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EXPERIMENTAL COMPOSITE PAYEMEHT 
;. IN .NEW JERSEY 

This paper conc~rns a compos1 te J'-avement desi.gn com-

structed Ofl RDute 3 1n New Jersey. The subject pavement 
I 

' 

w&s designed in the Jatter part of 1i61 and construction 

comp 1 eted 1 n the m1dd1 e of 196 3. Because of the un 1 que pave~ · 

ment design proposed .for this project, the Bureau of Public 
l 

Roads requested the New Jersey Department of lran_sportati on 

to consider 1t as an :experimental proJec_t .. It was agreed 

that the State would ~tudy the behavioQr of the compo~1te 
·tS.,>.'.'•, 

pavement d.esign and report annually on the observations &nd 

co 11 ected da t1. ~he completed project has been reported on 

at perio~1c_interva1s: 1-1/2, 2-1/2, and 3-1/2 year~. 

The basfc reporting 11ethodology agre.ed upon consists of 

the fo 11 ow1 ng: 

1. Traffic data including loadings. 

2. Oetermfnatfo~ of the serviceability index. 

3. Oef1ect1on measurements. 

4. Settlement d~term1n~t1ons. 
' 5. Concrete base performance. 
' 

6. 81tum1nous :co~trete surface petformancew 

The composite pav~ment desfqn was used on a portion of 
. : .•.... ·. . ;:_ ·.· \ >'• the projects in New Jersej i~vol~ina the Route 3 and New Jersey 

Turnpike approach conplex to the Lincoln Tunnel, connectinq 

r,ew Jersey with tlew York. Severa 1 factors inf 1 uenced the 
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I 

use of a composite :design rather than a conventional dt?ii~Wl 

1n the approach seetion of the Route 3 crossing of the H1ck-

ensack River. The terrain• over wh1ch this p@rrt1oll1l of th® 

highway was constructed 1s meadowland; the subsoils co~-

sisting of thin varred layers of. silt, clay, and sand. 

Approximately tw~lv~ feet of organic peat and muck over11td 

the underlying soil~. 

Due to the urgency of the need for improvements to the 
overall approach co~plex, the following factors werE t~wolwad 

in the des1qn of pavement sectiofl: 

li Route 3, over the Hackensack River was c1rrying 9 tn 

1961, approximately 80,000 vehicles daily, and about 17 ,~r= 
cent of these vehicles were in the heavy truck category. It 

was, therefore, imj~rative that~~he pavement section shoul~ 

be of an unusually sturdy construction, in order· that tt 

main virtually trou~le-free and require an absolute 

of maintenance over a relatively long period of time. 

2. A decrease :1n construction time was desirable an@ 

could be accomplished by removal and replacement of the or-

ganic peat and muck ~1th Zone 2 material (open graded qu~rr1ed 

or bank run materiali, 0-8 percent passing #200 ntesh), pladng 
I 

a normal earth emban~ment and construct1nq a pavement th~reon. 

However, this type of construction would not per~it precon-

solidation of the underlying compressible materials. 

3. Se~ious dou~ts existed a~ Jo the adY1lab111ty of 

employinq New Jersey:s standard design of reinforced con-
, 

crete pavement (78'-2" slab length) because of the compresstb1~ 
I 
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nature of the underlyinq soil e possibility of appre-

ciable different.ial settlerients caus
1
ing serious crackinq. 

4~ Investiqations and studies, available at that 

time, (?f the performance of fle.,1ible pavements on major 

trucking rout~5 in New Jersev, b~ the AASHO road test, and 

on sections of the New Jersev Turnpike in the area of this 

project, led to uncertainty as to the adequacy of any con-

ventional flexible pavement under the extreme traffic con-

ditions of this proj~ct. 

5. Bituriinous surfacinq materials are apparently cap-

able of satisfactorily carrying heavy truck traffic, and re-

m a i n i n g c r a c k f r c e , p r o v i ,fo d th e y .a re on a v e r y s t a b 1 e f o u n -

dation. This was borne out by the outstandinq performance 

of the- pavernents on two rehabilitation projects which in-

volved thick overlays placed on existing concrete pavement. 

In both instances, the existinq pavement was badly cracked, 

depressed, and underqoing pumping. An overlay consistin1 

of a 3 inch FA-BC-2 surfacinq on 8 inches of macadam base, 

on 3 inches of essentially stone screeninos, was constructed 

on Route U. S. 22 between Sor11erville and Chinney Rock in 1952, 

and is still in satis;factory condition. In the northbound 

road1:ay of f{outc: U.S. 120, in the vicinity of Jeans, an 

overlay was constructc~ i~ 1 949 consistinq of a 2 inch FA-BC-1 

s u r fa c i n q on 3 i n ch es. of PC n c t r a ti O n ma cad am , on 6 i n ch e S Of 

111acadar:1 b~1sc, on 5 in:d1,. s of ~;ank-run gravel. This overlay, 

under considerdhle he~vy truck traffic, is almost completely 
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crack-free, to grad~. and unrutted. It fs considered to be 
i 

in practically perf~ct condition. Whereas, a then considered 

r•lat1vely high-type fl~xible section constructed in the north-

bound roadway is now very badly cracked, appreciably rutted, 

and exhibits numerol!Js areas :of localized settlement. 

The part1.:u11r1desfgn oibjectfves for use of a composite 
i ' ! 

pavement on this pr,ject wer~: 

l., To matntain the str 1µctural integrity of surface de-
' i 

spite an anticipate~ differe~tial settlement resulting from 
i· 

the deep f i 11 and t~e compress i b 1 e nature of the underlying 

,soil. 

2. To achieve 'the high load carrying capacity of a 
! 

r1g1d pavement nece's';s1tated by,th0
~ large volume of heavy 

truck traffic. 

3. To,achieve ithe continuity of surface of a flex-

ible pavement. 

The section of the main~ltne composite pavement and 

shoulder, designed or these principles, 1s shown 1n Figure 

1 and summarized as ~ollows: 

i 
• I 

(Insert Fiqure 1) 
I 

Main-Line Composite Pavement, Route 3, Section l-D: 

3-1/2" FA-BC-2 (1-1/21' top course, 2" bottom course) 

"5" Macadam base,i(Bitumin~u:s-'stabJlfzed base not to be 
· ;; p e r mi t U.! d a s an a 1 t e r n a t e . ) 

' 

3" Densely-grad~d stone ~ase 
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8'' Plain conc-rrete base 

6" Subbase 

A1~cent Shoul:ders: 

2" bituminous concrete shoulder 

:?3-1/2" of sUbbase, the top 6-1/2'' of subbase to be of 
q Ua r r y p r o (:: e s s e d s t on e . 

Contraction jo,nts were constructed in the concrete base 
I . 

at intervals cf 15 feet. A three inch base qf densely graded 

stone was arril ied between the concrete base apg the five inch 

mac~dam b~sc. This was to act as a buffer to Rrevent the re-

fl~cting of cr~cks from the concr!te base up, into the 3-1/2 

inch~s of FA-BC~2 surface pavement. 
! 
' 

Se~eral constrJction contrdcts were associated with the 
! . I 

· a p p r c1 c h comp l e x t o ! th e Li n co l n Tu n n e 1 . Rep o r t i n g i s 1 i m i t e d 
I 
I 

to the Route 3 west~ound roadway on the east side of the Hack-
I , 

ensack River. The a~ailable initial data on the west side of 

th r ,.. i v e r a n d tr1 e e'a 1s t b o u n d r o ad way a re no t s u f f i c i e n t f o r 

,rnalysis. 
,... ,. t 4-- • t. Jns ~rue ,.10n COS t of the pavement for the initial contract 

a~ounted to $12.39 p~r square yard. This cost, much higher 

t h ,:n1 o r i q i n a 1 l >' ;i r. t i c i p a t c• c , w a s a t t r i b u te J t o t h e i nc x p e r i e n c e 

of the contr;:ic+.ci- with this ty'"'~ of paver1C.>nt. In subseriuent 

hi.1h-t/re L~tun;.inc,us i:.:11cretr;r: pav tor a reinforced portland 

ccneht co~crctc in Uew Jersey avcrJg~~ arprnximately $6.00 to 
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$9.00 per square yard, Followinq are the two way AADT experi-

enced on this portion of Route 3 for the indicated periods: 

1963 - 80,400 vehicles 

1964 - 83,890 vehicles 
I 

196~ - 84,730 vehicles 

196ci - 83,460 vehicles 

The truck perc~ntage for westbound Route 3 was 19.0 per-
, 

c en t (a op r ox i mate 1 y !: cons tan t .for the 1 9 6 4 - 1 9 6 6 p e r i o d ) w i th 
I 

an approximate lane idistribution as follows: 

Lane. 4 (inside-left) 6.0X 

Lane 3 - 32.0% 

Lane 2 - 43.0t 

L a rreT l ( o u ts f de : r'f(J h t ) 1 9 • 0 % 

Route 3 West~ound was constructed on new alinnnent anti 
;';1 

completed in mid-196~. Whil~ existinq Ro~tc 3 was beinq re-

habilitated to accom6date eastbound trafffc, ~rom July 2, 19(3 

to May 27, 1964, ·::he cor.;pletcd Route 3 westbounJ l'lctS divic!ej 

into five lanes, each ten fe0t wide, and was utilize~ for 

both eastbound and w~stbound traffic. Duri~~ this period. it 
I 

was subjeCted to aop~oximately 3,505,056 18-kir> equivalent 

axle repetitions. Si
1
nce May 26, 1964, the rcadway has been 

used exclusively as fbur lanes for westbound traffic. The 

accumulated by-lane lE-kip equivJlent axle repetitions since 

May 28, 1964 up to Noyember 29, 1966, the date of the latest 

surv~ys, is as followi: 
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lane 4 (inside-left) 276 1 059 

Lane 3 - l,472,311 

Lane 2 - 1,979,230 

lane 1 (outside-riqht)- 874,188 

Total 4,601,788 18-ldp equivalert 
axle repetitions 

The relatively hi~h traffic-load condition for the 

initial period up to May 1964 is due to the fact that the 

route carried traffic in both directions. 

Roughometer surveys were conducted periodically on 

all lanes of the approach section of the Rou€e 3 crossing 

of the Hackensack River from July 1i63 (prior to openin~ 

to tr a f f i c ) to No v em be r 1 9 6 6 (1 ate s t s u r v e y ) . The f i rs t 

th re e s u r v e y s we re con du c t e d: by p e rs qr n e 1 of the St r u ct u r a 1 

Research Division of the Bureau of Public Roads. The lat-,,--

est survey was conducted with the assistance of the New York 

Port Authority and without the use of personnel from the 

Bureau of Public Rdads. Although no acceptable roughness 

levels have been established for New Jersey using a BPR 

tyre rouqhometer, li'mited rouohness data is available for 

both the reinforced 1POrtland cement concrete and bituminous 
I 

concrete pavement types. Th@ measured values ~btained fo~ 

the subject comrosite paverient are within the limits of the 

available rl~ta. Virtually no than~e was found ih the pave~ 

ment rou~hness and the scrvic~abilfty index sirice constructed. 
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Periodic Benkelman Beam surveys have been made on the 

outside (right) and inside (left) lanes of the Route 3 west-

bound roadway east 'Of the Hackensack River since the incep-

tion of the study. Initially. a 7,500 pound wheel load was 

er.1plcyed. The inore recent surveys were made with a 9,000 

pound wheel load. Jeflectinns ~ere obtained in the right 

whee1 path of the oµtside (riqht) lanes at contraction 

joints (agqregate i~terlock load transfer), construction 

joints (no load transfer), and midpoints of the concrete 

base slabs. 

Table l shnws the average periodic deflection measure-

ments. 

{Insert Table 1) 

Limited deflection data is available for New Jersey 

pave mt· n ts . 

pave 1,1 en ts 

Available limited data for other New Jersey 

indicate deflection ranges of 0.01 to 0.03 inches ' ' 

Jnd 0.006 to 0.010 inches for bituminous concrete and port-

l?nd ceP1ent concrete pave21cnt:; respectively. The deflec-

tio;,s observed t~ius far on Poute 3, indicate they are 1-,ell 

within acce~table linits. 

Periodic close i,r;tervar profile and cross-section reJd-

inns have been takr>n on Route 3, Section 1D, the section to 
~;:, .... 

"'1 ,, 

·,1hich t 1iis rcnort [)•,:rt; j .",. P:-jqure 2 shows a portion of a 

typical prefi10 . .1s 6f' June l('i.i3 (us constructed), tloveF1ller 
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1964, June 1965 December 1966. Figure 3 indicates a 

Figures 2 and 3) 

portion of a £iii cal cross-section take.n on the above dates. 

The settlement observed thus far has been approximately 

0.06 feet. Most of: this settleme.nt took place during the 

first 18 months. 

· Visual inspecti.ons of Route 3, Section 1D were made in 

Novembe~ 1963, Janutry 1966, and March 1967. These inspec-

tions reve~led no s1gnificant defectJ in the composite pave-

ment. Several longi~tudinal crack~ have been observed. They 

are not considered a:s being detrimental to the overall per-

formanc~ of the com~osite pavement. Virtually no transverse 

cracking of ·the pave•ent has been observed, except immediately 

adjacent to the stru,cture. This absence of trans;verse cracking 

in the surface indic~tes .the buffer layers of densely graded 

stone and macadam are preventing the contraction joints of 

the concrete base from bein11 reflected into the surface. 
' Maint~narice thus f~r has been negligible. Some minor patch-

work was accomplishe~ at .the structure because of pavement 

settlement. 

Profile surveys, and visual inspections have shown noun-

usual conditions in the performance of the composite pavement~ 
., " , +fi'I~: 

Therefore, no intimatL~ study of thl:concrete base. has been 

undertaken. All jot~t locations ·have been marked, however; 

-10-
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arid if necesiiry, •xcavatfons can be made when deemed neces-
., . . 

sary to determine the,condition·of the Joints and the per:-

formance of t~e b~~e. 

Over the· 42-mdnth peritid of ooeration thus .far obse.rved, 

the composite pa venen t has performed 1 n accordance with the 

original design ob'jjectives ·stated on page 3 .. · 
i 

. I 
I 

i 
·. I 

·1 
.' ·f <. 

, . 
. I 
I 

.·.1 
I, 
I 

-11 ... 
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~·------- Deflections (Thousandths of an Inch] 
Date Joints Midpoints 

Dec. 1963 * 5 5 

May 1965 * 8 7 

Oct. 1965 7 7 

June 1966 7 7 

1-lov. 1966 7 6 

* 7,GOO pourid Wheel load. 

T A B L E 1 
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