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EXPERIMENTAL CONCRETE CAPPING ON GROESBECK HIGHWAY
Project F 50-7,05 i

Introduction /%

For a number of years the Highway Department'has noted the early
appearance of numerous uncontrolled transverse cracks on conecrete cap-
ping projects. The cracks usually appear within 24 hours after the
goncrete surface has been placed, and freguently open to the extent

that the mesh reinforcement ruptures. An effort has been made to re-

duce the cracking by using a bituminous separation coat composed of
an application of asphaliic emulslon and sand cover material on the

surface of the old pavement. This_expedient'has appeared to be help-

ful in some instances in aiding the resurfacing cdncrete to lengthen
or shorten independently of the old pavement, but does not provide
sufficient thickness to be of benefit as a leveling course.

In view of the difficulties encountered and the erratic results

obtained using current design and construction practices for concrete

recapping, the COonstruction Division proposed/a.study including several

methods of recapping concrete pavemeht with concrete to determine the

. relation between method of application and thickness of cap to number

of cracks per slab.| The data obtained were to be used as a basis for

revislon of specifications where it was indicated.

On June 7, 1952, C. H. Cash wrote a letter to L. P. Bcott, Distriect
Engineer, Bureau of Public Roads, outlining the suggested study. The
study was to be carried out by the Research Laboratory in cooperation
with the Construction Divisipn. W. C. Broughton of the Research Labora-
tory was asslgned to follow the work and report the results.

The investigation was divided into two partss
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1. To determine the location and number of cracks per £lab of con-
crete capping as recorded immediately after removal of curing
paper and before pavement was opened to traffic.

2. To determine the number of cracks per slab appearing after open-
ing the pavement to traffic. This will be accomplished by peri-
odic conditlon surveys over a long periocd of time.

This report covers part one of the study. It describes in detail
the sections recapped and shows what effect the different methods had in
contrelling cracking vhich developed befdre the pavement was opened %o
traffic.
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Description of Project

The pavement on which this study is being made is part of the Groes=

beck Highway (M;97) running north from Bight Mile Road to Fourteen Mile

Road in Detroit and is referred to as Construction Project F 50-7, 05;

The experimental section extends from Station 2£68 to Station 371488.
The old pavement which is being recapped includes all of Project

F 50.7,02 coﬁstructed.in-1928 and a short section of Project F 50-7,03

completed in 1930. Records show that Project 50-7,02 has a 10~B-10_ cross

section and was constructed with Oxford coarse aggregateo Project ¥ 50-7,03

has & 10-9=10 cross section and was constructed with France limestone from
Monroe, Michigano |

The original pavement was badly cracked and faulted and there were
many bituminous patches. The stretch between stations 250£00 and 319435
was very badly scaled with consideréble disintegration adjacent to joints
and cracks, in some instances extending to & depth of four to five inches.
See Figure 1 to 4, Plate T,.for examples of how pavement looked prior ﬁo
recapping.

ot

The eXperimental section of recapped pavement was divided into four

‘sections according to the method of bonding the cap to the original surface.

1. ¥rom station 2£68 to 30432, the concrete capping was bonded dir-
eatly to the existing pavement.

2. From 30432 to 2U9{L6, a bresker strip consisting of a single ap-
plication of asphalt emulsion AE-3 and sand, composed of .25 gal-
lons of emulsion to 40 1bs. of sand per 8q. yd., was used.
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. F|CURE I. ORIGINAL SURFACE BEFORE CAPRING, <M FIGURE 2.ORIGINAL SURFACE BEFORE CAPPING-

LOOKING NORTH FROM STATION 130, LOOKING SOUTH FROM STATION 2i(8.

JUNE 13,1952, 3 JUNE 13,1952, )

A FIGURE 3+ VIEW OF ORIGINAL SURFACE BEFORE AFIGURE 4, CLOSE UP OF BAD JOINT NEAR

STATION 130 BEFORE CAPPINGC WAS PLACED.

CAPPING. STATION 119 IN SECTION WHERE 7%
MARCH 13,1952,

, CAPPING WAS PLACED USING REGULAR METHOD
OF AE— 3 AND SAND. JUNE (3,1952.

3

PLATE I, VIEWS OF OLD SURFACE BEFORE CAPPING
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3. PFrom 249446 to 319433, a 3/4 inch bituminous concrete leveling
courseé as a breaker strip was used. _

4, From station 319433 to 37188, the capping was again bonded dir=-
ectly to the old pavement. In this last mentioned section the
‘steel reinforcement was originally carried through the contrace
tion joints by error. As soon as this condition was discovered,
. an authorization was issued to the contractor to saw the contrach
“3“gion joints to a depth sufficient to cut the steel reinforeing.

i
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0 Ths thickness of capping used varies within each of the above sec~

tions. The first has thicknesses of 5, 5%. and 6 inches; the second and
fourth have thicknesses of 5, 5%, 6, 6%, and 7 inches: while the third
has all the above thicknesses plus one stretch of ?A inch capp1ngﬁ/ Fig;
ure 5 gives ‘the location of the different capping thicknesses within each

experimental section according to station.

e The recapping was done between June 9 and Jﬁly 18, 1952, The Con~

tractor was Plerson and Co., of Detroit. The cement used was made by
Furon Portland Cement Co., of Detroit, and contained viﬁsol resin as an
air entraining agent. The cement factor was 5.5 sacks per cu. yd. Thse
ageregates, both coarse and fine, were supplied by the American Aggregate
Corporation, Oxford. Wire mesh 79.6 lbs. per 100 Sq; ft. was used as ve-

inforcement.

Recapping was begun at the north end of the project and proceeded as

follows:

1. The section from Station 371488 to 319£35 was recapped between
June 9 and 13, 1952. In this section the concrete capping was =
bonded dirsctly to the old pavement and the reinforcement was
carried through the joints. A

2. The section from Station 319435 to 2u0446 was recapped between
June 13 and 19, 1952, In this section, a 3/& ineh bituminous
breaker strip was used to separate the concrete capping from the
0ld pavement.

3. The section from Station 249446 to 30432 was recapped between
June 19 and July 9, 1952. In this section, an A3 and sand
breaker strip was used to separate the concrete capping from
the old pavement.

4. The section from Station 30£32 to 2{£68 was recapped between
July 9 and 10, 1952. 1In this section the capping was bonded
directly to the old pavement but the re:nforcement Was not o
carried ‘through the Jointse o :
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5, A few short gaps which marked the intersection of other roads ) )
with Groesbeék Highway and which had beesn skipped during the e
previous recapping operations were completed between July 10 =
and 18, 1952, -

The average alr temperature during the above operations was ?9°F9__

with a low of 64°F on July 9 and a high of 91°7 July 8. The average

|

i
: ' L oo
conerete temperature was 81°F, with a low of 7a°F on June 14 anda high \%*'

of 88°F on June 25 and July 8. Recapping operations were halted three (ﬁ
l

times by rain, on June 20 and 26, and July 8. This last rainfall marked }

' : o/

the pavement from station 4Bf95 to 49422,

Soils Study N

Botween December 8 and 19, 1952, thirteen cores were removed from
the experimental recsapped section of the pavement and an examination
made of the subsoil by F. J. Hagan. This examination revealed that from
station 2%65 to about 124, the subsoil consisted of a gray to yellow
g8lightly loamy sand having a field density of from 98 to 109 1lbs., a
laboratory density of from 110.8 to 116.8 1bs., g compaction of from
83.9 to 99.1%, and a moisturs content of from 9 to 16.8%. fhe character
of .the subsoll then began to change, and from about station 159 to about
271 beocame preéominagtly peat and muck, with some organic black loam
over ¢lay. The field density was lower, ranging from 68 to 103 1bs.

The laboratory density and compaction were also lower, ranging from 88
- $0 115.6 1bs. and from 77:3 to 89%, respectively. The ﬁoisture content,
on the other hand, was higher, from 18.8 to 39.9%. From station 288 to
the snd of the eiperimental recapping the character of the subsoil again
. changed. In this section the subsoil was predomimently plastic clay,
shading into organic loam at about station 367, with traces of peat
and muck at the surface. The field density renged from 91.7 to 102.3
1bs., the laboratory density from 101.3 to 118.7 1bs., the compaction
from 86.2 to 93.5%, and the moisture content from 15.6 t0‘25¢7%e Cot-

plete results of the subsoil examination at each core location, including



moisture cbntentv field and laboratory densities, and percent compaction

are included in Figure 5, with diagram of test sections.
34

Summary of Observations

Two condition surveys were made., The first, a preliminary survey,
was made between May 19 and 23, 1952 prior to recapping operations, by
Arthur A. Smith and Arlo Lee of the Research Laboratory. The second |
was made after recapping operations, between June 18 apnd July 29, 1952
by William Broughton and Arlo iee, immediately after the curing paper
wag removed and before the pavement was opened to traffic. This second
survey took longer to make because it was necessary to time it to the

paving operations. During the recapping of the experimental sections,

construction operations were observed by William Broughton. Figures 6 -
9, Plate II, show the pavement surface ready %o be recapped.

In Plates III and vathere are presented eight pictures (Figures 10

= 13 and 14 = l?) illustrating various construction features agssociated
with the recapping work. Bach pieture tells a story without further
words heres.

_Sracking
A complete summarj 6f cracking data is presented in Table I,_ For

s Y P ————

comparative study, Table II has also been prepared. With reference to

Table II, the following condiiions can be noteds

Lo The section bonded directly to the old pavement and with steel
originally carried through the joints had a much higher number of cfacks
per slab than aﬁy other section. The number ranged from 6.3 for the 63"
capping to 8.7 for the 5=inch capping, with the weighted average for the

entire section being 6090
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B FICURE 6. SURFACE OF EXISTING PAVEMENT B FIGURE 7. VIEW OF THE AE=3 AND SAND
IMMEDIATELY AFTER PLACING OF AE —3 AND TREATMENT AFTER ABOUT A WEEK OF TRAFFIC
SAND (STD.METHOD) NOTE THAT TRAFFIC IS . OVER IT. JUNE 27, 1952.
BEING CARRIED. JUNE 27,1952,

<M FICURE 8. SHOWING POINT OF DIVISION M FiCURE 9. LOOKING NORTH FROM STATION 250
BETWEEN BITUMINOUS BREAKER STRIP AND SHOWING 3/4" BITUMINOUS CONCRETE BREAKER
AE—3 AND SAND. STATION 249+46 LOOKING STRIP IN PLACE. JUNE 13,1952,
. SOUTH FROM ABOUT STATION 250. JUNE I3,
1952

PLATE 1L, VIEWS OF PAVEMENT
WITH BITUMINOUS BOND BREAKER TREATMENT
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. FICURE 10. VIEW SHOWING PAPER CURING AND M FIGURE I1. VIEW SHOWING METHOD OF DOWELLING
MOIST AND DRY PAVEMENT AREAS WHEN PAPER THE WIDENING STRIP OUTSIDE OF CAPPING.
WAS REMOVED AT 7 DAYS,STATION 374, STATION 311. JUNE 13,1952.
JUNE 17, 1952.

A FIGURE 12. VIEW SHOWING AN EXCEPTIONALLY AFICURE 13, METHOD OF BLOCKING FORMS AT
COOD METHOD OF INSTALLING TIE BARS. INTERSECTION. STATION 312. JUNE 30,1952,

PLATE II. GENERAL CONSTRUCTION OPERATIONS



.A FICURE 14, TEMPLATE FOR INSTALLING HOLLOW AFICURE I5. PLACING TEMPL ATES WITH GROOVING
METAL BAR USED IN FORMING CROOVE AT BAR IN FRESH CONCRETE.
CONTRACTION JOINTS.

B, cuRE (6. VIEW SHOWING METAL GROOVE B (CURE 7. VIEW SHOWING FINISHED CROOVE
STRIP IN PLACE WITH TEMPLATES REMOVED. AFTER CROOVING BAR (S REMOVED.

PLATE I¥. METHOD USED TO FORM GROOVE
FOR CONTRACTION JOINTS



A FICURE 18, TAKEN TO SHOW THICKNESS OF A FICURE 19, ANOTHER VIEW OF SAME CORE

AE—3 AND SAND BREAKER STRIP, CAP ON SPECIMEN, BASE ON LEFT, CAP ON RICHT. NOTE
RIGHT, BASE ON LEFT. STATION 56 +06- THAT BITUMINOUS MATERIAL STICKS TO BOTH
DECEMBER 18,1952, OLD AND NEW CONCRETE.

e

. F(CURE 20. CORE SHOWING BITUMINOUS . FICURE 21, CORE TAKEN AT STATION 21+ (4 TO
BREAKER STRIP BETWEEN OLD CONCRETE AND SHOW CRACK IN CAPPING BUT NO CRACK IN BASE
CAPPING CONCRETE.STATION 269 +00- COURSE UNDERNEATH THE CAPPINC.

JANUARY 16,1953, DECEMBER (8, 1952,

PLATE Y. VIEWS OF CORE SPECIMENS
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B, ricure 22. STARTING OF PAVEMENT CRACKING B ricure 23, APPEARANCE OF CRACK AFTER
STATION 367 +21 SHOWINC CRACK THROUGH RECEIVING ABOUT 3 WEEKS OF TRAFFIC,
ENTIRE THICKNESS OF SLAB. THIS (S IN AN AREA JULY 18, 1952,

BONDED DIRECT TO OLD PAVEMENT WHERE STEEL
WAS CARRIED THROUCH JOINTS, JUNE 16,1952,

AFICURE 24, APPEARANCE OF CRACK AT AFICURE 25. BAD CRACK [N CAPPINGC STATION
STATION 367 + 21 AT 5 MONTHS. 348 +49 IN AREA WHERE STEEL WAS CARRIED
NOVEMBER (8, 1952, THROUCH JOINTS. NOVEMBER {9,1952 .

PLATE ¥I. CRACKING OF CONCRETE CAPPING




A FICURE 26. SPALLED CRACK AT STATION 344+37 A FICURE 27, JOINT DISINTEGRATION IN AREA

NOVEMBER 19, 1952, WHERE 5 1/2” OF CONCRETE CAPPING WAS
PLACED. STATION J&={4% NOVEMBER 19,1952,

HM’/

AFICURE 28. CRACK DEVELOPED WHERE TWO AFICURE 29. VIEW OF CORE HOLE. STATION
TRANSVERSE WIRES COINCIDED: STATION 159 +09 WHERE CORE WAS TAKEN AT CRACK IN
3e7+21., CAPPINC . DECEMBER 12,1952,

PLATE YII. MISCELLANEOUS VIEWS
OF PAVEMENT CONDITIONS

. FiCURE 30. VIEW SHOWING STEEL RUNNING
THROUGH CONTRACTION JOINT. NOTE STEEL
WAS CUT ONLY HALF THROUCH BY SAW.ALSO
NOTE HOW WELL JOINT SEAL MATERIAL FILLS
JOINT OPENING. STATION 367 +43 .,



TABRLE 1

LOCATICE ANU NUMBER OF CRACKS FER SLAB OF CONCRETE CAFFING AS RECORDED IMMEDIATELY APTER RSMOVAL OF CURING PAFER

AND BEFORE THE PAVEMENT WAS OFENSD TO TRAFFIC

Thicknens of ocapping, inches

N~

g

Ho. of 540 7hnd
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L B ft. i
r :
. : i
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Left alab carries scuth bdound traffic

Right slab carries north bound treffio
®Indicates sections where reinforcing was carrled

thru jolnta.
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TABLE 2 ' o
)

COMPARATIVE RESULTS OF DIFFERENT METHODS OF BONDING CAPPING TO OLD PAVEMENT

Total Average Number of Cracks
Capping Length of per Slab
Method Sections With Capping Thickness of:
in feet 1 s"|sa% | 6" W[ ke
Without
Reinforcement 1300 | 4,5
Bonded Carried 5 6 S 3.3 3
Direct to Thru Jointe_ 30 5
old With 500 ] 8a7 e s
Favement Reinforcement g4 .97 i
Carried ! | Be§ '
Cont inuous 6.3
Thru Joints Gkt
-With A.Bs 3 and Sand 1500 | 1.3
as Breaker 8000 2.5
(Standard Method) 4700_ 2.0
800 =i s 0.7
55002 ) '0.5
400
With 3/44 1100
Bituminous Conorete 3100 1.1
Breaker Strip ‘ 300 0.7
on 0ld Pavement 900 : 0




(EE) The section where capping was bonded directly to the pavement
but the steel was not carried through the joints had the next highest.
pumbser of cracks per slab. The number ranged from 3.3 for 5%~inch.ca@;
ping t0 5.3 for 6=inch capping, with the weighted average for the en-
tire section being 4.1,

<§§} Both the standard mecthod of recapping using AB-3 and sand be-
tween the concrete capping and the old pavement, and the method employ-
ing a 3/4-inch bituminous concrete bresker strip gave much beiter re-
sults than bondingldirectly to existing pavement. Ths two mesthods wers:
very nearly equal as to the number of cracks produced. The average num-
ber of cracks per slab produced by the first method ranged from 0.5 for
the 7-inch capping to 205_fof the 5&-inch. The weighted average fof the
entire section was 2.2. The cracks per slab produced By the second
method ranged from 0 for the 7-inch capping to 3.1 for the 5%-inche The
weighted average for this section was 1.5.

CE;} Although these preliminary resultis indicate that the standard

-

method of bonding and the use of a bituminous concrete breaker strip are
;e;; nearly equal and are mach superior to direct bondiﬁg, it is etild

too eariy to draw any definite conciusions as to the relative effective-
ness of the various methods. In time, the differences between the amounts
of cracking in the various sections may bscome more pronounced. Therefore,
only after a period of several years, dﬁriﬁg which condition surveys are
made periocdically, will any finsl evaluation be possgible. The above re=
sults are presented gra}hica11y in Figure 174,

A b o e S e

_Core Strengths of 01d Pevements

The core sections of the old concrete pavement were saved and broken
in compression to oblain some idea as ¢ the compressive strength of the
concrete after 24 years in service. The results of core strengths are

shown below in Table III,
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TABIE III. CORE STRENGTHS OF OLD PAVEMENTS

Project 50-7,02 = Oxford Coarse Aggregate; constructed 1928 (10-8-10)

{ No. 12 Sta. 21i33 psi 6,340 %
A 1 52400 7,790
;;K%X f 17 12400 5,880 )
g 19 269400 7,800 } Aver. 6,891
P 21 271449 8,100 }
| 22 288419 S 5,440 )

Project 50-7,03 = Prance Stone {Monroe) C.A.: constructed 1930 (10»9;10)

2l 348461 6,800 )
6 367443 8. 260 § Aver. 7,520

The pictures in Figures 18 to 21, Plate Vg_sgpw core specimens with
and without bond breaking meterial. Figure 21 shows a core taken at a
crack in capping; Note progression of crack downward from top. There
is no crack in old pavement underneath. Of all of the cracks that were

cored on this project, in no case did the crack in the concrete overlsy

form over a crack or opening in the old pavement underneath.

Pigares 22 to 24, Plate VI, illustrate progressive disintegration

of concrete along a crack over a period of several months. The crack is
located in bonded section at Station 367£21. Figure 25 in Plate VI alse
shows a wide crack which developed at Station 3u8{49.

Plate VII contains several pictures df exceptional intersst. Figure

26 1is a view of spalling which has taken place at a crack which developed
at Station 3#4%3?. Figure 27 shows disintegration starting at joint, Sta-
tion 114f1i4. PFigure 28 shows positioning of 2 transverse ﬁires at a crack,
Station 367£21l. Figure 29 was taken to show character of crack which de-
veloped at Station 159409,

Figufe 30 shows & creoss section of a core taken at contraction joint
station. Steel reinforcement is continuous through the joint and it may
be observed that saw cut extends only partially through.thevsteel membere
Note how well the Joint seal material fills the groove section, and partial

gsaw out in steel wire.



