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IhVEL~TtGJ~/11ION4L CObl(;B:E11E Pl;. V:GtnSr~T ,[j:,f L,,JO.tLL\.x.:;J.tJ 
DESIGl~ Ph.OJECT - lvJ.lCHl(.oli.N rrtS1.L' hO.~;_;.D 

During the construction of the Nfichigan 'rest Ro&d in l:HO and subse-

quent to it, many observational and BIJecial studies have been made in 

ad eli tion to carrying out the program of seasonal pr.ysical measuren:ents 

which was s0t up in the original outlinr;. The test road has been in 

existence now for 10 ;rears imc1 during this period there has been collected 

and analyzed a·considerable amount of detta. It is the purDose of this 

report to present as concisely e.s poSsible the sicnificant trends in slab 

and joint behavior as well as other int~·.n·0sting disclosures w.i1ici1 a:t·e 

believed to be of sufficient LJteres-t ia relatioii to present desit;n <ll1d 

construction o.f concrete p;~~ve1nents .. 

f'ince the Michigan Test has been fully described in a Department 

bulletin entitled, 111rhe id~.cl11gan rJ\~st R,)[:;J.\H publis~wd in July' 1942, in 

the High•.7a:y Hesea1·ch Board 1 s Research fleport 1'0. 3 B published in 

Nov8mbror 1945 and ,just l'ecently in a new publication Alle;ust 1950 by the 

Department titled 11 ~!ichigan Test Road - DC?. sign Froj ectp repetition of 

basic information h[~s been purposely ~~~voided in this report exce~)t where 

necessary for a better tmderc;tanding of tr•.e results. 

The important dec1i1o,'l1 featnr•es included in the pro,j ect for study al·e 

joint spacing, joint desi~n, pav-emont cross section, steel reinforcement, 

unifor~u thickness versus balanced cross section, ~3t.re::s curing, and relation 

of 1JBVement cros,o section to suhgrade su)portl.ng valuef. In actdition such 

construction .feEJ.turr:~s o.s mechanical spre.L..:iing of concrete, mechaniccl 

st(ldy. 



In order· to evaluate the design features prr-rv-.l.onsly mtmtioned under 

controlled conditions it was necessary to divide the project into 12 test 

areas. The test areas design.ated as Se;:i.et1 1 to 1~, ax-,::.: d'3~c2ibed :Ln 

Table 1 entitled "Stll1linary of Test ilreaB". The table include,<: important 

information pertinent to each test area, To facilitate the study of a 

particular design feature eEteh series has been furth•=r subdivided into 

divisions and sections designated by letters and m•:.ibrals, respectively. 

The r(lost outstanding contributions deriv·?Jd frma the •rest Road 

studies included in the Dasi[,n Pro;j ect have been: fgst, the use of 

bi truninous-rubber joint seal materials; S.§Q_ond, mechanical form tamping; 

~, the change to long slabs with heavier steel and no intez·mediate 

plane of weakness joints; fourth, the use of groove type contraction 

joint construction; fifth, the us,c, of heavier and more dosdy spv.cecl 

dowel bars for load transfer in transverse joints; and fin:-J.,lly, the 

el;i.mina"L,io:n of expanf.Jion joints except at der:ignated locations and durin§;· 

fall construction. 

This report contatns miscellaneous pro,ject information p8rta.ininf:, to 

Soil, traffi.C and Climatic COnditions, aLd includGS also a discussion Of 

the general behavior of ,i•.Jints, slab movement and c:everal incidental stc:di.c·s 

associated with the Proj er :_,. 
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(I) EXPANSION JOINT 
CONSTRUCTION: 
Type DB·l-a_." x 15" Dowel B<>r E><­

pansion Joint Assembly. Dowels at 
15" spacing. · 

Type TE-Thickened Edge l!_j" x 18" 
Corner Dowel Bar Expansion Joint 
Assembly. Dowels 9" from slab 
edge. · 

Type Cb-1-Unthickened Edge, 1 1.;" x 
18" Corner Dowel Bar Expansion 
Joint Assembly, Dowels 9" from slab 
edge. 

Type TB-Trans!ode Base Expansion 
Joint Assembly. 

Type TA-Translode Angle Unit Ex­
pansion Joint Assembly. 

Type A-No Load Transfer Feature. 

(Z} CONTRACTION JOINT 
CONSTRUCTION: 
Type DB-.1.1 " x 15" Dowels at 15" spac­

ing. premolded filler. 
Type IE-'~:." x 15" Dowels at 15" spac­

ing. groove and poured seal. 
Type ZA-'1•" x 15" Dowels at 15" spac­

ing. premolded filler, Tnetal parting 
strip at bottom. 

Type ZB-·1.1 " x 15" Dowels at 15" spac­
ing, groove and poured seal, metal 
parting strip at bottom. 

Type 3-}~" x 15" Dowels at 15" spacing, 
groove and poured seal, full depth 
metal divider plate. 

Type 4-Contlnuous Plate Dowel As­
seTnbly. 

Type 5-Keylode Contraction Joint 
Assembly. 

Type CB-11_1 " x 18" Dowels at corners, 
9" from slab edge, premolded filler. 

Type 6-Aggregate Interlock. No 
Dowels. 

(3) DUMMY PLANE OF WEAKNESS 
JOINTS: 
R-Aggregate Interlock. steel mesh 

reinforcement continuous through 
joint. 

(4) EXPANSION JOINT, FILLER AND 
SEAL: 

Type 1-Premo\ded fiber filler with 
Asphalt-Latex Seal. 

Type Z-Premolded fiber !iller with 
Asphalt-Vultex Seal. 

Type 3-Air chamber with top, bottom 
and sides sealed with Asphalt-Latex 
compound. 

Type 4-Alr chamber with premolded 
rubber seal at top, bottom and sides, 
Asphalt-Late"' S.,al in bottom. 

Type 5-Premolded fiber filler with 
Thermoplastic Seal. 

Type 6-Premolded fiber filler with 
SOA Saal. 

Table I. 
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3 U<O 9-H H 
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I 1100 !-7-9 ~· 
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I "" !·7·! " I "" !-7-9 37 

' 1100 !-7-9 " 3 "" !-7-9 3l 
3 "' S-7-9 3l 
3 "' 9-7-9 3l 

3 "' 9-7-9 HoM 
B "' 9-7-9 Nont 
3 I"' 9-1-! Nono 

' "" s-7-9 Nont 
I "" !-1-! Ntnl 
I "" 9-7-9 Ntnl 

I 3700 !-7-9 Nonl 
I "" 9-7-9 Non• 

. ' 1100 9-1-9 Non• 
3 I"' 9-1-S NoM 
3 '" 1·7·9 Ntnt 
3 "' f-7-9 NoM 

' ·~ 
!-1-9 ,. 

3 3m 9-7-9 37 
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,. Nont 
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,. Ntnt 

I 110 9-7-9 Ntnt 
I 1100 9-1-9 Nont 
I " 9-1-9 Ntnt 
I " 9·7-9 Nont 

• IOIQ 9·7-9 Nont 

• 1000 9-7-9 Nont 

• 1000 9-7-9 Non1 

' 1000 9-H Non• 

I 00 !·7-9 w 
I 120 "!·7-9 ~ 

I 3~ 9·1-9 00 
I .. '·1·! w 

I 00 9·1-! Ntno 
I lro t-H NoM 
I "' 9·7-9 Ntnt 
I ,. ,.f.! Ntnt 
I "' t-7·! None 

3 

JOINT SPACING LOAD TRANSFER FILLER 
IN FErT TYPE AND SEAL 

• Spi~l!l r1clou Und" S!udy 
[lp10· "•· Erpantltn 

E1p1n- Con: tlon 111dlon Dummy .1. 
s!tn traction Dumm1 (I) (!) (3) (I) 

120 H " DB·! " R I .Jth>IS~Inl 

"' ~ " DB· I " R I .Jtlnl Dnlsn 

"' ~ " T£ " R I fltlnlllmmtnl 

"' H " DB-1 " R I £Ip1Ml9n Spact 
1100 H " DB-I " R I 

"" H " DB-1 " R I 

"" " " DB· I DB R I JtlnllflllCIRf 
1100 " " DB· I DB R I hint DHign 

"' " " DB· I DB • I Rtlnlmamtnl ... " " T£ DB R I E1p1nllu Space 

'" " " DB· I " • I 
120 " " DB· I " • I 

120 " None ·~I " NoM I JalnllpuiRf 
m ~ Nont DB-1 DB Ntnt I Rolnltlfllmont 
uo " Nont DB-1 DB NoM I C~rrtnctl9n Jtln11 With and 

"' " ' Nont DB-1 DB NoM I Wllhollllud Trutter o.,Jm 

"" " Non• DB-! None NoM I Elp.anslon Sp.au 

"" " Ntnt DB-1 DB Nont I 

"" " N~o DB·1 DB Nont ' Jtlnt Spael!ll 
1100 " Nont DB· I Nont NoM ' fltlnferum.nl 

"' " Ntnt OB-1 DB Ntnl ' Ctnluctlon Jthtb With ud ... " Ntnt DB-1 " NoM ' Wlt!Hout Load Tr~n•for Dnl~t 
"0 " NoM DB-1 " Ntnt ' Up.antltn Spa~ 
120 " NoM DB-1 DB NoM ' 
1ro ~ Ntnt DB-1 " NoM 3 Contmtlon Joint Dtll11n 

·~ ~ NoM DB-1 " NoM 3 Atlnloretmtnl 
1m ~ Nont DB-1 " NoM 3 
1m ~ Neno DB-1 3 NoM 3 
120 " Ntnt DB-1 ' NoM 3 
120 " NoM DB-1 I ' NoM 3 
120 ~ Ntnl DB-1 • NoM 3 

120 " NoM CB-1 " NoM ' CmtStclltn 
120 " Ntne CB·1 " NoM ' Jtlnt Dnl1n 

"' " NoM CB·1 " NoM 2 Rtlnltrwmont 

"' " NoM CD· I " NoM ' 
~~ m " DB-1 DB ' ' ' Crm Sutlon 
120 " " DB-1 " • ' Rtlnlorwm•nt 
1ro ~ Ntnl DB-1 DB Ntnt ' ~~ " Nont DB-1 " Nint ' 
120 " Nont CB-1 " Ntnt ' Cron SK!Itn 
~~ " Ntnt CB-1 CB Ntnt ' Rt!nlorcomtnl 
300 " Nont CB-1 " NoM ' Joint Dnl;n 

"' " Nont CB-1 CB Ntnt ' 
110 " Non• TB DB Nont • Slrtll Cur!nt 
100 NoM Nona TB Nont Nont • .Jtlnt Dooltn 

"' " Ntnt TB DB NoM • 
130 " NOM DB-1 • Nont • 
~~ " Nont DB-I " Ntnl ' Conlmt!on J•lnlo Wllh and 
120 " Nono DB-1 " NoM ' Wlthaut Utd Trin~ltr Dtvlln 
~~ " Ntne • NoM Nont ' 130 " Ntnt · A Nont NoM ' 

00 N1n1 Nont TA Nont NIDI • Conl!n~out Slab Conttruc!ltn 
~~ Nont Non I TA NoM NIDI • With Rtlnla"tmlnl 
3~ Nont NoM TA Ntnt NoM • 
"' Ntno Nont TA Ntnt Ntne s": 

00 NoM Nont TA Nono Nona • ·, Contlnutul Sltb Ctn~trudltn 

120 NOM Nont TA Non• NoM • ·.Without Rllnlorumtnl 

300 NOM N1n1 TA N1n1 NoM • ,. Nont Nont TA Non• Nont ' 
"' Nont Nono TA thna Ntnt • 



PbRT I :.f; l'Jl.:GSCELLANEOUD PHGJJEOT I::::FORMLT_L()L·f 

During thro construction of the pavement surface and subsey_uent to H, 

certain illlpori:,ant factual data have been procured which are directly or 

indirectly associatwl w:Lth the €,eneral bebavior of the pavement slabs, 

Sueh information includes general soil conditions, physical properties 

of the concrete, traffic conditions blld clima·tolot;ical data. 

Genet·al Soil Conditions 

The subgrade mate.rials are composed, primaril;), of well-drained 

~ sand.,y or gravelly soils with the ex~eption of t~'v-a areas, Stt~t.ions 88100 

to 129+00 and Stations 170+00 to 225+06 wh<3l'e it was necesGary to construct 

a 12-in-.. sand pubbase over £~xisting subgrade material. 1l'he g:canu1ar sub-

base and subgrade materials, in gene1·a1, fall into Bureau of Public Iwads 

Soil C.lassification A-3, ~:hereao tbe soil materia.l lyinG; v1i.thin the above 

stations meets the Bureau classification for A-4 and 1\-(' so:i,h1. The 

physical properties of subgrade soil of four representative locations 

where a subbaee waH not required are givrm in Table II. 

'I' he dens:i, ty of the soH at a point 9 :Ln. belo-,,. the bot tom of the 

slab at the time of !Jlacing of coucrete slElb ranged fr01:a .lO~i to 115 .i'iound8 

per cubic foot. ivioisture content of soil at time of measurement v&.rted 

f'rorn 4.2 to 7.6 percent of dry vmir,ht of soil. 

Sub grade performance has been satisf'B.cto~c:v throughout the project 

vrith th1::: exception of several f:t'o?t heave areG.s_ whlc:h. lLB..ve developed in 

Series 6 and 9. The effect of the froet heave on slab performance will 

be discus.sed lator und8r the ~th;jrsical condition of' the respective ce1'ie o. 

The extent and rela ti V8 location of ,s,oi.l ty i'"s and earti1':rork 

operations for the DestE,n Project are illustratod in Figure 1 .. 

- Lj ··-



TJJl.LE II 

PRYSiCAi~ PROPERTIE.S OF .SOIL AT iliOISTOEE CELL STLTlOt'iS 

ft.o.tion Station Station 
__________________________________________ 72~+ltL--~--~~-~~--~ 851+80 l-_055+75 

Gravel, %retained, No. 18 sieve 
Sand, % retained, No. -2?0 sieve 
Silt, ~t retained, 0.005 mm. 
Cla~', % retained, 0.001 mm. 
Liquid lilllit 
Plasticity index 

Specific gravity 
Shrinkage limit, % 

Loss on ignition, ~~ 
Organic content, % 
Capillary rise, inches 
Field moisture equivalent, % 
Moi~3ture ·' bottom i11.. of rise, % 
Nloistui~e, top in~ of risa, ;:t 
Coefficient of permeabill. ty, ft.. 

per day 
-~Veight on sample-s, psi 
Voids, % 

15 
84 

1 
0 

l£l 
don­

Pl£;_stic 
~2. 6.~ 

No 
Shrinkag~:: 

0.6? 
0 .. '32 
7 

19 
24.9 

S.7 

26 
0.6 

30 • .3 

- 5 -

.5 6 
91 90 

3 3 
l 1 

19 2.0 
Non- l\fon-

Plus tic Plar.t.ic 
2.61 2,65 
No Ho 

Ghrinkab-e Shrinkat;e 
0.80 lQ 5£l 
(J. SL1 1.36 

l;',! .• O 10 
'·0 .L•._; 20 
~3.'3 ;~5 .o 
4.? 5 L .. 

:"r) ,_,,_ t')8 
u ' .. , 0.6 

()2.!) '7.', n 
,).<., .v 

Stc.tion 
61+05 

26 
74 
2 
0 

18 
Non-

Plastic 
;: .63" 

No 
Shrin1{ate 

0.61 
O~~i5 

10.5 
17 
20u2 

5 .. 0 

-~0 
0 ·C' ,o 

50.8 
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Physical Pronert.ics of (Joncrcetg 

Certain physical properties of the concrete such as vreight per 

cubic foot, _'con~;istency, coi!lpressi ve and flexuro_:.L strength, modulus of 

elasticity, and coefficient of thcnnal expansion are given in 'l'able III. 

Traf;fic CharacteristiCi:1 

Automatic recording BI{Uipruent was in,stalled on the 'rest Hoad to 

obtain a continuous daily record of traffic flow, From 1941 to 1949, 

traffic classification surveys were n1a.de quarterly _, April, -July, October; 

and December - covering a six-hour period per day for five days. The six-

hour periods were rotated around the clock in order thect data. representative 

of ''" 24-hour day for the different seas;)nS could be obtained for ea.ch year. 

Starting with 1950, the above traffic classification procedure was chaliiged . . 
to a continuous 24-hour pertod once each month. B:i.ruilar surveys on other· 

highways indicate that such a. procedure elves better results. 

During these .surveys the a.xle loads, nxle s·;,aci.nt;s, and J;recluency of 

various typen of commercial. vehicles are recorded. ~~~heel loads are ob-

tained ·by means of portable loadometers from which a.>:le loads hlay be 

obta.:L'led. 

Normal monthly traffic( flow on the Te,,t Ho.ad is presented gra.phicallc' 

.in Figure 2. Values representing the percc:mta.[es of different ty]Jes of 

vehicles traveling the Test B.oad based on an a.verctge annual dcty for the 

years 1941 to 1949 .i.nclusi ve e.re given in Table IV. Annual average 

v1heel load distribution values by direction of travel a.re presented in 

Table V .. Fi5ure 5 preG$nt.s a graphic comparison of uxlo load frey_uencies 

on the 'I est Road with that of a normal heav-"y primary route o 

- 7 -
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TABLE III 

PHYSICAL PROPEFcTIES OF CONCHETE 

~ ---------·---- ·- -----·---------~--- -----------------

LO\'{ 

High 

AvertLge 

Coeffici•mt 

Consistenc:;· 

VJeight per 

Compressive Stren§_th 
psi 

2880 3780 

5:360 7185 

5203 56-4:3 

-- - -

of 'Thermal Expansi8n 

Slump 
,, 

Method - VOlle -

Cubic Foot 

1 

Flexural Stren,;th 
oosi 

4"" Vv 518 

718 8L1\J 

376 697 

to ~?a 5 in. - .Avero.t,s 

!viodul.us of Elasticity 
6 10 potmds 

6.35 s.os 

7 .. 22 6~59 

s .Be• 6.30 

- - - -
0~0000055 

2.03 ir:.chet:' 

., ,~,;; 

.LV~-· poundf! 

·---~-----------------

- 8-



J::::>::::j HEIGHT OF BARS INDICATES 
TOTAL TRAFFIC 

1111111 BLACK AREAS INDICATE 
?fGOMMERCIAL VEHICLES 

*DATA NOT AVAILABLE 
FOR 1950 

Figure 2 
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TABLE IV 

CLASSIFIC.A.TION OF AllNUAL AVERAGE DAILY TR..\FFIC 
--- --

1941 1942 1943 1944 1945 1946 1947 1948 1949 I 

Classification uiiib8r1Pero9ilt I Humber I Peroerit I Uumber'l Percent 1 Number I Percent 1 Number I Percent I Number !Percent l Humber IP8roent· I Hqmber !Percent 1 NUJ!Iber Ferceril; 

Total traffic 1590 100.0 829 100.0 578 100.0 733 100.0 803 lao. a 1204 100.0 1176 loo.o 1)61 100.0 1472 100.0 

Passen&er cars 1437 90o4 668 Bo.6 394 68.2 583 79-5 666 82o9 1117 92.8 1066 90·7 1238 91.0 1368 . 92.9 

Total oonunercia.l 153 9.6- 161 19.4 184 31.8 150 20.5 137 17.1 87 7.2 110 9·3 123 9·0 104 7-1 

Li~ht 43 2.7 44 5·3 14 :··2•4 32 4.4 16 2.0 4 0,3 5 0,4 29 2.1 6 0.4 

Med1ut11 26 1.6 37 4.4 56 9·7 51 7·0 27 3·4 30 2.5 28 2.4 25 1.8 32 2.2 

Heavy 43 2.7 -12 1.5 13 2.2 5 0.7 5 0.6 7 0.6 18 1.5 5 0.4 5 0.4 

Trailer 41 2.6 68 8.2 101 17.5 62 8.4 89 11.1 46 3.8 59 5.0 64 4.7 61 4.1 
oombiriations 

TABLE V 

ANNUAL AVERAGE WHEEL LOA.D DISTRIBUTION 

1945 1946 1947 1948 1 49 
t E, Boun:l No 'U., Ooun:) t Eo hound ~; w, Bo=:l t E. Bo=:) \'i W. Bo=~) s. Eo Boun!) u. w. Botmd So Eo !.Jound :::;. 1',. Bound 

South Lane (North le.ne South W\o) North lane South Lane North lAne {South· lane (North Lan;) (South Lan~) ci;orth Lane) 

~~ umber Percent N or eroen 'UI!Iber eroent Number eroent Numbar Percent Number eroent Number Percent Number Percent Number Percent !lumber eroent 

Under 4000 302 62.27 293 59.07 391 67.76 287 63.21 387 54.28 501 6,5.24 318 52.22 428 68.70 403 70.0 402 54.1 
4000 - 4499 19 3·92 13 2.62 19 3·29 12 2.64 23 3·23 32 4.17 33 5.42 24 3.85 22 3·8 22 3·0 
4500 - 4999 19 3·92 6 1.21 8 1.39 11 2 .. 42 19 2,66 17 2 .. 21 18 2.96 22 3·53 15 2.6 17 2.3 
5000 - 5499 20 4.12 11 2.22 18 3.12 7 1.54 22 3·09 24 3·13 29 4 .. 76 22 3·53 8 1.4 22 3·0 
5500 - 5999 13 2.63 11 2 .. 22 .18 3.12 19 4.19 20 2o"81 23 2o99 17 2e79 14 2.25 21 )o6 20 2.7 
6000 - 6499 21 4-33 15 3·03 23 3·99 19 4.19 22 3·09 18 2oJ4 '19 3.12 17 2.73 17 3·0 41 5.5 
6500 - 6999 19 3·92 20 4.03 18 ) .. 12 18 3·97 24 3·37 19 2o47 19 3-12- 20 3·21 17 3·0 36 4.8 
7000 - 7499 17 3·50 22 4.44 18 3.12 12 2 .. 64 26 3o65 23 2.99 20 3·28 27 4.34 16 2.8 29 3·9 
7500 - 7999 19 3·92 39 7.86 20 3.47 19 4 .. 19 40 5.61 27 3.52 29 4.76 17 2 .. 73 22 3·8 31 4.2 
8000 .. 8499 11 2o27 39 7.86 11 1 .. 90 22 4.85 38 5-32 26 3o39 26 4 .. 27 . 15 2.41 11 1.9 50 6, 7 
8500 - 0999 9 1.85 17 3·43 12 2.08 14 3o08 38 5-32 24 3.13 31 5.09 5 o .. oo 13 2.2 38 5ol 
9000 - 9499 10 2.o6 8 1.61 10 1.73 9 lo98 34 4.71 21 2.73 19 J .. l2 9 l.M 3 o.:: 19 

I 

2 .. 6 
9500 - 9999 6 1.24 2 0,40 9 1.56 5 lolO 14 1.96 8 1.04 15 2.46 2 0.32 I 5 0.9 11 1.5 

10000 -10~99 2 ·35 0 4 o.5G 2 0.26 8 lo31 1 0.16 4 o.5 
105.00 -10999 1 0.14 3 0.39 5 o.83 2 

I 
o.3 

11000 -11499 1 0.14 1 0.16 1 I 
o.l 

11500 -11999 2 0.33 1 0.2 

577 454 
-

623 576 '"t·" Total axles 485 100.00 496 100.00 100.00 100 .. 00 713 100 .. 00 768 100 .. 00 609 100 .. 00 1oa.oo 100.00 

Total vehicles 170 178 210 165 '594 270 200 214 . 207 259 

Ratio axles to 
2.67 vehicles 2.85 2.79 2.65 2o75 1.20 2.84 ).04 2.91 2.78 

------

Sam~ ling consists of taking one 6 hour sample per day for 5 ooneeoutive days at four periods in eaoh year - January, April, July, October. The time of 
taking the 6 hour samples is changed for each period to give a 24 hour sample per year. 

I 
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' ' 

The graph in Fiiiure 4 shows that the average temperature in wint,or 

is approximately 25°J.l'., uhile in swnmer it is 70°F'., making an averat;e 

temperatur" difference of about 45°F. It mc.:y be observed also that 

daily tempert.ture f:~uctua.tions, in v;;inte:r ar·e about l6°F. leet~ than tLos~: 

occurring during the surnm.~r. 

Total yearly precipitation data for D41 to 1948 inclusive i.s given 

in Table VI. The data indicates an annual avera.~e rainfall of 29.5 in. 

for the Test Hoad. 

- 12 -



i 
I 

i 

I 

V) 
w 
w 
a: 

" ... 
0 

eo.-~---.--~---.--,---,---,---,--,,-~--­

MAXIM~Mj 

40 

30 

20 

1 0 
MINIMUM-" 

0 
JAN. FEB. MAR. APR. MAY JUN. JUL. AUG. SEPT. OCT. NOV. DEC. 

MEAN DAILY TEMPERATURE VARIATION 

I _l . . 

MAXIMUM....._,.r-L-:-:-;1::-::·_"JIX(:.\N. : ::0. 

,: ,: <-:~: :: :• • ::~ .• : . ~ 
·.. < 

MINIMUM -..; 

. 

10~~~~,-~--~---+---t---t~-t---t---t---

oL---L---~--~--~--~--~---L--~--~--~----
JAN. FEB. MAR. APR. MAY JUN. JUL. AUG. SEPT. OCT, NOV. DEC. 

MEAN DAILY TEMPERATURE 

Figure 4 

TEMPIERA'I'IJRE RECORD 

-13 



TABLE VI 

MNUAL PRECIPI'PATIO!I I:ECORD 

··'!:'Year -------"-P"-r""e"'-c"'i-"'n6i ,ta ti '2ll.,.. in inches 

1941 n.o5 

1942 

29.48 

1944 21~63 

1945 

194fi 30.37 

1947 

1948 _27.86 

·---------'- ------·---· 

- 14 -



The major pavement desig~ studies tmder consideration a.re the spacing 

and design of' transverse joint~, pc~vernont cross section, and. steel rein­

forcement. 

The evaluation of the several features included in these major 

design studies will be based upon the behcwior of the respective con-­

crete slabs or pavement sections under ''"'rvice conditions, taking into 

account joint width movement, structural pGrformance, physical irrogu-

la;rities 1 and rouglmcs:::~ 

Pavement Performance in Relation to Joint Spacing 

Although joint spacing is considerE:d throuf;/lOut the entire Design 

Proj:ct, it has received special emphasis in Se~·ies 1, 2, 5, &nd 4. In 

these four series expansion joints have been spaced to &ive sections of 

120, 240, 480, 900, 1800, and 2700 foot lengths, and contraction joinL2 

have been spaced at 10, 20, 50, and 60 foot intervals. Dummy, or so-­

called \!Jarping ~i oints are included in the sections eontaininb SO and 00 

foot contraction joint spacing. Contrc:i.ction joints are plane o.f Vit)akness 

jointe with or without slip dowels or other types of load transfer devices, 

whereas dummy joints are constructed in the sami:1 manner except that they 

do not contain load transfer devices and the ~XL'rement reinforcement is 

conti.nu0us through the ,joint, 

Initial me&,surements of joint \lidth and slab position wer·9 made 

irn.mediately upon completion of ec.ch serier in the Slll11J11er and fall of } .. 940, 

and the reb.din€,s fl,Lve boon used as a reference in deterroininr~ subsec::.uent 

displacements~ C\e<:-- soru.:.l and daily reading;G were taY:en as nearly as 

-- 15 --



poFsible at "thfl same time of day during ELll peri.ods o.f ot_~~J81~·v·ccticn.lo 

Since. the time required to make all meccEJw:c;ments for the mrtir8 proj eot 

covers o. period of three to four weel:e 1 fluctuation A in cJ.imatie 

conditions fro;:·; day to day wil1 naturally influenee: the Gt::asonal measure .. -

ments betwer.:m series to a certain extent. J"oint width readinE:,s are 

undoubtredly affected to so;.G extent by. the curlini! of the dabr. also. 

The effect of thece day to day ci1an~e~ in ,slab co.c:·'5tiono du:r·ing the 

observation period has not been considered in the presentation and intE,r-

pretation of the data in this re:)ort. 

The period of takint; joint width mee.(luruments we.s dependent to e. 

large extent upon weatb"r conditions. In general, the spring rsadings 

were taken during the latter part of .Apri1 and tLe firBt pe.rt of lviay, 

summer measurements include those taken in July and 1~ug1.:.st, fc~lJ. r·ea.dings 

I y:rere usually taken in October and HovembElr, and winter readint:,s any tiru,e. 

from Jant~ary to Mar·ch. ·v:inter readings were taken. ;-..-hen temp~rr;.;.ture8 

were lleasomible and th& pavement surface was sufficic,l1'tly free of snow 

and ice to permit measurements. 

The joint width movements of the dL:'ferent test sect:Lon,s hwe been 

reduced to average curves which repree")nt tLe average sr::asonal movement 

for all joints under observation in any given S0\ctian. 'Ihls has be~n 

necessary because of the vast ammtnt of data accumulated over tl1e p8.st 

t'm y2e.rs. Spring and Fall readil1[;S were discontinued in 1948. 

The results from these joint studies ;,-ill be discussed 1mder 

seasorlal chanbeS in joint ·viidths, da.l.ly chansl:-):3 in joint widths, anc.1 pave-

ment movement. 

- 16 ·-



Seasonal Changes in Joint Hidths 

-In pre:3entinr;; the data on s0a.sanal chanbeB in joint ''iidths, each 

type of joint under study v;ill be discussed separately, 'I'he .jobk 

given major consid(lration in this investigatLn include individual 

expanBion joints, and re.lief ,sections composed of tvio or more one-inch 

exlJan~3ion joints, contraction joints, e.nd dummy or plane of weakness 

joints. 

Expansion Jo.Lnts: Seasonal changes in expansion joint width for 

the several sections l.n Sc.:d.es 1-2-3 and 4, tou:ther ~;ith their progressive 

or permanent change~ are presented graphl.cully in .Figure 5 for the years 

1941 t.o·l950, inclusive. 'I'hese graphs also shov; the relation8hi;) between 

change in joint width and length of section betVleen expansion joints. 

Unless otherwise stated, only those expansion joints separating sectiono 

of equal length were considered in plotting the graph. Where relief 

sections are involved, consisting of two or more expansion joints 

separated by small slccbs of concrete, the individual expansion joint. 

movements were coJilbined algebraically to form & single value representative 

of one joint or equive.lent, width. 

Figure 5 presents the joint ~rldth Jnovoment of certain expansion 

joints in rcolation to length e>f :oect.ion e.fler tlllo joint ;·:iclth re,~dings 

ha6. been adjusted to an average snmmor temperature of 75°Y. !lnd an 

average vrinter tem]~erature of 25°F ~ 3 using coefficients derived f1·oro. 

Several sif.,!liflcant facts are revea,led by the bra phs in J?i§,ure 5. 

First, in most cares the soctior~;::contracted sufficiently during the first 

yvir~ter season to cause. a sli~;:1t ·did.ening of the expar1sion ~l oints in 

- 17 -
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excess of tLe one--inch •,ddth ori§,inc.lly provided. 2·e_£_ond, vrithout. 

exception all of the sections experienced the!.r greEc ter't movl'ment during 

the first year after construction. Thix·d, the annual amplitude of joint 

width move1nent diminishes with tlme. fomg, all expansion joints shOY, 

a progres~ive, permanent c'''"-nge in ,ioint ;d.dth resultine; in a gradual 

closing of the joints, to the extent that after 10 :!•ears the sections 

have absorbed ·a;>proximately 60 to 80 percent of the expansion spcce 

provided. '£here is no doubt that the progress of these residual displace-

ments v:ill diminish rapidly in the future, since the joint filler \lill 

eventually reach a st.a5e of compaction sufficient to reeist Pl'actically 

all further movement of the slabs adjacent to the joint. K::Lfth, as one 

would exp8ct, the lone;er. sections produced the e;reatest changes in jo:Lnt 

v1idth the filers year, although the amplitude of atmual joint vil.dth hlOVe-

ment after the first :>e<U' :Ls comparable to that of the shorter sectio,1s. 

e.ixth, the amplitude of yeax·ly movement was the least for the sections 

composed of 10-foot contraction joints and (Sreo,.teE:t for the sections ~eith 

60-foot contraction joints. This phenot.1.mon would indicate that a consid-

- erable amount of section movement :Ls absorbed b:y the grSlater· nuu1ber of 

contraction joints existbg in a section contaL1Lng 10-foo-L con'Gl·action 

' joints,'' 

Contraction Joints: The actu2l changes in contraction joint vd.dths 

for different seasons of the year and for, thle variabJ.e expansion ami 

.contraction joint spacinE,s included in tceries l-2-3 and 4 are shown 

graphically in Figure 6. The graphs shah the £,vera~;e joint width movements 

for summer anci ;··ixl:,er sea .sons o 
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The relative chan[;e in contraction ;joint u:Ldth for tl.irr"'·' :onrticular 

joint spB.ctngs·--60, 20, and 10 feet-- are graphically presented in 

Figure 7. In addition to shov1ing the effect of joint epacit<G upon joint 

width changes, these graphs Ph0\<7 the 'residual openin-3 of the joirrCf> 1;,;ith 

time and tlw. t the .i oints closest to the e?~pansion joints open more than 

the ·joints near· the center portion of the section. This name phenomenon 

may be cibservN1 on all of the test sections. 

The relationship betv1een seasonal contr.;;~ction jo:Lnt vlidth movement 

based on a 10 year avera.e;e is disclosed 1jy the fol1ovJing data. 

E:xpansion .Joint Spa_ein,g_~ i~1 .li\:; .. ~~: 

120 240 4clo :000 1800 2'/00 "----·--·---.---
Series 1 ,l25in. .. 1'±0 in, ..153 in . .136 in. ..14.6 in9 .126 in. 
() . 
~,srles 2 .047 11 .063 11 .066 11 .061 I! .OE0 " .oe;2 11 

0 • oerlee. 5 ,:)GO " .065 11 .055 II .OI54 II .056 11 .057 II 

Series 4 .o;w II .. 0~)1 II .020 II .017 II .OJ.? II .019 1i 

The follo>:ing significant facts are disclo,sed by the graphs iu 

Figures 8 and 7: fir~;t, tl1at under siird.lu..r conditions of expansion joint 

spac1ng th'l movemeht of tho 60-foot contr~otction joints is at leccr;t four 

times o.s great as tho::;e spaced at 10 feet; .§.:l_CmJ~, th~ cho.n,se~. in width 

of contraction joints vary with the· section l<mgth,. thfe shortq' the; section 

length the greater ths contraction joint mov8ment; third, ·in the long 

sections the movement of the contraction joints near the expansion joints 

is dightly greater than that of the joi.•1.ts near thCJ center of the secti.on; 

fourth, th0 contrs.ction j :lints r.ho'ii £,n Hnnual amplitude of joint r,:Ldth 

change Hhich appu.rentl;y c::ecreasee ~;vith time, th~~ amJJlitude being greater 

- 21 -
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fifth, with few exceptions, all contraction joints experienced a gw.:dual 

progreseive increase in v;idth during. the Zirst 5 years, and very little 

incr,case in. residual openin[; thereafter. The seasonal variation in joint 

·widt~1. is still very pronowlced, however, under certain d-9sign conditionsg 

Dummy Joint§.: In Series l nnd 2, 60--pound and 3'7-pound per 100 sc,_uare 

feet mesh reinforcement, respecti vel.y, was laid continuously through the 

dummy joints. MeEcsure.nnents have been taken at sev·3r·a1 joint locations 

throur,hout E'-erie s 1 and 2 to study the effect of the reinforcement upon 

joint behavior. Average seasonal changes 1.n joint vridth cere sho;m by 

graphs in Figure 8 .. 

The graphs sho1g that in practically all cases the maximum open.ing of 

jointE does not exceed 0.05 inches. As in the case of c.or,traction jolnts, 

the movement of the drnm:w joints near the center of tlle long sections is 

less than that of joints near the ends. The r~ra;Jhs alDo indicate that 

the dum;ny joints react in the same manner c;.s contraction j oint.s but to 

a much sm.s.ller degree, in that they fluctua.t:J sliE:,htly v:ith soasonal. 

changes and seem t~ acquire f). rmaJ.l, gradually increasing residua.J o·.pening 

vii th ti.me • No relation in apparent betv.-een joint v·,'idth change "nd 

welght of steel rGi.nforc\3ment ~ In the eighth and ninth ye.~.rs, ho~ .. e·vsr, 

sever<tl dummy joints in Sections B and E, of lightly reinfor·ced Series ;; 

have opened exce.;Jsively during the winter, indicating a brea~~ iil the 

Daily Changes in J' oint \niidths 

In conjunctlon Tlith the seasonal joint width mea.surements certain 

joints w·,-:;re sele<J'Lec1 for de:.il~: observatio:u3~ fi.,3adings on the same joints 

nere taken early .Ln tl"'_e morning ~lhile the pavement \:a.s cool and tb::n in 
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·the mid-afternoem ·-v·;hen the pavement vwuld be normally &t its maJdmt~m 

t<e,lrtp(;rature. The relationships for the daily joint >:idth movementtl for 

ail series are expressed in compc..rable tel'ms, such as chGXli:;e in joint 

width in .inches per degree Fahrenheit ve.rsus len(;th of section and spacing 

of jointD. Daily .readings we.re discontitmed in January 1948. 

E:x:r>ansion J oint8: The average. daily chanE_,es in expansion joint 

v1i.dths by years and seaso,lS are re.lJre~ented by bar graphs in Figur<O 9. 

Included in the graphs B.re me<J.~;ur·emr.mts from selected joints in all ten 

sections of the Design Project. In genen'.l, the data disclose several 

significant facts. F'irst, daily joint ,,,idth movement is influenced to 

a certain r~xtent by ~he degree of pavement I'8Dtrt:1.int -~1hicl1 norru<:.:.lly· 

increase ·;;ith age due to depletion of expansion space and r'oBidual volume 

cl.tangee. in th?. concret~3 a Second, intermediate contraction j oin.t opaCin~ 

hae a decided effect upon dai1y ,joint t:Ldth movement atl may be obser-,red 

by com.parinE, gra..:Jhs of Series l -.·:tt::J tLose of Series -L Third, in ~eneral, 

the:: movement is greatest during the spring and least in the fall s,;:asons :< 

while summer and v;inte.r seasonal readini;S are a}Jout cOE!parable. It is 

helieved that this greater movem~·,ilt in tb3 sprint; T.hau in the fall may 

' winter opening of the .i oints combined ·.:ith a Hider tt3nopers.ttn'e range 

induced by the radiant heat of the sun, which ill maximum at the Sll1Ilii1er 

solstice (Juno 21). .F'onr-tl7~, no definite :relationship is discernible 

between da:tly joint r:idth ncovoment end certain conr;truction f'eature,s such 

as \Ieight, of rei:nfo:rcemont, r.ross sec.tion, tiJickne,sr, or joint design Q 

serier. tn sectior·. leng-c.hs r~re·r,tel' than 240 feet are due to the fact that 
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yJere used for· the 480 and 800 foot sections J an(.:',. three one-inci1 joints 

for c·.ll sections 18<)0 feet and 2700 fsd ln length. 

Contrttctio}l Joints~ In a similar m0.nner the ave:r:'agf: daily corrbh .. ~~c-

tiO:n joint. vddt.h movelTtents havr3 beerL prep,entr;:d 111 I'igure 10 Q The data 

pres Em ted in Fignre 10 sho·, ·' in gener"-1 that tk' contracti)n j ointc1 

behttve in the pame lllanner as the expanr,iot1. .joint f.:~ E ::;ca.U&\3 of the greater 

number of J'o.ints involvei in the ca[;e of contraetion joints, the relation-

ships. batwcen jo:Lnt wirtth movl?.mr;:nt and joint S}Ja.c:Lng are n:orc pronOunced 

graphically in Figu-re ll o The graphs serve to shaH thE.t the joints 

the magnitude of the daily Hl(~'iemont is in g>:-;neraJ. 'JYJ.d·.::r J .. (JJ1 of an inch 

pur degree Fo 

fa:v·:;nwn·~ !!.'lovemen t 

.L""l certair1 sections of Series l, ;.:~, 0~ and 4 l'Afore11ce monttments 

rrel e placed at thr;;:! CE:;ntor 9 CJ.Uart~.~r poir.:.ts End ~::. .. :,ds of Sections li1. 1 lF, 

?:\.D, ;~JT 1 antl 5li'" The curver in Figurss ld. to 15 inclusivB shov.' Lhe 

rRlativr: bAhavior of tho di.fforent _parts of ec .. ch S·3ction 7 in r·espi~Ct both 

to seasona1 move_;wnt o.nd to th.e dist{..;.!..1ce of the monument from t.he center 

of the section. 
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The data indicate that for long SbGLiOtlf\ of paven:tent the gren.test 

ro.QV\.:.meJ:lt is at the en.J.p and rapidly diminishes until h point. is reached 

at which practically· no longitudinal movement tak8S· place. Tbis is 

Gections --- Series 1 and Series •,1 the point of <eero. longi tudinaJ. 

mover.1ent Vias, in 1941, apprw:imately 700 to 800 ft. from the ends of the 

sections but in 1950 the some point had J;Gtreat.od slightly to 1000 and 

1100 ft. from the ends. It is also noted in Fit.,ure 16 that the t1~D s<-::ction::. 

have acquired a. considerable increase in residual displace1nent during the 

10-year intel'im. The substanth,J.ly ·gr10ater movement of the north end of 

Section 4F is due to t.he prr~H~ence of five l-in .. expn.nsion ,joints at the 

relief end· instee.d of the usual three expansion joints because of the 

abutting Muskegon Ri V•'>r bridge. Thus, there exists in the eentral part 

of the 27JO-ft. sections in 8Gries l, 2, 5, &nd 4, portions of pavement 

mor.·e the.11 500 ft. ,.long v;ltich at elev~.tsL1 temperatures are under- restx·aint 

similar to that of a continuous ~lc:.b vlithout expansion joints. 11herofore, 

in the cas;:; of se~tions Y1-hOSf? lengths arG 1e;:1s than about 1300 ft., it 

may ba expe.cted that ever;y point in each h~::~.l.f vf' the Hecti;)ll ~d..JJ. di,splay 

so.me movement with respect to th·.:~ center of tb.e sGe tion. :!!'or short 

sections such a,s illustrated by the graph at the top of Figure 16, (Series J.A.1 

the movc•ment of any point in either bLclf of the sc;ction is approximately 

~)J:'O_/.)Ort.io':lal to its distELnce from tt:a C·3nter of the 9c:ctionq 

I G ma.y be 1.10ted further thB.t moV•)nlen ts of th') snds of ea c~n sect~on 

.e.re y_uite E-im.ilar in charc~c-ter.. In some inst£inces certain inherent 

constrc.:.cti.on f,:;·d;ur<3S:,. sucl· ar horizontal or vertical alig,ndent, soil 

conditions, ar:.d bri~_4.gt:: strv.c-l:.u:ces, no doubt j_nfl.uence the relative movenH:~nt 
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of tbe en~ire eection.,. r,;;:;_~ulti.ng i:a a geL ral dic:lJlace:it3!.'!.t of the -~.·hois 

·esc:G::ton tmqa.rd the right or lt;ft caL-sing the point of z.e:~o nov::;mr~nt to 

. occur on ei thGr zddG of thb geometric center of the · seeticn o It i.s a1so 

indicated Ln Figure J 6 that the sections nxfH~rir::nC\ ~:. tlte.i.1· Lrf:.h-Ge::;t move­

ment during the ftr.st 5 years aftBr coiLetructiml~ 

.;:h.llTIIt1Lr)L 

The etudy of expansiort and cont:cacti~n1 joint mov·~:.nont has brought out 

snvoral intere.s:t.ing Bor:l significant facts coHC8l'r.ling f::lEcb b .-jha:vior Ui1.der 

varying exp&.nsi.on and contraction j.:~int Sl)&Cinge fi.Ict, the seq,sonal 

movements of the expansion j o:Lnt.B incl.ie£.ct•J that th .. ~re ta1.<:.<:':S place during 

the .first year after c·Juftruction a coLt.eideretblB e:t;:pc.~.nr·iorJ and subsequent 

permane:1.1t displaCm~1ent of the. ,::.:lab ends, uc-inb· at lna;:rt 50 psr·cr.mt of 

the Sf!acc oTig~nctlly provided. f.§cond, subse~.u~~llt to i:.b·~~ firrt :ye1::1.r' s 

move:nent the section c~dr::< uscill?-tr:; ·ai th snatmna.l. olhan.tic chang8B D.nd 

th~j d.mplitude of thef'•.:: ,setlsvnal mov8ment~-· braduo.lly cl:L>-iinishes ,,-;ith tili.le. 

A tlo~;,' v~~obre;Y~ive iJerua.n·:.mt dispi:..Lcmuent &1.so taltes pl&ee · .. --hich ir. 

greatest during thG first 5 to 6 ye<:LrS e.nd l(;;.ve.:.~ off thereafter. 

Ev(:~n"tiua1.1y· thG joit1t. filler ·will l:ecomg corl1pr~::Bscd tQ 13UCh o. ntatc thc.t. 

spacing has concidr~rc;.ble inf.'lusncr.;: upon tho <::mpli tude of D}<l::tllSivn ~oint 

rtl\Y'~tr;,;mAnt~ Four_th, a1l contractioli .joint:;:. e.cc1ui~cc a rm~ .. 11. perma,1r:mt 

or:.~:O:J.ug -jhich :i.l1C.t'8&;.H::~~3 'hith tim:;;. rn1e d:·:'!gree of ,joi.at ITLOV'81ilCl'J.-i~ .:lnd 

c:uu.)unt of 1''6f'i(h:!.&.l op·,ning ~-s no:r0 prOL1'JU11Ced as tbe: distancq l:t~tv'.;=~'.n 

contraction j o:.Lnts if. incrr.J&Sedo .fi~t.hil tile JiiOV;3meut of contr&ction 

joints i;:~ ~E;:.t'N ... Lr·t· nH.J.r thto:: r:~·:J.Jt:UJ.E'io.u ;joint2-. thc,n it ie. lJ.ear tl16 cr.::nter 

of the e~;ct ion."\ 
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· than 1800 feet il1 l0ngth ~.:;ri thout expansion j oi11tt: ~ there is <::. point of 

of the section, Consecinentl?, the c;entrai portion of ~~ucL ~:H:::c{~ionB at 

el1:;,vated toinp::::raturos ~ .. :ill be under :testraint simil&r to that of 

cont1nuous sla.bs in \';ht_ch r~o cxpc:.nsi'Jn .i oints h< ... ve b,-;;-:;n k".lro·vid,)d. 

whbs(~ slab lengthe; EL:'-3 ~~0, 11:5, 20, £,nd 10 fsr.;t J:'eSfKtC ti.voly, has been 

sumrnErized in 1'ibls VII for compar.s.ti ve :::d:,udy.. rrhor:e de;. to., when 

betvJeen Gli:tb length and total cr&cking. 

Sl.ab ----c 
-S~ritrS L.fJngth T~£4':.2.Yf~.llil 

Cr~j_cl-cirg .... Jdl .f'·3_}·L 
Dia~~2.®1 L,?!!l2-.2~JJ.din.s.I 

l EO 25C"' 0 !) 

r{_:j) :J 20 128 10 ~~ 5 l?c 

2 15 G6 0 0 613 

4 10 0 0 

occurred in Sectic)ii 'Co In t.>.J.:l.s :::ection., u.ec~·lani_ea}~ l:)et.d t.rc;.r1efr:-::c 

--- ~5 -
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~ 

., 0 I ~ "'~ .., "' ~ "'~ ~ "'~ ~ ~ :l.<;J "' ~ 

120 I 12 0 0 0 o.o I 24 1 4 1 1.0 I 28 4 14 4 1.o : 36 1 3 1 l.D I 

I I I I c I 
240 24. 6 25 7 1.1 I 47 1 2 1 1.0 I JG 2 6 2 1.o 

I 
72 5 7 l.C 

I I ' 
480 48 

I 
96 18 I 23 1.1 I 144 12 15 I 9 19 11 1.2 13 13 1.4 72 20 22 0 1.2 

I I I I I 
900 I 6o 13 19 26 2.0 I 120 27 23 32 1.2 I 90 16 18 17 1.1 I 180 " 4 1.) 1.2 I 

I I I I 
I 1800 60 23 38 29 1.3 120 18 15 19 1.1 90 32 JG 35 1.1 I 180 3 2 3 1.0 

I I I 
I 

I I I 
270 21 I 2700 I 90 31 34 49 1.6 179 19 11 26 1.4 I 135 13 lO 15 1.2 I 12 4 1.7 

I I I I I I I 294 82 28 122 1.2 I 586 79 13 97 1.2 451 87 19 95 1.1 882 41 5 55 1.2 
I 

I I I 
I I 
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:Lndtca.te that t1ii.s is du·;; to poor construction pr'-~ctic:G and f'inis~1ingB 

Howdver, it conslderabl::; a.mount of ::;palling ha.s startea to d,_;vc:lo~o along 

found in T&ble V .LI ~ F'or compr.rat..i.v~_:_; stud;;;r, the 092.li1ug dt~t& from 

. -
0 • 
sQ!'.lli':... ft. 

l 30 28 

19 9i) 

15 J3 ·~7 

4 J.,O 55 

- m -



V/Bt'd mad(.: on nearby IJ:roj ects, one of tile ~k:cme a~f· as tl:e 1\32.t Road and 

another ·proj __ ect 20 ye&:cs old, to· c..ff'ord a corripD.r:'i.son "';~'ith standc.r-d coD.struc·-

l~'igure 17 Q The origind..l .cnughness fr;.ctor for th•.:. entir::; project runf:.,&'d 

Considering fir~;:.;t th'S r::}f:l.ults of th<;; l31J. rough:ner:s tests_1 it is 

iaC.icc.ied that in the e.e.rly life of th:; T<.:st I..oL~d the rougl'.c.1ess fD.ctor 

has no significant r8L::ttion to ,joint .spacin,s;, 8Sf1ecitt1l;y 1, hun good work-

mnne.hip is e.ttainedG It is evident thst Series 3 end 4, \·,it~n 20- ond 

56 1)0I'Cent. 
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1941 SURVEY = SHADED BARS 
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Figure 17 

ROAD ROUGHNESS DATA 

39 

~ A B C D I 
\,.,. _____ -:._ __ .. _/ 



uniform. The portions of the D,Jsigli Proj f;ct r}evob3d to ttJ.i~-: E.;tudy 

ii1cluded certain seetions of Series 1-2-3 and 4 o,nd 8B:cies 13, 7 j and 8 e 

In general, nothing of note has developsO, so far in <::-.ny of t~~j 

sAries involved from wbich conclusivE: dat,::~ cc~n be or,tG.blisl:H:;cL Th8 

.joints n.nd slabs in all sections have, c.ftr::r ten yea,rs, begun to s~1ov: 

llll:~rl\:ed difference in thoir re1ativ;-; behc~vio"r dw~~ to :no:crnal service 

conditions e 
1I'he study omphasizes hoa -vfH':/ Lrrpo1:-tant it iG to exercise 

rigid examination, :Lnspr:ct.Lon, and control over.' th~<~ prG}Xd~u.tion of sub-

base a.."'ld subgrudes for concrete ~·r,v~:~ment conGtructl.vn. 

In Series 6 :J 7, and 3 exp.s.nsion and contr-Lctiot;, j oiut spc~cing v:~ere 

consider~;d in conjunction v;ith cross scc:tion cle.si.gn. Th-:; KZpC.ni7:ion 

;j 0ints are spaced. at 120 f;.~et e.nd 5lJO r~jet wl th contn~.ctlun .] oints at 

30, 20, lE'·, c~nd 10 fe0t.. .n.lso th(; sections 6 a.tld .3 and pc .. rt of secti~Jn 7 

werH not reinforced with steeJ. m10sh. 

presentod in Fi2,urcf:f 13 tend 19 indicate no sif.,nific~.mt relHtionGhi:J 

The joint mov;;;1uente. :Ln 2tYrit:9. 6, 7, m1 · d dupJ.i~r:.te very· closuly tlY;, 

mc:~p1itude., annual t.rnplitudt:; and pT'Of)rer-:;:;iv~~ diopJ.ac,:;mr~11t of the joints 

jiJint S};"JLcC.Ulf:,. 
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CIRCLED LETTERS INDICATE SUBDIVISIONS OF SERIES 
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1940 1941 

B-12d B- 30' B-151 

c:_1zo' c- zo' C-NO 
D-120' 0- 10' 0-NO 

1942 1943 1944 1945 

SEASON,:, o F 
1946 

T H E 

Figure 18 

1947 1948 

Y E A R 

SEASONAL CHANGES IN EXPANSION JOINT WIDTH 
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In the winte::c folloi'V:i;.ng th8 construction of thn (rest hoed som•-:l 

crac::fng dcV8lopGd in po.rt of SGriei'? 3 from St .. ttion 90+70 to 94+30 and 

97+30 to 103+00. During, the first· :Pour yc:;s.rs a considcr:,.])l0 num.brjr of 

longitudinal o.nd trr:.:.nsverse cracks continued to dev-elop in this arGa 

a e. il1ust:c:.Lted. in F:Lf:)ure 20. 

~rhr~ crB.ck pattern throubl~out th8 Cl'li.>~-:k.~.:;d aree, is typicc1.1: · / of that 

spring of 1944 revealed several fe.ctors contribtJ.ting ·i.,o th.\; o.lnlorm.~~l 

·CrEtC~king~ In the f:Lrs·~ plt:..c<~ the Scn:::ly cl.:;_y subLrc:.d~~ 1i.taterial \'iB.S b:::Jlly 

rutted 1 protrud.inb into the subbc-:'~se ma.ter:l.al prc,cticaily th'} full d8_pth 

in some plctcefL Sueh a conc1ition vvould naturB.lly prevr:mt th"2 .i:lornl{;~l 

cracking of ths slab. 

laminations of, pnat;~ clay and Eilt~ E .. .l~. of v;hich Wlf~erL,o co:nsidr::rable 

volni;;e change during frsszing End tha:;-rl.nr of thr~ sutgrt~.d.e ~ Ice IHnses 

prepondora;:.we of t:ct .... nvorss S.JF1 dj.L,gonal cx-D.c.ks wi t.h:1.n t.b~se i.i.I'8G.S. 
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·' trra:nsverse cracks aT'u 1:;8ginni::1t to ::.t.ppet\1', how.;:.:ver, L.1 ;:.. tb·;r ;.:x·o,.:..s 

of SerieE· e>. In ~'iptro ~20 it will be 'not8d that all but t\;o of kw 20 
. '' 

In Pe~·.les, 7,, Fi, t .. t~ 8~. 6-. 8-in o 
! \ I _I , , , : ., \ ~ , • • .., • 1 . i " 

Only two t~rc.n sverse cJ.'!l_cks ba Vf' dcv .31o ~?ed in ~:c_ric.c: 8 v.r.i th 7--in. 

tho:::k: slab;:; Outsidr:~ of frost het.ve ar.:as 

preyi__our,ly describedo 
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U:SU: VIII 

SlJl.!I!ARY OF p;,:VE!:Eli'l' CRACJUJ:.:; A.::P JUll;'t S?JJJ.ll!~ 
Ill RELio.TIJl: !O CRJSS SE~TlJl> 

SERES 6 - a• T..'N:FOR!! SERIES 7 - 8'"-6• ..a• CROSS SEC!!Oil' 
NO P.EllrFQ?.C!l$1:T REll7QP.Cl.l'.El."!- 60/i-37-i-llOI:X :.~ 

r- <;;:1:'6~"'{"'<;' ~t- ;.-::-- c.ora<:-ki..,g,~f:: . . 
~ ... ~ if ~ ~ 

1 . 1 ~· Jt Number Number Percent : ;l '" 
..,. """""' ll=b"r Perc~~nt ! :l ~ 

.. 
s.,acin~; Slabs Slo.be Cracl::ed i 

, 
~: "· Slabs c..,.cl::ed C..,.e.ked 

~ ~g ' Crack<1d • ~ "~ ,g~ Spacing . 1) 
" " ~ " .s 

02~J. 8 ota1 • o<o . .. . ~~J. ~ ~ 4&J. ~ 

"' l8 8 90 10 322 139 '" 1)9 1" , 9 •5 1"' 0 0 1"' '"' l'O 30 16 8 2 27 1 " ..a ,, 0 "? 0 133 "' 120 - "' 0 0 0 0 0 )0 37 

)00 o022 7 0 17 0 0 93 0 43' b 141 0 "' JO 7 ,, 110 0 0 110 Bmo 

)00 60 0 0 0 0 0 0 0 0 0 0 0 0 120 60 1 2 " 0 0 " ·~ 
150 A6 " 10 21 ' 355 137 242 0 "' 0 711 187 150 17 11 278 0 0' JoB 

Sl'AI.LIN'i 

E:J:;p. Jt. JiU!llber :rumb .. r P<1roomt s~"'i¥:a 
A'V"ra.G" l-lWiiber }lumber .?<1roent ~!lumber A"'"I'UG<' 

Joints· Spalled Spnlled ?o~t Jointa Spall<!d Spalled Spalled 

'" Spaair-~; ou .... Joint 

120 " 6 JO ' ).4 " ' 10 ' 0,2 

"' JO 1) " 17 c:.(. "' ' 5 ' o.1 

300 " 25 61 J1 o.a JO 2 7. 2 0.1 

'" 60 15 ,, 16 o.) 6o 0 0 0 o.o 

150 59 J9 75 o.5 • l5C 6 ' 7 o.1 

•l:ote - ;>l<>.l) ero.ckin.~ in se<:'.i""" oli:-!!i-l."'-
of :·rost ,,.,.,..,.., .:.reo.s. 

(..,. - S'.<:tions ?O /10 to 94 fJo 
{_.~ - Sto.~' OruJ '7/ jt;,o to 100 26 
6C - .';to.: .,,._. 100 f 26 to 10) / 0•) 

GP.ACK J.~.'D SPALL DAT;. JJ: ! .:::I.;:rr~: 'fl) i:Lhl'l U:liGT" 

SL.'Ill L?.JJClT!l !11 ~'!' 

o• ,. 1 • 10' 

' " - -... N ' • ~·. ' '"'' .. .. J'' il' .. 
~· 

.. ~ ~~ ..... ;r 
·~· ~· '" ~~ ·u IhiolrnOu ~~ 

.,._, 
~~ t.a ~~ '31 . $] ~-;.I .:;~ ~· .st ..... '" ;::1;1 

~ -:5.$ "e ~ "" ~f .. "' ·~ .• e :; £ OJ1 "E "" ""~ 
.. 0 f4' •• "E "" 't".<.> "" ,._'-' " Jr r~ /; "" .,_.,_o 

7' •5 l2 ' " 11 "' 2 " ' " ' 25 0 6o 0 

a•-6"-s~ JA6 20 •5 10 0 " 0 5 110 ,_o 2) 7 " Go 2 

,. 139 8 100 )0 ,, 16 12 ,, 0 " 0 61 0 60 0 

9~-1--9" 7 12 ' 0 - - - - - - . - - - -
9"-1~-?~ - - - - 0 18 0 " - - - - - - -
9"-1--?· . . - - - - - - 0 <I 0 2 - - -
9w-1"-9" - - - - - - - - - - - - 0 72 0 

•Slnba in i'roat hee_.,.e ''r~atl Sto.tion 90 /70 to ?4 /- )0 in Seriu 6A. 
Stat'.'lmt - 97 I Go ·~o 100 /26 1n Series 6E. 
SLa.';iana - 100 /26 to 103 /00 ~n S..rias 6c. not included ln dnta. 

·.:.·:·::··-:<:::::~ 7. 

SS!I£5 8 - 7'" IJ:tiU'OP.U 
NO REI1lFC8.CE.!.!!J:T 

.o;..-_,..:~o<.9, -eft. . .....:.... . 
1 ] ~ ~~ llumb"r llu;mher Per<~ent , ] ·~ S1&be S1Abli Cro.ok<ld ! "'6~ 

" j Cracbd "f 
0 

12 1 '·' " 2) 0 •5 

" 1 2 •• 11 0 0 11 

"' 1 2.5 0 ' 0 J 
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12 5 " ' o,e 
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~~ 
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&~ 
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-
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All other fri,ctors conf.idered equ.:'ll_, th6 data presented ab·:;v~; fjhovJ a 

definite rt;:"lationsb.:tp· bet;;eel·1 joint e;.Jaci.n§. a!1d po.vem8nt p=:~rforms.ncd at 

least up to slab lengths of SO t't. It is indica ted ·that hi thi.n ·the 1i.~;1i t-

ations o.f the etudy, tr&.nAVer~:e cracking and joint spalling increases 

vdth the increase in joint S;?acing but rouglmess n-ill incr'JEl.SB -.-:ith 

decrease tn slab length. 

Pa"'lement Pet·fol"iftE.nce: iL Relr.ction to _Steel heinforcement 
·-~------~-----------·-------~- --------··--

Consi.i'.ernt.L.m v;as given to thG problem of designtng pavements 'iiith 

a.nd v:dtl10ut steel reinforcement~ To this end diffnrent sections nf the 

Design Project were constructed Viith r.:.o, 37, and 0 pound;:;) of s-teel 

reinforcement per 100 oq_ o ft ~ of pn.ve~J.ent o The ~Jroblem of reinforcement 

~·las Rlso considered in conJ."'lcction v.ri th contrc~.ction r.:r.v:J dummy ,j rJint 

construction as v:r&lJ as i:tJ. thu construction of continuous slabs of varying 

lr.mgi:.hs without int0rmedio.te co;J.traction or durnmy ,jointsc 

In Ge:r-ies 2, contr~.ini..nt;, thr~ '37#- T'!.';;.info-rcE;Qtmt it i::: evide11t, through 

the sudden occurrc:nce of c.,bnormally large joint lt;idth readinF;,s, the..t 

the steel has failed at certain dummy joints~ Of 1 dummy joints at ·tf.tc 

.n;st snd of SeriBs 2E, 2 hav2 opened excsssivel;;' f'o:r· the first tL.:m in 

the ~.;inter of 19·19 'J thei:1B are joint 108 at Sta tieD. BO?·i-70 and j oi.nt 112 

ai.; Stat::. on 908~130. Of 7 dummy- joints in 8eri(~r~ ~:B, 5 have tJpened exces-

·slvely r:.t various times as follm·:s: 

.Joint 33 at 94;1+25 Wintnr la48 
,J oir~t !?;) s.t 950+15 't;inter l94~j 
Joict H B.t 950+45 ~·.-'inter 1950 

f'Lrdl~tr condiLLon.3 hr~-ve not occt-r d. in dttm1ILY jo5.nts in Serie;_.~ 1 

C()n tainin.,g GO lb" :stoolG N'o otho.-r· COlllpar·:}.ti ve de:. t."l are availablE: i'or judging 

merits of d.iffe:rc~nt t--<.mo~.x;_+.;:-1 of r.-.;;:i.nforcsment? 
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Continuous C:lal:~s with O.::JfJ:.._ydtt.i;g_u-1., H'l.~forQ_if:'lW:mt 

T:,.m sr::ytivr,~.s, dnsignE: .. tcd Se:cies ll o.nd 12 -)f the Des~"gn Pl"'O,ject, 

W<Jre construct8d in conjunction >rLth the Dural,ilit; Prc,ject of th3 

Tl-;~t Eoo..dg See Te.blc l~ These t·~io secticms of pav0ment tncluded 

continuous slabs of di:f'fer~~nt leagths vdth and l·dti10ut I't3inforcement~ 

Sari~;;s ll c1.nd 12 ·Ner8 eeti.lblishGd in order to obtain· more CQlj.lpruhensi 'l~) 

duta relative to ·concrete pavr::ment dt.;s:L&u} especially in relation to the 

behavior of cohtinuous slabs versus sl.L.bs wi'th interme{!.L.:,ts contract.icn 

e.nd p:l.ane of we&kneGs joint::1 and f'or slcbs constTucted hith &.nd vrLthout 

rr;i.nforcement. S1:ecle.l attention l1<1fj c..ls0 bt·:en ~_,ivT";:·n to cl::anges in slab 

length, progr~osive cracking of th8 flnbs, un.d the influ:':;nc.::: of st·sel on 

d8gree and cht-..racter of cracking. F.;ach seric~s ccnt&inf.:. continuous l8ngtlls 

90 ~ 120, 300, t"'.nd 600 f•.:et" SteDl :reiL.forcement at. GO pounO.s p~?r 100 

square feet was .Jlnce;d in C·o:ries 11. Goris's 12 VH?~S not reinforcedQ It 

ii3 to be nJted thE-.t tl.!.8Ge sections \•vc:re not built b;y tl:~? c.:ontractol.' of 

involverl in tho construction of the concret;:; 8l ... ~bP, ·~,-t.'~re obt<:.dncd from 

enti.c'r3ly diff,:::rent ··sources., It io7·· br::~liF;vnci thLt th.Jse factore. ·;;j_l:L b&ve 

very little effect upon th(:; final r:;sul te. deri v~~d. fro;,1 ttn study Q 

Pe:vemegt 1do~nt i'l. R.ql_st~9n .:t..Q..._rn.<.J.b ~ongth 

Hef8rencd monumonts YJere insteJ_led at tlv~ cnde., c:::nt.:n ... , and crUL~r·G~::r 

I>oint;:; of "C.J.:.,::; f:labs in P·er:les 11 and 12 to obAerv.:: th··:Jir movBments a·ver 

a pE•rio0. of y-:;a.rs. Unfortuna-LP.ly, tho ::~U:bse(j_u(mt cracl:ins of' the lon.;~; 

soction0 h.::-:.r rec!.~c<.:d. th.:·.·r:.\ to a ct::ri•::s of sl"~ort slu.bs T·;Lich rr1s restricted 

e.ornev:hat th(:; o.ciginn.I p1.E'1YJfe. of ·th,:.:; Ptud;y D b:e.: .... sonal rr:·adin(~.s 1liE::l''G 
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continued, hovlever, and the sls.b movem9nt at th8 v.:.:.rious moEUJiif.mt;::; ]1..:-J.B 

furt}:l?;r shO'·N an influt:mce of restrc>.int oa r;lab moveE,cmt simi.ln1· to that 

observ1~d on the 2700--foot fJections in E~eries 1, ~, 3, and 4:~ 

Since the 120-ft~ slcJ;s of Secti0ns llB and l2B i'1av;3 not broken, it 

.in length has be1::n gracluctl &.nd much rmall•.::r' ir.. aruJtlU to The vc..lues plotted 

Physical Conditi·Jn crf Slabs 
----~-- ---··,-----

crac\:ing is sho··::n i:a Figure 2G o The crt.· .. c fJatt.:::;:-n of both t:.srL:.?b is vor:T 

560-ft o .s.nd 600-ft~ cectio.ns of thr) tr;.J s•.:ri·.:;,s .: .. .re cr.:~ckin&, iu ;;, .similr:.r 

t~H3 Rubicon and .NeYrton sericP ~ 

The tota.l l•angtlt of crac1'in[· in .Se:rien llC &nd llD is 220 ft. In 

Lmgth o:i' cracking iA ~'c;? ft. 
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Ni-=th fe~v¥ exceptions, th0 cracks form;;;:d first at tho m'JnUY>.ient boxss 

vi·hich ·oere set in t.h8 slabs to rneasurc-:: slttb movcnF:!ntQ The mttXilhtu"fl -~:idth 

of crack opening in the slabs variecl from. 1;',± inch to 1/.? inch or mor8. 

From visual examination and crack wid.th lr.oasur<:Jments, it is 2pps.rent 

that the steel mesh in Series ll has broken at the cracks. 

It is of interest to notu that thG ori.ginal tost slabs of cor;1parabL' 

lengths in both aeries have broken ch,:n into individual slabs of avera[;e 

length, of 91 &nd 72 feet respectiv·:·ly in Series llC £,ncJ. l2C ·o.nd for 

Sections llD and 12E, slab length :werage 86 and 120 f<;et, respectively. 

However, individual slab lengths vary in both seriGs from 17 to 152 fccet. 

Surmnary of slab lengths will bo found in Table IX. 

Riding C;uali ties 

hith reference to Figure 17, it v:'ill be noted that Serios ll and 12 

(~(ir(l have riding qu.aliti'""' compr,rable to th .. < t<cst sections locatrod throughout 
'· --=· 

past tt::n years e 
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TABLE IX 

SUNliviAftY Oil SI,J\13 LEl'lGTHS IN SERIES ll AND 12 

Numb,,r and Length of Individual Slabs in 1950 

Section .. 

Ave. 

Original 

Steol 
110 

92 

90 

'30 

2Q_ 

91 

fnab L(mcth 
560 ft •. 

No Steel 
___ 12C __ 

90 

95 

70 

17 

_88 

Ave;. 72 

Ave. 

.. 57 -

Original Slab Length 
600 ft. 

-Ste~l ---~ No-S~te--e-,-1 

llD 12D ___ _ 

1<:0 149 

20 ?3, 

52 ?6 

108 152. 

75 150 

75 120 

150 

136 



: 
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PAE'T III ~ EXPJ\J,SJ;ON l\JlD CON'I'HACTION JO.Dl't' DF:tolCilJ --.. -.- ·-. --·--~------·-----··---

for ·,;hich it :\.8 j.nt•mded, It lll\lfi; proyide fqr "'ov.::•ment due to expe.noion 

or contraction~ load tr.s.nsfer \"ih!:Jl'G nocessa:r:v tD mo..intain vertical 

aliEsnment of c.butting s_labs, possefJS flexibility to pet·mit V\ar·pin~, and 

provide a~lequate f'8al agatEst infiltratim:. of wn.ter and inert E1ettcrial~ 

s,~vt?.r£J.l units of various t,~rpe.s of e.xpanr::ion and contraction ;joint 

construction in current practics ~t-::n:·~~ J.nstal1e.:l in th•; Dc~dEn Pr·oj cct of 

the rfest Road for COIQpO.l"ati ve study. y~-i th rDSpect to 6Xj}&n:~ion joint 

construction t\ho ty;.Jec of cont3truction f\::c..tu:ces WBI'E- f.i v;:,:n major 

consideration.~ .first, the efficacy of Gta .. ndurd doi·Jel bB..l" construction 

v\;ith fiber filler strip versus air c:hD.mber construction, cmd _soco;:lq, 

different design fe&tu:res tz) maintain vertical clit;,nment of t:.butting 

s1D.b~:: ~ In tho case of contr:.:..ct.Lon joints spec.inl t.;:]npideration has 

b;:;en given to thG etur:-ly of four oute,tanding con~·}truction features~ 

§.£.9 . .?nd, J.oad transfc~r feature to maintain vox·tical c~lignment of the 

Dlabs; third, feuturcs to insure proper formu.tion of contraction ;j oL1t; 

The follow·in~: types of oxpn.nsion joint co:o.struction hs.ve bGen 

considered: 
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Type DB-l ( l) 

Type A (2) 

Hit)tviay D·~-!pD.rtfU 1.mt f;·t~ .ndo.rd onr3-ir1.cl;. bi twGinous 
fiber• toard 1:i tL. 3/ <~:- by 15~-inch dov.-<31 b-:trs tit 

15-inch spacing fox· load trcinsf·::r ~ 

~Ch:Lclc;;.ted et.lge slab E Vfi th ·J!. 1;;o-J.nch bituminous 
fiber board EJ:nd one 1--l/-:1- by 1·.:-:Luc:-1 d•y;.el 
placed at BE.ch of tllF~ four cor ·:cc, 8 inches 
in from thfj :' lnb eCgr:l ~ 

Uniform thickn,-J~1P sln.bt1 Vtittl O~lt::=-inch bituminous 
fiber boet.rd and one l-1/4- h;y 18-do·w:ll placed ut 
each of tb.'~' four corn~rs :t 9 inche;:\ in f:com sl.s.b 
edgE,, •. 

Btttnclarc1 on.r.;-inch bituminous fiber boc:Td, but ~·;ith 
no loGd transf•c:.r device" 

Type DB--1 (;J) Ai:c-chamber conetruct:Lon \·,rith onG--inch opening, top, 
bottom, m~d f'idus B·3a1ed vii th D.n c:.spil&.lt--lt:.Ltf:~-r joint 
s(~al compvund al"ld using 3/4- b~y 15-inch do~•-el bars 

Type TB ( 4) 

e.~. t 15-inch spacing for loud tJ:·Gns:[\:::c .. 

Air--cl:mr.ab (:~r construe Gion Yri th ono--i:c1ch ops:ting s~~lB.lud 
at bottG,ll \ilth [-~n r.B;Jhc:.l-L-lc.to:;-: ,joint s:-:&1 ccYt.lpound 
end. at. top e.nd. sides ·;:i tL a ;_)r;;mold;:d rublh~r ;;J?&l. 
Translode base units hs:r-e usod o.s th'.:: loe~d tra:cs.fer 
1\:;:r',turt? •. 

Data j_;>rerJented previously ln ths rs_c;ort sLow th&t fdth f'tr:. exceptione. ~ 

such as i:J. the Dtr,::;sf CUJ:ing s:.:1ctinnJ the sensona.l arn:;;l.itudss of joint 

in concrete pavomeJJts, esp0cial1y th.1sc · constructrJU. ~;ith interl:lE;dinte 

contra.ction ,joints o:r containing C'JntinuJus slr:.bs v>hich ~1~~.!,.\7"8 crc~ckcd. 

~Toin~ width m.eELsurt.:uF_mts t:mG vii'3UD.l cbset·vc.tions indicc.:.t'"~ tb ... t ·i.ihe 
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for th8 bitUIIiinous se.s.lnr g Also, sincB it do>3C~ not exurur..e l t ·~d.l.'-

m0re, it rdll distribute compressi v13 ft)I'Ces clue to t;XpLnsion ur:dfoi·uU:y 

decrf30.se matorJ.alJ.y the inher:3nt tendency. of co:..1cr·-::to pavEments to 

di.:.::integrate n.t expansion joints. A.ir-chetElb~Jr expansion joints such ns 

were inclucled in tho investigc~tion r;;.)(j,Uire i::;xoe./uim.J.ally e,oo.5_ S8&ll3 L1 

of Air-Chamber e:,:_panc.ion j ointB -~,;ere r>.m.structed somet:ihat dlffer·ently 

in different locatio{l.S of thG Design Pr(_:.Jr.;ct, their re;;;p•:cti-v>:o J)r.Tfor- · 

greater p8rmanent. cloz-ure tt .. ~-:.n joints in othe1., scrios con;: .. tTuct,:;d ·,;ith 

\ 

1-,., t1-lt:.' .. ~..-- S'-' 0 ° T--,--.·y~ TlB 1 ( '2; ~ ~ --· ... c 'V ..L .Jl·~~ J.~ \')f :1 oints_~ 

,sections L;.but L.&,li.in;3t Li. br:L6.~p 2tructure ','il.ll.Gli CUP..JlOt ;::d~_ift :u:.,tcra1ly e 
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CIRCLED LETTERS INDICATE SUBDIVISIONS OF SERIES 
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~rf-++-~~+-rf~+-rf~t-rf~t-rt~~-+~+4-++-~-++-~~+-~ 
Art-+t-~~t-rt-+t-rt~t-~~~~~~-+4-+4-+t-~-+t-~~t-~ 
.3 f-H-4-I--11r++++-+-t-HH AVERAGE, 7 JOINTS 

.2rt-+~~~-r+-~-t~±-rt-r,_r;-t-rt-rt-++-rf-++-~-+-++-rf-+~ 

~r4\r~~~-+i-~-t~frrt~~rf-t-rt-r+~+-ri~1-~~M-t-~~~ 

or+~~-+~~~~~~rt+r~-r~~~~~~-+~M+-r~~~r+~ 
.lr4-+~~H~+-~Lt~~~~~~Lt~~~-r~~-+~~-t~+frt~~ 

.2rf-+1-~H~+-rt-++-~rt-+t-rf-t-+~rt~t-~-+1-~-t-+¥-rt-+~ 
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1941 1942 1943 1947 1948 1949 1950 

SEASONS T H E Y E A R 

Figure 27 

SEASONAL CHANGES 

IN EXPANSION JOINT WIDTH 

Air chamber expansion Joint 
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In Eigure 28 there are pres'ented views of air-chambGr' expansion joint 

DB-1 (3) at the time of construction and 10 years ldec~. 

_Type TB-(4) Seriesjl!: The air-chmttber expansion joints used in 

Series 9A, type TB-(4) have reacted veF;! satisfactorily except for the 

pr,emolded rubber seal which faJ.led after· 2 yenrs in service. The 

premolded rubber seal thr·ough traffic action was pushed dNm into the 

joint about 3/"1 of an inch and rotated 90 degrees in the ,joints. See 

Figure 2£<, Eventually it W"-S necessary to remove the rubb8r seal, 

thoroughly clean the joints and reseal. In the resealing procesB the 

old premolded rubber material was p1aeed ba·ck into the joint opening 

at a depth of abou-t t1/4-1.rich a~d fl8VI hot-poured. 'bitrucdnous-rubber joint 

sealing compound was pouTed on top to effect ·the seal. 

The aw;raf'.e seasonal. changes in joint wtdth for type TB-( 4) ex1)an·-

sion joints in f:·eries 9A will be found in Figure 27 .. 

Load Transfer Features in Exparwi.op. J <2.ints 

The merits of the different load transfer featuref3 included in the 

project will be evaluated on the basis of fault.ing and slab deflections. 

F&ultii_l_g: No faulting at expansion joi.nts has develooed in any 

series of the des.Lgn project except in tl.e case of Series lOB--1 ·ccrid B-2 

which include,iType A-2 expans.ion joints wit,h no mechanical load trarwfer 

feature. Afte!' 4 yeD.re in se;rvice measurable fau1ting occur:r~-)d which 

has incrl;lased somewhat .,lith age. The results of surveys made :i.:n 

Aw;ust, 1944 and Jt\ly, 1;}44 a.re swomarized in 'J:able X. Ser·ie.s lOA--1 and 

lOA-2 were constr·ucted with mechanical load tra.nsfer fel\tures for 

compare.ti ve ntur~.:;-. 
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Co 

"" 

1/8 inch 

Series A B 

10 A-1 2 1 

10 A-2 0 0 

10 .B~l 5 6 

10 B-2 5 5 

A - Survey Au:;ust 1944 
B - Survey July 1949 

Humber of Joints Havint; l.:n.rimum 
},ault of: 

J/16 inch 1/4 inoh 

A B A B 

0 0 0 0 

0 0 0 0 

5 4 0 3 

4 1 5 5 

TABLE X 

FAULTnr; OF EXP111<SI0i~ JOI!ITS 
TilTH AJ!D '.':ITHOliT LOAD TRidfSlo,ill D::::VICI'::S 

Two lanes 

Total lJo. 
Total of Joints 

Ovar Joints in 
1/4 i=h Faulted Two Lanes 

A B A B 

0 0 2 1 20 

0 0 0 0 18 

0 0 10 13 18 

0 2 14 13 18 

. 

Percent-

••• 
of 'l'otal Load 'l'ransfer 
Faulted 

A B 

3/4- by 15 in. dowels, 
10 5 1~ in. spnoing 

3/4- by 15 in. dowels, 
0 0 15 in. spaoins 

56 72 !lone 

78 72 None 



The values ropresent maxir.mm faulting of sl9.bs at tlw edt,e of the 

pavement on.ly. All readings of 1/Hl inch and under Here disregE,rded 

because of the possible influence on their accuracy of normal irregu­

laritie8 in the pavement surface. The data in Table l!: indicate very 

clearly the influence of mechanical load transfer devices on the 

prevention of f,~.u~ting at expansion joints. 

No comr;arativr-3 faulting data are available in regard to the relative 

merits of the remainh1g typeE; of expansion joint desi~;ns which Here 

included in the load transfer and .joint desi,c;n study. Evidently time and 

traffic have not b<3en sufficiBnt to brin11 out any not,iceable physical 

differences as yet ... 

SlD.b Def1ec·~?:-.2.g£: During the swmner and fall of 1\148 a series of' 

s1~:.tb deflection measureme:o.ts w·er·e ruade at certain eJ~pansion joint.;; in an 

attempt to 8Valuate the loc:cl transfer c!'utracterietics of the differ·c:mt 

types of unit.s included for stud::/. In all cases the axle locuJ em.ploy8d 

was 18,000 ponnds supported on 2 single VJhe·els. 1J.1!1e ou.tside l'Jhef;l v;a~::~ 

placed 6 in. from the pc~vement edge.. The load we~ e. transferred al te-I'l10-tely 

_from one e-1~~b corp.er to the other. ~:eotal &.nd rel~:.tive dF.;:flect'iono VJere 

measured by ona~tholli<andth dials attached to supports on the snoulcl.er. 

All readings were taken in the morning of each day. Ti:rt'9e separa tEJ 

obcJ.8:r.VT~.tions v;c;:·e r.nade at e£..ccl::. joint per day. A r-mmmar;-r of lof).d def'le.ction 

d.ato. taken c.t t~·-;o seasons of thB yee.r, Suir'J.!ler t:..nd .Fa.1l, hcve beGn averaged 

to gi'v::3 final results' vrhich E~re presented in rrable XI. 

The date: in 1'eble XI bringf;) out some very interestil1g and Significant 

point A. Fir~t )' rvi th re.fcr~~11C8 "bQ Ss-r.ies 10, Section lOE-l and B--~- 1,i thout 
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Serlep 

A 1-2-3-4 

B 1-2-J-4 

c J-4 

::: l-2 

D 1-2-J-L 

E 1-2-J-U 

F 1-2-:;-4 

.5 A-9-C-D 

6 A-3-C-D 

7 A-5-C-::l 

8 A-8-C-D 

9 A 

10 Al & A2 

10 Bl & 82 

TAELl~ XI 

sm.n.~ARY UF EXPANSIO!{ JOINT DA1'A RELATIVE TO SLAB DEFLF.CTIC!\S AND LOAD TRANSFER 

DESIGl\ !JSTAILS S L A :a D E F L E C T I 0 N S 

Pnvement r;xpri:i'l.eion Loor~ Joint Joint "'tlJer Ave. Joint 9eflect1on Date Lo dedSlRb_ 
Thl..cknN•"', Joint Trar.f".fer Spacing, n·nd 3eal No. of Openin'll;, Mai:1muo, Minimum, Avern~J;"e, 

inc he!> Tvoe Feature f'eet ·· 'i'voe JolntP. lnchP"' lnche/'1 inche/'1 inc he 

q-7-r DB-::. J/ll" x 15" Do...,•el 120 1&2 ll . 5c .01925 ,r;LL?s • 011 f) 

" " " .240 1 1) .345 .0266 .0034 ,0152 

" " " 240 " " .]25 ,0)27 ,0090 • 0191 

" 1'. E. 1-1/4 x 18'1 Cor,Bare 240 " 0 .)78 ,0232 ,0071 .Olh4 

" ')9-1 J/4 x 1.5'1 Dowel 900 1&2 12 .)17 .04)4 ,0020 ,0175 

" " " 18oo'' 1 9 .418 .0265 .0065 .017'3 

" 
,, 

" 2700 " 7 .287 .0224 ,0101 • 0.117 

" " " 120 J 10 .4.50 .az6o .0085 . 0144 

8 11 Uniform CB-1 1-1/4 x 18n Cor. Bar A )DO 2 a .)50 .0280 .006) .0123 

B-6-8 D:S-1 )/4'1 X 1511 Dowel 120 2 11 .420 .0295 . 0090 .0195 

7 11 Uniform CB-1 1-1/4 x 18 11 Cor.Ba.rs 120-)00 2 7 . )80 .0258 .0133 .0208 

9-7-9 TB Trane1ode Ba.F!e 100 4 J . 909 .0260 • 0202 .022:; 

" DB-1 3/4" x 15'1 Dowel 120 5 '6 .)55 .0212 . 0085 . 014~ 

" A . Aggregate Interlock 120 2 4 .442 . 015.5 .0068 • 009·.: 

• Joint rRting = 
100 a 

Value of 50 would indicate lOO'{ loRd tra.n!"fer ability, 2 • 7 m 

Me~Purement~ made in Summer Rnd Fall of 1948. 

• 

LOAD TRANSFER RATING . See Note •. 

Av~~~ge . :~' Averuge 
Unloaded R€lat1 ve Ratlr.g t?f 
Sl&b Defl. Denecti.on~ Lot...d Trs.ne!er-

inc he Unit 

I 
.OOBJ ,0022 4J.LL 

.0125 .0027 45.1 

.0179 • 0019 47.5 

.Oll7 . 0027 44.9 

.0156 • 0019 47.0 

.0159 .0014 47.9 

.0108 .0009 /.j.s.o 

.0104 .oo4o 41.9 

.010) .0080 45 • .5 

.0177 ,0013 47.6 

. 0168 ,0040 4t<, 7 

. 004o .0183 15.1 

.0110 ,0032 4).6 

.00)4 .0056 27.5 



'i 

' 

load transfer has a jotnt rating of only 27.5 compared to 43.6 for 

$Section lOA-1 and A-2 with load transfer. Apparently .:Ln Series 10 B-1 

and B-2 the joint filler under preeeure is developing a certain araount 

of mechanical interlock between the; joint fuces. Third, the Type ·n; (4) 

expansion joints in Series 9.A with translode bc.se units have the lo"VK:st 

load transfer rating of 15.1. Comparable expansion joint design in 

Series 5 with 5/4-·inch do1.els has c. rating of .n.n. Apparontly the 

translode base unit is not a sat:Lsfactor:-· load transfer de"~rice. 

Fourtn, at present no definite distinctiol} can be O.rc;·;,n batl:een the 

other types of expansion joint design since thGy all have upp:coximately 

the same joint rati.n§.o The-::e :t"ea·-ling.s range from ~5.4 to 48.0 vvllic.h is 

inclicati ve of go.od load tranef(:;J."' perrormance t·-, dD.te" 

ar0: 

Contraction J q~Lnt Des;tg;n 

T)oe typos of contraction joint de:"ipl considered in the :Lnvec>tie,ation 

TypG DB Departr;tent StE.!.!.LdGrd conGisting of 5/4- by 15-'in. dot.relf:l 
at 15-in. spacing with 2-1/2- by l,/4-i.n~ pre1nolded fiber 
filler· strip at top. 

Ty·pe lB Same c:s abov-e except thv.t a l/2- by 2-1/2-in ~ groove is 
substituted for tlw prmuo1ded fiber filler strip. 

Type 2A Same as ty;Je DB m<:ccpt for the addition of a 1-in. bi~o;l·. 
metal pGrting strip at bottom of joint. 

Type. 2B Sa,me as typ~':; 2A eXCF2pt the groovj -.,,.Lf sutJGtitu.ted for the· 
premolded fiber filler s.trip. 

Type 3 NictaJ. divider plate full depth and gil:'oove at toe'• 5/4- 1.>~ 
15-in. do7iels F.1t 15-in. s~x1cing used .. 

Contlnuouf! r·late dowr;:.l c~seembly. 'Iop cdgod r....nd sealed ~\i th 
asphalt-rubber joint compound. 
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Type 5 Key lode plate dov/81 asselilbly. Not sefcled. 

Type CB 1-1/4-in. by 18-in. comer bars v1itb premolded Eber filler 
ptrip, ple.ced 9 in. from edges. 

Aggregate interlock only. 

At the end of 10 years suffJcient evidence bas beon collected. on the 

relat:!.ve behavio:r of the various types of eontruction joint construction 

to •·;arrant detr~iled discussion. 

1'ypec> DB and JJ3 11ere constructed primarily to study the possibil.i ty 

of r8ducing spalling at contraction ·joints by substituting the groo\te for 

the premoldnd fiber filler strip. In that respect the follo;1ine; n,l'ltivD 

behavior has boBn observed: 

contraction j o:L.nts 11ere constructed 11ith a e:,roove Hllich \,as subsequently 

filled ,;itb a bituminous-latex sealing compound. At the present time the 

,1 o.Lnts are in E.:xco.llf;nt c011di tion except for weathering of the seal as 

may be seen in Figure 30. The joint edges have rem&ined intact and no 

spalling of the concrete has bet::n noted. Some scaling has appeared at 

joint edges. In the c:ase of contr&ction ,joints construct0d with pr<''-

molded fiber $trip several kinds of failure have been encoun·tered, the 

moe.t undesirable of' ~·;hich is spalling of the concrete along the joint 

edgFo. For comparable data on joint spalling see Table XH, also, 'l'ab1es 

VII and VHI. Perhapi! the spalling is a direct outcome of installation 

practice since it is usually ussociated Hith tipping of the fiber strip 

during installation or placing the strip too far belm1 the surfo.ce of 

the pe.vement. Typical e:x:ampl(~s of this kind of spalling may be noted :tn 
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.···· l 
·.J 

Joint. Vihen Installed - l91J.O 

Same Joint - 1950 

Figure 30. 'l'ype lB Contraction Joint. ;i;ith Groove, 
.?tation 64+90 
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.Joint 
C'C'_t -~ •.)11 Det~ign 

·.·c," Ty·pe 

A J.B 

~ 2A ;.• 

c 2B 

r: ., 
.) 

E .3 

y ~~ 

r; ·' L+ 

TABLE XII 

SUMMARY OF PtWTI1,1ENT CTI!\CY.WG AI<D SP.ALLING 
IN FJI:LNrloN TO CUN~LfU,CTIOI; JOI;:~T T!~~EiiGP 

··-----·----. --·~-·-··-. -----·-----
S e r i e s 5 

9"-7 11-9 11 

30 F o o t S 1 a b s 
371/ Stc~el ·- l?O 1 E.xpaE;-:-iun ~Totnts 

Slahs 
~-

Total Number 
Slabs Cra:cks 

1"> 
.:..f"~ 0 

12 0 

,,., 
.L<. 0 

.• 0 
lJ .. 0 

12 0 

12 1 

6 2 

Percent 
Crnckr::: 

Crad·:ix~~;- in ff:JRt De,::tgn ---- --------------'-. -·---------~ 
Trena~ Diet- Lot;r:i~ 1'otaJ Coru:~tructi_<:'·n . I~oac3 
verse gonB.J tu(]j_nal Tran;-:rf P·1 

------~·-·---------------.............. ,_. ___ _ 
0 () 0 0 0 P:r(•1:.<lo] r~ed 3/i.-in. 

f:'ihur dr·j_p Do•:,re1 
0 (I 0 0 0 Ffber p.tr.i p 1./L~-in. 

& Part.lng strj_ ;') }!•:,1i\l'f2': l 
I) 0 0 0 0 Groove 3,./L~--ir. 

r;v:~'e1 
() {} 0 0 0 Groove & ') /I ' 

...-·/ L:.-.lil 

meta_l piC· t.e Dovve1 
0 0 0 0 0 Eeroe H r: " 3/L.-in C' 

:St0';1_rel 
8 ll 0 0 n EdVE~cl er:C Cont ~ !':li.10l.:U;'-

[~E.: f.! J. eel rneta1 plf'l~: 

33 50 0 0 :~o :8}~1 r::ed f•r;cl SPme 
;::(.>[l.led 

-- - - - ··- - -- - - ~- - - -- - - - - -- - - - -- -- -· -- - - -- -·- ~- - -- - ·- --- - -- -- - --- ...,...... -

SP JI.J~.:L LNG 

rlnmbeT ?e:r-esnt Joint Dert ~ .. r 
Number Ntunbr::r Percent s·:Jall.ed t' .. or r-~~etlJOd of 8esJ 
Jcd.nt;::1 SpEtliec! Spnlle(J Ar~;:>a.s Grr:,up 

J\ l.B 12 1 !} 

" 1 
17 PremoJ.r"'ecl B·: ·b:nnlnour Fiber 

1~ 2A "1~) 0 

" 25 L, Strip 
.. ----~-------.....-------------------------------------------------------------------------

c 2B 12 

D j 
.I~ 
-~-,:::_.-

T•' ., 
12 ,. ' 

--------

I' /+ '':0 -"-"-

G I 6 "' 

0 0 

0 0 

0 0 

'7 5f~ 

2 .33 

0 

0 

10 

2 
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Figure ~il. Typical Ft:.ilurt:.s Common to Contro.c'tion ,Joint;::; 
Const,ructed d. tb .i.'remold.ed F:tbe:r St:cipE>. 

nr. 
I?. 
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.e_rogre8sive Spalling Along 
Longitudinal ,Joint 

Deep Corner Spalla 
Series 3E 1 No Load Tran.sf'e:r 

Spalled and Shatten;d 
Concrete 1 Series ·.1 -h·itb 
Load Transfer 

Figure 32. 2?alling c:.t Junction of Contract.'~ on and Longitudinal 
J'oints Formod -~lith Prc~molded F'ibur 2.trips. 



Snow lend Icr~ Forms in ,Joint 

Open to P<3rruit Ir,trusion of 
Inert Mate:d.&1 

Figm.·e 3?1. ·r~.1pical Conr.lit..Lon of Cont.r-E,ction J oiL ts in 
\dnL'H' "ith Bitmaiqous Premolded Ffb<H' strip, 
E!m:·.i .• :~:: li-\., ()()-ft. Contr!':.::·tion Joint Spac:i.ng • 
. dn:b~r 1~34~-J-··45. 
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t 

'I'he.se fea. tures will be discu.soed in the ot·dor n;.sntionfJd. 

St;~ndard 3/4-in. Dowel.: Tho standard 3/4-in. dowel. assembly Vias 

uSr;:d throughout the Design P:roj ectJ with the exception of those series in 

r~hich suecial load transf<or features 1781'8 incorporated for compe.r&.tive . . . 

study. The perf'orms.nce of' these un1ts v;il.l be discussed l.ater on lit 

conjunction \tiith other factors f.1Gsocia.ted \Vitb. joint design. 

Do1.eL_!lc::trs vernus Ag;;regate Interl.ock: In this study tv;o major 

factors v.=ere considered~ f.Ust, tlF:~ o.missio.n of dowels in eontractio~1 

joints vdth normal expansion joint spacings of 120 f'ta vvhich Hould 

naturally permit the intermediat<o contraction joints to open freely; and 

§..~Q.p.d, simtlcu· construction ·;,rith the ~:.pacing of expaneion joints at 

great distanc~:;s Yihich VlOUld. eff8ct considerable restraint on individual 

Blab movement and thus develop a better joint condition for agsregate 

interlock to perform in t;1e manner intended. 

In Series lO.A and lOB contraction joints Vi8!'e consti"uctr:.:d wi t.h E";.nd 

<ii thout do;•iel bars at joint spaeing<J of 15 and 20 ft., thco expansion 

joint spacing remdning constant at 120 ft. in all seetbns of the series. 

Results of survey.s conductt~d in the summere of 1~44 t:m.d 1949 are prc::st:mtsd 

in Table XIII. The date, in Table XIII indicate that the number of 

faulted joints in the undovieled sections of Ser:les 10 is considernbl:,r 

greater than that ir: the dmT~;led sections e .In all cnses the de;;re~~l of 

elab was below that of thf'3 ·.passing slafJ. Moreover, thE~re is evid•3nce thB.t 

differential movement of' the slabs has started &t the 1ongitudina1 joints 

due to the o.b;JGnce of doy:els across the t:ransverse joint. Furthermore, 
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Series 

10 A-1 
10 A-2 

10 B-1 
10 D-2 

3 D 
4 D 

3 E 
4 E 

1/8 inch 

A 5 

7 9 
4 6 

23 26 
22 37 

o· 5 
1 5 

15 )2 

3 9 

A - Survey Au,~ust 19<14 
B - Survey July 1)49 

liurnber of Joint :s Having l.:V.Ximum 
Fault of: 

3/16 inch 1/4 inch 

A B A B 

0 1 1 1 
1 3 0 0 

7 11 4 9 
5 4 6 12 

0 0 0 0 
0 0 0 0 

0 7 1 1 
0 0 0 0 

'J.'.A.'JI.E XIII 

?.&ULTI:~,1 Of cJ:i-rR.c..;;nv:: J8I::Ts 
'::us Ar::J ~-.Tr:::our L;.¥.D TY1.;:sF:o:R :r.;·nc:ss 

Two L9Il.es 

:lotal 
01:-er Joints 

1/4 inch ::·aulted 

A B A B 

0 2 8 1) 
0 1 5 10 

0 0 34 46 
0 1 33 54 

0 0 0 5 
0 1 1 6 

0 0 16 40 
0 0 3 9 

-----

i;~ 
~7 

Tvtal !!a. Percent-
of Joints ago 

in of To~nl Load Transfer 
Two Lanes Faul~ed 

A B 

90 9 15 3/4- b:1 l:S in. dowels, 
126. 4 3 15 in. spncin; 

90 )3 51 !lo dowels. 
12(· 26 ') s. ;,_;. interlock 

116 0 3 J/4- by 15 in. :!owels. 
173 1 3 15 i::. spr:.cir-i; 

17J 9 22 ;:o do~·,els $ 

)58 1 3 act;• in'.;erlock 



the fac:t thc.t a consider£,ble number of joints with d01;el bars sho.: 

faulting would indicate the inadequacy of the 5/4-in. do·;;el at such 

a spacing of 15 in. The study clearly indicates t[,e beneficial effect 

of do;;sls i.n contraction joint construction, especially when expansion 

joints are provided at distances of 120 ft. as in this case. 

In BeriF~S 5E und 4E dowel bars VIere omitted at the contraction 

joints for the purpose of studying the effect of dab IJlOV8ment restraint 

on the performance of aggregate interlock. The expansion joint spacing 

in both casec: is 1800 ft. and contrnction joint sp11cint,s are 20 ft. and 

10 ft,, respectively, In conjunction with Series 3E and 4E, Series 

3D and 4D, ~7ith the samB contraction joint spacing as Serit;S 5E and 41:~, 

r(~H3pecti vcly, but containing dowel bars, were chosen for COilllJ&rutivr~ 

study. In this case the expansion ,joint spacing is 900 ft. instead of 

1800 ft. Results of surveys made in 1944. und 1949 are :;,J.so sho\m in 

The data shOI'I in £:..11 cases a gradual increase in fu.ulting vvith 

time. F&.u1ting, of tb' 20-ft. slabs .in Seric,s 10 v.ith no slab restraint 

is consi'derably ~1J_gher than thu.t in ~3eries 3E vdth '";ome sl&b rd~strc.;.int .. 

Ho\i~ever, even in the latter casH, it is clEk ... rly indicatc~d thHt ag&regate 

.interlock if: not entirely effective in preventing fe.u1ting. }'urtlicnc, the 

datE.t for Series 4D and 4E indicate tlllit &ge,rew,te interloclt is beginning 

to lose its offectiv~2n.ess in tho more ref'trained. sections t:Llso. 

1'h•2 absence of clm•els has eree.ted a w<eakness in the pavement. 

E.tructure at the junction of lont,itudinal and transverSe) joints :rhic{; 

ev:~ntuo.l1y raay give rise to a serious mcdntenancfJ problemQ This v~·eaknGf~S-

iP manifested by noticeable differential movement of the slab cornen; [ct 

,('!:• 
~ 
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00 
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~ /- ... 
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-

Ser·1.ee · 

A l:..L-J-4 

a 1-2-3-4 

c 1-2-J-4 

J) 1-2-:3-4 I 

E 1-2 

E J-4 

.F l-2-3-4 

5 A-B-C 

5 D-E 

5 F 

(: J,-B-C-D 

7 i-.-5-C-D 

F A-B-C-D 

9 T S 

10 Al - A2. 

10 1!1 - B2 

--:-·c;.---

;-:-.' 
' /'"""""'--; 

_£C 

TAHLF. X.lV 

3UMJI..AR.Y OF CO~lTRACTIGN ~OINT DATA fi.ELATIVE TO SLAB DEF'LECTIONS AND LOAD TRANSFER 

DESIGN DETAILS S L A B D E F L E C T I 0 N S 

Pevenent Exps.nP.1on Contr.:actior Lo&d No. or Ave. Joint Deflection Data Los.ded Slab 
'l'hickneee, Joint Joint ·rt•un,.rer Jo_1ntA Opening. Maximum, H1ni1!1Um" 0 Average, 

inches SoaciniZ 'fype 1nchep, 1nt·heA inc-heE! inches 

9-7-9 120 DB J/4~ x 1)11 Dowell'! 15 .19) .0120 .0050 .0072 

" 240 " " 12 .162 .0158 .0052 .0127 

" . " ' ll .c6o .0185 .0030 .0096 

" 900 " • 11 .095 .050) . 0100 .0028 

• 18()0 " " 5 .068 .0)25 . 0198 .02?; 
-

" . 6 Aggre~hte Interlock 12 .029 . .01)0 .0045 .0078 

" 2700 DB J/4 11 • x 15'1 Dowels 17 .024 .0825 • 0010 .0058 

• 120 1B-2A-2B ' 10
1 

• 2J9 .0219 .0077 .0139 

" " ) " 6 • 201~ .• 0150 .0055 • 0101 

" " 4 ConttnuouA Plate Dowel 3 . 252 .0070 • .0035 .0057 

P.'' Ut)iform 120-JOfJ CB -1/1! 11 x 18" Corner Bare. 5 .100 .0)27 • 0022 .0192 

8-f}-R 12() OB J/hH x 15" Dowele 8 .161 .0332 .0045 .0211 

?'1 Uniform 120-300 CB -1/4'1 x 18 11 Cornar BarEt 12 • 080 .OJ 55 .0080 .0175 

'J-?-? lBO 5 Key1ode ) -- .0118 .0060 .0082 

" 120 DB 0" .3 :.q. X 15 11 DO!VSLS J .1)) .020 5 .0105 .Ol5h 

" " 6 Aggr~~ate Interlock 5 .172 .0155 .0035 .0116 

• Jolnt Rating 100 A. A rating of 50 equala 100:' Lrn>.d Trsn£tfer 
. 

2n/.m 
Meaeurements thken in Summer nnd Fall of 1948. 

LOAD Ti!A~SFEi-i. fiA:l'J.tG. e~ No-te • 

A~~-~age . I'" 
Land Average 

Unloaded Relative Transfer 
~iab Defl. Deflection Jo1rit 

lnchf.!t lnchefl Rstinz 

.005-2 .0020 41.9 

.0110 .• 0017 46.4 

.0032 I. .0014 46.0 

.0412 .0016 h8.2 

.02_25 .oo48 .- h5.2 

.0062 .001t: 44.J 

.0049 .0009 45.8 
-

.0105 .OOJ4 h3.0 

.0086 .0015. 46.0 

.0053 .0004 h8.2 

.0132 .0060 hO.S 

.0175 .00)6 45.3 

.ol46 .0029 ~>5.5 

,0055 .0027 40.2 

.• 0114 .oo4c- !1.2.5 

.0009 • 0107 7.2 

. 



Continuo_ld,'2__1Zlate Dov;el: T\i·o types of continuous plate doViel 

assGmbl,ies in cmnmon li.:'·e ut the ti111e ·;H3!'e considered for comp£~r~-;,tivs study,. 

One p~.crticulnr unit, desir;nnt.:d at Type 5 (Kreylode) and emplo;y-L1g 

al:greg~:-.tte interlock 1.n conjunction v~·-J.th a plrrte do·,~~el ·das installed <.:..t 

three contraction ,i oints in Sr,ction 9-'l'S betv1e2n Stations 130+10 aTld 

181·1·90~ The othO?r plate doy;t::Jl uni.t knm-;n u.s Type 4 W£tS inste.11e~d £ .. t c..ll 

contraction joints in Series 5, Sections F and G. 

Viev;s illustrating typical conditions of 'l'yp., 5 joint at construction 

and 10 years later r. .. :r·e p1·esented in Figure 3,_L In Figure 34, t'1W physi-

cal weaknesses are in evidence·. In the f~!'li1 plb.C\3.:. the joint V.Bi2-f~Il1bly 

provides no seal at top or sides o.gaine:t. the infi.ltr&tion of \(c.ter or 

tnert material. Note her; the upper porUon of the ,joint open in;; is fuH 

of inert particles., SE.~cc,nq, it i~; apparent upon examination that tl.te 

projections of concrete which extended to form the at,e,rr;gate interlock 

\ 
n.re brol~;en,. thus destroyin5 any J.oad transfer action from thu.t source. 

Loe.d Deflf;et.ion studies on these joints .indicate c. vP.,ry f:pod load 

;joints VJere obtained. 

1Th(~ continuous p1ate dowel, 'l'ype 4 located in Seril;;~s 5 7 has an 

inhe:t·Emt de~ sign ·;.rr:;aknoss "o;'>thich cause::: spalJ.ing along the joint edge. 

Examples of th~ type of spulling rnay b::;; seen in .F'i2:ure 35,. lin e}'._umint~tion 

of the joint revealrod that the pl<:ttes invari11bly were :fro,;en in place 

due to rust and cor,s•.'1c1uontJ:y thr2 joints 1:cre not functioning ns designed. 
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Gr:mer~;:J.l Vlev; of ,Joint Assenib1y 

_;..r-., 

·· Typical Condition E,t, Time o:f 

-· fJl -

Construction, 1~040 9 Stc.tion 181 +60 

Typical Condi'Li·:m o:f.' Al1 Simil~,r 
Joints afttor 10 YE.,·.':t.rE:, Sto.t.ior.t 
181+60 



( (({(! 

: ' 

Typical Spalling at Joint Ed§.<~, 
(1946). Stutiun 85+20, 

Condi.tion oi' .Joint at End, 1946. 

J.i'igure .35 - TyjXj 4. Continuous Pls.te Do·,Jel Cox1.traction Joint .:tssembl;y :i.n 
Sorh:.s [. 
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The diagrammatic ··eketch in Figure 36 shows the general cpnd.ition of tl:tt~ 

pavement in Series 5 and espscially the q.ebree of spalling in Sections F 

and G causf-Jd by th\:. plate dov.rBl assemblies. 

As may be observed in Table XIV, the joint rating of 4'3 •. 2 ].nd:LcatEJG 

excGllent load trc.nsfer properti8S for this typo of joint unit. 

Crack Control Methods -------. -~·--. -· " 

The examination of contraction joints in many concrete project~ .c:p, 

well [.:s those .i.n the lViichige.n 'I'est Road revealed that the :spontaneoup 

crac}dng of thn pavement at the plane o:C weakness joints "~'as vex·y 

irregular und in general not vertical as desirf.Y.:t .. Also it waA observ<?:d 

th&t in many eases diagonal cracking and subsequent ,spalling ·c.'as common 

£;.t the bottom of th~J contraction ,joints. 

With these facts in mind, bv·o vJell-knolm devices for controll:LL[:; 

crc~clting of the pavr:,ment at contraction j oi.nte we:r·(~ inst.&l]~ed in SeJ:-ies 

5 for c:omparati.ve study, namely parting Bkips in bottom of joints and 

inch vdd(:; #lrt g[:.g8 metal strip fastened in a vertical po(::ition to tl:w 

· bottol!1 of tho .joint assemblies, directly under the premoldr,;;d fiber strip 

or the groovo, whichever Y/as usod to form ths plane of ~tiea.kner.::. .rrbG{48 

joint:;. are desiE,nB.ted rry--pes 2A c~.nd 2B' They Yrere installed in Series 5B 

~.nd. 5C. 

In order to attain prop(~r results \tith the mr;:tal parting ~-·.trip placed 

E~t the bottom of ths joint careful v:orlrrnanship must be exercised. ivk:thods ,, 
must be employed that. \>ill :i,nsu.re the proper placing of the metal parting .. 
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strip directly under the premolded filler strip or roroove, other>:ise 

undesirable cracking v:ill result, iihcm properly placed, vertical 

cr;;;.cking of the pavement will tEJ{e place. See Figur8 '37 ~ 

SteE>l Divider Ple.tes: This type of joint (Type :;,) naf. instal.l,cd 

in Series 5D o.nd 5E. Constr.uction consisted of a verticul 22-68.fJ' 

continuous metal plate extending the full depth of the puvement to break 

the continuity of th"' concret8. In this case, the metal dividing phi:.8 

~;-c.s used if/i th thF; groove. 

T!KN is no question that the ftLll continuoul) metal plate Hill 

insur8 positive cracking of tho joint. 

Effect of Crack Control Methods on- LoefL'l':IT.nsfer.: With referenc,,; 

to 'fable XIV the data shoVi tlxt the joints 'i:Hh metal divider plat•3R 

have a lower load transfer rati2.1g than thoe~; of norm.al construction. 

This :is to be I-3X.pected since no a§,gregate inte!'.lock is involved, 

~rhree ·~ypcs of.' bittuninouS-l'libbel .. ,ioint.-seQling comp01.mcis were 

used on th8 Design Pr·oject for comparative study i.n conjunction v:itL 

joint desie_;n. ThesC:J materials consisted of tviO types of' nsphal tic 

oi1-1atex compvundfJ devclo)JI~d by tf::.e Department and a commereiP-.1 type 
f. 

of hot-pourod rubber-asphalt compound knovm F.d3 'Thermoplhstic lio. 52144. 

One type of 1Wplv::.lt--1Lt.ex compound, desi[;11ated Type• .l, consi,sted 

of n mixturB of 70 parts of asphaltic oil SC-6A, 30 pf .. :rts of normal 

rubber l;~tex [l.;!ll 2 purts of hydratGd lime. The m1cterials wr;re mixed 

togcth::'r under controlled conditions irrnnedi&.tely .::>rior t(., sealing the 

- 85 -



( ' lt(/ 

A. Typical Crhckiug at Plane of ~~eaknef',s J o:Lnt ':rithout 
Parting f,trip at Bottom 

:/ 
\,-:~(>,·: l~)'; 

B. Ty~:>ical Cr.<:>.ckine; ,,hon Purting Strip i.s Prorx::cly Installed 

Figun.J '3'7. F.:.ffe..:G of BottoL1 J.Jurting ;:_ Vdi:1 c,.n. ..Joint Cracking. 
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except a COJilmerci4l vulconized latex lmovm as Vultex w&s subsU.tuted 

for the normal rubber latex. 

the Thermoplastic compound? designated as Type 5, '\;as a hot-poUred 

typio commercial rubber compOlmd furnished in block form 11hich upon 

heating to 450°F. transforms to a lir,uid of prop.,r consistency for 

pom·ing into prepared joints. 

These materials 1ilerc installed during the construction of the proj uct 

as part of the contract. Their respective locations are given in Tccble I. 

During 10 yea.rs of service, none of the se:cling compounds has 

r8quired maintene.nce llt any time.. 1.'hE~ 1nate:rials have Neathered in vo.ry­

ing degrees, hov,'ever, and have become considerably mbre inspissa.t;::>d \Ji th 

age. 

Condition surveys made in 1945 and 1943 revealed a me"surl.tbls 

difference in service behavior of the three products as shovm in Table 'Av. 

The condition rating values gi.ven in Table XV ar0 based on th,:~ appG.:rent 

plasticity and _effeetiveness of seal against 1xater Ei.nd dirt as m.anif•3St8d 

by the degrt:1e of cohesion ,3.nd bond failure evident in ea.ch joint~ 

The asphaltic oil-latex compounds have reverted to a pntty-lilw 

consistency, losing all their original plasticity. Permanent crc~cY:t' have 

f'ormed in the me~ te:r:ials o See Figure ~)81\. 

The 'rhc,rmoplastic hot-pour rubb8r-type compound is sti.ll in excellent 

condition E,ft8r 10 years of service. See Figure B8B. 

Ths study definitely indicates tret the ne;; rubb•3r-type ,joint seals 

are superior to the s·kaight asphalt or t<lr products commonly used for 

seulir...g joints and crack.s in pavem•_;nt. 
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,Joi.nt Con eli ti on!!; 

E:Cfec:t.ive seal 
ac;atnst wAter 

Effective SE.:al 
aga.jnGt dirt 

Plasticity 

Overa.Jl rating 

TABLE XV 

~.iUl'viMARY OF .JOINT SFAL DATA 

Aspb~:~.l t-Latsx, 
Type 1 

191,5 1949 

30 0 

33 30 

18 5 

81 35 

-----··-------·---
Evalua.tio:n in Percent· 

Aspha1 t-Vultm<, 
Type 2 

1945 1949 

25 c 

33 30 

20 5 

7" 0 .35 

~.r:herrnoT•la.stic -~ 
1fype 5 

1945 1%9 

31 16 

~*-All three -l tsm.s l1Ferl in evaluation hav·e equa1 weight? so that El rati.nf' 
of 33 per cent for B. gt ven item :i r:.CicatE•s p~:r-fect concli tio:n for thAt i.tern. 
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A~ ~A$phalt-latex Sealing Compound. 

I 

B. Thurmoplastic Sealing Compound. 

Figure Pre2.ent C·~J.,id:Ltion of Bitunlinous-rubber iv!atGrial 
Aftt.:r 10 Y~ll:l.n,. 



.. 

.thrrnmc.rv 

In revir,·,;, the datn presented in connection Vlith the dosi@u of 

tro.nsverst? joints disclose several significant facts. Thr-~y u.re~ i~irst, 

.from tht:: standpoint of both construction &nd perfoTn!&nce the non-~extrudint-5 

pre:lilolded fiber boD.rc1 e:Kpansion joint has many more de:sirable f'er~.tures 

than tho cdr chatrlber typG of expc~nsion joint used on the proj t-)Ct; 

SGC_9.JJ..9:, due to thE.l large seasonal movement of the contracti.:m joints, 

aggregate inter.lock in itself is no~~ sufficient' to provide &dequat):: 

.lt'Hld transfi:;r to prevent f&ul tin§; of slabs; third, the practice of 

providing 3/4-in~ doltsts D.t 15-in. spacings is not cde4_u2.te to prevent 

faulting of slabs either at exp&nsion or contraction joints; fourth, 

certD .. in typ0s of plate do 1u·el lo~d t1·ane.fer units are to be avoided_; 

:fifth,, the pr8mold.ed fiber strip used in forming contmctio.n and durrmw 

joir..ts is c"' detriment to good conc:r•.::~te pavem;::mt construction.. UnJ.~~.::ss 

great care is exGrc.ised both in the placing of the ftri.p and during 

subsec1.uent finishing operutions, irrep.s.rn.blt::: damr,ge reoults to the 

pavement. 8-i~.:th., bituminous rubber type ,ioint-:;-.:ealtn& compot,tnds ar.:;, 

supsrior t.o striight asphalt or tar pr(;:lducts commonly used in ,sn&.li.ng 

joints. 
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PART IV - INCIDENTAL STUDIES 

In addi tiou to the major investigations mnbodirxl in the Michi.gnn 

·Test Road, several inci.deiJ.tal studies ·•mr8 introduced into the progrc.m. 

These studies pertained primarily to various construction method.~. 

T1w reeults of two of these studic-ts, namely, stress cur·ing of concr2te 

e.nd Vi3rtic~d. b1;;havj.or of tht:; pavement are of enou[;.h importt-:tnc8 to 

v;arrant th0i:c inclusion in this report. 

Strr:!SS Curing of Concrete 

In Series 9J]""J r:;ighteen hundred feed:. of concrGte pavement h'ClS 

pl2.cAd by the stress curing metJ:wd, ';d1ich oli1uinat.es reinforctJment. n:nd 

tre.nsverse joints otlwr than thosG provided f.:.n· expan::~ion. The slc::.b~; 

werE; laid i~.1 100-ft. lengths.. The concrete was sub,j ectod to controlled 

compr:.::ssive forces during the 7--day curing veriod, or until such tiftV0 

;:;_p the becms for rnod.uluH of rupturs t(:Jsts reLched thr:; 7--d.-::~y specificc·.t.ion 

strength of 550 pounds per sque.re inch.. The app1icc!~ion of pressurG 

r;a,s f'~ccompJ.ished by using ctmv~LS covcrBd rubber. hose prossuru colls 

inserted in the expa.nsion joint op-::.~nings ~ The pres.sur0s 1·.rere inc:t~oct,sud 

n.t a rate controll.:-)d by determinations of strength incre£~so in. test 

sr)ecim::ms up to a maximwn of 200 pounds peT s<1us.re inch. Sc::f.J Figur;~; :~D. 

£'hysical Qondition of Slabs· 

At the f~nd o.f 10 year's, 10 of tho lB slabs are in .:T:)pL·.Jxently porfect 

condition. The remaining 8 slabs have craciu)d c.s sh6v1n in Figure 40 .. 

The first cr<:~.ck in thB entlr•.:: test secti·::>n occurrnd in tb•,:; sle.b be tvioon 

Joi1:J.ts 6 and '7 prior to tb0 survey conducted in August, 194.1. The 

pro~r~:ssive development of cracks is also illustrated in Fit:,ure t±O by tho 

:nurnbe.rs appearing D..t each cracke 
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provc,n that the cracking• in four ::>f the slabs can be attributed directly 

to abnonaal change.s in the subgrade causGd by undc:sirable soil coadi.tions 

and not t0 any factor or weaknees in the slab st.ructur·o• due to method 

of construction. Part of Serier.; 9A li!tl.s constructed on a 12-in. sccnd 

sUbbase overlying c~ loe.n\Y sand \~it,h clay pock~~t_s .:":t.nd sandy clay loam 

soilso AJ.J,PD.rently the 12-ln. sand subbase VJCi.S not thi.c\:: enour;:h, s~\.nce 

thsr,:; is evidence of rutting and intermingling of the Slibb;:;.se c..r1d sub-

grnde mater~alH cP,using improper drr:~int..ge under the sl&.b.. The slab 

betv.reen J ointG 15 o..nd 16 i.s ov-er a bala;r;tce point bet\·Jeen cut e.nd fill and, 

therofol'e, cw,cking has resulted uncJugstionably from differenti~;d volUllle 

c:b...anges bet'<·;i~{~n the fill und cut section o.nd bas b1::H:~n u.ugm;:;nt.ed by poor 

subt:-::rnde soil chare.cteristics.. The cracks in th8 nlabs betv.ieen Joints 

16 and 17, and 19 and ~~0 v.rere e.lso caused by poor subbo.se and subgra.de 

conditions. 

The maximura and minir-1um joint width movements for the winter and 

sunuuer .seasons from 1841 to 1950 ar-e also sho·,.,n graphically in. Figur·e 40. 

1'hH eb.c:1.racter of the grc~phs incU.cEttes: fi:C§.i, the joint >.~i.dth mov•:J.EJ.r::mts 

of the sound .sla1Js are very similar in charact8r both \'ii th respect to 

amounts and trends,. §_eCond, tho sound slabs see:n to have a residual 

contraction 1;·h.tch is evidentl;y casuc)d by the relatiY<'Jly high pouring 

tei\lpe:ratu.re of approx:iJr.:::..tE:~ly 80° F.; third, the movement of the joints 

at either end of the slabs conk,iniag cracks or int<orrnediat.e joints 

responds in the su.me manner as normal slabs -~vitb intermedic~t.e contraction 
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joints in that ·the ampli tudF_; diminishes \Ji th time and e. p:rog:re;3siv:3 

residual displacement takes p:Laca at the slab ends adje"cent l;o tho, 

Vertical MOvement of Pavement· 

pT19cise elevation ill8a.8urnlnentr have benn mC.de over thr:.~ entire l\)ngth 

.of the de.sign oxperimental project. Level measuremc·nts repT0SE~nt.ing 

pavement behavior under. 1fJint0r conditions ~'/er$ taken in 1£1.!.11 o.nd 1942. 

Summer leYel measuremm1ts \·,-ere made in .Auguf;t 1H4l and J'uJ.y li144 s All 

' elevations .s.re compared to the base readings '.o~hich v1e:re c:stablishod 

GOon aftBr constn;ction of the :oroj ect in 1940. 

In general, the date .. in Figure 41 sb.)y; tbht the 0-Vero.ge vertical 

1 in, and in most. cast:JS it is less than l/2 in·. ho~~Gver, in loca.liz(;;!d 

areas changes in elevation oi' as 11uc}1 as l.Bf5 in~ occurred durins the 

;rfinter season, and. ·~.·ere evide.n;tly cs.used by heaving. Ext rem~·~ displucs-

ments o..re not sh<.wm in Figure 41. Some pBrmanent settlemGnt has 

occurred ranging on M averag,e lc::es th£..n 1/2 ;in. In somE:: cases tb.e 

Data sholiting the averag~s relat:i.v.:: displac~~ment of slcob o.nd.s, or 

fc~nl tin6 at; joints, 8.J:'B prce.E:rited ir1 Figure Ll2. The maxinrUt11 nvurag,e 

f'Ciulting for th<.l entire '1\wt Road is loss t.ban 1/3 in. A majority of 

t.Iv:~ sections r~!how .faulting of less than 1/16 in. or, for all practical 
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Permanent Curling of Slabs 

Data on vertical displacem•cnt of slab ends ,;i th reBpect to slab 

center, or in other v10rds sl_ab warping, are presented in Fig·urB 41:·. 

rrhe maximum variation of relative v_er·tical displaCeillei:lt is shovm. as v-reJ~l 

as the av;;;rage. 'rhe- data indicate, in general, that many of the pavs-

mBr;tt Glabs J:1r.<vH attained a slight permanent upward .. warping Vih:Lle others 

No uttempt has been made at this writing to correlat·J the displace-

ment phenomeno. 1.:.rith dGsign features. It ia b;::;lieved that tht;. pavt~m..3nt 

is far too young at thG pressnt time to produce r·cliable information 

on. performance_ tn relation to certc::..iJ.:t desiG'TI features incorporutt:Jd in 

the Michigan Test Eoad. 
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MA)(IMUM VARIATION OF RELATIVE VERTICAL Ol5Fl.ACEMENT 

Figure 43 

IU:I.ATIVIE Vll:iU'IC:AI. DISPI.AC:IEMIENT 01' SLAB lENDS 

WITH IUSPIEC:T TO CENTER 
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'l'ho investigationnl wor.o: associated with the Design Project of 

the lV'iichig.-:tn, Test Hoad has prodt~ced to datf; several results of out-· 

standing importtu1ce in tb.B design e.nd const:ructio:n of concrete pe.vements 0 

All of these findings v.-hich are recapitulated belo" have been utilized 

in frwaing th8 Depr..rtment' s current specifications for concrete pavement 

construction. 

1.. The satisfr...ctory pcn--formnnce of lOng sections of pe.YOlllBnt 

under full restraint indicates thu.t expansion joints are unnecessr.ry 

except at such places u.s. interAE:ctions, ·.cail cro'?sing.~., f:tnd structu.rGs, 

'> " . Adequ,~tte load tran.sfc:r devices are essential in a11 j ointH to 

pros(~rve th':> tuutual elevation of the abutting slabs. 

5.. Th-::: method of forming & contraction joint by groovinE:; the 

surface of the pe.vemen t and sub seq.uen tly filling the groovr:; · .. -_..:L t1"1 a good 

~~ealing compound in far sup'.H"'ior to the method of inserting ::;, premolded 

bi 'GuminO'UB fib-er $trip. 

is not satisfactory as ,!J. lot .. d transfer d~~vice. 

5. The commercially availnble asphalt-rubba· j olnt-srcv.ling 

com;:>oundc' hccve greater durs-bili ty the.n the mix<3d-on-th,-j ob asphalt-

lat.(~x mixtures and are fo:r superior ·to the straitJlt r::sphalt or tr~r 

products in coJ~nnon USB for sealing joints und cx·adrs .. 
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7, Nothing has been learned which v:oulcl definitrsly indi.cELto tk,t 

short slab construct.i.on is superior to long slab construction an· cl . many 

.advantages D.re to be gained by thG latt.er practicd b;y V!ay of better 

riding qualities, loHer maintenanc8 costs, and better construction 

conditions 4 

8. Resu·lts so far indicate that the uniform cross soct-iJn . 
.....~ l:S 

eqnal in p8rformance to that of the thickened edge section, >lith many 

obvious advantages. 
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