_“_m
28 days 21 monthg 7-days 28 days at 800 ped  at 1000 pui
Low 2380 B780 453 538 6,35 53.05
High 5380 7188 718 849 7o i B.59
Average 5208 5543 378 897 6.8% 8.30

L

Cocfficient of Thermal Expansion « o« o o o 2 s o« = Q.000008%
Consistency ~ Slump Uone Method — 1 to 3.5 in. -~ Average . . . . Z.03% lnches

Wleight per Cublec Foot s & s a2 e s a s 4 s w s o s 1B3 pounds




HEIGHT OF BARS INDICATES
) TOTAL TRAFFIC

1 BLACK AREAS INDICATE
X COMMERCIAL VEHICLES

XDATA NOT AVAILABLE
FOR 1950

Figure 2

MONTHLY TRAFFIC
RECORD

IN THOUSANDS

OF VEHICLES

NUMBER

JAN. FEB. MAR. APR. MAY JUN. JUL AUG. 38PT, OCT, NOV. DIC

JAW. FEB. MAR. APR. MAY JUN, JUL. AUG, SEPT. OCT. NOV. DEC,



TABLE IV

CLASSTFICATION OF ANNUAL AVERAGE DAILY TRAFRIC

oL

1941 1542 1943 1944 1945 1946 1947 1948 1949
Cl:aasii‘ioa.tion vitber |Percent | Humber| Percent | lumber'| Percent | Number jPercent | lhumber| Per cent | Number |Peycent | Humber|Percent | Humber Pefcent Number Perce’iﬁ:
Total traffic 159d 100.0 329 100.0 518 100.0 733 100.0 803 100.0 | 1204 | 100.0 1176 | 100.0 1351 | 100.0 1472 | 100.0
PafSenger CATE 1437 90.4 668 80.6 394 68.2 583 T9.5 665 82,9 1117 92.8 1065 90.7 | 1238 9'1;0 i 1368 | "92.9
Total commercial 153 9e6 16 19.4 184 31.8 150 20.5 137 7.1 87 T2 110 Fe3 123 a0 04 | 0 7.1
Light 43 2a7 44 5e3 15 Tigya 32 . 404 15 2.0 4 0.3 5 O 29 241 & Qodd
Medium 26 1.6 kY 4q4 56 967 £l T.0 27 Jad 30 245 28 2.4- 25 1.8 32 262
Heavy 43 2e7 12 1.5 13 2a2 g 0 5 0.6 7 0.6 13 1.5 g 0.4 5 Qo4
Trailer 41 2.6 | 68 8.2 | 101 | 17.5 | 62 8.4 | 89 | 1l 25 1 3.8 59 | 5.0 64 | 47 61 dal
pombinetions .
TABLE ¥
ANNUAL AVERAGE WHEE], LOAD DISTRIBUTION
1945 - 1946 1247 1943 1949
3¢ Bs Bound No Wo Bound Se Be Lound Ha Ta Bound Ss Bo Bound He We Boumd 3+ Eo Bound Ho W. Bound 84 Es Yound Yo Ve Bound
{South Lene) (Yorth Lane) {South Lane) (North lane) (South Lans) {North Lana) {South Lane) (North Lane) {South Lane) {liorth Lane)
Whesl Load unmber [Peroent HNumber| Peraect | Number|Percent Humber [Percent | Numbar |Percent | Number|Percent | Number|Peroent Number |Peroent | Number] Pereent Thmber| Far cent
Tnder 4000 302 62427 293 5907 391 6776 287 63021 387 £4.28 50l 65424 3].3 52,22 42§ 68.70 403 700 402 S4.1
4000 - 4499 19 3492 13 2462 19 3429 12 2.64 23 1a23 32 4217 33 Z.42 24 3.85 22 3.8 22 3.0
4500 - 4999 19 392 6 1s21 8 1a3% 1 2042 19 2,66 17 221 13 2567 22 3.53 15 2.5 17 243
5000 « 5499 20 4,12 11 2022 13 3.1z 7 Jo54 22 3.09 24 1 3.13 29 4,76 22 1.53 i ladt 22 1.0
5500 = 5999 13 . 2.68 11 2422 18 3a12 19 4.19 20 2,81 23 2699 17 2.7% 1a 2.25 21 326 20 2.7
6000 = 6459 21 4.33 15 3.03 23 Je9% 19 4419 22 3.09 18 2.34 ‘19 3e12 by 2273 17 3.0 41 Seh
6500 = 6499 15 3:92 20 4,03 18 Jel2 18 3497 24 3.37 19 2.47 19 3.12. 20 3a21 17 3.0 36 4.8
7000 = 7499 17 3250 22 4.44 18 3.12 12 2.54 26 3,65 23 299 20 3.28 27 4,34 16 243 29 3.9
7500 « 7999 19 3.92 39 7486 20 3247 19 4.19 40 £.01 27 3452 29 4,76 17 2.73 22 3.8 31 4.2
000 - 8499 11 2627 19 788 11 1.90 22 4,05 kL) §e32 26 3.39 26 4227 - 15 2.41 11 1.9 50 6.7
8500 - {999 9 1.85 i7 3a43 12 2,08 14 3.08 38 5.32 24 3.13 3l 5a09 5 0.30 13 2.2 38 5.1
Q000 « 9499 10 2006 8 1.61 16 1.73 9 1.98 34 4a77 21 2473 19 312 ] 1.44 3 Qat 19 2.6
9500 - 9999 . 3 1.24 2 040 9 1.56 1 1,10 14 1.96 8 1.04 15 246 2 0.32 g 0.9 11 1.5
10000 «10499 ‘ 2 «35 0 4 0456 2 026 8 1.31 1 0,16 4 G5
10500 «1099% 1 0.14 3 0.39 5 0.83 2 0s3
13000 ~11499 1 0.14 1 0216 1 0.1
11500 =11999 2 033 1 0.2
Tota) axles 485 |10G.00 496 |100.00 577  |100.00 454 |100.00 713 “100.00 768 1100400 609 1100.00 623 |100,00 576 | 100.00 743 | 100,00
Total vehicles | 170 178 210 165 ’594 270 200 214 . 207 259
Ratio sxlies to ’
vohiclea 2485 2.79 2465 2.79 1.20 2.84 3.04 2.91 2.78 2.87

Sampling oconsists of talling ome 6 hour sample per day for 5 sonsecutive days at four perioda in each year = January, April, July, October.
taking the & hour samples is changed for each period to give a 24 hour sample per years

The time of
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Climatological Data

The graph in Figure 4 showe that the average temperature in winter
ig eporoximately 25°F., while in summer it is 70°F., making an average
_temperé%ure difference of about 45°F, It mey be obgerved also that
daily tempersture fluctuations in winter are sbout 18%F. lege than tlose
oecurring during the summeér.

Total yearly precipitstion data for 1341 o 1948 inclusive is given
in Table VI, Ths daia indicateé an annual aversge rainfell of 29.5 inf

for the Tast Hoad,
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TABLE VI

ANNUAL PRECIPITATION TECORD

= wYenr Precinitation in inches

Average

71,03




PART Il - COHCHETE PAVEHERT FPERFORWANCE

The major pavement desigr studies under consideration are the spaciug
and design of transverse joints, pavement croegs gection, and steel rein-
forcement,

The evaluation of the several features inciuded in these major
deglgn studies will be based upon the bhehavior of the respective con-
crete glabe or pavement sections under sgervice conditions, teking dnto
account joint widih movement, structural psrformance, physical irregu-
larities, and roughness.

Pavement Performence in Helation to Joint Spacing

Although joint spacing ig considered throughout the entire Design
Project, it has received special emphagis in Series 1, 2, 3, and 4. In
these four series expansion joints have been spaced to give secﬁiéms of
120, 240, 480, 900, 1800, and Z700 fool lengthz, and contraction jolntsz
have been spaced at 10, 20, 50, and 60 foot intervals. Dummy, or so-
called warping joints are included in the sections containing 83 and %0

. foot contraction jqint spacing. Contraction joints are plane of weakuness
joints with or wiﬁﬁbut slip dowels or other types of load transfer devices,
whereas dummy jolunts are constructed in the sams mapner except that they
do not contain load transfer devices and the povement relnforceauent is
continuous through the joint.
| Initial mezpgurements of joint width snd slab posiflon wers mads
immedlately upon completion of each serier in the swmmer and fall of 1240,
and the resdingg Imve boen uged &g & reference in deternining subsequent

displacements. Sewponcl and delly readings were taven ad nearly ag

15 -




posagible at the same time of day during all periods of ohsarvation,

Sinmce the iime‘required to make all messuwrenents for the eniire project
covers & nerlod of three to four weeks, fluctuations ia ciimatic
.coﬁdi£ions from day to day will naturally influence the gesgonsl measuve-
ments between serieg to a certain exbent. Joint width readings are
undoubtedly affected to soue extent by the curling of the slabe alsoe.

The effect of there day to day changee in glab cor’itions dﬁring the
obsér{ation ﬁeriod has not been congidered in the presentation and inter—
pretation of the data ia thig repors.

The pericd of taking joint widih measurcmentis was dependent to a
large extent upon weather conditions. In general, the spfing readings
were teken during ﬁhe lattar part of April and the first part of say,
susmer measuremsnts include those taken in July and fugust, fail readings
were usually taken in October and Hovember, and winter readings anmy tiue
from January to March. ¥Winter readings were taken when tempsraiures
were geasonsble and the pavement surface wag sufficlently free of snow
and ice to permit neagurements.

The joiut widfh movenments of the di:ferent tegt sectiong bave heen
reduced to avergge curves which represent the cversge seasonal movement
for a1l joints under observation in any given gection. Thie has heen
necessary because of the vast amount of data accumulated over the pe.st
tan years. .Spriug and Fall readingg vwere discontinusd in 1548,

The resulte from these joint studies will be discussed under
seagonal changes in joint widthe, dally changes in jointrwidths, and péve“

ment movement.




Seasonal Changes in Joint Widths

In presgenting he daﬁa OﬁIS@aSQHal changes in jolot widihs, each
type of Joint gnder study will be disqussed Separately, ?he jointg
given major consiéeraﬁion in thisiiﬁvesﬁigatign incivde individual
expangion jointe, and relief scctlons composed of two or more one-inch
expension joints, contraction jolnts, end dummy or plane of wealmess
jolinta.

Expension Jointg: Seagonal changes in expansion joint width for

the several sections in Surleg 1-2-5 and 4; togather with thelr prozressive
or permanent change, are presented graphically in Figure 5 for the years
1941 *o-1950, inclusive. These graphs also show the relationshipy between
chenge in joint width and lengbh of section between expension joints.
Unlegs otherwise stated, only those expansion joints separating sections
of equal length were considered in plotting the graph. Where relief
gectioneg are involved, consisting of twe or more expansion joints
gseparated by small slebs of concreste, the individual expansion joint
movenents were combined algebraically to form & single velue representative
of one joint or quivaien% width,

Figufe 5 presents the joint width wovement of certain expaneion
joints in relation to length 55 section efter the jolnt width reudings
had been adjusted to an sverage swmer bemperature of 75°F, and an
average winter temperature of Z5°F., using coefficients derivad frowm
daily movemsnbs. “

Several significaunt factes are revealed by the yradhs in Figure 5,

Firgt, 1n most cages lne gectiongpeontracted sufficlently during the first
FrIot, 4] g _

o

winter season to cause u =light widening of the expansion joints in
2 E ;?

- 17 -



CHANGE IN JOINT WIDTH, IN INCHES.

CHANGE IN JOINT WIDTH, IN INCHES,
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ANNUAL AND PROGRESSIVE CHANGES 1IN EXPANSION JOINT WIDTH
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excess of the one-inch widith originclly provided. FPecond, withoutb
,exqeptién all of the gections experienced hheir greatest movement durdng
the first year after construction. IThird, the annusl amplitude of joint
width movement diminishes with tlme. Fourth, all expansion joints show

a progreseive, permanent clange in joint width resulting in a gradual
closing of the joints, to the extent that after 10 years the sections
have absorbed ayproximately 60 to 80 percent of the expansion spsce
.providéd. There is no doubt thal the progress of these residual displace-
ments vill diminish repidly in the future, since the joint filler will
eventually reach a stage of compaction sufficient to resist practically
all further movement of the slabs adjacent to the joins. Fifth, as one
would expect, the longer sgcfions produced the greatest changes in joint
width the fivret year, although the amplitude of zunual joint width move-
went after the first rsar is comparable to that of the Shprter sectlons.,

Eixth, the amplitude of yeurly movement was the least for the sections

copposed of 10-foolt contraction joints and greaztect for the sections with

B60~foot contraction jolnts. This phenom:nén would lndicate that & consid-
- erable amount of séﬁtién movement is absorbed by the grester nuaber of

dontracpion Jointe existing in a section containing 10-foolb contiaction

i

Contraction Joints: The actuel changes in contraction joint widthes
for different seascns of the year and for the variable expansion and
contraction jolubt gpacings included in Series l—2~5 and 4 are sghown
graphically in Figure 8. The graphs show the average jolnt widih movements

for summer and vishber ssasone.

- 19 -
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g

The relative change in contraction joint width for tlwes ovarticular
jolnt Spaéiﬁgsm;ﬁé, 20, and 10 feet-- are graphically presented in
Figure f, In addition to showing the effect of joint epacing upon joint
width éhanges, these graphs show the Tesidual opening of the jolutg with
time and that the jolnts clogest to the expansion jolnts open more than
the ‘joilnte near the center portion of the section, This same phenomenon
may be observed on all of the tegt sections.

The relaﬁionshiﬁ hetiesn seasonal contractlon jolnt width movement
based on a 10 year average iz disclosed by the follewing data.

fxpansion Joint Spacing- in Feet:

120 240 480 900 1300 2700
Series 1 . .12'5111.. »1404n. .183in. L136in. .148in. .126in.
Series 2 047 U L0885 ® 0 L068B " L08L ' L0Em % L08R M
Series 3 60 % L0858 M 088 M L,054 M 058 N L0570
Series 4 ..ozo mooL0BL M L0200 " 017 " 017 " Lole v

The following significant facts are disclosed by the graphs in
Figureg 6 and 7: filrst, that under eglwilar conditlong of expansion joint
spacing the movemeﬁﬁ of the 60-foot contraction joints ip at lssst four
times as great ag those spaced at 10 feeb; gacond, the chénges in width
of contraction joints vary with the gection length, the shorter tbe section
Length the greater the contraction joint movement; ihird, dn ﬁﬁe long
sectblons the mevement of the contraction jouinte near the expansion jolnts

ig plightly greader than that of the joelats near ths ceuber of the sectiong

fourth, the contrection jolnts show an ennual amplitude of joint width

change which appurently cecreases with time, the amplitude being greater

in the longer slabs snd diuinishing with decre. ze in eglab length; and
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- [ifth, with few exceptions, all contraction jointe experienced a gradual

progressive incresse in width during.the firet 5 years, and very little

increase in residual opening thereafber. The seasonal variation in joint

width ig still very proncunced, however, under certoin design conditions.

Dummy Jointg: In Series 1 and 2, 60-pound and 37-pound per 100 square

feet mesh reinforcement, respectively, was laid contlnucusly through the

dummy jointe. Measurements have been baken at several joint locations

1

throughout feries 1 and 2 to sgtudy the etffect of the reinforcement upon

joint behavior. Average seasonal changes in joiut width are showm by
graphs in Figure 8.

The graphs show that In practically all caceg the naxlimw opening of

jointe does not exceed 0.05 inches. Ag in the case of countraciion joints,

the movement of the dumnmy joints near the center of the long sections is
lese than that of joints near the ends. The graphs sleo indicate that

he dumay joints react in the same meanner &g contraction joints butb to
g much smaller degree, in thalt they fluctuats slightly with scasonal
changes and seem to acquire o smell, greduslly Increasing residual opening
with time. Bo rélation is apparent between jolnt width change and
welght of steel reinforcement. In the eighth aud ninth yecrs, however,
sevéral dumuy joints in Seetions B and B of lightly reinforced Series 2
have opened excessively during the winter, indicating & bresx in the

gtesl at those pointo.

Daily Changes in Joint YWidths
In conjuncticon with the geaponal joint width mesgurements cortein
jointe were seleched for dully obsgervations. Leadings on the game joints

were taken early in ths morning while the pavement vas cool and then in

I
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|



54

CHANGE IN JOINT WIDTH - INCHES
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“the mid-afternoon when the pavement would be normally at its maximum

temperature. 7The relationships for the daily joint width movements for
all series are expressed in comparable terms, - such as chsnge in joint
width in inches per degree Fahrenlielt versus length of section and spacing

of joints., Daily readings were discontinved in January 1948,

Expengion Jointg: The average daily changes in expanslon joint

widths by vears and gseascng are represented by bar graphs in Figufe a,
Included in the graphs are m,&SQTBMRn@S from selected joints in all ten
sections of the Degign Project. In general, the data discloge sevaeral
gignificant facts. -First, daily joint widih movément is influenced to
a certain extent byrthe 6egree of pavement reptraint which normully

inerease with age due to depletion of expunsion space and rspidual volume

=

‘changeg in the concrets. BSecond, intermediate contractlon joint gpading

hag a decided effect upon daily joint widbh movement as may be observed
by comparing granhs of Series 1 with those of Series 4. Third, in general,
the movement is greatest during the sgpring and least in the fall scasgons,
while summer and w;nter seaponal rsadipgs ars about camparable. It is
believed that this greater movement in the spring vhan in the fall may
be due to the relatively grenter freedom of the slab resulting frow
winter opening of the joints combined with a vider tempersture range
induced by the r&@iant heat of the sun, which is maximum =t the summer
solstice (June 21). Fourth, no definite relatlonship is discernible
between daily joint widbh movement znd certain construction fesxtures guch
ag welght of reinforcement, cross section, tnicimess, or joint design.

It is beliered thut the exceptionally high dally movements for all

geries in sectior lenguhs greclter than 240 fszel are dus to the fact that

|
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greater expansisn ggece waes provided in those casen. Two one-inch joints
wers used for the 480 end %00 foot sectlonsg, and three onse-inch jointe

for &1l gections 1300 fest and 2700 faci in leaghh.

Contraction Jointa: In a simllar menner the averags daily contrac—

tion joint width movements have been nresented in Pignre 10. The data
presented 1n Figure 10 show 2 in general that the contraction joints
bebave lo lhe rame wenner as the expansion jolnts. Escause of the greater
number of jolnts invelved in the case of contraction jolnts, the relation-
shipe bobwcen Joint width movemnnt and jointrspacing ars more pronouncéd
Dunmy Joints: Daily observations have been made on certain dummg
joints in Series 1 and 2, Date from these obgsivations are prasentsd
graphically in Figure 11. The graphs serve to show thet the joinis
function in the wemer of other joints but to & lesser degres, end that

the magnitude of the daily wovement is in general undor 0.001 of an inch

Paovanent Movement

Ia certain sections of Serles 1, &, &, and 4 referceuce momuments

3

were esteblished to mensurs the relative woversni of different parte of

£

the sectlone with respect to fixed poinmts in the subgreds. nonumsubs

m
s}
[

gere placed at the cenbor, guarber poinits and euds of Sectiong 1i, 1F,

st 4F and at the ends and midpoints of Ssctions 3u, 44, 10, 40, 1D,
A0, «F, and BF. ‘The curver in Figures 1Z to 15 inclugive show ithe

rrlutive behavior of the differsut perbs of ecch section, in respect both
to seasonal movesent znd to the distunce of the monument from the center

of the sootion.
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Figure 10

* SERIES 9 HAS NO CONTRACTION JOINTS

DAILY MOVEMENT OF CONTRACTION JOINTS
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Figure 11

DAILY MOVEMENT OF DUMMY JOINTS
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The data indicate that for long ssctiong of pavement the pgreatest

novement is at the ends and reapldly diminishes until = point is reached

Cat which practically neo longitudinal movement takes place. This is

elearly shown by graphs presented in Figure 16. For the two 2700=f1%,

sections ~— Series 1 snd Series 4 —- the point of ﬂero.langitudiﬁal
nevement was, in iB4l, approclmately 700 to 800 ft. frowm the ends of the
gectiong bubt in 1950 the seme point had -retreated slightly to 1000 and
110Q ft. from the ends, It is also noted in Fijure 18 that the two sections
have acguired a.considerable incresse in residual digplacement during the
10-year interim. The substantially greaber movement of the north end of
Seclion 4F is due to the prepence of fivé 1-in. expansion Jointe at {the
relief end instead of the usual three éxpansion joints becauge of the
abutting Muskegon River bridge. Thus, there exlste 1n the central part
of Lhe 2700-ft. sections in Series 1, 2, 5, snd 4, portions of pdvement
mere then 300 ft. ﬁlong wiielh at elevated tempesratures are under restialnt
similar to that of & continvous sleb without expsnsion jolnts. Therefére,
in the case of sectlons whose lengths are leps than about 1300 ft., it
nay ba 5&pected ﬁiét gvery point in each half of the sectian will display
goms movement wilth respect to the contor of the sscbtion. For short
sections such as 1llustrated Ly the graph at the top of Figure 18, (Series 15,
the movement of any poiht in either bulf of the section is aperoximately
aroportional to its distance from the center of the scction,

Ib way be aoted [urther that movements of the ends of each section
are yuite similar in charact&r. In some instances certain inherent
congtructlion reiburss, sucl ag horiszontal or vertical aligmient, soil

vonditions, ard bridge structhurss, no doubl infiuspces the relative movement

rl:‘2
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5

of the entire efection, resulting in a gew ral displacensnt of the whole

c'ien towerd the right or left cavging the point of zero novoment to

Loecur ou eithoer side of the geometbtric center of the sectien. It iz also
g ‘ : g [

indicated in Fizgure 186 that the sections sxperlence i tlelr freatest move-

aent daring the first 5 years after conetiruciiou.

Summary

*

The gtudy of expansion and contraction joint movamenti hag broughlt oub

several dnteregting sol significant facts concerning &lab behavior under

e

varying expansion and contraction jodnt swacing. First, the sessonal

movemnnts of the expansion joints indicate that there takes place during

- the fir: ear @ wetre neiderablas srpaneion and subasoguen
“the first year afber couslruction a conslderabls ezp ») hacguent

pormanent digplacement of ue.nlab ends, using at least 50¢ percent of
the space originally provided., fecond, subgequeut to ths first ysar's

moverant the ssction endp oscllliute with seasonal climaiic changes end

the amplitude of There seagonal movemente gradually diwinilsbes with tims.

A glow, progrescive permanont disvlacement elso teles plece which ie

da

greatest durding the rirst & to 8 years and leveis off thersafter.

Eventually tha ownt filler will becouws couprosscd bty such & stabe thot

no furthor longitudissl movement can ovour, ‘third, contraction joint

gpecing hag consié&ruble influence wpon the cmplitule of neion joint
movemsnt., Fourth, all contraction jolnts acguire a swall permanent
oroning which dnereages with tims., The da2gree of jolnt movemcpt and
gaount of reridusl opming 1s more pronsunced as the dlgtance betwewsm
contraction joints is Increweged. IFLOEh, tiwe wovemsul of contraction

Joints 1g greater nesr bhe rupansioa joluts then It iz usar the center

clrh, dudme Jolobe react sluilarly to contraction Jointe

N
. &1

of the escticns

- Bl



‘but to a much smalier degres. Seventh, iuo haﬁLionu i pavoumnd greatsr

. “bhian 1800 feet in lengbh without expansion jointé, there 1z & point of

" zer»y longitudinal extension approximately 700 to 800 feeb from ths ende

Aref‘the section, Consegusntlw, the centrai portion of such secbions at
elovated temparatures will be under restraint similar to that of

conbingous siabeg in vhich no cxpepnsion jointe hove besm providad.

Structural Performance dg Relatd mn do doint Sracing

The total length of eracking which bes occurred in Ssrive 1 to 4,
whose slab lengbhe ars %0, 15, 0, and lb feat respactively, hag baen
summ&rized.in Tabie VIT for comparative siudy. Theese dats, when
summarized in the following manasr, ghow en intsvesiing rolatisuship

between alab Lengih and total cracking.

. Sieb Craciing in fa-i .
Seried  Length Transverss Disgonal Lonritudinsd Totel
L £0 255 0 5 259

3 20 1z8 10 vb 172

2 15 536 o 0 4

.
l...-i
<
Lo
[an]
-

a

The LonﬁztudJﬂa] A4 dinrensl  cracking listed under Sevies 3 hag

oceurred in Sactidh L. In tuls cection, wmechanleal load brangfer

“devices viers omitted ot trangvers: joints. The 10 f+

ceaciiing Licbed under Oovics “E vopregents the only coiner brealk which

hayg developed cn the Desige Projuct to ¢ete. The corasr brask iz in the

porbhboand lane ot Stotlon 1000470, The 55 fr2t of lorgitudinal craciting

o

i1 Series OF hog agouwrrad hebtvesn Shabioos 1018410 and 1018+50, The

PN

crocis huve developed anprorinetaly 2 Jeed iu from nevewment =dge on both

v

sides of poveiwini.

s
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84in. wiform; the 8- 8- B-in., snd its approximute e.ulvilont 7-1iu,
unifdrm. The portions of the Design Project devoted to this study
included certain sections of Series 1-%-% and 4 ond Serics 5, 7, and 8.
iﬂ.general, nothing of note has develonpsd so far in eny of tha
erieg involved from which conclugive dats cin be cgbublighed., The
joints ond silabs in all eections have, ¢ftor ten yeers, bogum 4o show
merked difference it theolr relative bebavior dus to normal service

ll?

conditions. UYhe study ewphagizes how very lsportant 1t isg o exercise

rigid exanination, inspectlon, and control over the preparation of sub-

base and subgrades for coacrete 1evement consbructiovn,

Expsnsion snd Contraction Joint Kovement

In Seriss 6, 7, and 3 expansion and contraction jolut spocing were

3

consi&ered in conjunction with croegs gection design. Ths ex pcﬂ sion
Jolnts ave spaced at 120 fuet and 300 leel with contraectlon joiuts at
3, 20, 1%, apnd 10 feeh. also tho sectione 8 and 8 and port of section 7
were not reinforced with gteel mesh.

The joint widbh measuremsnte &b the presend tiws, és traohlcally
presentad in Figureéglﬁ und 19 indicate no glinifiecant reletionshin

betwsen foint wovum@nt end thicknegs or shaps of ouvenent crogs raction.

The jolnt movemente in feries 6, 7, an: & duplicate very closely the
mugm itude, annual ampiitude and progressive digplacoweunt of the joints

]

locabed In various seorics containing similar expansion and contraction

Joint smacing.
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:Pnyﬂlcal Condltlor of Sectiong

In the wintsr following the construction of the Test hoed some
craciing developad in port of Serdes 3 from Station 30470 to 94430 and
7T+80 Lo 103+00. During the firet four yosrs a considerable number of
longitudinal and treangverse cracks continued to develov in thlq arca
ag illustruted in Figure 20,

The creck patbern throughout the crecked ares is typieall s of that
cauged by heaving of a rigid pevement dus to volume chenges in the sub-
grade. The vavesent in Seides 85 wag constructesd on o 1d-in. sand sub-
base overlying Famet lommy send end Isebells losm. £ soile surver in the

2l

gpring of 1944 revealsd sgeveval fectors contriduting ie the abiormel
eracking., Ian the first place the sendy clay subgrede msterial wss badly
rutted, protruding into the subbise materisl proctlcalily tho full depth
in some places. Such & condition Wﬂul& natureliy vrevent the normal

lateral drainage of the gubbagse mafarial; conssquently, wuber pocksts

by

formed directly beoasath the sleb, which resulised 1o the longitudinal
racking of the slab.

In additicn to the faulty subbase condition it weg learned thet
the subgrade material in the cracked szctlong conteinad Qoclets end
lominations of, paat, clay and eilt, ell of which uwndergo considerabls
voluse chenge during fressing and thawing of the mubgrude. 1Tos lengss
gara readicy discernibls in goll suwplog frow test holes. Such sub-
grade and subbase soll cow'ibions are no deubt responsibie Tor the

prepondorance of tronverse and diagonal crocks withlin these sreus.

- 43 -
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vl
Troangverse cracke ave beglnning o wppesr, however, La ocbhor oreas
of Series 6. In Figure 20 it will be noted thet all but two of the 20
. i ER . [
Blsbe in y”Lt7On 64 have devﬁ%oﬂbd trangverse crachs,
DTS S R BEENS B -

In Seri
I

iy

es 7, mLth 8- B~ 8-in. crorf seobion, the firet transvers

i
crack was nobed in D@Caﬁberg 194’ 13 sirge bthet bdins, sevarel more
have deVelnpeﬂ as my be gwen 1a Figure 21, o

Only tfo trun%uerba vracks bave develonad in Serice § with 7-in.

-

and the last in

i
7

T

alad thiclknes Tha first waa chesrved in Anpil,
Dacember, 1944. See Flgurs 2.

A review of Figurs 1 will shos thet Herles 8 liss entirveiy on an

exczllent gronuler subgrade soil wherens oll of Serdes 8 ond 7, with the
evception of fSecbion 7D, wers placzd on a subbsse over a vuestionsble

subgrads matsrizl. This i¢ ne doubt the reagon why Sowrims B has performsd

Ui
~
o

wall over tha past yeares. AAaomplete craﬁk cnd gpail sumery will
be found in Tabls VILI. For comparative puronocgos the rrack informetion
in Teble VLLL, for Serdieg 6, bas besn bebulabted both for the entire
gerles and elso juet for thos. elabs outside of frost hewve oroag

previougly derncribed.

Pavenent Roughneas

Fitl: refe igers it moy e psen Bl L iing
§ith refervence to Ficurs 7, 1t ey v bhat bhe ridil
guaiitics of Sorise 6, 7, tod 8 wre apvroximatsy the same with Seriep 7

bave ineruasad apsroxi-

bedng mobably slightly rougher. .13 throo gerlss

metely th: soms apount with ag
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STROGEEY QF PAVENENT CRACEING D JOINT SPATLING
I¥ RELATION TO CROSS SESTION

SERIZS 6 - 2% IRoRM SERIES T - 8"-6"-B" CROSS SECTION SERIES 8 = 7" UNIFPORY
X0 RELNFORCENEET BRITTORCEIENT - G0ge37#=N0IE . N0 REIMFCREEMELT
aracking , £ “_raaklh.g,‘i"e.v’—\-\ cr’a—ﬂﬂr*\é,—ft- z
RPN EREE N PBRE 2 g 3
Seoticm | Slab | Sxps Jt} Fumber| Mumbar {Persent | g E- I el & Sxpe |Hupber! Mziber|Percent 3 § 13 |85 { lumber| lumber | Parcent g g =] g?:
How Length | Spueing Slebs | Slabe |Cracked = o F ] 3 Jte | Slabsz YCracked [Cprneked ] 7l 2 4.1, o= Slabs| 5labs | Cracked Fy Zg4d
Cracked i 3 T [P& |22 Spacing IR Crucked E 5 T|=F
7 En g_.’ (5] 2 g % E E [}
K] - A
Total * |lotal ® |Totel * fotal # |lotal &|ratal & i M
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L 30 120 20 6 30 3 lad z0 z 10 3 0a2 12 g 41 E a8
B 20 320 30 13 a3 Y pd 20 2 14 b4 Osl 42 11 24 1z 03
[ 15 300 ] 25 51 31 o8 30 2 7 - 2 0.1 o) 1 2g 13 0.3
D 10 300 50 B - 25 16 0.3 6o o ¢ o 0.9 6o 7 12 B 0.1
Suwewnry 150 59 39 7% 0.5 . 15¢ [ 4 K 0.1 154 34 22 a2 Oed
sliphe =~ Jlab creckin . in sec-ion= owimide . - .
X aof l'rost Heara reas.
Ga - Fuztions 50 ¢ 70 to 94 g 30
£ 91 A 50 ta 100 £ 26
60 = Ston amz MO0 £ 26 to 103 4 00
R CRACE AND SPALL DATA 1M PELATIGN IO SLAB LENGTEH
SLAB LEWGTH IV FEOT -
300 20° 15t ¢!
A w2 2 Ty c o e, D L . ’
Sarjes Slab 7 wa 4 - _'.3‘_‘.3 oE ,-45 e 1?_-; 7w E3 Y o Fotnl :Braont
Thickness | 5 N385 | 28 5% r'xs 28 24 f2is e in 8% A% A% g:! y 35 84 58 Cracking palled
T o i bl e d B ag P gﬂ"’ o @k P el &5 | o Ha in ft. Joimks
ocepl o g sng nE'H o =1 [ - X3 oEr.., Egm rnu &g
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Ztationg = J7 # (0 to 100 # 26 in Series GE.
’ Stoslona - 100 # 26 to 103 4 00 in Serles 60, mot ineluded in data.




A11 other fdctorg conside ed egual, the dala presented sbuve show o K
définite relaticonship betuvesn joint apacing'ahd pavement parformancs at
least up to sisab ]ﬁngths of &0 %, it is indicated that within the 1ialt-
ationg of ihe stu&gg ﬁraHSVeTSe cracking and joint gpalling increases
with the increase in joint spacing bud rouglmess will lncrsase dith

decrease in 2lab leugth.

Pavement Performance 1n Relabion to Stee 1 feinforcement,

Gonsideratidﬁ was given to the problem of designing pavements with
and without stesl reinforcement. To this end different sections of the
Design Project were constructed with &0, 37, and O pounds of stesl
reinforcement per 100 sg. f£t. of paveuent. The problem of reinforcemant
was nlso considered in connection with contraction and dunmy joint
construction ag well as 1n the construction of continuous slabs of varyving
Longths without lontermediate contréction or dunmdy gointS;

Reinforcement in Beleticnm to Dwway Joint Construction

Tn Series 2, containing the 37F roinforcement it is evident, through
the sadden ocaurrf ce of shnormally large jolnt width readings, thet
the steel has failed at certaln dﬁmmy joints. OFf 4 dumwmy jointe at the
west end of Series 2E, 2 have opened excessively for the first tiue in
“thie winter of 1949, thege are joint 108 at Statica 80770 and 3olnL )

at Statzon 9084130, Of 7 dummy jolnts in Series Z8, B have opened exces-

sively ot various times as followe:
Joint 33 at 949425 Winter 1245
Joint 59 st 8BGH1S winter 194%
Joipt 431 st 9BOHS Vinter 1250

Filmilar comililions hive nobt occcour 4 in dumsy Jolnde in Seriss 1
ccntalnng 80 1b. steel. HNo obher comparative dats are avallable Yor judging

merits of differont amounts of reinforcement,

- 48 -



B

Continuous Slabs with and withoul A=infeorcomont

e

Two sectic ﬂp; deslgns L.d Series li and lﬁ of the Design Project,
were consgtructad in‘eenjunction with the Durabilit: froject of ths

Test Foad., See Teble 1. These two sections of pavement included
continuaus slabe of differunt lengths with and withoubt reinforcement.
Serles 11 and 12 were ogtablished in order to obiain wore comprehensive
date relatlve to conerets povement design, eﬁpeciglly in relation to the
behavier of coutinuous slabs versus slubs with intermediate contraction

<

and olane of weakness joilnits and for sisbe consgtructed with znd without
reinfofcement. Speclal attention bag slsgo bren given to changee in slsh
length, progressive cracking of the slabe, and the influsncs of pteel on
dsgree and churactsr of cracking. #ach serles containg continuous lengtls
90, 126, 360, end 600 fret. E&tesl reinforcement 8t 80 pounds per 100
souare fest wie slaced In feries 11, Seriss 312 was nod relaforced. It

ig to be nsted fhaet these gectlons were pob bulll by the contructor of

the Degipn Project and ths materislo, such ag coment and agpregates
involved in the construction of the concrete globs, wore obtwined from
antilrely different’gou?cesn I{ ip believoa thot thoge factors will hove

very little effect upon the final rosuite derivid froa ths study.

Pavement wovement In Belsetion to Plub Leng

al

Eeference monuments were installed at the ends, cuntar, and quarter

points of ke slabs in feriles 11 and 12 to observe their movemanis over

a pariod of y=ers. Unfortunaiely, the gubseguent crachking of the long

seetions hap reduced thon to & gariss of short slebs wlhich has restricted

comawhat bhe original purnoece of the study. Sewsonal readinge were



continued, however, and the SW@b movement at the varlous monumenta has
been pregented érapflcmlly in Figures =25 and 24. In generel, bhe data
further show on influence of restraint on slab movement similar to thatb
obgerved on the 2700-foct gechions in Series 1, 2, %, and 4.

Since the 120-ft. slabs of Sectioﬁs 118 and 1B beve not broken, it
i possible to observe the met chinge in their length. Thé noet sensonel
and prograesive changes for the ld-year poriod orwe shown in Fizurs 25.
It nay be observed from the nlotted data in Figure 25 thet bolh siabs

nave acguired a residual incroass in length of aporoximstely 0.2 to J.4

of an inch. The greetert net chunge in slab lengih exmarently took place

in length hes been graduel and much smaller in apount. The valuss plotted
reprecent flzld moassurements ob the existing slab temneraturss indicitad
for winter and sunmer ssépons.

Phvsical Condition af Slﬂbs

The physical condilicn of the alabs in Poth sorlszs uith raspact o

85 Verty

[
b

cracicing is ghovn in Figure 28. The creosz pattsrn of botlh serics

gimiler. For swample, the LZ0-ft. gections huve not cracked and the

380-1t. and B0G-. gecticns of bthe tvo sorics sre corocking in & siwiicr

4 esooner in bho

manner. Housver, the full transgverae cracks huve fors

uarainforced sectican. Forbunstel,, botin Ssrice 1 .nd 12 have besn

congtruetsd on btho sume Type of aubyrade soll fdenvifisd ag a sand of

the Rubicon and Hewbon serice.

Tha total length of cracking in Series 110 endg 100 1s 220 f£t. In
o .

Serles 12C end 12, comparchle soctlons to Sordiss 110 and D) thes total

Longth of cracking is 287 ft.

_ Bl -
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Figure 23

ANNUAL AND PROGRESSIVE CHANGES IN SLAB LENGTH
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fiith few exceptions, the cracks formed firet at the monument boxss
vwhich were sst in the slabe to measurs slub movemant. The maxinaa width
of crack opening in the slabs varied from 1/4 imeh to 1/2 inch or more.
From wvisual examination‘and craclk widih wmeasuroments, 1t is apparent
tnat the gteel h in Series 11 has broken at the cracks.

It is of inbterest 4o note thet the original test slabs of comparsble
lengths in hoth series nave hroken down into individual slabg of average
lengtﬁ, of 31 end 72 feet respectively in Series 110 end 12C and for

Sections 11D and 12E, slab length average 88 and 120 feel, respactively.

However, indlvidusl slab lengthe vary in both series from 17 to 152 feet.

Summery of slab leangths will be found in Table IX.

Riding Gualities
| with refersnce to Figure 17, it will be noted that Seriss 11 and 12
nave viding guelities comperable to th: toet gectlone located throughout'
ths Design Project. Bowever, Ssrise 1L, with the steel mesh, has o
owar voughness factor than Seriles 12 withoubt steel, vwhich might be

gignificant. uotb Sbrlbﬂ mave incroaged m51ﬁ11¢11 in rouglmese over the

paglt ten vears
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SUMWARY OF SLAB LENGTHE [N SERLIES 11 AND 12

TABLE IX

Bumber end Length of Individuel Siabs in 1950

Original Slab Leéngth

Original Slab Length

360 ft, 80Q £,
Steel No Steel Steel Ho Steal

Section 1i¢ 126 11D 320
92 2 1=0 149
30 a5 <0 7%,
90 : 70 52 78
80 17 108 152
Ave. 21 _ba 75 150
hve. 72 75 120

150

Ave. 86

. B7 -




PART III ~ REPARSION AND CONTRACTION JOLNY DESIGN

The design of a trangverse Joint neceosltates ocongideration of
struetural featurse whioh will enable the Jolnt to perform the funchicn

11

for which it is intended, It mush provide for novement due to expansion

or contraction, lecad tranzfer where necepsary Lo meintein veritical
alignment of shutting slabg, possess flexibility to perumit warping, and

provide sdecuate goal against infiltration of water and dnert material.
Seversl unibe of warious Types of expangion sud contraction joint
congtruction in current practics were dustalled in the Degizn Project of
the Test Road for comparative study. With ragpect to sxpangion Jolnt
construction two types of construction frnclures ware glven major

congideration: first, the efficacy of standard dowel bar construction

with fiber filler strip versus alr chomber construction, snd gocond,

5.4.4

different de g festures 1o maintaln vertical :lignment of abutting

glabe, In the case of contrictlon jeints speclial conpidersticn hasg

'.r‘

bheen given to the studly of four outstanding construction fsaturss:
firet, the sealed groove wversus promolded bltumincus Liber strips

second, load transfer feature to malntein veritlical elignment of the

3 third, features to insure proper formation of contracition jolad

W

slel

tn

and fourth, the feapibility of omititlng load tremgfer devices in the case
of shert slabg and long specing of ewpanglon joinbe,

Expangion Joint Desicn

The following typrg of expansion joint construction have baen

considered:

- B3 .




Type DB-1 (1) Fighway Pepartomt Sthindsrd one-inch bitusinous
fiber board vith 2/4- by 15-inch dowel bars at
lh-inch spacing for Lload ftransfer.

Type TE (1) Thickuued edge slsbg with sue—inch bituminous
fiber board end one 1-1/4- by 1Li-luch douel
placed atb esch of tie four cor v, 9 inches
in from the riab edge.

Type CB (%) Uniform thicknoss slabe with one-inch bituninous
fiber board and one 1-1/4- by 18-dowel placed wut
each of ths four cornars, P inchen in from slsh
Gfigﬁ.‘:. ¥ :

Type A (2) Standard one-inch bltuninous fiber bosrd, bub with

no load transfer device.

Type DB-1 (%) Adr—chamber congbruction with one-inch epening, top,
bottom, and ¢ides gealed with an asphelt-luter joint
gsenl compound and using /4~ by 15-inch dowvel bars
at 15-~inch spacing for load trensfer.

Tyoe TR (4) Alr.cnamber eonqtru0u1oﬂ ¥ith one-inch opesning saaled
at bobttoa with en cenhali-loter jolat geel covpound
anfi at top &nd eldes itk & vromolded rubher ses
Translede bage unite wesre used as the load travefer
f' t TE.
Dats presented previously in the resort show thalt «ith fe sxcaptions

such ag in the otrage curing sgscbion, the seagonal smplitudes of joint
wovement are couparsble and that thers appears io be a arogresdive
nsrresing of the joigt widthe, which se-is to be a o atural nhenomsnon
in Loncrﬁt@ pavements, espécially thosc censtructad with interuediate
contraciinn joints or containing conbinusus slobs which have cracked.

Premolded Fiber Filler versue Adr-Chagber

Joiny width weacuresents ané visual sheervations indicats thit vhe

premolded fibor board hag ceritaln edventogen over the ailr-chamber tyne

¥

of joint. VWhon ths fiber bourd is properly installad, with respect %o

n

edge of jolnl and surfrcy of the gleb, it provides a good foundatic

e

_ 50 -




for the bituminous seciar. Algo, since 11 doas nobt extrude 1t wils
remain intact to nrevent inflltration of large opgregats lieéeg. Furihse—
mofe, it will distribute compressive forces‘due o &xp&ﬁsion uwnilornly
over. ths ends of the two ¢%uttwnﬂ slabe.  Thig latber functisn ehould
decrscee matorially the inhersnt tendency. of coucrste pavements to
digintegrate ol expainglon joints. Alr-chamber sxpansion joints such ag
were included in the investigetion require exceplionally good swals in
order to verforw thelr function setisfactorily. Since the two tyves
of Air-Chamber expansion joints wers constructed gomewhat diffevently
n different locations of the Design Project, their respoctive porfor-
mencas w1li ha discussed goparatoiy.

Tyne DB 1 (B)-feries b: Seazsonnl joint width changes for the two

typea of sir-chadbser expansion Joints are presented grophicalily in
Figure 27. In gensrel, bhe jointes in Series § heve develiops? a slightly
greater permanent clogure thsn Jjoints in other scries conetructsd with
premolded fibsr., This ig to be expected since these jolnts offer uo
ragbraint to the wdjscent slabe, Iu the cass of Type QB 1 {3 joints,

this HOVene ent hes daussd excesgive extrusicn of the bituminous gesl

onto the pavement purface. In t.o caews In Secltion 86 the astal inrferts

employed to ratain ths bltuminous goal
cut of the jolut. The abuaormal movewent sncountorsd ln Hoprios 5,
setlones F oand G may be due to two congtructional fucltors acpsociated

with this p_rthuL r tert sechiont first, the fvo snd scctiong F and G

1iz at the foot of & fowngrede of 0.454 oreent; peeoud, these two
Y ' . 1 4w . S - -
sectiong sbut cguinst & bric structure whilch cuanot shift loterally.

B0 -~
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In Figure 28 there are presented views of alr-chamber expunsion joint
B-1 (%) at the time of construction and 10 years later.

Type TB-(4) Series 9A: The air-chember expansion joints used in

Series 94, type TB--{4) have reacted very satisfactorily exceot for the
vremolded rubber gseal which falled after 2 years in service. The
rremolded rubber seal through trafiic action was pushed down inbo the
joint about 3/4 of an inch and rotated 90 degrees in thé jolats. See
Figure 29. TIventunlly it was necessary to remove the rTubber seaul,
thoroughly clean the joluts and ressal. In the reéealing procegs the
0ld premolded rubber material was placed back Into the joint opeuing
at & depth of about 5/4-inch and fiew hot-poured. bitwudnoug-rubber joint
sealing compound wag poured on top to effect the geal.

The average seasonal chenges in joint widih for type TB-(4) expan-
gilon jolnts in Jeries 9A will be found in Figure 27.

Losd Transfer Featureg in Bxpancion Jolnts

The merits of the different lcad transfer features included in the
project will be eva}uated on the baslg of fauliing and elab deflections,
Faulting: No‘faulting at expausion joigﬁﬁ hag developed in any
series of the desigm project exceplt in the case OEISeries 1081 caid B2
which include Type A-Z expansion jolnts with no mechanical load itrangfer

feature. Aftef 4 years in service measurable faulting occurred which
has increasged somewihab with age. Tﬁe regults of surveys made in

August, 1944 and July, 1944 are swmmarized in Table X, Sferles 10A-1 and
10A-2 were constructed with mechanical load trenefer features for

comparative study.
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FAULTING OF EXPANISION JOLNTS

TABLE X

WITH AMD WITHOUT LOAD TRAIISFER DIVICES

Two lanes
Ihmber of Joints Having Meximum Total No. Percent=
Fault of: Total of Joints age
Over Joints in of Total Load Transfer
1/8 ineh 3/16 inch 1/4 inch 1/4 insh Faulted Two Lanes Faulted
Series A B A B A B L B A B A B
3/4- by 15 ine dowels,
10 4-1 2 1 Q 9 Q o] ¢ o} 2 1 20 10 5 15 ine spnoing
3,/4= by 15 ine dowels,
10 A= o 0 0 0 0 0 0 0 o o 18 0 0 18 ine spuoing
10 B-1 5 6 S 4 0 3 Q 4] 10 13 18 55 72 Yone
10 B=2 5 5 4 1 g 5 0 2 14 13 18 78 72 None

A - Survey Auncust 1944

B = Survey July

1949




The values represenf-maximum faulting of slabp at the edge of the

pavement only. ALl readings of 1/16 iach and under were disregtrded
_ , : :

because of the possible influence on their accuracy of normal irrego-
laritieg in the pavement surface. The data in Table ¥ indicate very
clearly the influence of mechenical load‘transfer devi es’oﬁ the
pravention of faulbing ét gxpangion joints.

Ko conparative feulting data are availeble in regard to the relative
merits of the remeining types of expansion jolnt designs which were

-

included in the load Lransfer and joint design study. idently time and
trafiic have not been sufficient to bring cubl any noticeable physical
differencas ag yeth.

R,

3leb Defiectionsg: Duoring the sumer and fall of 1948 a gerdes of

giunb deflection meosurementg wers wade at certain erxrpansion joints in an
attempt to evaluate the lozd transfer characteristics of the differsnt
types of units included for study. In all cases the sxile load employed

wag 18,000 pounds supported on 2 single wheels. The outside whesl was

Ls]

raced 8 in. from the pavement edge. The load wee transferved alternstely
from one glab ﬁorper to the other. Total and relative deflectlons were
meagured by one-thousandth dials atiached to supporits on the shoulder.

ALY readings were tsken in the morning of each day. Tlxee geparate
obgervetlons were made at each joint per day., 24 swmmery of load deflection
date taken et tvio sensons of the year, Sumwer and Fell, hove been averaged
to glve final results, which azre presented in Table %I

The date in Toble 31 brings cutl sbme very interssting and glgnificant

pointa, First, with vefersnce bo Series 10, Section 10B-i and B-Z without
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TAELE XI
SUMMARY QF EXPANSION JOINT DATA RELATIVE TO SLAB DEFLECTICKS AND LOAD THEANSFER
DEST 3K ] DNE TAI Q ] 3L ABH DEFLECTIONS L?A? TRANSFEH(R%TING. See Note #.
a 1]
Povemens Expefhelon Losg Joint Joint Flller Ave;Jolnt Deflection Dates, Losde ﬁﬁf;ggia 'ﬁ‘éfé%’fﬁe Ratirg of
Serlee Thlckness, Joint Tranaler 8pecing, and 3Jeal No. of Opening, Maximun, | Minimum, | Average, 8lsb Derl,| Defleetion, | Loud Trenefer

inches Type Feature feet Type Jolnte lnohes lochen inchep inchen tncheg 1richepn Unlt
A l.z-3-n a7l DB -th“ x 15" Dowel 120 1&2 11 .54 .01925 L0u75 LA ! L0083 L0022 ISR
B l-2-3-4 " " N 2ho 1 15 .345 ' L0286 .003L L0152 L0125 L0027 Lks.1
C 3=k 1 " " 2Lo i it L 325 0327 L0090 L0191 L0179 ,0019 47,5
T 1.2 " T.E. |1-1/4 x 18" Cor.Bars 2ho " o .378 L0232 0071 . OLhi L0117 L0027 L)
D luZu3ad f N8-1 3/ x 15" Dowel ono 1&2 12 .317 .nbib L0020 LOL75 N L0156 L0019 47.0
E 1-2-3-% " ! " 1800" 1 9 .418 .0265 L0065 L0173 L0159 .00LA 47.9
F leZw3al " " . 2700 " 7 . 287 L0224 .0Ll01 .Oil? 0108 . 0009 48,0
5 A=-B-C-D " n 4 120 3 10 Lhso L0260 L, 0085 L01lbi .010L . 0040 b1.9
& A-B~C-D | BYUniform C3-1 |1-+1/4 x 1.8Y Cor.Barg 300 2 3 350 . 0280 L0067 L0123 L0103 . 0080 45 5
7 A-3-C-D §-5-8 DB-1 [ 3/4% x 15" Dowel 120 2 11 Lhzo L0295 . Q090 .0195 L0177 .001a 17,6
8 4-B-C-D | 7P"Unlform CB-1 |1-1/4 x 18" Cor.Bars 120-300 2 i . 380 .0258 .0133 .0208 LOLE8 .00k L, 7
9 A [ - T Tranglode Banme 100 4 3 . 909 . 0260 L0202 .0z2z L0640 .0183 15.1
10 AL & A2 " DB-1 | 3/4" x 15" Dowel 120 5 "6 .355 L0212 . 0085 L0142 L0110 0032 L3.6
10 Bl & B2 " A lAggregate Interlock 120 2 4 Shlz L0155 L0068 L0092 .03k L0056 27.5

#*  Jolnt rating

_ 100 &
= 2 a o

Yalue of 50 would indlcate . l00% load transfer abillty.

Meseuremente made in Summer and Fall of 1948,




load transfer haeg a joint rating of only 27.0 compured to 43.5 for

* fection 10A-1 and A-2 with load transfer. Apparently in Series 10 B-1
end B-2 the loint filler under precgure is developing a certain awount
of mechanical interlock between the joiut fuces. Third, the Type B {4}
expengion jointe in Series 94 with transicde base units havé the lowest
lcad transfer rating of 15.1. Comparable expansiou joint design in
Series 5 with 5/4~inch dowels hes & reling of 41.9. Apparently the
translode base unit 1= not a satisfactory load trunsfer device.
Fourth, at present no definite distinctlon can be drawa between the
other types of expansion jolut deslgn since they all have approximately
the same joint rating., Thene readings range froam £5.4 to 48.0 wiich is

indicatbive of good load transfer perioraance tn date.

Contraction Joint Design

The tyoes of contractlon joint design considered in the investigation
arae:d

Type DB Department Standerd congisbing of %4~ by 15-in. dowels
4
f

at 1B-in. spacing with 2-1/2- by 1/4~in. prewmolded fiber
fi1ler strip at top.

Type 18 Same &5 above except thet 2 1/2- by 2-1/2-in. proove is
gubstituted for the vremcided fiber filler strip.

Type 24 Same as type DE exccpt for the addiiion of a l-in. high
metal parting strip at bottom of joint,

Type 2B Same ag type 24 except the groovs war gubsbituted for the
nremoided fiber filler strip.

letal divider plate full depbh and groove at top, &/4- I
if-in. dowels at 15-in. spacing used.

|

Type

Type 4  Conbinucus vplate dowel aggembly. Top edged cnd sealed with
aspheli-rubber joint compound.




Type &  Keylode plate dowel asseubly. Nob sezled.

Type CB 1-1/4-in. by 18-in. corner bars with premolded fiber filler
etrip, pleced 9 in. from edges.

Ty ne 6 Aggregaté interlock only.

LY the end of 10 years sufficilent evidence has been collected on the
relative behavior of the various types of contraction joint consgtruction
to warrant detailed &iscuﬁsion.

Promolided Fiber Strip versus Sealed Groove

Types DB and 1B were constructed primarily to study the posgibility
of reducing spalling at contraction jointe by substituting the groove for
the premolded fiber filler sbrip. In that respect the following relative
behavior has besn observed:

Spalling at Traneverse Edges: In Series 5 the msjority of the

contraction joinﬁs were constructed with a groove which wag subsequently
filled wilh a bituminous-latex sealing cempound. At the present time the
Jolnte asre in excollent condition except for weathering of the seal as
nsy be seen.in Figure B0. %he joint edges have vemained intact and no
spalling of the concrete has een noted.  Some scaling has appsared at
Jjoint edges. In tle cage of contraction joints constructed with pro-
molded flber strip several kiﬁds of‘failure have been encountered, bha
most undesirvable of which is spalling of the concrete aloug the joint
edge. For comparable data on joint spalling see Table L1, also, Tables
VIL and VILI. Perhaps the spalling 1s a direct outcome of installation
practice since if is usually assoclated with tipping of the fiber sirip
during ingtallation or placing the strip too far below the surface of

the pevement. Typleal ezamples of this kind of spailing may be noted in

- 68 —
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TARLE ¥IX

SUMMARY OF DAV“WFNT CRACEING AND SPALLING
6 PELATION TC CORTRACTIOR JOINT TESIGH

e

E

Series 5 3 Fcecot 81atbs
Quon.on 7# Steel -~ 120" Expasncion Jolnbs
Slahs : o Craciting in Toat ‘ Design .
Joint ' . '
tion Yeaign Total Number Percent Trans- Tia- Lonpi~ Total Constructicn . Load
o “Tvpe  Slabs Cracks Cracks verse -gonsal tudinal
A 1B 12 0 O 0 0 0 0 Premclded 3/ i-in.

fibor strip Dowel
2B 12 0 0 0 0 0 0 Piber strip ¥/4-in.
& Parting str] ¥
{ iy 0 0 0 0 Groove

g
o
bt
I4e)

had
N
o
‘_""_'_‘,
<y
O
-

0 Groove &
metal Tl
T{ ]2 0 0 0 ! 5:) 0 Sam e an D

A 1R 1 g 11 0 ¢ 11 E&wﬁeﬁﬁﬂwﬁwmmm

gealad metal wlat
G 4 & 2 33 50 O G 50 Edped snd Same
coalad
SPALLINHG
Mumber Percont Joint Desior
Huomber  Pergent Snmalled for Method of Seal
Jointg  Spalled Spelled  preas Groun
A 1B 1z 1 2 1 )
) ‘ 1% Premolded Bitwrinous Fibher
¥ 2h 1z g a5 A Strin
o 25 12 ] 0 G
T 3 12 3 0 0 o Grooved and cealed
¥ 3 12 D 0

G

10
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20
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Snelling

brangfer dev

e
oy
n
(%]
W
o

il ce




= B Figure %l. Typical Feilures Common to Contraction Joints
Constructed with Uremolded Fiber Strips.
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Snow and Ice Forms in Joint

FM.oure 37

dafy

naition of Contraction Joluts in

h Bituainous Premolded Fiher strip,
60-F4, Contrection Joint Spacing,




‘hese features will be discussed in the order mentionsd.

Standard 3/d-in, Dowel: The standard 3/4-in. dowel assembly was

used throughout the Design Project with the excepiion of these series in
which special load transfer feetures were incorporated for comparative
study. The performence of these units will be discussed later on in
conjunction with other factors associaﬁed with joint design.

Dowel Bars verpus Agoresate Interiock: In this study two major

factqrs.were conpidered: filrgl, the omission of dowels in contraction
jointe with normal expansion joint Spaciﬁgs of 120 ft. which would
netiurally permit-the intermediate conﬁfaction jolnts te open freely; and
second, simllar construction with the spacing of expansion-joints at
ereat distances which would affect considerable restraint on individusl
sleb movement and thug develop a better jolnt condition for ageragate
interlock to pérform in the nanner intended,

In Series 104 and 108 contraction joints were constructed with and
without dowel bars at joint spacings of 15 and 20 £t., the expansion
joint gpacing remsining coasbant at 120 £4. in all psctiong of the series.
Resulte of surveys conducted in the summers of 1944 and 1949 are presentzd
in Table XIIL. The data in Table ZI1Y indlecate thet the number of
faulted jointg in the undoveled sections of Series 10 is considerably
greater than that in the dow&leé sectiong. In all cagss the degres of
faulbing representsd indicates the amownt that the cofner of the apopoach
glab was below that of the passing sglab. Moreover, there is evidence thet
differentinl novement of the slabs hag started at the longitudinal joints

due to the abzence of dowels across the transverse jJoint., Furthermore,
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FAULTIN: OF COUTRACTI

TADLE XIIT

LWJSTTTS

VITH ALD VITIOUT LORD TRANSFER TEVICES
Twe iLanes
Tumber of Joints Having Meximum Tozal Mo Poroent -
Fault of: Tobal of Joimts S age
Qror Joints in of Tozal Load Transfer
1/8 inch 3/16 inch 1/4 inch 1/4 inch Yaulted Two Lanes Faulted
Series A k] A B A B A B A B A B
10 A=1 T 9 0 1 10 o 2 3 13 o0 9 15 3/4- by 1% in. dowels,
10 Aw2 4 6 1 3 0 0 0 1 5 10 126 - a 8 15 in. spacing
10 B=1 23 28 7 put 4 g o} [+ 34 ad 20 33 -1 o dowels,
10 B-2 22 37 5 4 6 12 0 1 33 54 1286 26 =3 a7e interlock
3D 6 g G 0 o 0 0o 0 0 5 176 0 3 3/4= by 15 in. dowels,
4D 1 5 0 0 0 0 0 1 1 6 173 1 3 15 ine spaeing
1B 15 32 0 7 1 1 0 J i 40 173 3 22 Ho dowels,
A E 3 9 0 0 a 0 0 a 3 9 358 1 12 esgs interisck

A = Survey Aujust 1944
B = Survey July 1349




the faelb that a considerable ﬁumber of Joints with dowel bars show
faulting would indiceate the inadequacy of the B/4-in. dovel at such
& spacing of 15 in. The study clearly indicates the beneficial effect
of dovuels in contraction. joint construction, especially when expansion
jeinte arse provided at distances of 120 ft. as in this case.

In Seriesz 3E and 4F dowel bars were omitted at the contraction
joints for the purpose of studying the effect of slab movement restraint

on the performance of aggregate interlock. The expansion joint spacing

Q.

in both coseg ig 1800 £t. and contraction jolnt spacings are 20 £, and

ariaes

oias

10 ft., respectively. In conjunction with Series 3E and 4F,
-BD and 4D, with the same contraction joint spucing as Seriss 3E =nd 4R,
respectively, but containing dowel bafs, were chogen for comparative
gtudy. In this cage the expansion jolnt spacing is 800 ft. ingtead of
1300 £4. Resulbs of surveys made in 1944 ond 1949 are slso shown in
Tebls ¥III,

The date show in &1l cases o gradusl increase in fuulﬁing with
bime. Foulting of the 20-ft. slabs in Seriss 10 with no slak restraint
is cousi&erably ?;gher than thot in Yeries 3E with some slsb restraint.
Bowaver, even in.the latterAcase, it ig clewrly indicalted that aggregate
interlock is not sntirely effective in preventing faulting. Furbtler, ths
date for Serises 4D and 4E_indica£e thet agegregate interlock is beginning
to lose ite effectiveness in the more rertrained sectiong alse,

The absence of dowels has created a weskness in the pavensnt
gtructurs at the junctien of longitudinal and troansverse joints hich
eventually way give rise to & gerious msintensnce problem. This wealnoess

1g manifested by noticeable éifferential movement of the slab corners b
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SUMMARY QF CONTHACTIGHN JOINT

TABLE XIV

DATA RELATIVE TO 9LAB DEFLECTIONS AND LOAD THANSFER

DESIGHN Drgrf A IL 3 gL AB DEFLECTTONS LOAD TAANSFER BATING. ee Note @
) . : . Ai;;age Avgiige Load
Pavenent Expaneicn | Contractien Losrd No. of | Ave., Jolnt Deflectlon Data, Losded Slab Unloaded Relative Tranefer

Jeriee Thickneese, Joint Joint Trunefer Jainta Cpening, Maxlmum, | Minlmum, [ Average, 3lab Defl. [ Deflectien| Jolrnt

inches Spacing Type -~ inchen inches iaches inches incheg Anchea - Setinz

A ligeied 9:;:9 120 1)) 3/4Y % 15" Dowela 15 W193 L0120 . 0050 . Q072 ,0052 0020 | 41,9
B 1-ze3-k . 240 oo " 12 162 L0158 L0052 .0127 0110 - 0017 BE.L

G loz-3eb " : i 4 11 .G60 .0185 .0030 .0096 . 008z . .o0Lh - LS. o
D lezed-l " 500 v # 11 . 095 .0503 .0100 L0228 LDIlz. L0014 ha;z
£1.2 . 18450 " . 5 .068 0325 . 0198 .0273 _bgzg .00LE hﬁ_é
E 3-5 " “ & | Aggrezete Interlock T12 029, .0130 .00hs5 .0078 . 0062 L0014 Lh, 3
£ olez-a-l L 2700 nB 3/8" x 15" Dowels 17 .02b .0825 L0010 1.0058 0049 L0009 45,8
5 A-B-C " 120 18-24-28 " 107 .239 .0219 L0077 L0139 0105 .co3b 83.0
5 D-E u 3 " 6 .20%. o150 | Looss | .oon 0086 0015 | 46.0
s F v 4 Continuour Plate Dowel 3 .252 L0670 Atooas 0657 . ,0053 .000k ug, 2
€ L-B-C.D | £ Upiform | 120-3060 cB L-1/4% x 1BY Corner Bare 5 " .100 .0327 L0022 0192 .G132 L0060 Lo, 3
7 h-B-C-L 8—6—8" 120 - ho): ! 3/4" x 15" Dowels 8 .161 .0332 .00bs ) .031i L0175 L0036 u5.3
F heB-Cen | 7% Unirora | 120-700 ca L1/ x 18" Corner Baers 12 .08 0355 . 0080 0175 20146 .0oz9 k5.5
FE 5-7-9 180 5 Keylode ' 3 - L0118 . 0060 L0082 .0055 .0027 50,2

10 Al - AZ " | 120 DB 3AE'JQ 15" DoweLs a .133 L0205 .0105 L0154 . 0114 . 004C 42,5
19 Bl - Bz " 6 Aggragate Interlock 5 J172 .0155 L0035 L0116 . 0009 . 0107 7.2

® Jolnt Anting ioo i} . A ratlng of 50 equals r100% Load Tranefer o

Meagurements twken ln Summer and Fall of 1948,

-




expldined previovsly under Pevement Performence in Relation ig Cross

ection.

]re

Continuoug Piate Dowel: Two types of continucus plate dowel

gomblies in cowmon use at the time vuere congidered for comparcbivs study,
One partic?la unit, designsted at Type 5 (Keylods) and employing

weeregate interlock in conjunciion with a plote dowel wae installed ot
three coitractiOﬂ Joints in Section 9 -TS between Stations 180410 and
181+8C. The other vlate dowel unit known g Type 4 wag instelled ot o1l
contraction joints in Series 5, Sections F aud G.

Views illustrating typical coodliions of Type 5 joint at construction
and 10 years later are presented in Figure 34, In Figurs 34, two physi-
cal weaknesses are in evidence. In the first plece, the jolnt sggembly
provides no ssal &b top or eldes againgt the infiltration of weler or
inert matserial. Note how the upper portlon of the jolnt opening is full
of inert particles,. Eecond, it lg apparent upon exemination that the
grojections of concrete which extended to form the apgregate Interlock
are broken, thus destroying eny load transfer actlon frow that scurce.

Losd ;eflerbion studiss on these jolinbs Indicate = very good load
transfer rating, See Table XIV. Values comparable to standard dowaiad
joints were obtained.

The continuous plate dowel, Type 4 locéted in Series B, has an
inherent design wsaknesgs which causes gpailing altong the jolot edge.

-

Examples of the type of spelling may bz seen in Figure %5. 4o examination

of the joint revealsd that the plates invarisbly were frosen in plqcp

to rust and consaguently the jolnts were nobt functioning as desigrned.
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Typical Condition &t Time of
Construction, 1940, Stetion 181+60

General View of Joint Assembly

Typical Condition of All Similar
Jointe after 10 Years, Station
181+80

Figure 34, Type D, K.plodae Contraction Joint Asgewbly. In Series 9TS.

- Bl



Genersl View

Bapembly
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Typical Spalling at Joint Bdga.
(1948) . Station 83+20,

35 - Type 4, Continuous Plste Dowel Contraction Joint assembly in



The diagrampatic sketeh in Figure %6 shows the general condition of the

pavement in Serieg 5 and especially the degrse of spalling in Sections F
and G caused by thes plate dowel assembliies,
Ag may be observed in Table XIV, the joint rating of 48,2 indicates

axcellent lozd transfer propertiss for this tyoe of joint unit,

vack Control Methods

The examination of contraction joints in many conecrete projects as
well es those in the Wichigen Test Road revealed that the zpontaneous
gracking of the pavement at the plane of weakness jointg wag very
irregular and in general not vertical as desired. Also it was obgervaed
that in meny cases diagonal cracking and subsgequent spaliing was common
et the bottom of the contraction Joimts.

%ith these facts in mind, two we*lwknodnldeVICee for controlL«hL
crocking of the pavement at coniraction jointe were insbalisd in SBeries
for comparative study, namely pariting strips in bott om of jolnts and

metal divider plutes.

Parting Stripg: In this case ths o ruzng strips coneisted of one-

ineh wide #1% gagé.metal glrdip fagtened in & vertieal nogition fu tie
“botton of the }ownt asgemblies, directly undsr the ?remold@& fiber strip
or the graove, which@vcr was used to form the plane of weakners. Thessz
Jjointe are designeted Types 2A and 2B, They‘were installed in Serisg BB
snd BO,

In order to attain proper results with the metal parting sbrip placed
| at the bottom of the joint careful vorkmanship must be exercized. #ethods

A

ugt be employed that will insure the proper placing of the metal prrting

83
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IN SERIES 5



atrip direcily under the premolded. filler strip or groove,
undesirable cracking will result. When properly placed, vertical
cracking of the pavement will take place. Bes Figure 37.

8tecl Divider Platsg: This type of joint (Type I) wae instalisd

in Beriss 5D and S5E. Construction cousisted of & verﬁicai RR-gELe
continuous metal élate extending the full depth of Tho pavement to break
the continuity of the concrete. In this case, the metal dividing plate
wasg uesd with the groovs.

Therse is né guestion that the full conbtinuoup metal plate will

insure positive cracking of the joint.

Effect of Crack Contrel Methods on-Loed Tronsfers With reference
to Pable XIV the dete show thet the joints with metal divider plates
have & lower load transfer rating thoan thoge of normal congbruction.
Thig is to be expected since no aggregate interlock ie involwsd.

Bituminoug-rubber Joint-sealing Compounds

Three types of bituminous-rubber jolnt-sealing compounds wers
used on the Design Project for comparative study in conjunctlon vith
joint deslgn. These materials consisted of two types of asphaltic
cil-latex compounds developed by tbe Department and a commeraisl tyve
of hot-poursd rubber-asphalt compound knownras Thermoplastic Ho, 82144,

Une type of aspheli-lutex compound, deslgnated Type 1, coneilgted

of & mixture of 70 parts of asphaltic oil SC-84, %0 parts of normsl

rubber latex end 2 parts of hydrated lime. The materials were mixed
together under controlled conditions lmmedictely nrior to sealing the

Joint. The othsr type, designated Type 2, was identlcal with Type 1,

i
[n]
o

i
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xji) At @

A, Typical Craclhing at Flane of weakness Joint without
Parting Strip at Bottom

rsieal Crecking hen Strip 1s Properly Installed

Pigare B7. Effect of

brip on Joint Cracking,



except a commercigl wvuleanized latex known as Vultex was.substitutaﬁ
for the norsal rubber latex.

The Thermoplastic compound, designated as Type b, was a hot—potred
type commercial rubber compound furnished in block form which upon
heating to 450°F. {ransforms to a liguld of proper consistency for
pouring inte prepared jolnts.

- These materials were installed during the construction of the project
as part of the contract. Their respective locations are glven In Taoble I.

During 10 years of service, none of the genling compounds has
regquired maintenance at any time. The materials have weathered in vary—-
ing degrses, however, and have become considerably more ilnspissatsd with
RLE.

Comdition survays made in 1948 and 1843 revesled & messurabls
dlfference in service bshavior of the thres produqtﬁ as shown in Table XV.
The condiblon rating values given in Table XV are hased ou the appevent
plasticity and effectivencss of seal agalnst water aﬁd dirt as manifeated
by the degree of cohesicn and bond faillure evident in esch joint.

The asphal@icroilmlgtex compounds have reverted to a putty-lilke
consistency, loping all their original plasticity. Permanent crockye have
formed in the m&terials,. See Figurs BBA.

The Thermoplagtic hob-pour rubber-typs compound is still in axcellent
condibtion efter 10 years 5f gervice. See Figurs 30B,

The study definitely indicates that the new rubber-type jolnt geals
ars superior to the straight agphalt or tar products commonly used for

gealiing joints and cracks in pavemsnt.

- 87




TABLE IV
SUMMARY OF JOTINT &FAL DATA

Fvaluation in Percent

Toint Conditinn® Asphelt-Lateor, Asphalt-Vultex, Thermorlagtic,
T " Type 1 Type 2 Type 5
1945 1949 1945 1949 1945 1949

Fifective =zeal _

asaingt water 30 G : 25 Q 23 k%
Effectlve seal

againat dird 33 30 33 30 53 33
Plagticity 18 5 20 5 ! 16
Overall rating #1 35 78l 35 97 a2

#AL1 three items ueed In evaeluation have equal welght., =o that a rating
of 33 per cent for s given ltem indicates verfect condition for that item.
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B. Th 5.3 ealing Compound.

Figure %%. Present Cmudition of Bituminous-rubbar iuterial
After 10 Years.
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Symnory

In review, the data presented in pﬁnnection wlth the design of
‘trunsverse joints disclose several significant facts. Thay ere: fivst,
from the standpoiunt of both congtruction and performence the nonmuﬁﬁrudLnb
pranclded fiber board expansion joint has many more depirabie fenbures
then the air chogber type of eu OmﬁulOn joint used on the projsect;
sacoud, due bo the large seasonal movement of the contractlon joints,
aggregate Interlock in itself is nob sufficient to vrovide adequate
load transfer to preveni faulting of glabe; third, tho practice of
providing 3/4-in. dowsls at 15-in. spacings ie not cdequate to prevent
faulting of slabs elther at expansion or contraction jolnts; fourth,

cartaln types of plate dowel load tranefer units ere to ve avoided;

fifth, the premolded fiber sitrip used in forming contrachion and dunmy

53]

jeints is & detriment to good coucrete puvemsnt consgtruction. Unles
great care is exercised noth 1n the placing of the gtrip and during
subgeguent finishing ocerutionsg, irrenarable damsge results to the

pavenent. Sixth, bituminous rubber iype joint-sesling compounds ars

supsrior to sireight asphalt or ter products commonly used in sesling

~ 380 -




PART TV - IHCIDENTAL STUDIES

In additién to the major investigatione smbodlzd in the Michipan
"Test Road, seversl incidental studies were introduced int§ the progran.
These gtudies pertaiQEd primerily te warious construction methodsa.

The resulis of two of these gtudies, namely, giress curing of concrete
gnd vortical behavior of the pavement ere of enough importance to
warrant their inclugion in this report.

Stregs Curing of Conerste

In Series 8&, sighteen hundred fest of concrele pavement wag

vlacad by the stress curing wethod, which eliminuies reinforcement and

trongverse joints other then those grovided for expansmion. %The slebs

were laid in 100-ft, lengths. The concfete wag subjectad to contbrolled
compragsive forces during the 7-day curing psriod, or until such tiams

ta the beams for modulus of ruplurs tests reached the T-day specificeiilon
strength of 550 pounds per squere inch. The application of Pressurs

vaa accomnlished by using canvas coverad rubber hose pressurs cells
inserted in the expangion joint openings. Ths presaures wers increaged
ab a rate cohtrplled by determinations of strength incresse in test

o LI oy

aolmeng up bo a maximum of 200 nounds per square inch. See Figurs 59,

'

ondition of Siabg-

At the end of 10 years, 10 of the 15 glsbs are in aopurvenbly perfect
condition., The remaining 3 glabs have cracied ag shown in Plgurs 40.
The flrst crack in the entirs test section occurred in the glab between
Joiatg 8 and‘? prior to the survey conducted in dAugust, 1941, The
progressive development of cracks ilsg also illustrated in Figure 40 by ihe
numbers appearing &b each craclk,

~ 9L -
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A careful smalysis of ths cracked slabs and subgrade hag dafiﬂitély”_;fi”"v

proven that the crackingsin four of the slabs can be attribubed diréctiy..
fa sbnormel changes in the subgrade caused by undesirable soil conditions
and not 4o any faotoé or &eakness in the slab slrueture dus to method

of construction. Part of Seriss 94 wag constructed on a 12-in, sund
subbase overlying & loemy send with clay pdckétﬁ‘und_séndy ;lay loam
goile, Apparently the 12-in. sand subbase was not thick encugh, since
thers 1s evidence of rutting and intermingling of the subbage cnd sub-
grode materislsg causing inproper drainage under the siab. The slab
betvween Joints L6 and 18 is over a balance point between cut end i1l and,
therefpre; cracking has resulted unguestionably from diffsrential voluue
changes betveen the £ill znd cub section and has been sugmented by poor
subgrade soll charscteristies. The cracks in the glabs between Joints

16 and 17, and 19 and 20 were also 5aused by poor subhase and subgrads
conditiong,

Sliab Movement

The maximue and mininws joint width movements for fthe winter and

gummier seagong from 1841 to 1950 are also shown graphically in Figure 40,

The character of the graphs indicates: filrst, the joint width movenents

of the sound slabs are very similar in character boith with respect to
amounts and trends, gggggg; the sound alabé seon Lo have a regidual
contraction which is evidently casued by the relatively high pouring
temperature of approxlmately 80° F.j; third, the movement of the joints
at either end of the slabs contsining cracks or intermediats jolnis

respondg in the game menner as normael slabs with intermediste contraction
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joints in that the amplitude diminishes vilth time and & progressive
residual displacement takes placs at ths slab ends adjacent bo the
cxpangion joint,

Vertical Movement of Pavement

During the 1l0-year peried covered by thisg report, throe sets of
pracise elevation measurements have been mede over Lthe entire lenghbh
of the design sxperimental uprojiect. Level measuremsnts represgenting
pavement behavior under winter conditlons were taken in 1041 and 1942,
Shuaner level measuremsntils were made in August 1841 and July 1944. ALL

- .\ a x . s o)
elevations are compared to the hase readings which were established

goon after construction of the oroject iun 1940, = -

Verticnl Dignlecement of Pavement

In general, the data in Figure 41 show thet the averasge vertical

displeconent of the pavement throughout the Test Roud has not excesdsd

5

1 in, and in most cagses it is less than 1/2 in. Iouever, in localized
arsas changes in olevation of as wmuch ag 1.85 in. occurred during the
iinter seasﬁn, and vere evidenily csused by heaving, Extrem: digploce-
ments sre not shﬂwn in Figure 41, DSome permanent settlemsnt has
peourred r&ngiﬁg on en average lees then 1/2 in. In some casss the

oavawsnt has raigsd permanently between 0.2 . and 0.4 in.

Relative Digplacement of Slab Bnds

Data ghowing the aversge relative displacsment of gleb ends, or

fenlting at joints, are oresented in Figure 42. The maxipum average

LY

fzulting for ths entire Tesgt Road is less then 1/2 in. A najority of
the sections show faulting of less than 1/16 in. or, for all practical

NUTDOSEes, Her.
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Permznent Curling of Slabg

Date on vertical displacement of glsb endg with respect to slab

i
P

Dentér, or in other words slab warping, are presented in Iigure
The maxipum variation of relative verticel digplacement is shown as well
as the average., The date indicate, in general, that wany of the pave-
ment slabg have aftained e slight permanent upward werping while others
liave wér@ed permahently downiward.

No attempt bas been made at thig writing to correlate the displace-
ment phenomena with degign featurss. It is belisved that the pavement
ig far too young at the present tlme to produce rsiicble information
on performance in relaﬁion to certaln design featurss incorporated in

the Michigan Test Road.
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Figure 43
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RELATIVE VERTICAL DISPLACEMENT OF SLAB ENDS
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GENEHAT, SUMJERY

The investigutional work associated with the Design:Project of

the lichigan Test Road has produced to date.é&véréi ;;éulié”df out—
stoanding importance in the design end construétion of cohérete pEvanSnLs.
A1l of these findings which are recepitulated below have heeﬁ ntilized
in frawing Lhe Dep&ftment's current specifications for concrste pavemsnt
construction.

1. Tﬁé satisfactory performance of long gectione of pavemant
under full regtralnt indicates thut expansion jolnits are unnecessgary
excepy at such places ag interssctions, rall crogsings, and structures,
where excesslve compregsive stresses introduced by expanglon foreces are
wndesirable. '

uE. Adequafe load transfer devices ars esssntial in all jolnle to
Cpreserve th: wutual elevation of the abutting slabes.

d. Th2 method of forming & contraction joint by grdoving the
surface of ths paveﬁent and eubsewuently £illing the groove wilh o good
goaling compound 1g far supsrior to the mebhod of inssrtling 2 premolded
bituminous fiber strip.

4. The continuous plate type dowel included in the Test Houd
is not satisfactory ag & load transfer device,

5. The commercially availeble asphelt-robber jolnt-geallng

N

compounds have greater durebility then the mixed-on-th-job asphali-

o
W
o+

raleht asphalt or ter

w2

atex mintures and are for superior 1o the

products ln commeon use for sealing joints and cracks.




.} .‘.'
7 i\}othlnghaq emllﬁ»arngd which vowld definitely indyeny, ehet
ﬂ@li? . short:éia5'§03é§tﬁgffqp'iéTéﬁﬁéfibr to long sleb constructicy and hany
advantages afé'to_fé'gaiﬁéd by the latter practice by wey of petpen
‘ riding qualities, lower maintenance costs, and better COHStfuctidﬁ
{§ conditions,

8. Results so far indicate that the wmiform cross seetiog 1g
B 1=

equal in performsnce to that of the thickemed edge seciion, With many
! o

obvious advantages.
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