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This paper reports on the behavior and performance of two exper-
imental sections of continuously-reinforced concrete pavement con-
structed in New Jersey in 1947. These sections, each approximately
1 mi long, have been subjected to relatively heavy truck traffic.

The northerly section is of 8-in. uniform thickness, and contains
0. 90 percent of longitudinal reinforcing steel. The southerly section
is of 10-in. uniform thickness, and contains 0. 72 percent of longi-
tudinal steel. In both sections the steel consists of a double line of
welded wire fabric.

The paper includes data relative to the recorded changes in
length, crack pattern, crack width, behavior of the terminal joints,
and the effect of these sections on the adjacent concrete pavement. It
also describes the defects which have developed, and compares the
performance and cost of these sections with that of the standard design
of reinforced concrete pavement constructed on the same route.

@ THE FOLLOWING constitutes a report on two experimental sections of continuously-
reinforced concrete pavement constructed in New Jersey during the fall of 1947. Two
previous reports have been published (1, 2). Although complete details concerning the
design, construction and materials may be found in the first report (1), it appears de-
sirable to include certain of this information in this report.

In particular, both sections are located in the northbound roadway of Route 130, in
the vicinity of Hightstown, N. J., and were constructed in connection with a project
known as Route 25, Sections 25C and 22D. Traffic is one-directional on these sections;
northbound only.

The southerly section, which is separated from the northerly section by a series of
slabs and a bridge, is 5,130 ft long, of 10-in. uniform thickness, and contains 0.72 per-
cent of longitudinal steel. The outside (travel) lane was constructed during the period
September 8-16. During this period the air temperatures, midnight to midnight, ranged
from a minimum of 60 F to a maximum of 89 F. The inside (passing) lane was con-
structed during the period September 23-30, the air temperatures ranging from 36 F to
70 F.

The northerly section is 5,430 ft long, of 8-in. uniform thickness, and contains 0. 90
percent of longitudinal steel. The outside lane was constructed during the period October
3-10, the air temperatures ranging from 43 F to 78 F. The inside lane was constructed
during the period October 14-20, the air temperatures ranging from 49 F to 79 F.

Both sections have an over-all width of 24 ft, and consist of two 12-ft lanes, con-
structed independently. The longitudinal joint between the lanes is of the tongue-and~
groove type, without tie bars. Because of this absence of tie bars, each lane has been
more or less free to expand and contract independently.

The reinforcing steel in both sections consists of a double line of welded wire fabric,
in the form of mats 16 ft 3 in. long, installed by the strike-off method. The plans called
for the upper line of steel to be 2 in. below the top of the pavement, and for the lower
line to be 3 in. above the bottom, in both sections. A 15-in. lap was employed, except
on the resumption of work at the construction joints, where a 4-ft lap was employed.
During the first four days work the top mats were installed directly above the bottom
mats. In the remainder of the work, however, in order to avoid laps in both mats at
the same points, the top mats were installed approximately 4 ft to the rear of the bottom
mats.
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The longitudinal members consist of cold-drawn wire, 3/8 in. in diameter, spaced
3in. c. to c. Cross-sectionally, there are 94 of these members per lane. The trans-
verse members consist of No. 5 cold-drawn wire, spaced 12.2 in. c. to ¢. Tests made
on representative samples indicated that the longitudinal members had an average ulti-
mate tensile strength of 84,600 psi.

The mats were manufactured shortly before use, so were practically free from rust
at the time of their arrival on the project. Between that time and their installation,
however, most of the mats did acquire a film of rust, but of only superficial thickness.
Whether or not this practically unrusted condition had any material effect on decreasing
the bond is highly problematical; but on the basis of cores recently obtained at a number
of the cracks, it appears doubtful.

The pavement immediately adjacent to the ends of both sections consists of 10-in.
uniform-thickness reinforced concrete, and the terminal joints at the ends of both sec-
tions are ordinary dowelled expansion joints. All of these terminal joints are basically
the same, except that 3/4-in. wood filler (cypress) was installed at the ends of the 10-in.
section, whereas 1/2-in. cork filler was installed at the ends of the 8-in. section.

Both sections were constructed on a layer of high-quality granular subbase material,
the thickness of this layer being 12 in. in the case of the 10-in. section ( and also in
connection with the conventional concrete pavement incidental to the project) and 14 in.
in the case of the 8-in. section. The underlying subgrade soil is of a type that, under
the truck traffic at this location, is highly susceptible to pumping.

Figure 1 shows typical cross-sections and incidental construction details.

CONCRETE DATA

Cement: Lehigh, air-entraining.

Fine aggregate: River glacial sand, and quartz sand.

Coarse aggregate: Diabase trap rock, graded 2% in. down.

Proportions (by wt): 1:1.7 5:3.50.

Av<;rage slump: 4 in. (high slump specified to facilitate embedment of reinforcing
steel.
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Curing: '"Colorless" membrane spray.

Based on 1957 cores, the concrete has an average compressive strength of about
7,000 psi.

TEMPERATURE CHANGES

Long-term observations indicate that the concrete pavements on this project have
undergone an annual change in temperature ranging from a minimum of about 15 F to
a maximum of about 110 F, as recorded, by means of temperature wells, midway be-
tweep the top and bottom.

TRAFFIC

Because of the important influence of traffic on the performance of any pavement,
it is necessary to point out that Route 130 is the major north-south trucking route in
New Jersey and that, as a result, these sections have carried a considerable amount
of heavy truck traffic. The type of heavy-trucking unit which predominates in this area
is the tractor-semitrailer combination, which in New Jersey may legally have a single-
axle load of 22,400 Ib and a tandem-axle load of 32,000 1b, plus a 5 percent tolerance
above these limits. From 1947 through 1957 approximately 1,600 vehicles of this type
traveled over these sections daily.

Of importance is the fact that a recent visual count showed that about 95 percent of
the tractor-semitrailers travel in the outside lanes, which appears to be more or less
typical of the divided highways in New Jersey. On this basis, the outside lanes of both
sections have thus far carried approximately 5,000,000 vehicles of this type. A break-
down of the average daily axle loads induced by these vehicles is given in Table 1. Fig-
ure 2 is a general view of the 8-in. section, the heavier travel in the outside lane being
apparent from the greater amount of oil and grease stain on that lane.

BASIC FEATURES
The basic features of a continuously-reinforced concrete pavement are as follows:

1. Installation of a substantially greater amount of longitudinal reinforcing steel
than installed in pavements of conventional design.

2. Continuation of the reinforcing steel through the construction joints between the
portions of pavement constructed from day to day.

3. Complete omission of transverse joints of any kind, other than the construction
joints previously mentioned.

Initially, the function of the reinforcing steel is to induce the occurrence of transverse
cracks at relatively close intervals. Subsequently, its function is to prevent these cracks
from opening to any detrimental extent, and the success or failure of the pavement de-
pends primarily on the ability of the steel to do so.

TABLE 1

AVERAGE DAILY AXLE LOADS
{Tractor-Semitrailers Only)

Number of
Load Single Axles Tandem Axles
(Ib) 1950 1956 1950 1956
Total, all weights 4,660 3,717 560 1,053
18,000 and over 1,980 1,270 524 926
20,000 and over 1,020 648 490 871
22,000 and over 515 458 438 791
24,000 and over 2176 229 393 749
28,000 and over 50 38 257 551
- 32,000 and over 8 [] 92 320
36,000 and over 0 [] (] 65
40,000 and over 0 0 0 8
44,000 and over 0 0 0 0
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ranging from 0.64 in. to 1.00 in., the terminal joints had undergone an opening ranging
from 0.67 in. to 1.18 in. This large amount of opening resulted in complete failure of
the joint sealer and, in turn, infiltration of considerable quantities of sand and gravel
into the terminal joints. With yearly repetitions of this cycle there has been a further
infiltration of solid material. There has also been a progressive loss in the thickness
of the joint filler, which now appears to have been compressed to the point of refusal.
For these reasons it appears that at present there is far greater restraint to the expan-
sion of this section than existed originally.

3. In May 1949 a localized area in the outside lane, approximately 1,430 ft from the
south end, began to undergo failure. In December 1951 the failure had progressed to the
point where it became necessary to remove the damaged concrete. This work, which
also involved removal of the reinforcing steel, resulted in (a) creation of an open space
about 7 ft wide for the full width of the lane, and (b) creation of two free ends. As a tem-
porary measure the space was filled with crushed stone topped with bituminous material.
In October 1954 these materials were removed and replaced with concrete, which was
securely joined with the existing concrete by means of the reinforcing steel. In con-
junction with this work a dowelled expansion joint with 3/4-in. bituminized-fiber filler
was installed at the center of the repaired area.

In May 1949, in view of the probability of complete failure at this point, a supple-
mentary reference line was installed 20 ft to the north (shown in Table 2 as 1,450 ft from
the south end). -

It is apparent that, owing to this occurrence and the work performed the outside lane
has been divided into two sections 1,430 and 3,700 ft long. The inside lane, however, is
still intact. In any event, this constitutes the reason for the considerable difference in
movement recorded since 1949 for the inside and outside lanes in the vicinity of this area.

The maximum inward and outward movements, and the total range of movement, re-
corded at the ends of this section are as follows:

Movement of 10-in. Section (in.)

Lane South End North End
Max. Max. Total Max. Max. Total
Inward Outward Range Inward Outward Range
Inside 0.68 0.29 0.97 0.72 0.23 0.95
QOutside 0. 96 0 0.96 1.00 0.03 1.03

The maximum recorded over-all changes in length of the inside and outside lanes of
this section have been, respectively, 1.92 and 1.99 in.
Certain data worthy of note in Table 2 are as follows:

1. All of the terminal joints have undergone an appreciable increase in width, but the
amount varies from joint to joint. The greatest increase has occurred at the joint at the
north end of the outside lane, which on June 20, 1957, was 1.05 in. wider than at the
time of construction, despite a 92 F pavement temperature. There appears to be little
doubt that these increases have been due primarily to the infiltration of solid materials
into these joints while in an open condition during cold weather.

2. On November 29, 1950, the north end of the outside lane was 0. 62 in. south of its
as-constructed position. This was also the case on June 20, 1957, despite a 53 F higher
pavement temperature. It consequently appears that in this location the outside lane is
now being prevented from expanding normally, owing to the impacted condition of the end
joint, plus refusal of the adjacent pavement to be displaced.

3. In certain locations the longitudinal movements of the inside lane have differed ap-
preciably from those of the outside lane, especially at (a) the ends of the section and for
several hundred feet adjacent thereto, and at (b) the failure in the outside lane and for
several hundred feet on each side of this failure. Inasmuch as these differential move-
ments have necessarily involved slippage between the lanes, along the longitudinal joint,
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TABLI
10" SE(
_LONGITUDINAL MOVEMENTS AT TRANSVERSE REFERENCE
Date Slab L End < Sovth Distanc
Temp| “7¢ | Joint 0 200 | 500 | 700 900 | 1400 | 145
As Constructed | Var Both 0 0 [¢] 0 [¢] [¢] [¢] —
olinside |+ .28 |.30 —].08 —|.0t —»| — — — —
Nov.13, 1947 | 4G I hode [+ .52 [.42 —=[.10 —=] .01 —] — — f— —
Inside + @7 |.04 — — A7 — — — —_— —
9 35°
Jan 29,1948 Outside | + .28 | .89 — —_— 40— o - —_— o
Joly 20, " o1° Ingide + 22 |=— 20| «— 05|.07 —»].03 —*|<— .04]|.03 —» —
Y5 Oufside | + .09 | .06 —= .10 —»|.07 —»| — |.03 —»|.07 —
Dec. 17' " Ize‘ ‘ns‘.de + l7° —_— e -— — e — i
Outside | +1.00 — — — — — — —
» olinside [+ .01 |~— 17| — J— — — — —
JUHC 41194'9 99 outside + 58 -22 — — — — — — —
Jan 23%.1950 4‘1: Inside + .69 |.41 —» |17 —»1.08 — —_— 0] —» Q —
e Outeide |+ 96 |.70 —» |.34 —].09 —=| — 0 —»| 03 —»| ——
oct G » gocllnside [+ .471.09 —= ) o — |- 02|02 —| —
? Outside |+ .77 |1 43 — | 2] —»].02 — —_— 06 —»| 0 — —_—
. olingide |+ .86 | 43 —[.10 —] — o —| — — —
Nov. 29, 39 [Sutside [+1.07 [ .75 — 28 —| — — — — —
Jolu 12. 1951 88° Insi1de + 26 |J*— .19]|—— 04].08 —|.08 —»| - ,02]|.02 —» —_
VY A outside |+ 71 | .32 —>]27—]12 —| — |09 —|.18 —>|=— 1
o |ingide +1.01 |.G8 —» —_ —_— —_ —_ 08 —» —_
. 34
Feb. 1, 1952 Outside | +1.22 | .96 —» | — — — — |-— 12[.80 —
Jone 10, ¥ 20° Ingide + 36 |=— .12]-=— 04]|.08 —].07 — 0 .04 — e
’ Outgide |+ .7¢ [.37 —» |24 —»|.12 —» —_— U3 — .63 —» | -— ¢
o | Inside + 40 — — — — — — —
Jl)ne 5! ‘955 84 O\J"Side + -78 — — —_— —_— o——— —_— —_—
olinside [+ 70| =— .c6| — — — — — —
Oct. 24,1885 | 71" Lo e T+ 90 | 22 —= — — — — — —
o{Inside +1.27 —_— —_— R —_— —_— —_ -
Jan. 3') 1956 40 Outside +1.35 —— —_— —_ — — —_— —_—
oct. B 0 7o [nside [+ .77 J+— oa=— o4].12 —=].06 — o - 02| —
el 3 Outside | +101 [.36 —» |22 —»|.1g —~| — 36 —> | .89 —#= | w—10
o |inside | +1072 |.34 —=| — o —].02 — 0 ~-— o4 —
Feb 25,1957 | 50 I rede [+126 |71 —=] — 20— — |20 — 29 —» |[=— ..
June 20, * ggo |inside |+ 53]=— 29]-— .17 o .04 —» | ~— 02 |.04 —»| —
Une <o Ovtside [+ 90[.3a —»]22 —J18 —] — |26 —=]110 —»[-=— 1
1 See text.

* Actual width of joint space at end joints is obtained by adding 0. 50 to changes shown.
® Reference line destroyed.

it is speculative whether the installation of tie bars would have proved beneficial, det-
rimental, or of no apparent consequence.

The movements at the points 1,400 and 1,450 ft from the south end in the outside lane
are of particular interest, because these points are immediately south and north, res-
pectively, of the failure which occurred in this lane. As will be noted, on June 20, 1957,
these points were 2. 19 in. closer together than they were originally. It will also be
noted that for a distance of at least 550 ft both north and south of the point of failure the
outside lane has undergone an appreciable movement toward the point of failure. Pre-
sumably this indicates two things—that this lane has tended to undergo an increase in
length, and that there have been times when this lane has been under considerable com-
pression.

LONGITUDINAL MOVEMENTS, 8-INCH SECTION

The changes in longitudinal position recorded at various points in the 8-in. section
are shown in Table 3, which also shows the changes in width recorded at the terminal |
joints. |
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.[I(])JI;!S, AND CHANGES IN WIDTH OF END JOINTS (in.)
from End (feet) —_North End
2000 2565 2000 1400 200 700 500 200 o] Joint
0 o 0 o) o) 0 (] o) o o}
— o e —_— — 08 —»= | .05 — | =w— 10 |=— 29| +.30
— —_— e —_— — 06 —= .09 —e|=s— 10 |=— .43]| +.52
—_— —_— —_— —_— —_— —_— R - 40| w— .72 +.88
— — — — — — — J— 47| -— to0|+1.18
- .0l 0 03 —e 0 04 —a= | 10 —» * o] 23 —»|- .18
o 02— |03 — .04 —={.03 —|.09 —»= * —~— ,05].03 —»|+.02
— — — — — — — — — |+.83
f— f— f— — — — — — — +1.08
— — — —_— —_ —_ — — — - .02
— — — — — — — — — -.30
) ~— .05 * * 09 —o= .15 —» — -— 12 | -— .30 |+ .G5
Y — ) * ¥ Josa—=l13 —=] — [ 22]=— .68[+101
~-— 03 |- .02 — — |io—=joB8—=]| — |-=— 01|08 —»]|+.28
o ) — — lio—lopg—]| — |w— 12| 21]+.c8
— — — — — — — | ~— o8] 33[+ 751
— — — — — — — |=— 18] w— Gz]+1G
.02 —» o) — — 10— * — |08 —e=].20 —=|+ .16
.06 —»- .04 —~| — — 10— * — |--— 09| w— .14 ]|+ .C3
— — — — — — — — |- 58]+ .20
— — — — — — o — ~s— .85 |+1.34
~— .02 | ~=— 03 e — 05 —» — —_ —— 02| 10 —e=|+ .29
[¢] [+] — —_— 06 —» —_ —_— - 18| --— 28+ .91
— — — — — — — — — [+ .37
— — — — — — — — — |+ .86
— —_ — —_— — e — e - 1C |+ .45
— — — — — — —_ — < ma}+1.0!
— — — — — — — — — + .07
—_ —_— —_— — —_— —_ —_— —_— — +1.51
o - 02| — — 1% — | — —  |[—e— 12— .1 |+ .37
~— .25 | -—— 02 — o A4 —em —_— f— -t— 35| e— .59]+1.05
— — — — lto —=] — — |-— 26| w— 30|+ .73
— — — — |2 —]| — — —— 46 —— .84]+1.32
&) T — — lig —=] — — | -=— .05]«— .05]+ .30
-— 23 |=— 0] — — |18 —] — — |—a— .31 |=— .02][+1.05

As in the case of the 10-in. section, in considering the changes shown in Table 3
it is necessary to bear in mind (a) the variations in as-constructed temperature from
day to day, and (b) the infiltration of large amounts of sand and gravel into the terminal
joints. In addition, there have been two serious failures in the outside lane. The first
of these failures, 569 ft from the north end, became evident in the spring of 1951; the
second, 372 ft from the north end, in the spring of 1952.

In October 1954 the damaged concrete in these areas was removed and replaced with
new concrete. In conjunction with this work a dowelled expansion joint with 3/4-in.
bituminized-fiber filler was installed at the center of each of these areas. Consequently,
since October 1954 the outside lane has consisted of three independent sections (from
south to north, 4,861, 197, and 372 ft long). The inside lane, however, is still in-
tact.

The maximum inward and outward movements, and the total range of movement,
recorded at the ends of this section are as follows:



LONGITUDINAL MOVEMENTS AT TRANSVERSE

TABLE 3

8" SECTION
REFERENCE LINES, AND CHANGES IN WIDTH OF END JOINTS (in.)

pate Slab Lane End uth Distance from End (feet) __North __ End
Temp JSoint o 200 500 | 700 | 200 | 1400 [ 2000 | 2715 | 2000] 1400 | 200 700 500 | 200 o |Jont
As construcied| Yar Both [} [} ] [] o [} [*] [) [e] [+] [+} 0 [e) 0 [ 0
linsde |+ 33 | 22 —+=|02—=] — — — — — — — — — — — |w— 02| e— 22|+ 28
Nov 13,1947 | 4G Outside | + 30 N3 —e= o — —_ — — —_ — — — — - — ] - 25| +.22
— |insde |+ o7 — — — — - — — — = — — — - — — + .86
Fso 1, 1948 Outside |+ 04 | — = = = = - — - — — — ey = = — |~.87
U 4o jnsde T-"oe [—— 20— o8] 07 — 05— | 04 ——| 04— |.03—=] o© 03—»| 04 —»|.02—=] O© 0 1l —=| 20 —=| - 10
July 22, 83° | ostes 1= o1 [=— 13l=— 06|03 =105 ——=|05s —=1 0 |- o3|]=— oz|os—=| oz —w|=—otfJoz—=] o |o8—=|21—]-oc]
5 [inside |+ .88 — — — — — — — — — - — — - — — |+~ .80
b 27 " | 28 [otede [+ 85 | — — — = — — — — — — — — — — —  [+.89
o |inside |- o4 — - — - - - = - - — — — - - - ~ 20
June 24,1049 | 99" | S 1oo9 = — — — — - = = — — — — — = — + 02
yom 26,950 | go° |eide [+ pa 7 —=Tos—+]02—=l= o 10 —=| ot —=] ot —=| 02 —»|.0A—=].04 —| 04 — OF —» |=— 10 |—=— 23] +.47
: Outsrde |+ 68 | 27 —= | c7 —=] 04—+ [ N —=] 02— 0 |=—o2|los—»[.03—=|.0t —=] 02— | 07 —=~[— 05]~— 26| +.67
oot 10, o+ | 72 [omde T+ a7 Toa—=1o02 —= * o 04—=|o7—=—|ot—=| o 07 —=| 10— |47 —>|=— 02| 08— |17 —=]17T —= [+ O7
et 10, Outside | + .62 | 12 —— [2) * 5 04 —— 02 —»|=— 03 [ 67 —=] 10 —=] 10 —=~] Ol — |07 —== [ 20— | 16 —o= | + 4G
.  lingide |+ 88 |22—=Jo4a—=] — o3 —=| — — - — - — — |~— 04| — 06 —= | —— 19|+ 51
Nov 29, 40" [Gutside | +1.00 | 37 —=] 07 —» | — 04— — — — — — — — o — 04 —= |=— 7| + .87
Jolg 31,1051 | eee [omde T 67 1= i3 [=— ®] — J|.o8—|08—=]o7—=]10—w|05—>|0z—=] o 0z —+=| o 10— | 26— |35 —=|- |5
vy Sh Outside | + .67 | =— 02 |=— 12| — 08 —=|10 —=]|0z—=| o© o1 —=| 02 —» 0 |=—ol|o3—wl06—=]|22-—»~|32 =]+ 35
reb. 20.1952| 4av [imeide T+i12 Las —=hic—e] — 05— 05 ——| 08 —= |10 —=| 03— | 03—>| 03— 03 —w]|e—.05] 02 — |~ 03| 28]+ BO
eb. 20, Ouiside | +1.24 | 81 ——|.16 —= | — 086 —» | .06 —= |03 —=|.02—|.0t =—]03—=|.05—=o0r—»| o 07 —=— |=— .01 |=— 22+ .20
June3 o | ser |lnsde [u.c8 [ b l=— 2] — |=— 02|.03 —=—|oc—=| ca—=]|w— .02] 03 —» ° 04 —»|=— 01 |.06 —= |25 |30 —]+ 0B
5 outside | +1.01 | .04 —=|=— 02 — [+] 05 ——] o2 —=]=— 05|=—.05]03—].02 —— ]| Ot —=! 05 —110 —=]| 22 ——]| 26 —=] + .55
o Linside |+ 75 — — — — - — — — - — — — - — — |+ .28
June 5,1953 | 84 Outside | +1.12 — — — — — — — — — — — — — — - + GB
. [inside |+1ie |=— 06| — — — — — — - - — - - - - = =
Oct 24,1855| 71 5 teige [+1.60 | .08 —= — — — — — — — — — — - — - — =
- [inside_| +160 — — — — — — — — — — — - — — — j+i22
Jon 31,156 | 40° PRSI So—————T— — 11— 1 — T = — 1 — | — [ = T = [ — | — |-
oct 10 v | aue poede Jsvie T=— oef—— 1] — l=—.O\ldo—wl10 - 05— 0z +]02—= 02 = 0 [=— 01].10 =] 17— .16 —=]+.27
cv- 16, Outside | +176 |.12 —=]|~=— 04 —_ 0 10 —=|.04—=] Ot —=Jo— 01|01 —=] 04 =~—TO0E—] 18—+ ].10 ] 11 —®].13 —e]+LI3
reb 25,1057 | 5o [oade [wisolaz—w] — — 02—=|10 —=| — — = — — 10 —=|=— 04|02 | — |=— o07]+1720
e ’ Outside | +195 | 34—=| — — 04— .10 —»=| — — — — — 13 —= 06— .10 =] — Jo4a—=J+124
Jome 20, » | 9a° |[lnside [+ ao | —— aof—— s3] — [=— oifos—wJoz—=loi—+]i0 —>]lo7—e 0l —— | 07 —=] 11t —» .12 —»] 32— 24 —=]4 .67
’ Outside | +1 61 | =— oB|=— 16| — Ol —= {40 —~1=— 02| =— o1[os—=| o8 —»] Ol =] 18 —=[20—] 14 —=].14 ]2 —»]|+05
1 See text.

2 Actual wadth of joint space at end joints 1¥ obtained by adding 0.50 to changes shown.
* Reference line destroyed
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Sovth
| 5647 |, 6-a" | 56-4’ |, 5G-4 |, 56-4 |, 56
r r ‘T— o I “
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7
: 57 56 55 54 5% 3
“‘~-Concre1‘e povement Constructed 1936 BLAN

CHANGES IN JOINT

Slab Inside Lane
Date Temp G9 68 e7 [-]) G5 o4 @3 2
No filler [%' Wood |34 Wood |34’ wood |34"Wood |34" wood |34 Wood [34° Wood

As Constructed Var (<] [+} [o] [] [¢] [¢] 0 o]
Jan 24,1948 35° | + 11 4+ 1) +.12 +.12 +.10 +.10 +.11 +.16
May 10, 78° | + 09 -.08 -.02 -.03 - 02 - 02 -.04 +.0)
July 15, 92° | +.04 -.%26 -.08 - 08 - 07 -.07 - 09 - 11
Aug 27, v 100° | +.09 -.50 -.10 -.10 -.08 -.09 -.10 -.15

Dec 27, v 28| - - - - - - - -
Oct 10,1950 78° +.30 -32 - 04 =.04 -.05 - 05 -.08 - 27
Feb 5,195 35° - - - - — + 0G +.03 -.14
Oct 29, * G5° | +.38 -3 ~-.0! -.01 +.01 -.01 -.06 -.24
June 10,1952 93° | +.3%8 -.472 -.10 ~-.10 - 07 =11 -.16 - 37
June 5, 1953 84° | +.42 -.44 ~.11 -. 11 -.08 -.14 -.20 - 28
Jon 31, 1956 39° | +.5¢ -.35 0 +.01 +.04 -.05 -.15 - 25
Dec 2B, » 38° | +.60 -.32 -.01 ~.02 +.02 - 07 -, 17 - 27
June 21, 19567 94° | + 50 ~.5% - 16 -.20 -.14 -.21 -.30 -.42
|June‘l,lll957eomgaredwr+hJulgl5|1946 +.4.6 -,25 -.08 -, 12 - 07 -, 14 —.2) =31

Figure 4. Pavement adjacent to south end of

of the inside lane in certain locations have differed appreciably from those of the outside
lane.

EFFECT ON ADJACENT PAVEMENT

Figures 4 to 7 show the pavement adjacent to the ends of the sections, and the en-
gineer's stations of the ends. They also show the recorded changes in width of (a) the
joints in this pavement, and (b) the terminal joints.

1t will be seen that in conjunction with the increase in width of the terminal joints
there has been, with certain exceptions, a decrease in the width of the expansion joints
in the adjacent pavement. Analysis of the reference-line and joint-width measurements
has shown that these sections have exerted pressure on the adjacent pavement, and that
this pressure has caused the adjacent pavement to be displaced in various amounts.

During the summer of 1957 the displacements that had taken place in connection with
the slabs immediately adjacent to the ends of these sections were approximately as fol-
lows:

Outward Displacement of Adjacent Slabs (in. )

10-Inch Section 8-Inch Section
Lane South End North End South End North End
Inside 0.82 0.25 1.17 1.11
Outside 0.56 0.43 1.69 1.22

It will be noted that:

1. The displacements have been extremely variable, the range being from 0. 25 to
1.69 in.
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v "-930+49 North
-47 N 564" | 56-4" | 10" Continuously-reinforced section
1 T [ 51307 long
G3 12 13 4
inside Lane Jraffic . 4
Outside Lane . Traffic 4
l 2 3 -
WIDTH (inches)
Outside Lane
13 57 56 55 54 53 52 ! A 3 --— Joint Number
% Wood, [ No filler | 34" Wood | %" Wood | I Wood |34’ Wood | % Wood | 94" Wood | 3& Wood 134’ Wood | <+— Joint Filler
) ¢] o) Q 4] 0 (2] o} ] [¢]
+.67 + 17 +.08 +.13 +.11 + 10 +.11 +.19 +.22 + 28
+.03 +.07 -=.06 =.,02 - 02 -.01 -.0% +.06 + 07 *.4.1
- 22 + 06 -.22 .10 -.09 -.06 -.10 + Of -,02 +.09
=26 + 06 -.26 -.13 ~. 11 - 08 -.12 [e] ~-.05 +.06
+,70 - - - = = +.14 +.22 +.23 +1.00
+.33 +.12 =.22 =.0t -.08 [¢] -.09 +.04 ~. 10 +G67
+ 87 - - - - - +.02 +.15 +,01 +1.16
+ 07 +.18 -.20 -.06 -.05 +.04 ~.06 +.07 -.07 +.84
+.36 +.13 =. 30 =.14 -. 14 +.04 - 19 -.03 =. 12 +.76
+. 40 +.14 -3 -.14 - 13 -.04 =.21 -.04 -.21 +.78
+1.27 | +.18 -.18 [+] -.01 +.08 -.05 +.07 -.13 +1.35
+1.15 + 18 -.21 -.02 -.02 +.07 =-.07 +.06 -.15 +1.26
+.52 +.09 - 35 -. 16 =17 =.07 =.25 -.09 -.28 +.89
+.74 +.03 -.13 —-. 06 - 08 -.01) -. 15 -. 10 -.20 +.80

~ 10-in. continuously-reinforced section.

2. The least displacement has occurred at the north end of the inside lane of the
10-in. section.

3. The displacements in connection with the 8-in. section have been considerably
greater than in connection with the 10-in. section.

This erratic behavior has apparently been due to the influence of several factors,
as follows:

1. Differences in the as-constructed temperatures of the lanes.

2. Differences in the amount of solid material which has accumulated in the terminal
joints.

3. Wood joint filler was used in connection with the pavement adjacent to the 10-in.
section, whereas cork filler was used in the pavement adjacent to the 8-in. section. Of
these two materials, wood offers far more resistance to compression, therefore the
pavement adjacent to the 10-in. section has offered considerably more resistance to
displacement.

With reference to the relatively small displacement of the slabs immediately ad-
jacent to the north end of the 10-in. section, it is to be noted that the adjacent pavement
consists of two 56-ft slabs, which are in turn followed by eight 187-ft slabs, in each lane.
And from the tabulation in Figure 5 it will be noted that the joints between the 187-ft
slabs have undergone an increase in width and that, conversely, the joints between the
56-ft slabs, both north and south of the 187-ft slabs, have undergone a decrease in width.

From this it is apparent that this series of 187-ft slabs has tended to undergo an in-
crease in length; which, in fact, has actually occurred. At the north, this action has
resulted in movement of the 56-ft slabs and the approach slabs, toward the bridge over



L
10" Continuously- reinforced
section 5i130"long  -879+19

- v S Se-4l 5641, 18744" e 187-4"_ e 1878 R 187l 4"
t i ™ ™ i
14 15 16 17 18 [T ¢ inside Lane 20
I 1 T I | ¥ I
L ) | 1 | ) | 1 1 _.1 1
1 14 182 (GE 4 5 ¢ 1V Qutsidelane ”
Souvth

PLAN

CHANGES IN JOINT

Slab instide Lane

Date toms |1& [ 15 [ 1@ [17 J1e [ 20 [21 J22 ] 23 | 24 |s4w B3W |5ZW
P ISoW 5 W W %W (%W W [Bw %W [&W [%W |7 C|1’C [ [T'C

As Constructed | Var 0 [*] 4] [¢] [+] o] Q ] e} 0 Q [¢] 0 [o}

Jan 26, 1948 | 24° [+.80 |+.15 [+.52 |+.42 |~ 62 |+.45|+49 |~ 57 [+.47 |+ 66 |+.13 [+ 07 [+ [+ 12

Aug 27, ¢ 100° |- 20 |- 20l-.26[-20[- e [-20|-12[-12 [-06 |- !5 [-32]|-21 [~19|~-.17
Dec 27, * 34° |+.79 [+.06 |+ 26 [+ 41 |+.53 [+ 40]|+.50 [ +.53|+54+5B] | +12[-.03 ]|+ 07| +.10
June 24,1949 99° |-.02]|-35]|-29-.14[-.11[-14|-08[-01 |-.06|-13 |-32]|-.32|-.19{-.17
Jan 20, 1950 38° [+.69 |-.18 |+ 13 |+ 33|+ 39[+29[+38 [+.42 |+.44|+37 |+ 08[-10 [+.01 | + OC
Oct. 10, v 78" |+ 23 |-.35]|-.12 |-.ot [+.03[-02|+05 |+ 1l [+.10]+02 [-17|-23(-11]-0O
Feb 5 1951 38° |+.84 |- 23 [+.14 [+.32[+ 40[+.30[+29 [+42 |+.44|+37]|+05|-.11 | O |+.0
O¢ct 29 G5° |+361-32|-02 |+14[+.16 [+ 10[+.18 |+.25[+.23[+ 1@ [-.041-.2] |-.07|~.03

July 15, 1962 a5° |+2¢ |-42]-13]|-01|-07]-.08]l+01 [+12|+05|~0l|-18 |-47[-.22[-.%
June &, 1953 84° |+ 37 [-.29|- 05 |+.05] O [~-02[+06[+ 17 [+12[+08]|-.07[~.44]|- 2! |- 1@
Jon 31,1956 29° |+97|-25|+ 21 [+38]|+.41 [+31 |+42|+40[+.46|+ 52)+.36|-.3 [-.22 -0
Dec. 28,1956 38° |+.80 |-.27|+ 21 [+.38 [+ 37 [+20[+.38 [+ 46| +.47 [ +.5] |+ 38 |-.33 |-.26 | ~.Of
June 12,1987 89° |+ 35|~ 38|+.05[+13 [+06[+04|+10+20[+22|+.20|+13 |-.47[~ 40[ -2
June 19, n 104° |+.29|~ 40[+01 [+11 [+02 |+ 02|+.07[+17 |+.10 |+ 16 [+ i) |~ 47|~ 45)-2

|-JunllB.I957comgaredwﬂhAug27.1946 %49 |- 20|+ 27|+ 31 [+18 [+.22[+.19 |+.20 | +2B]|+.30]|+43 |~ 16 |-.24 ] —. 1!

Figure 5. Pavement adjacent to north end of

Rocky Brook, and at the south it has resulted in development of pressure against the
10-in. section.

As previously indicated, the largest amount of displacement (1. 69 in.) has occurred
in connection with the slab adjacent to the south end of the outside lane of the 8-in. sec~-
tion. As shown in Figure 6, this displacement has resulted in considerable closure of
Joints 26, 27, and 28, immediately to the south. It has also resulted in about 1 in. of
closure of the joint adjacent to the bridge over Rocky Brook. It will also be noted that
a similar action has taken place in the inside lane, but to a lesser degree. It therefore
is apparent that all of the pavement adjacent to the south end of the 8-in. section has
been moved an appreciable amount toward this bridge. And from the data shown in
Figure 7 it is apparent that a similar displacement has taken place in connection with
the pavement adjacent to the north end.

CONDITION OF PAVEMENT AT ENDS

As measured from the ends, the end portions of the sections are still (1957) un-
cracked for distances ranging from 64 to 177 ft. The uncracked distances for all lanes
are as follows:

Uncracked Distance (It)
10-Inch Section 8-Inch Section
Lane South End North End South End North End
Inside 161 167 152 109
Outside 88! 177 64 114

! Through core hole.
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)
>
Bridge Approach @
95!::\:8-\ &
; >
874" L er-4 L 18744" L 1874" 1564|8507 pete’y 56’ | § | —North o
et bl I 1 o1 T T o
2! 22 23 24 54W  53W 52w 2 J
| 1 1 L 1 1 1 g )
1 . — L L ) 1 . i - o ]
8 B 10 1 54 55 87 L
Bridge Jont~
AMIDTH (inches)
Qutside Lane
BrJt. | 14E | IBE | 1GE | 4 5 [~ 7 8 ] 10 1 54 53 52 |BrJt | ~— Joint Number
2o Daw ['w Ba'W [%'w [32'w Pa'W [3'w [3a'w 3w [3'w [='c [ 1rc T e [17c [27C | =— Jomnt Filler
[¢) o 0 0 ] [e] o] 0 0 0 o] o) o] [o] [+] Note
+09)+1.20 [+ 12| + 27| +.@1[+81]+59| +.61|+Go|+02]+.80] +251 +.14]+.19] +20[+.09] "5l otes wood filter
-10j-or|~-18]-25[-.13] 0 |-o09[-42][-16[-13]-01|-19]-25[-14]-03][~10 C denotes cork filler
+ 10)+103 | +.07| + 24| +.56| + 76| +.60| +.55| +.57| +.57 [ +.73| +27| +.02 | +.14 | +.23 +.11
=10 +3c{-39|-.24[-.09] +.06| +.06 | -.04| +.0) | -.19 | -.03| -.04| -37|~.14 [ -.03[ -.10
+.08|+105 [~23[ +.14|+.45| + 59|+ B4 | +.44 | +.49] +.38 | +.56( +32 | -.16 | +.07| + 20| +.08
= 02| +64] - 39| -.00]|+.12 | +24 [ +29 [+ 18| +2Y | + 02| +.1B | +.22] ~.40| - OB| +.07| - 03
+.09|+1.27| =28 +.15 |+.44 ]| +.Gl | +.57 | +.48 | +B3 | + 38 [ +.57| +.42]| - 29| +.02| +.17 [ +09
+.02|+80 |-.36[+.02]| +.24 [ +39[+39 | +.31 | +.33] +.48 | +.36| + 41| -.41| -.14 | +.06] +.01
-6 | +77 | =44 -.06 [+15 |+ 31 |+32 |+ 72| +24]|+07[+29| +.391 -83| ~.35| ~27[-22
=16 | +86 | -.42[+ 01 |+.22] + 37 | +.37 |+28 | +.29 [ +.12 | +.40| +.53 | -48}-.32(~-28 | -2
-05]+151 [-32[+.26]|+.83 [ +G9[+e5[+060[+.59]|+.51|+93[+1.08[-29]{-20]-22]-62
~.09]+138 | -34(+.26 | +.55 | +67 | +.65 | +.B8 | +57[+.50| +.93|+1.19 [ -27 | -20]|-20 [ - 84
=.50|+1.07[~44 | +12 |+ 3 [+ 48 | +.41 [+ 34| +34 | +23 | +.G5[ +.98| - 38 | ~.34| -.34 |-113
=.37]4104(~45|+10 | +.29 [+.47| +.39|+.32 | +32 [ +21 | +.62[+96 | ~40[ ~.35]| ~ 36 |-119
=.27]+1.06[-27[+.35|+4a2 ]|+ 47[+.48 [+ 44 [+.47 [+ 34]+63 4115 [-.15 [ -2 [~33 [-1.09

10-in. continuously-reinforced section.

CRACKS

The central regions of both sections now contain a large number of transverse cracks.
Many of these cracks occurred immediately after construction—within a matter of days—
and practically all of the remainder occurred within the next three years.

The cracks are of an extremely erratic nature. For example, there are the fol-
lowing types of cracks:

1. Cracks whieh extend across the full width of the lane.

2. Cracks which originate at an edge, but which become progressively narrower and
terminate at some indefinite distance from the opposite edge.

3. Cracks which originate at an edge as a single crack, but which become divided
into two cracks, which may or may not extend to the opposite edge.

4. Cracks which originate and terminate within the lane, without extending to either
edge.

Although there are other variations in the cracking, these examples will serve to
make two things apparent, as follows:

1. It is not possible to establish a true average crack interval, as would be the case
if all the cracks were single cracks extending the full width of the lane.

2. It is not possible to establish a true average width of crack, considering, for
example, that there are a great many cracks which fall in categories 2 and 3, previously
described.

But despite these difficulties, and in order to obtain at least some idea as to the
average crack interval, crack surveys were made of a full day's work in each lane of




South ,/858+04 North
- —
. 55’ + 56447 [ 564" |, BG-4' i 8" Continuousiy-remnforced section -
Bridge A h i ) - ’ g
o w e o bl 36 37 38 8430 long $
5 g Inside Lane Traffic L
o :
Z" © ¥ Outside Lane Jraffic . &
9 L Bridge Jont 26 27 28 29 X
o
PLAN
CHANGES IN JOINT WIDTH (Inches)
Slab inside Lane Outside Lane
Date e, -BCt 35 36 37 38 Br. Jt. 26 27 28 29  |=e—Joint Number
P-[2"Cork | 17cork | 17Cork | I"Cork | V2! Cork | 2°Cork | I"Cork | 17Cork | 1’Cork | V2’Cork |<—Jownt Filler
Ag Constructed | Var. ] [0} [o} o [+] [+ [o) [+] [) o
Jan 30,1948 28° | +.09 +.21% + .19 .16 +.78 + .08 +.22 + .17 +.12 + .82
July 15, 93 | — .16 —-.02 - .04 .21 ~.14 - .18 - .02 - .07 -.32 - .06
June 24,1940} 99° | —.19 +.03 - .07 —-.3% ~.04 - .22 -.03 e [+) -.52 + .09
oct. 10, 1950| 78° | ~ .09 + .06 - .03 - .43 +.42 - .14 + .09 -.10 ~.58 + .59
Feb. 5, 1951 | 40° | +.02 | 4 .17 +.08 .29 + .96 -~ .02 [+.19 o) -.44 | +1.07
Oct. 29, 64° | — .07 + -1l - .05b = .49 +.76 - .11 + .13 - .24 — .51 + .91
July 15,1952 | 103° | — .34 - .07 - .32 .66 + .61 - .38 - .22 - .46 - .59 + .96
June G, 1953 88° | ~ .31 = .01 - .30 - .64 +.75 - .35 - .20 - 46 -.56B6 +1.12
Oct. 24,1955 69°| ~-.32 +.10 -~ .35 .50 +1.16 - .57 -.20 - 41 - .45 +1.60
Jan 31, 19566 39° | —.23 +.15 - .28 .52 +1.60 - A7 -.13 -.56 -.37 +1.98
Dec 28, " 38° | ~.3%0 + .16 —.31 .63 +1.49 - .G3 | ~.14 - .36 -.39 +2.03
June 21,1957 | 102° | ~ &7 Q =46 .67 + .67 -1.09 - .30 -.Bo -.53 +1.60
Figure 6. Pavement adjacent to south end of 8-in. continuously-reinforced section.
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a—S0ovth { «
B 8” Continuousty- reinforced section | 5¢-47 N 56-47 | 5c-47 | 55’ 5
1 5430 long E|9 '4'; ';'r 4';_ bndgg‘:gproach : u
o
4 Traffic Inside  Lane '3_ &
. L
& Traffic » Outside Lane s ;
& 30 31 32 33 Brldse_,w,.,,.-‘ b3
PLAN
CHANGES IN_ JOINT WIDTH (inches)
Slab inside Lane Ovtside Lane
Date Temp. 39 40 41 42 Br Jt 30 31 32 33 Br. Jt
Yo"Cork | 1”Cork | 1 Cork | 17Cork | 27 Cork | Y2'Cork [ ¥ Cork | 1#Cork | 1”Cork [27Cork
Ag constructed | vVar [+) [o] Q [+] - O Q [+] [o] -
Jan 30, 1248 28° +.82 +.16 +.22 +.23 - +.83 +.13 +.21 +.17 -
May 10, ¥ 77° | + oe -.01 -.01 +.05 0 +.06 -.04 +.02 -.01 )
Auvg. 27, 100° | -.19 -.25 -.08 +.01 +.05 -.15 ~.37 -.11 ~-.04 +.04
Dec 27, 28° | +.80 +.06 +.17 +.26 +.156 +.89 -.03 +.18 +.22 +.14
Oct. 10,1950 ]| 78° | +.01 -.18 -.04 +.07 +.072 +.41 -.39 -25 +.04 —-.01
Feb. 5, 195] 40° | +.57 -.06 + 07 4+.19 +.08 +.20 -.28 + 13 +.16 +.08
Oct. 29, e | 1.18 -.14 +.02 | +.12 +.02 | +.6! - 37 -.26 +.09 +.02
June 12 1952 95° | +.05 -.39 -.12. | -.086 -.15 +.55 -.50 ~-.44 -.15 -.15
July 1B, 103° +.02 -.45 -.17 -.09 +.20 +.50 ~.51 -.48 ~.24 -.21
June G, 1953 24° +.28 - 47 ~-.17 -.07 -.18 +.65 -.44 -.47 -9 -.12
Nov 23,1954 47° | +.91 -.42 -.08 + 08 -.03 +1 720 =.26 -.38 =23 -.10
Jon 31,1956 | 39° |+1.22 ~.41 -.\5 -.01 -.06 ]+1.28 -.23 -.38 -.24 ~.\4
Dec. 28, © 38° | +1.28 -.42 -.18 -.10 -.10 +1.34 - 12 -.37 -.27 =.23
June 21, 1957 [ 102° | +.66 -.57 - 34 -.48 - 45 +.93 - 31 .52 ~-.44 -.Gl
fJune 21,1957 compared with Aug 27,1948 | +.85 -.32 -.26 -.49 -.40 +1.08 +.06 ~.41 -.40 -.57

Figure 7.

Pavement adjacent

to north end of 8-in. continuously-reinforced section.

- Joint Number
- Joint Filler

1Y
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each section, the only cracks recorded being those which appeared to be clearly defined
structural cracks adjacent to the longitudinal joint. The results of these surveys are
as follows:

AVERAGE CRACK INTERVAL (ft)

8-Inch Section 10-Inch Section
Inside Lane Outside Lane Inside Lane Outside Lane
Sta. Sta. Sta. Sta.
Date 814+62-828+46 839+65-849+34 915+23-922+43 905+18-914+10
Nov. 1947 7.7 6.6 10.7 6.2
Oct. 1950 3.9 3.5 6.2 4.0
Aug. 1957 3.7 3.5 6.2 3.9

It will be noted that:

1. In October 1950, after three years of service, there were nearly twice as many
cracks as in November 1947.

2. There has been only a slight increase in the number of cracks during the past
seven years.

It also will be apparent from the foregoing tabulation that a substantially greater
crack interval was recorded in the inside lane of the 10-in. section than in any of the
other lanes. In view of this inconsistency, and doubt as to whether the 6.2-ft recorded
interval was representative of the entire lane, a survey was made in September 1957
of three day's work in this lane, among them being the day's work included in the ori-
ginal survey. In this case, however, owing to the hazard involved in taking measure-
ments along the longitudinal joint, the cracks along the westerly edge were recorded.

In the day's work originally surveyed, the crack interval was found to be 5.5 feet, and
in the two additional day's work the interval was 4.5 and 4.2 ft.

Perhaps about the best that can be said is that in all of the lanes the interval averages
from about 3% to 4% ft, and ranges from as little as 6 in. to as much as 20 ft.

The present typical crack pattern in the 8-in. section is shown in Figure 8, the
cracks in the outside lane having been traced with yellow keel, for photographic reasons.
This pattern is also typical of the 10-in. section. It will be noted that there are dark
streaks across the lanes, expecially across the inside lane. These streaks, which are
about 4 in. wide and dark grey in color, are coincident withthe cracks. Apparentlythey
are due to the exudation of a substance derived from the concrete during wet weather,
but the nature of this substance is not known.

The variable spacing of the cracks is shown in Figure 9, the lane in the foreground
being the outside lane of the 10-in. section approximately 1,800 ft from the north end.

CRACK WIDTHS

During construction, at 12 locations within the central regions brass gage plugs
were installed to provide continuing means of determining the amount of crack opening.
These plugs, averaging 10 in. apart, were installed while the concrete was still plastic,
along lines parallel with the longitudinal axis of the pavement. As many as 60 consecu-
tive plugs were installed in some locations. The distances between these plugs were
measured to the nearest 0.001 in. The initial measurements were taken on the day of
construction, just as soon as the concrete had definitely hardened, and before any ap-
parent cracking.

Results of the measurements taken from time to time in connection with the gage
plugs installed in the 8-in. and 10-in. sections are summarized, respectively, in
Tables 4 and 5. With reference to these tables, it is necessary to point out that:

1. The crack widths shown are based on the increase in distance recorded between
the plugs. The actual crack width, however, may be slightly greater, as the concrete






TABLE 4
CRACK WIDTH DATA 8" SECTION

Jul Aug. Oct. Dec Jut Nov-Dec | June Mar Sept
Location and Incidental Data 19498 1949 1950 | 1950 o8] 1951 1952 1055 | 1054
847460 to 847495 |SlabTemp [ — — 75° 31° 10 2° 48° 95° 38° — —
‘nside Lane N? Cmc!(s — —_— 7 7 7 7 7 7 —_— —
49 S @17 |AvSpacing | — — 58 5.8 5.8’ 58 5.8’ 5.8’ — —
paces Av. Widih — — .009” 009” .010” .013% Lo11Y o117 — —
Const.- Oct. 16,1947 ["'max width | — — o | onr | on* | o018 | 013" | o | — —
820+52 to B20+84 Slab Temp 90° — 69" 31° 87° 48° 95° — —_— — 43° 106°
Outside Lane N¢ Cracks 7’ — 9: 9’ 92 9, 9 — —_— e 9 9'
38 5 @10° Av.Spacing 4.5 —_— 3.5 3.5 35 3.5 3.8° — — — 3.5 3.5
paces &' 10 Av. Width 00727 — .007" L0077 007" .008” ,007? — — — .00G" .00G"
Const.- Oct. 8, 1947  I"'may width | 004" | — 0147 0127 012" 013" | .o’ — — — o117 .o’
831440 to B831+80 Slab Temp. [— [ 39* 31° 8G° 48° 94° 3a° — e 43° 105°
. N® Cracks | — — 4 4 4 4 4 4 — — 4 3
:;?;i:etgew, AY Spacing | — — 102/ 1072’ 10.2/_|__10.2 10.2 072 | — — 102 10.27
Av Width — o 014" 016’ .015" 016" 015" 0157 — — .015” .015”
Const.~ 0ct.8,1947 ['Maxwidth | — — 018" | 020" | wo19” | 020" | 019" | o19" | — — 020" | .020”
835400 to 835+20 Slab Temp. 90° — 75° 31° 84° 54° 94° —_ f— — 472° 105°
Outside Lane N® Cracks 4 — G 7 7 7 7 | — — — 7 7
23 Spaces @ 10° Av Spacing 4.8 - — 32 27 27 27 27 —_— — — 27 2.7
Av Width .006 o .010” 0127 010" .on .010" — — — 0107 0107
Const.— Oct. 71343 40y width | .oos’ | — 017° | .020° | .o1e" | .020° | .ole? | — — — 019" | 0207
848+00 to 848+50 Slgb Temp | — 101° 75 31° 102° B4° 94° — 82° 472° 43" 100°
outside Lane N2 Cracks — 17 21 21 21 21 21 — 21 21 21 21
60 Spaces @ 10¢ |Av.Spacing] -— 2.9 2.4 2.4 2.4’ 2.4 24" | — 24" 2.4 2.4 2.4
Av. Width — KeJolid .006" 007" 006" 008" .0077 — .00¢ .006* .00¢” .005"
Const.- Oct. 6,1947  I'pioy widin | — .00% | on* o012 | o’ | o127 | o127 | — ou’ | .o1” ,011? _010”




TABLE 5

CRACK WIDTH DATA 10" SECTION
. Nov. | Qct.-Nowv. Dec. July Nov.-Dec | March |June 10 | June 27 | Mareh Sept March June
Location and Incidental Data 1947 1980 1950 1951 1951 1952 1952 1952 1953 1954 1957 1957
894+78 4o 895+0c | SlabTemp —— 72° 37° 94° 48° — 93° 100° — o~ 43 95°
Inside Lane N2 Cracks o 5 5 8 5 —_ 5 5 — —_ 5 5
v Av.Spacing — 4.3’ 4.3’ 43 4% — 4.3/ 43 —_— — 23 4.3
¢ Spaces @0 AV Width — 0107 oI o117 o1 — YK o0’ | — — o12° o177
Const.- Sept 29,1947 [mox width | — o1’ .027" 019" 022" — .020" 020" | — — 020 ,020"
Slab Temp. 57° 76° 30° 92° 47° — 93° — 38° — 43° 94*
9'°T:; J: ﬂi:s" Ne Cracks 5 B 5 5 D 9 — 3 — ) 5
¢o Spaces @ 10” Av.Spacing 10.0 6.2 5.6’ 5.6 5.6’ — 5.6' — 5.6 — 5¢ 5.6
) Av Width .008’” o10” .0137 .010" .012¥ — .o10" — 0117 — 0117 .010¢
Const.- Sept. 26,1947 [Mmax. width o1’ 0177 023 021" 022’ — _O197 — 0207 — 0217 L021”
9214 11 to 921+61 Slab Temp 52° @9° — 94° 55° — 88° 100° — — 43° 972°
. N® Cracks 4 10 — 10 10 — 10 10 — — 10 10
;:ss' d:c::glo, Av Spacing | 1257 50 | — 50 50 | — 50’ 50 | — | — 50 50
page Av. Width 008 | 007’ — .008" .010” — 008" | .oog’ — — .008° o10”
Const.- Sept. 24,1847 [jax.widtn | .oos’ 015" — ote’ o2 | — 018’ 017 — — 018’ 020”
886+62 to B8G+92 | SlabTemp —_— 73° — 24° 34° -_— 93° 100° — — 43° 96°
Outside Lane N® Cracks b 5[ — 5[ 8 —_— ] 5[ —_— — 8 8
v Av Spacing — 4.5 — 4.5 45 — 4.5 45 — — 4.5 4.5’
43 Spaces & 10 Av. Width | — 0137 — oa” | .oe’ | — 014" o’ | — — o0le” | .ot
Const.- Sept. 18,1947 [maxwidth | — ol | — 09" | o22” | — otg” | ow | — — 020" | o019
910425 fo ©10+50 |SlabTemp 52° 70° 30° — a7t 38 23" | — — — 41 24
Outside Lane N® Cracks A [] G — © [ ] — — o 8 -]
30 Spaces @ 10" Av Spacing G.’).” a7 a — 4.2’ 4.2’ 4.2’ — — —_ 4.2’ 472
; Av Width -015 .o01e’ .0207 — .o020" 021" .018" — — — .0227 023
Const -Sept. 11,1947 ['max.width | .020° .0257 029" — .027* .028" .027/ — — — .029° .030"
0721+25 to 92]450 [|SlabTemp 52° 77° 372° — 58° —— 88° — — 84° 4%° 94°
Ouiside Lane N Cracks 4 8 [] e 8 f— 8 i — 8 9 9
, Av. Spacing 2’ 3V 3.1/ — 3 — 3.4 — — 3./ 2.8’ 2.8’
30 Spaces @ 10 Av. Width 008 | .oo8? | .o12* — 010" | — 009° — — o11” o1’ | .oi0”
Const - Sept 10,1947 [mox.Width | .0117 o157 .0187 — 018’ — 016° — — 017* o17” .017°
925+ 34 to 925+50 |SlabTemp 70° 77° 30° 95" 40° — 88° — — 82° 43° 24°
N? Cracks 2 4 4 4 4 o 4 I o 4 4 4
Outside Lane o acing | 79 39’ 39 39 39 | — 39’ — — 39 39 39
19 Spaces @ 10 Av Width | .008" ,009" 013" 0107 L0157 — o107 — — L013* o12” .014”
Const.-Sept 93,1947 [ Mox.Width | .013% 0147 L0177 0147 .018" — 0157 — — .ot8? 017° L0177
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between the plugs is susceptible to a slight reduction in length.

2. As will be brought out later, the widths shown are indicative only of the crack
widths at the pavement surface, and are by no means necessarily indicative of the widths
of these cracks below the surface.

From Tables 4 and 5 it will be apparent that:

The greatest increase in crack width occurred during very early life.

The increase in crack width during the past seven years has been practically nil.
The seasonal variation in crack width has been very small.

The cracks have never returned to zero width, nor ever approached doing so,
even during periods of high temperature.

oo o

Measurements taken at the crack plugs in March 1957 and again in June 1957 showed
that the decrease in crack width during this period was practically nil, despite an in-
crease in pavement temperature of more than 50 F. In view of this finding it was de-
cided to install plugs at a number of the wider cracks in both sections, inasmuch as
there were many cracks which appeared to be considerably wider than those in con-
nection with the plugs originally installed. Therefore, plugs were installed at about 60
of the wider cracks, and the original measurements were taken in July 1957, the pave-
ment temperature being 102 F at the time. Subsequent measurements taken in December
1957, when the pavement temperature was 60 F lower, showed that:

1. The cracks in the 8-in. section had undergone an average opening of only 0. 0010
in., the maximum opening being 0.0023 in.

2. The cracks in the 10-in. section had undergone an average opening of only 0.0015
in. , the maximum opening being 0. 0029 in.

It was also decided to core-drill the pavement at a few of the wider cracks, to de-
termine whether the failure to undergo closure during hot weather had been due to the
accumulation of incompressible material in the cracks. Accordingly, four 6-in. dia-
meter cores were obtained, two from each section. Quite unexpectedly it was found
that in all cases the cracks were much narrower in the lower two-thirds of the pave-
ment than at the surface, and of only microscopic width in the lower third. In view of
this finding, 12 additional cores were obtained, five from the 10-in. section and seven
from the 8-in. section. In nine of these cores the cracks were essentially the same as
in the first four cores. In the remaining three cores, however, which were obtained at
appreciable localized settlements, a crack of hair-line width extended clear through to
the bottom.

Figure 10 shows one of the wider cracks in the outside lane of the 10-in. section, and
the exposed shoulder edge of the pavement. It also shows the location of the core ob-
tained at this crack.

In this instance the upper line of steel was found to be 6 in., instead of the specified
2 in., below the surface. This however, is apparently a localized condition, because
it was not found to be anywhere near the same degree in connection with the other cores.
At any rate, during the drilling operations the core broke in two at this line of steel,
and there was a general breaking-up of the concrete for about the next inch. The lower
3 in. of the core remained intact, however, and in this portion the crack was of only
microscopic width. From a careful inspection of the entire core it appears that this
crack was of appreciable width clear down to the upper line of steel. It therefore seems
that installing the steel a considerable distance below the surface might tend not only to
promote wide cracks at the surface, but also to promote wide cracks of appreciable
depth. Incidentally, measurements show that this crack is not at a hump in the grade
line.

Several of these cores were subsequently sawed in two longitudinally to facilitate
measuring the widths of the cracks at various levels below the pavement surface. The
results of these measurements, which were taken by means of a 20-power scale micro-
scope, are given in Table 6, which also shows the distance below the surface of the upper
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The procurement of these cores has
resulted in several very important find-
ings, as follows:

1. The measurements at the crack
plugs installed during construction are of
very limited value, and are indicative only
of the surface widths of the cracks.

2. From all indications, the cracks
are much narrower in the lower portion
of the pavement than they are at the sur-
face. There may, of course, be excep-
tions. But in a total of 16 cores, no
cracks exceeding about 0. 015 in. in width
were found at the bottom, even at appreci-
able localized settlements.

3. Owing to the marked difference in
crack width from top to bottom, the sur-
face appearance of the pavement, at least
in general, is not indicative of its true
structural condition.

The reason for this difference in crack
width is not known. A number of factors
may, of course, be involved. However,
differential shrinkage of the concrete,
which might have been aggravated by the
high slump employed, appears to be the
most likely predominating cause.

With respect to these findings, it may d : ;
be stated that because of the serious ap- :
pearance of the cracks there had been Figure L. S:zrel a;tac_:rggﬁ_,ég. 10-in. sec-
speculation for a number of years as to ’
how the outside lanes of these sections could possibly hold together under the heavy truck
traffic they were carrying. Moreover, it was because of their "apparent” poor con-
dition, and the fact that a serious failure had already occurred in the 10-in. section,
that the long-term performance of the outside lanes was viewed with skepticism in the
1950 report. Whether or not the two additional failures that occurred a short time later
in the 8-in. section justified this point of view is, of course, a matter of opinion. But
it has nevertheless become apparent that the life expectancy of the continuously-rein-
forced pavements cannot be predicted solely on the basis of their surface appearance.

Incidentally, no faulting has been observed at any of the cracks.

CONSTRUCTION JOINTS

In general, the pavement adjacent to the construction joints is still in good condition.
Furthermore, there has been no apparent faulting at any of these joints. As of June
25, 1957, the recorded opening of the construction joints in the 10-in. section ranged
from 0. 004 to 0.045 in., and averages 0.015 in. In the 8-in. section the opening ranged
from 0.002 to 0.011 in., and averaged 0.007 in.

Rather severe cracking has occurred, however, in the immediate vicinity of several
of these joints, for a distance of 20 ft or more, but only on the northerly side. (Con-
struction was from south to north.) The severity of this cracking is shown in Figure
19, the construction joint being about 3 ft to the left of the core hole. But despite what
would appear to be the very poor condition of the pavement, no failures other than ex-
cessive ravelling at some of the cracks have occurred in any of these areas. As sug-
gested previously, the reason for the absence of failure appears to be that the cracks
are much narrower in the lower portion of the pavement than at the surface.
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of the 8-in. section have been, respectively, 1.66 and 1.22 in. For the inside and out-
side lanes of the 10-in. section these changes have been, respectively, 1.92 and 1. 99 in.

2. The 3,500-ft central regions of the inside lanes of both sections have remained
essentially at constant length at all times. (This does not apply at present to the outside
lanes, owing to certain failures in these lanes.)

3. Neither section has undergone any apparent permanent increase in length. There
are indications, however, that there has been a tendency in this direction, which has
been counteracted by the restraining effect of the adjacent pavement.

4. The terminal joints at the ends of both sections have undergone an appreciable in-
crease in width, due to the infiltration of solid materials, but despite this increase there
has been no apparent faulting at any of these joints.

5. In conjunction with the increase in width of the terminal joints, the slabs adjacent
to the ends of both sections have been moved away from these sections, in amounts
ranging from approximately 1/4 to 1% in.

6. The central regions of both sections have a large number of transverse cracks.
These cracks are of an extremely erratic nature. Their spacing averages from about
3% to 4% ft, and ranges from as little as 6 in. to as much as 20 ft. Many of these
cracks occurred immediately after construction (within a matter of days), and prac-
tically all of the remainder occurred within the next three years.

7. Inthe 12 locations where gage plugs were installed, the maximum recorded crack
width has been 0.03 in. There are, however, other locations where the crack width at
the surface is as much as 0.06 in.

8. Based on cores recently obtained at 16 cracks in the central regions, the cracks
are much narrower in the lower two-thirds of the pavement than at the surface, even at
localized settlements. There may, however, be exceptions, but these have not been
found.

9. At some of the wider cracks where cores were .obtained there was evidence of
rusting of the reinforcing steel, but apparently not to a serious degree.

10. Owing to the variation in crack width from top to bottom, the surface appearance
of the pavement, at least in the main, is not indicative of its true structural condition.

11. There has been no apparent faulting at any of the cracks.

12. InJune 1957 the recorded opening of the construction joints in the 10-in. section
ranged from 0.004 to 0.045 in., and averaged 0.015 in. Inthe 8-in. section the opening
ranged from 0.002 to 0.011 in., and averaged 0. 007 in.

13. There has been no apparent faulting at any of the construction joints.

14. Many closely-spaced ravelled cracks have occurred immediately north of several
of the construction joints in both sections, but no structural failures have occurred in
these areas.

15. With the exception of a few localized settlements and undulations in the outside
lanes of both sections, the changes in profile which have developed since construction
have not resulted in any noticeable impairment in riding qualities.

16. With the exception of serious rupturing at the terminal joint at the north end of
the 10-in. section, the inside lanes of both sections are still in very good condition.

17. Three serious localized failures, which required removal and replacement of
the damaged concrete, have occurred in the outside lanes; one in the 10-in. section and
two in the 8-in. section. The cause of these failures is not known, but the indications
are that they were caused primarily by a structural deficiency of some kind in these
particular areas. However, the absence of any failures of this nature in the inside lanes
would seem to indicate that heavy truck traffic also played an important part in their
occurrence.

18. The standard expansion joints have not proved satisfactory as terminal joints.

19. The 16 supplementary 187-ft slabs constructed in conjunction with this project
are still in very good condition, and ten of these slabs are still uncracked. There has
been no faulting at any of the intermediate joints. However, owing to the large seasonal
changes in joint width and resulting infiltration of large amounts of solid material, it
does not appear advisable to construct slabs of this length.
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CONCLUSIONS
From the foregoing, it is apparent that:

1. Within five years after construction three serious failures occurred in the outside
lanes of the continuously-reinforced sections. In addition to constituting a troublesome
maintenance problem, these failures eventually required removal and replacement of
the damaged concrete.

2. Owing to the close spacing of the transverse cracks, and as indicated by the
localized settlements and undulations which have developed in the outside lanes, these
sections apparently lack the longitudinal rigidity and load-distributing capacity exhibited
by the standard reinforced concrete pavements.

3. The cost of these sections was substantially higher than that of the standard pave-
ments constructed during the same period.

4. The standard pavements on the same route, of essentially the same age, and
carrying the same traffic, are still in excellent condition and show no signs of incipient
failure. In addition, they have first-class riding qualities.

For these reasons it is felt that, to date, the continuously-reinforced pavements
have not proved superior, nor even equivalent, to the standard design of reinforced
concrete pavement. Whether or not this will still be the case some years hence remains,
of course, to be seen.

It is hoped, however, that this experience will in no way tend to discourage further
investigations into the possibilities of this design. Certainly, the fact that a continuous-
ly-reinforced pavement constitutes, in effect, a continuous ribbon of concrete without
joints of any kind is in itself a strong point in its favor. Furthermore, it is apparent
that a pavement of this type is susceptible to a wide range of variation in design, such
as in thickness, and in the amount, type, location and tensile strength of the reinforcing
steel. Consequently, it is felt that no final conclusions relative thereto should be drawn
on the basis of a single experiment, such as this one.
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