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Thirty-three push-off type specimens-were subjected to cyclic shear 
loading to study the effects of such variables as interface surface 
preparation, amount and depth of embedment of the interface· 
reinforcement, structural detailing of the concrete elements, and 
the compressive strength of both existing and-newly cast concrete 
elements on the shear capacity of reinforced concrete interfaces. 
Test results consisted of load-deformation relationships, maximum 
shear capacities, stress-slip envelopes, -and an evaluation of the 
failure mechanisms of the specimens. The shear stress-slip 
relationship for each specimen was determined for slip levels up to 
0.5 in., and their peak and residual shear transfer capacities were 
evaluated. A comparison of the test results and,ACI 318-83 design 
strengths is presented to determine the ,effect of the depth of dowel 
embedment as it relates to the shear friction provisions of ACI. 
shear transfer capacity of reinforced concrete interfaces. 
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C HAP T E R 

INTRODUCTION 

1.1 Justification 

The repair and strengthening of buildings for improved 
seismic resistance is becoming an increasingly challenging task for 
design engineers who are looking for an economical alternative to the 
rapidly rising cost of new construction. Design recommendations 
applicable to the techniques utilized in repair and strengthening 
schemes for reinforced concrete structures generally are not found in 
current building codes. The design of a retrofitting system must be 
economically feasible and must not create new areas of weaknesses in 
the structur~ The engineer must check carefully all details in the 
existing structure and in the strengthening scheme to determine that 
the performance will meet the deSign objectives. 

A particular strengthening scheme, such as an existing column 
strengthened by a cast-in-place wing wall connected by dowels, may 
involve the composite action of the structural elements. The 
interaction between the original and strengthening element, therefore, 
should be thoroughly understood by the engineer for a successful 
design. 

1.2 Objecti ve 

The main objective of the work described herein is to 
investigate the strength and load-deflection cl:aracteristics of the 
interface connection between new concrete cast against existing 
concrete. Jacketing of columns or infilling bays with cast-in-place 
walls are techniques commonly used in the repair and strengthening of 
existing reinforced concrete structures. The evaluation of these 
techniques is based on determination of the shear transfer capacity of 
the concrete interface between the two materials of different ages. 
The results from this study are intended to lead to design 
recommendations for use by design engineers in the repair and 
strengthening of existing structures. 

1.3 Scope 

An experimental program was designed to provide information 
on the interface shear capacities between new concrete cast against an 
existing concrete surface. Thirty-three full scale push-off type 
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specimens were designed, constructed and tested. Test variables 
included surface preparation, amount and depth of embedment of the 
interface reinforcement, reinforcement details in the new and existing 
concrete elements, and the compressive strength of both new and 
existing concrete elements. Testing consisted of repeated load cycles 
producing shear stresses along the plane of the concrete interface 
Deflections along and across the concrete interface at several 
locations were measured. The peak strength, the degradation of 
strength with repeated load cycles, and increasing deflections were 
observed. Special attention was given to determining the failure 
mechanism along the interface. 



C HAP T E R 2 

LITERATURE REVIEW 

2.1 Repair and Strengthening of Reinforced Concrete Structures 

A number of reports have been presented by Sugano, \"lyllie, 
and others [14,16,19,20] discussing the repair and strengthening of 
reinforced concrete structures for seismic resistance. Field 
observations of buildings that had been repaired a,1d strengthened and 
then subjected to later earthquakes have been reported by Wyllie and 
Dean [20]. Experimental programs have also been developed to study 
the effectiveness of various types of infilling and bracing techniques 
and beam column connections [16,17]. The state of the art in seismic 
strengthening of existing reinforced concrete buildings have been 
reviewed by Sugano [14] and developed into a guideline for the 
retrofitting of existing structures for use in Japan [15]. 

Different methods are currently being utilized for repairing 
and strengthening buildings for improved seismic resistance. While 
some of the techniques used are similar, the objectives of the design 
engineers using these techniques in repairing and in strengthening a 
structure are different. By repairing a damaged structure an attempt 
is made to return the structure to no less than its original strength 
and seismic resistance. When a building is strengthened, however, the 
objective is to improve its seismic resistance by increasing strength, 
stiffness, ductility, or all three. 

There are three main reasons why the repair or strengthening 
of a building would be undertaken. 

1. A building damaged in an earthquake may be repaired to 
restore its serviceability and possibly strengthened to 
improve its performance in future earthquakes. 

2. An existing building may be strengthened to meet current 
seismic provisions if its usage or occupancy changes. 

3. An owner's concern for the safety and protection of his 
investment might entice him to voluntarily strengthen a 
building. 

It should be noted that while the strengthening of a building 
can improve its performance it is not a guarantee of a damage free 
building. 

When undertaking the repair of a damaged structure, the 
causes and extent of the damage must be thoroughly assessed. 
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Determination of the structure's performance and the type of failure 
observed, whether it be shear, flexural, bar anchorage or any other 
type of failure, is essential to the selection of an adequate repair 
or strengthening scheme. 

During the design of a strengthening scheme for a building, 
the engineer must consider both structural integrity and the user's 
needs. The foremost consideration by the design engineer would be the 
public's perception of and confidence in the strengthened building. 
The strengthening system's functional requirements must be met while 
keeping it aesthetically pleasing and economically feasible. 

The strengthening system selected will provide increased 
strength and may also be used to increase the stiffness to reduce 
damage to nonstructural elements of the building. The strengthening 
technique must be examined to determine whether stiffness or strength 
discontinuities have been produced which could cause a failure in 
another element of the existing structure. 

Epoxy injection of exi sting cracks and partial or complete 
replacement of a damaged member are commonly used techniques for the 
repair of a structure. Some of the techniques used to strengthen 
buildings include new cast-in-place or shotcreted infilled walls, the 
conversion of exi sting nonductile frames to an acceptable shear wall 
system, and the use of structural steel bracing. One such technique 
util izing wing walls to strengthen the columns of a reinforced 
concrete frame is shown in Fig. 2.1. 

A successful repair and strengthening scheme, as reported by 
W Y 11 i e and Dean [2 0 ], w as use don 0 neb u i 1 din g who s e h 0 11 ow b 1 0 c k 
walls and reinforced concrete colum;,s were heavily damaged in an 
earthquake. The repair scheme cost about one-third of the cost of the 
original structure and included epoxy injection of cracks in damaged 
columns and construction of new reinforced concrete shear walls in 
elevator and stair wells. The repairs increased the stiffness and 
strength of the building and prevented major damage, and subsequent 
repair costs, from recurring when the building was subjected to a 
second earthquake a few years later. 

Tests on di fferent strengthening schemes wree conducted by 
Sugano and Fujimara [15,16] on one-story reinforced concrete frames. 
It was found that frames where the colu mns were strengthened by wing 
walls, similar to the arrangement shown in Fig. 2.2, provided a 
significant increase in lateral load strength. The effect of the 
interface shear capacity at the wing wall connection, however, was not 
studied. 
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2.2 Shear Transfer Mechanisms 

For successful strengthening of reinforced concrete 
structures an understanding of the shear transfer mechanism across the 
interface between old and newly cast concrete is needed. A survey of 
the studies undertaken by many researchers to evaluate the effect of 
aggregate interlock, friction, and dowel action on the shear transfer 
mechanisms of a concrete interface is reviewed in the following 
section. 

2.2.1 Previous Research. Research done by Hanson [6] in 
1960 was one of the first comprehensive studies done using push-off 
type test specimens to evaluate shear stress-slip behavior of concrete 
interfaces with different surface preparations. The effect of the 
interface reinforcement and surface bonding was studied. These tests 
indicated maximum shear stresses would be increased when the interface 
surface preparation was varied from smooth and bonded to rough and 
bonded. Figure 2.3 shows the stress-slip curves reported in from this 
investigation. 

The ACI Building Code requirements for reinforcement of 
concrete interfaces is based on a shear friction hypothesis presented 
by Birkeland and Birkeland in 1966. A shear load when applied across 
an interface will produce both parallel and perpendicular 
displacements at the shear plane as shown in Fig. 2.4. The 
perpendicular displacement produced when roughened surfaces slide 
across one another will result in axial tensile stresses in the 
reinforcement crossing the interface. These stresses will induce 
vertical compressi ve stresses on the concrete interface which will 
provide a frictional force that resists sliding. The ultimate shear 
capacity will be developed when the yield strength of the interface 
reinforcement is reached. The ACI Building Code (318-83) therefore 
gives the ultimate shear force across an interface as: 

where Vn = nominal shear strength, lbs 

Avf = area of shear friction reinforcement, in. 2 

fy = specified yield strength of reinforcement, psi 

t.L = coefficient of friction along the interface 

The following values of the coefficient of friction are gi ven in ACI 
318-83 for normal weight concrete: 
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monolithic concrete 1.4 

intentionally roughened surfaces 1.0 

untreated surfaces 0.6 

Tests conducted by Mast [9] showed that this shear friction 
theory was based on static ulti mate loads after cracking and is only 
valid when failure occurs by yielding of the reinforcement and 
therefore full development lengths should be provided on both sides of 
the interface. It was also shown that tensile forces across the 
interface affect the shear force that can be developed and that shear 
friction is not applicable to connections subjected to fatigue or 
where slip is highly critical. 

Mattock et ale [10] have conducted several investigations 
into the shear strength of cracked and uncracked concrete interfaces. 
Some of the variables studied to establish their effect on the 
ultimate shear strength of interfaces included: (1) the concrete 
compressive strength, (2) yield strength of the reinforcement, (3) 
different percentages and arrangements of interface reinforcement, (4) 
existence of addi tional stresses, such as moments, along and across 
the interface, (5) construction joints, (6) aggregate type, and (7) 
the effect of cyclic loadin~ 

These tests demonstrated a di stinct difference in behavior 
between ini ti ally cracked and uncracked speci mens. In the uncracked 
specimens, a concrete strut transferred stresses between the small, 
inclined cracks that developed near the shear plane at high shear 
stresses and relatively small displacements along the interface. For 
initially cracked specimens relatively large displacements occurred 
along the interface at the maximum applied shear loads. It was found 
that specimens subjected to cyclic loading averaged 83% of the shear 
strength measured for monotonically loaded specimens. Figure 2.5 
shows t.he effect of the a mount of reinforcement crossing the interface 
(Pfy) on the shear strength as establi shed by one of these studies. 

The shear transfer mechanisms acroSS a horizontal 
construction joint were studied by Paulay, Park and Phillips [13]. 
Surface preparation and interface reiforcement percentage effects were 
tested by the application of monotonic and cyclic shear stresses along 
the construction joint. The mechanism of dowel action and the load­
slip relationships for the dowel action of di fferent sized dowels is 
shown in Fi gs. 2.6 and 2.7, respecti vely. The load-s lip curves of 
concrete shear transfer for various surface preparations are shown in 
Fi g. 2.8. These tests showed that the maxi mum shear stress increased 
with an increase in surface roughness and the interface reinforcement 
percentag~ For low steel percentages, in the range of 0.31%, failure 
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consisted of the yieldings of the interface reinforcement. For higher 
steel percentages failure consisted of crushing of the concrete at the 
shear plane. 

The failure planes of specimens containing more than ACI 
Building Code (318-71) minimum reinforcement and a rough bonded 
surface did not occur along the construction joint. Paulay et ale 
suggested that this indicates that the strength capacity would not be 
governed by the surface condition along a horizontal construction 
joint. It was found, however, that ACI 318-71 conservatively 
predicted the strength of these specimens. 

White and Gergeley [18] investigated dowel action and 
interface shear transfer under cyclic loading. It was found that the 
load-slip behavior for dowel action alone is similar to that for 
interface shear transfer except the residual slip after unloading is 
less for dowel action. Dowel action during the first cycle of shear 
loading differed sharply from that of subsequent cycles and resulted 
in crushing of the concrete around the bars, destroying the bond and 
thereby changing the restraint stiffness of the interface. The 
application of axial tensile forces on the interface reinforcement 
also resulted in large increases in slip at the interface for a given 
applied load. 

Liu and Holland [7] studied the influence of dowel spacing on 
the dead load carrying capacity of repaired concrete. A series of 
dowel pullout and shear transfer tests were conducted to discover an 
optimum dowel spacing as a function of concrete thickness. 

Tests conducted by Luke, et ale [21] at The University of 
Texas showed that dowel pullout strength per inch of embedment 
increased an average of 125% when embedment length of the dowels was 
increased from 3 to 6 in. 

When designing the interface connection of a strengthening 
scheme for earthquake resistance, the effect of cyclic loading at 
large displacement levels and the residual sh .. ear transfer capacity 
after the initial peak strength should be known. To date, however, no 
information has been found on the post ultimate strengths and the 
residual load-slip behavior of reinforced concrete interfaces. 

2.2.2 Summary. The research conducted on the shear transfer 
mechanisms along a concrete interface as presented above have led to 
the following conclusions: 

1. The principal mechanisms of shear transfer are: bond of the 
concrete interfaces, dowel action of the reinforcement, and 
interface shear friction along rough concrete surfaces. 
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2. Shear forces are initially transferred through ~ne uncracked 
interface by bond. Once a crack forms along or near the 
interface the shear forces are transferred by the combined 
action of aggregate interlock, friction, and dowel action. 

3. The shear friction theory used in the ACI Building Code is a 
lower bound to the experimental data available from shear 
transfer tests. 



C HAP T E R 3 

EXPERIMENTAL PROGRAM 

3.1 Test Specimens 

Thirty-three push-off type specimens were tested to 
investigate the interface shear transfer capacity between new concrete 
cast against an existing reinforced member. Test specimen dimensions 
are shown in Fig. 3.1. Figure 3.2 shows a test specimen prior to 
testing. The variables studied include: 

1. amount of interface reinforcement; 

2. embedment depth of interface reinforcement; 

3. compressive concrete strength of existing member and new 
material; 

4. concrete interface surface preparation; 

5. reinforcement detailing in both existing and new elements; 

6. casting procedures; and 

7. concrete interface area. 

A detailed description of each specimen is given in Table 3.1 and 
illustrated in Fig. 3.3. Specimens 1A through 6A were identical. In 
all of the other specimens some aspect of the specimen was varied. 

3.1.1 ~~ Blocks (Existing ~le~ent). Twenty-four base 
blocks were designed and constructed to simulate a reinforced concrete 
column having a width of 24 in. Each base block had a cross section 
of 24 x 24 in. with a length of 42 in., two opposite sides of each 
block was available for testing. The test specimens were designated 
by a number followed by a letter, e.g., 20A, corresponding to the 
number of the base block and the face, A or B, used for that test. 

Three structural reinforcement details were used in the base 
blocks: 

1. Longitudinal Steel: #11 bar at the corners 

Stirrups: #3 at 12 in. spacing 

Itt-IS 
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Fig. 3.1 Test specimen dimensions 

Fig. 3.2 Typical test specimen b~fore testing 
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TABLE 3.1 Details of Specimens 

~ Base Block Wing Wall Interf ace 
<lJ 
a fb' Age, fb, Age, Surface Dowel Emb. ..... 
() ksi days Rei nf* ksi days Reinf H Width, Prep. + Size Spac, length, 
<lJ 
0. in. in. in. 
til 

1A 3.10 221 2-12 3·50 71 4-12D 10 S 3116 12 6 
2A 3.10 241 2-12 3.60 91 4-12D 10 S 3116 12 6 
3A 3.10 247 2-12 3.60 97 4-12D 10 S 31/6 12 6 
4A 3.10 248 2-12 3.60 98 4-12D 10 S 3116 12 6 
5A 3.10 254 2-12 3.60 104 4-12D 10 S 3116 12 6 

6A 3.10 259 2-12 3.60 109 4-12D 10 S 3116 12 6 
7A 3.10 261 2-12 3.60 111 4-12D 10 S 2116 12 6 
8A 3.10 317 2-12 3.85 167 4-12D 10 S 6116 0 6 6 
9A 3.10 319 2-12 3.85 169 4-12D 10 S 3116 12 12 
lOA 3.10 320 2-12 3.85 170 11-12D 10 S 3116 12 3 

11A 2.70 162 2-12 3.70 56 4-12D 10 SV 3116 12 6 
12A 2.75 202 2-12 3.95 96 11-12D 10 C 3116 12 6 
13A 2.75 203 2-12 3.95 97 4-12D 10 K 3116 12 6 
14A 2.75 204 2-12 3.95 98 11-12D 10 U 3116 12 6 
15A 2.75 205 2-12 3.95 99 11-12D 10 DO 31/6 12 6 

16A 2.75 208 2-12 3.95 102 4-12D 10 DOE 3116 12 6 
17A 2.70 149 2-5 3·70 43 4-12D 10 S 3116 10 6 
18A 2.75 209 2-5 3.95 103 4-12D 10 C 31/6 10 6 
19A 2.75 210 2-5 3.95 104 4-12D 10 K 3116 10 6 
20A 2.87 226 2-5 3.57 120 4-12D 10 S 3116 0 10 6 

21A 4.15 201 2-12 3.70 50 4-12D 10 C 3116 12 6 
22A 4.30 257 2-12 3.95 106 4-12D 10 K 3116 12 6 
23A 4.30 260 2-12 3.95 109 4-12D 10 S 3116 12 3 
24A 4.30 262 2-12 3.95 111 4-12D 10 S 3116 12 6 

1B 3.21 330 2-12 3.57 34 2-12S 6 S 3116 12 6 
2B 3.21 310 2-12 3.56 24 4-121 10 S 3116 12 6 
38 3.21 313 2-12 3.56 27 4-12D 10 SV 3116 12 6 
48 3.21 316 2-12 3.57 30 4-12D 10 S 2116 12 12 
5B 3.21 336 2-12 5.04 00 28 4-12D 10 S 3116 12 6 

68 3.21 336 2-12 5.04 00 28 4-12D 10 S 3116 12 12 
17B 2.87 224 2-5 3·57 29 4-12D 10 S 3116 10 12 
208 2.70 142 3-5 3.70 36 4-12D 10 COD 3116 0 10 6 
218 4.30 268 2-:-12 3·57 28 4-12D 10 S 3116 12 12 

* Base block reinf: 2-12, 2-1111 long., 1/3 @ 12 in. ti es 
2-5, 2-1/11 long. , 113 @ 5 in. ti es 
3-5, 3-1111 long., 113 @ 5 in. ti es 

** Wing wall reinf: 4-12D, 114 ea. corner long., 114 @ 12 in. double U ties 
2-12S, 114 top & bottom long., 114 @ 12 in. straight bars 
4-121, 114 ea. corner long., 114 @ 12 in. inverted U 

+ Surface preparation: S - sandblasted 
SV - sandblasted, cast in vertical position 

C - 1/4 in. chipping 
K - two 8x8x1 in. shear keys between dowels 
U - smooth untreated surface 

DO - sandblasted, cast overhead, 2 in. drypack 
DOE - sandblasted, cast overhead, epoxy coated, 2 in. dry pack 
COD - 1/4 in. chipping, cast overhead, 2 in. drypack 

o Staggered 
00 Shotcrete 
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2. Longitudinal Steel: three 1111 bars at each face 

Stirrups: 113 at 5 in. spacing 

3. Longitudinal Steel: three 1111 bars at each face 

Stirrups: 113 at 12 in. spacing 

Details of the base block reinforcement are illustrated in Figs. 3.4 
through 3.6 and shown in Figs. 3.7 and 3.8. 

A minimum 1-1/2 in. concrete cover was provided on the sides 
of all base blocks, while a 3/4 in. cover was provided at the ends. 
Lifting inserts and PVC tubing were embedded in each block to 
facilitate the installation of the specimens into the testing frame as 
illustrated in Fig. 3.9. All of the base blocks were cast standing on 
end to simulate the casting direction of a column. 

3.1.2 ~ing !i..~lls (Strengthening ~le!.l!ent ). A total of 
thirty-three wing walls were cast against the faces of the base blocks 
described above. All of the wing walls except 1B were 10 in. wide x 
18 in. high x 42 in. long. \Hng wall lB had a 6-in. '..tidth instead of 
10 in. A silicon bond breaker was applied over the first 3 in. of 
concrete interface at each end of the base blocks before casting the 
wing walls. This was done to reduce any edge effects induced during 
testing of the specimens. As a result, the effective interface length 
was 36 in. The corresponding interface surface areas were 360 s~ in. 
for the 10-in. wide wing all and 216 sq. in. for the 6-in. wide wing 
wall. 

Four structural reinforcement details were used in the wing 
walls: 

1. Longi tudinal Steel: 114 bar at the corners 

Stirrups: double "U'" s, 114 at 12 in. spacing 

2. Longitudinal Steel: 114 bar at the corners 

Stirrups: double "U" 's, #4 at 10 in. spacing 

3. Longi tudinal Steel: 114 bar at the corners 

Stirrups: inverted "U", 114 at 12 in. spacing 

4. Longi tudinal Steel: 114 bar top and bottom 

Stirrups: straight 114 bars at 12 in. spacing, single 
curtain 
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Fig. 3. 7 Base block reinforcement 

Fig. 3.8 Base block reinforcement 



22 

0 

0 

r 
I 

,;'-':1 
I~ 

i 
I 
+-

! 

I 
12" 

I 
..L. 

\ 
i 

I ~'I :.0. ?YC 

1:--, I----..:::: V-

I--- I---

" 'I ~;IE ROD 
V--

~1'-------24!------~ 

0 T~ 
7~2 

r-

+ 0 
I 
i 
I I ~ 
9YZ 

I 
t 
8 11 

I 0 

2" 4 
! 
I 

Till 
9Y2 
I 

0 

t. 
0 7Y2 

1 

0 

r.... 

Fig. 3.9 Formwork insert details 

TUBiNG 



23 

A mlnlmum concrete cover of 3/4 in. was provided for the reinforcement 
on all sides of the wing walls. The wing wall reinforcement details 
are illustrated in Fig. 3.3 and shown in Figs. 3.10 through 3.13. 

The wing walls were cast in vertical, horizontal, and 
overhead positions as shown in Figs. 3.14 through 3.16. Vertical 
casting position referred to the case where the wing walls were cast 
against the appropriate test side of the base block while the base 
block was standing vertically on end. This technique represents the 
case of a wing wall cast in place vertically against an existing 
column. Fig. 3.13 shows the setup used for this vertical casting 
position. 

The horizontal casting position represented a horizontal 
construction joint. In this case the wing walls were cast against the 
appropriate test sides of the base blocks while the blocks provided 
the bottom side of the wing wall formwork. Wing walls before and 
after casting using this placement technique are shown in Fig. 3.17. 

The overhead casting position refers to the case where the 
wing walls were cast with the base block elevated and the wing wall 
formwork suspended from the base block. Concrete was cast into the 
forms up to 2 in. from the interface of the base block. Five days 
after casting the 2 in. gap was then drypacked using a low water 
content mortar. This overhead casting represented the type of 
construction procedure needed to cast the upper portion of the infill 
wall. The overhead casting procedure is shown in Fig. 3.18. 

Wing wall 11A had severe honeycombing of the concrete due to 
poor vibration during casting. This specimen was retained in the test 
program to examine the effects of poor vibration along the concrete 
interface. 

3.1.3 !~~~~~~~~ ~~~~~ ~~~pa~~ti~~. Five concrete 
interface surface preparation techniques were studied, namely: 

1. untreated, as cast; 

2. heavily sandblasted; 

3. chipped to 1/4 in. amplitudes; 

4. shear keys; and 

5. epoxy bonding agent. 

The original interface surface was formed by the casting of the base 
blocks in lightly oiled formwor~ The resulting surface was smooth 
with negligible roughness as is shown in Fig. 3.19. 
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Fig. 3.10 Wing wall reinforcement and formwork 
for shotcreted specimens 

Fig. 3.11 Wing wall reinforcement for 6-in. 
wide wing wall 



Fig. 3.12 Wing wall reinforcement for 
horizontal casting position 

Fig. 3.13 Wing wall reinforcement for 
vertical casting position 
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Fig. 3.14 Vertical casting 
position 

Fig. 3.15 Horizontal casting 
position 

Fig. 3.16 Overhead casting 
position 

concrete placement 

~ 

~ 

~ 

~ 
~ 

"'J 

concrete placement 

placement 

holes 
of wall 

~ 



Fig. 3.17 Wing wall formwork 

Fig. 3.18 Overhead casting position 
before drypacking 
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Fig. 3.19 Untreated surface 

Fig. 3.20 Sandblasting operation 
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The heavy sandblasting resulted in exposure of the aggregate 
in the concrete along the interface and ampl itudes of surface 
roughness of about 1/8 in. The sandblasting operation was done by a 
commercial sandblasting company and is shown in Fig. 3.20. The 
resulting sandblasted interface is shown in Fig. 3.21. 

Chipping to achieve 1/4 in. amplitudes in surface roughness 
was done by hand using a pick axe. The chipping operation and the 
resulting surface are shown in Figs. 3.22 and 3.23, respectively. 

Two shear keys were cut into the base blocks along the 
interface using an electric jack hammer. The 8 in. x 8 in. keys were 
cut to a 1-in. depth. They were positioned midway between the 
locations of the dowels used for interface reinforcement. A completed 
shear key is shown in Fig. 3.24. The interface surface preparation 
for each speci men is detailed in Table 3.1. 

Before drypacking of one of the overhead cast specimens 16A, 
the base block interface was coated with an epoxy bonding agent. The 
drypacking operation was completed within the pot life of the epox~ 

3.1.4 Interface Reinforcement. The reinforcement across the 
concrete interface consisted of 116 reinforcing bars used as dowels. 
The number, spacing, and embedment depth into the base blocks of these 
dowels varied with each specimen ranging from two to six dowels, 3 in. 
to 12 in. embedments, and 6 in. to 12 in. spacings. All of the dowels 
were e~tended to the full heighth of the wing walls to ensure that 
full development length was provided in the wing walls. 

The steel crossing the interface area varied from Pv = 0.24% 
to 0.73%, where Pv is defined as the area of the reinforcing steel 
di vided by the effective interface. 

The procedures followed to place the reinforcement dowels in 
the base blocks were identical to those followed by Luke [8]. An 
electric roto-hammer was used to drill a 1-in. diameter hole into the 
base block to a predetermined depth. Most of the holes were drilled 
down into the base block resting on a side. 'For specimen~ with 
vertically cast wing walls the holes were drilled horizontally into a 
block resting on one end. 

The dowels were then bonded with epoxy into the base blocks 
following the epoxy manufacturer's recommendations. In nearly all of 
the specimens, the dowels were installed along the center line of the 
base blocks as shown in Fig. 3.25. The dowels in specimens 8A, 20A, 
and 20B were staggered 2 in. off center to either side as shown in 
Fi g. 3.26. 
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Fig. 3.21 Sandblasted interface 

Fig. 3.22 Chipping operation 
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Fig. 3.23 Chipped interface 

Fig. 3.24 Interface with shear keys 
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>. 

Fig. 3.25 Three #6 dowel bar arrangement for base 
block containing two #11 bars longitudinal 
reinforcement 

o 3.26 Three #6 dow~l bar arrangement 
block containing three #11 bars 
longitudinal reinforcement 
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3.1.5 Materials and Quality Assurance. 

3.1.5.1 Concrete. The concrete used in all of the 
specimens was supplied by the same commercial ready mix plant. The 
three normal weight concrete mix proportions used are given in Table 
3.2. 

TABLE 3.? Concrete Mix Design 

Batching Mix Quantities/yd3 

Component 
2500 psi 3500 psi 5000 psi 

Cement Clbs) 376 376 705 

Fine Aggregate (lbs) 1490 1280 2450 

Coarse Aggregate (lbs) 1910 1890 750 

Water (gal) 29 29 41 

Water Reducing Admixture (oz) 18 18 22.5 

Air Entraining Admixture (oz) 3 

Base blocks 1 through 20 were cast using the 2500 psi 
concrete mix. Base blocks 21 through 24 and all of the wing walls 
except 5B and 6B were cast using the 3500 psi cioncrete mix~ The 
casting operation is shown in Figs. 3.27 and 3.28. 

The compressi ve strength of all specimens was determined 
according to ASTH C39-72 "Compressive Strength of Cylindrical Concrete 
Specimen~" The concrete compressive strengths at the time of testing 
for each specimen are gi ven in Table 3.1. 

Wing walls 5B and 6B were prepared for shotcreting with all 
of the supporting formwork and reinforcement steel attached to the 
base bl~cks as shown in Fig. 3.10. Both blocks were then transported 
to a commercial construction job site where shotcreting was being done 
for a swimming pool. At the job site, the wing walls were shotcreted 
using the 5000 psi concrete mix that was being used for the swimming 
pool construction. The shotcreting process is shown in Fig. 3.29. 
Figures 3.30 and 3.31 show the completed wing walls and the surface 
defects on the wing walls that resulted from the shotcreting process. 
The 28-day compressive strength of the shotcrete concrete mix was 5040 
psi. 
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Fig. 3.27 Specimen casting operation 

Fig. 3.28 Specimen casting operation 
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Fig. 3.29 Shotcreting 
process of 
wing wall 
5B and 6B 

Fig. 3.30 Surface defects 
of shotcreted 
wing wall, 5B 

Fig. 3.31 Surface defects 
of shotcreted 
wing wall, 6B 
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3.1.5.2 Steel Reinforcement. Grade 60 deformed steel bars 
were used for all of the reinforcement including the interface dowels. 
All of the bars were cut and the reinforcing steel cages fabricated at 
the laborat ory. 

3.1.5.3 For!!!work. All formwork was constructed using 3/4 
in. exterior polywood with 2 in. x 4 in. bracing. All of the forms 
were lacquered and oiled prior to assembly. Forms were tied with 3/8 
in. threaded rods. 

3.1.5.4 Drypack Mortar. The drypack mortar used in the 
overhead casting position consisted of one part Type I portland cement 
and two parts fine aggregate by volume, with enough water added to 
make a solid dense mass sui table for the drypacking procedure. The 
mortar was mixed and placed by hand at the laboratory. The 90-day 
compressive strength of the drypack mix, as determined using two 2 x 4 
in. cylinders was 3900 psi. 

3.1.5.5 Epoxy. Two epoxies, Concresi ve 1001 LPL and Concre­
sive 1411, furnished by Adhesive Engineering Company, were used in 
this study. Concresive 1001LPL is a two-component liquid epoxy 
bonding agent designed for application in warm environments and has a 
relatively long pot life. Concresive 1411 is a two-component paste 
epoxy bonding agent for general purpose bonding in warm environments. 
The liquid epoxy was used as a surface bonding agent for one overhead 
casting and to set dowels into the base blocks. The paste epoxy was 
used to set dowels into holes for specimens with an overhead or 
vertical casting positions. 

To assure the quality of the epoxies after mixing, slant 
shear specimens were tested following the recommendations of AASHTO 
T237 for epoxy adhesive resin. Two slant shear cubes were prepared 
from each batch of epoxy mixed. One sampling of epoxy was taken 
immediately after mixing and one was taken from the remaining material 
after completion of the dowel installation. 

The slant shear specimens were allowed full curing prior to 
testing as specified by the epoxy manufacturer. All of the slant 
shear specimens tested using either type of epoxy exceeded the manu­
facturers specification for slant shear strength of 5000 psi except 
for one paste epoxy specimen which failed at 4750 psi. This low test 
strength was considered acceptable because failure occurred in the 
concrete and did not involve the bonded epoxy plane. 

A total of twelve scant shear specimens using Concresive 
1001LPL were tested and gave an average strength of 8524 psi with a 
standard deviation of 1200 psi. A total of four specimens was tested 
using Concresive 1411 having an average slant shear strength of 7316 
psi with a standard deviation of 1840 psi. 
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3.1.5.6 Dowel Placement. To ensure that the dowel placement 
procedures described in Section 3.1.4 were satisfactory, pullout 
tests on a sampling of the dowels were conducted prior to casting of 
the wing walls. The placement of the dowels was assumed to be of good 
quality if the dowels demonstrated linear elastic behavior when 
stressed up to loads of 40 to 50% of the maximum pullout strength as 
predicted by Luke [21 J. 

3.2 Test Frame 

The testing frame and loading apparatus, illustrated in Fig. 
3.32, were designed to ensure that the plane of loading during a test 
coincided with the concrete interface between the wing wall and base 
block of each specimen. 

The basic frame was fabricated out of two 18-in. channels 
with 1-in. stiffeners. The channels were spaced at 24 in., the width 
of the base blocks. Two restraining girders were provided on either 
end of the test specimen to prevent any movement of the base block 
during testing. Two hydraulic rams with a load capacity of 400 kips 
positioned at both ends of the frame were used to load the specimen~ 
A loading head assembly was designed to allow the applied force to be 
evenly distributed over the end surface of the wing walls while main­
taining the plane of loading along the concrete interface with minimal 
eccentricities. Figure 3.33 shows the loading head assembly, and the 
entire frame with a test specimen in place is shown in Fig. 3.34. 

3.3 Testin~ Procedures 

The following is a discussion of the procedures followed 
before, during and after testing of a specimen. 

3.3.1 Preparation f£!::. Testing. The specimens were set into 
the frame assembly and secured in place by a small hydraulic ram to a 
level of about 35 psi. Pre-compressing the specimen in place assured 
no movement of the base block during testing. 

The loading head assembly was then lowered into place and 
rested on top of the wing wall. The weight of this assembly induced a 
compressi ve force perpendicular to the interface of approximately 5 
psi over the 10-in. wide wing walls and about 8 psi over the 6-in. 
wide wing wall. The gap between the loading head and the wing wall 
was th€~ sealed and filled with a fast setting cement. This resulted 
in uniform application of pressure against the wing wall during 
testing. 

3.3.2 Testing. Test specimens 1 A through 5A were used to 
verify the performance of the testing and data acquisition equipment 
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Fig. 3.33 Loading head assembly 

Fig. 3.34 Specimen in test frame 
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and to determine the loading rates to be used during testing. Speci­
mens lA through 4A were subjected to r.epeated load cycles in one 
direction. Specimen 5A was subjected to alternate repeated load 
cycles in both directions. Based on the results of the first series 
of specimens, the load levels were established for testing the re­
maining specimens, as follows. 

In general, each specimen was subjected to repeated load 
cycles based on applied load levels or average displacement of the 
wing wall along the interface measured at the midsection of the speci­
men. A total of ten load cycles was applied to most specimens. 
First, three cycles to a load level of 50 kips, which corresponded to 
a shear stress of 139 psi for the la-in. wing wall were applied. 
Second, three cycles at a level of 100 kips (stresses of 278 psi) were 
then applied, followed by three cycles at a load level corresponding 
to the level necessary for a wing wall displacement of approximately 
0.1 in. in each loading direction. Finally, one cycle up to awing 
wall displacement value of approximately 0.5 in. in each direction was 
appl ied. The shear stresses which correspond to the 50 kip and 100 
kip load levels for the 6-in. wide wing wall were 231 psi and 462 
psi, respecti vely. 

If the maximum shear stress capacity occurred at a load level 
less than 100 kips, loading continued directly on to the 0.1 in. 
displacement cycles. 

3.3.3 Instrumentati~. Strain gages were placed on the 
center dowel of the interface reinforcement of Specimens 1A through 
6A. These were positioned 1/2 in. and 1-1/2 in. above the concrete 
interface to investigate the streses being transferred through the 
interface reinforcement. The data collected from these strain gages 
were inconclusive. This, together with the disruption of the concrete 
bond tc the dowels in the area around the gages, resulted in the 
decision to discontinue their use in the main series of tests. 

Load was monitored using pressure transducers. A total of 14 
displacement transducers were used to monitor deformations across and 
along the interface. Two were used to control the movements of the 
hydraulic rams. Two were used to monitor the displacements of the 
loading head. Six were positioned to detect any displacements along 
the interface in the direction parallel to the plane of the interface 
and four were placed to detect any displacements between the wing wall 
and the base block perpendicular to the concrete interface. 

Displacements were monitored on both sides of the interface 
at the ends and midsection to detect any rotation or uneven movements 
during testing. Positioning of the displacement transducers is shown 
in Figs. 3.35 through 3.37. 



North 

Fig. 3.35 Displacement transducer 
locations 

Fig. 3.36 
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Horizontal and vertical displacement 
transducer connections, north or 
south end 

Fig. 3.37 Horizontal displacement transducer 
connections, midsection 
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In this report any displacements along the concrete interface 
are referred to as slip and any displacements perpendicular to the 
interface are referred to as uplift. 

3.3.4 Win& Wall Removal. Because both sides of some of the 
base blocks were needed for testing and to examine the failure plane 
of the specimens, it was necessary to remove the wing walls from the 
base blocks after testing. Cores were drilled through the wing walls 
close to the interface to cut through the interface reinforcement. 
The wing walls were then easily removed using an overhead crane since 
the bond between the wing wall and the base block was destroyed during 
testing. 

3.4 Data Acquisition 

The applied load-slip relationship at the midsection of the 
test specimen was continuously monitored and plotted during testing by 
a Hewlett Packard 3497A high speed data acquisition system. Data from 
the continuous plot was not stored but the application of load was 
frequently interrupted for approxi rna tely 20 to 50 seconds to record 
data from all instruments and to store the data on a permanent dis~ 
Because the stress-slip relationships had to be accurately reproduced 
at a later date, typically 200 data readings or scans were taken 
during the course of a test. 



C HAP T E R 4 

TEST RESULTS 

4.1 Load-Deformation Relationships 

The load-deformation relationships of the test specimens were 
recorded at ten locations along the concrete interface. During 
testing, loading was applied at the north end or the south end of the 
wing wall depending on the direction of the load cycle. Slips and 
uplifts were recorded at the north and south ends on both sides of the 
interface and slips were also recorded at the midsection on both sides 
of the interface. 

A continuous plot of the load-slip relationship at the 
midsection of a specimen is shown in Fig. 4.1. Approximately 200 data 
readings including load and deformations at all instrumentation 
locations were taken during each test. Loading was interrupted during 
data recording and resulted in slight discrepancies between the load 
peaks on the continuous plots and those in the recorded data. In 
addition, this interruption in loading resulted in a drop in the 
applied load for a given deformation value. However, as shown in Fig. 
4.1, upon continuation of loading the load-deformation behavior 
returned to previous values. 

Figure 4.2 shows a portion of the stress-slip relationship 
between 0.1 in. interface displacement at the north end, south end, 
and the midsection of the interface. The curves were constructed by 
plotting the applied shear stress versus the average of the 
displacements recorded by the two displacement transducers placed on 
either side of the wing wall at these locations. The shear stress is 
the applied load divided by the interface area. In this comparison it 
is shown that the movement at the ends where loading occurs is more 
severe than that at the midsection. A portion of the stress-slip 
behavior of a specimen as recorded at the midsection on the west side, 
the east side, and the average of both is given in Fi~ 4.3. As shown 
in this figure, rotations and eccentricities were negligible. 

An examination of these plots supports the use of the average 
relative displacements in analyzing the load-displacement behavior of 
all of the test specimen~ The load-slip behavior at the midsection 
would be more typical of a strengthening element with a long interface 
surface length, such as an infil1 wall in an existing structure. 

A t y pic all 0 ad - dis pIa c e men t cur ve as r e cor d e d at the 
midsection of the specimen is shown in Fig. 4.4. Load-deformation 
curves for all of the test specimens are presented in Ref. 22. 
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Figure 4.5 shows the variation in average uplifts as recorded 
at the north and south ends and the average uplift of both ends. 
These curves were constructed by plotting the applied shear stress 
versus the average reading of the displacement transducers placed 
perpendicular to the concrete interface on both sides of the wing 
walls at the north and south ends. As shown in this figure, the 
uplift recorded at any location is highly dependent on the direction 
of loading and caution should be used in trying to develop any 
specific conclusions from these perpendicular displacement curves. 

A typical average perpendicular displacement curve for all 
four rC3dings is shown in Fig. 4.6. Similar curves for all of the 
specimens are presented in Ref. 22. The uplift data may provide an 
indication of the overall effectiveness of different surface prepara­
tion techniques and a correlation between the parallel deformation 
(slip) and perpendicular deformation (uplift) characteristics of the 
specimens, especially after failure of the bond between the structural 
elements. These curves, however, cannot be used to estimate potential 
crack widths because they are a function of the specific characteris­
tics of the test specimens and the loading procedure used. 

4.2 Maximum Shear Capacities 

The maximum shear loads and stresses for each specimen are 
gi ven in Tables 3.1 a through 3.1 f. Loads were taken from the contin­
uously recorded load-slip curves to provide the most accurate maximum 
shear capacity for use in analyzing the data. 

4.3 Stress-Slip Envelopes 

Stress-slip envelopes for all of the tests were plotted using 
midsection displacements. The peak load at each displacement level 
was used to construct a failure envelope showing the shear capacity of 
the specimen as a function of the displacement of the wing wall along 
the interface. Stress-slip envelopes for all specimens are presented 
in Figs. 4.7 through 4.9. 

Occasionally, during a test a crack would develop between the 
supports of one or more of the displacement transducers resulting in 
inaccurate data. In that instance, the load-slip behavior at all of 
the instrumentation locations were examined to develop estimated 
values for the load degradation plots. Any estimated values are noted 
on the plots and shown as open circle data points. 
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4.4 Failure Mechanisms 

The failure characteristics of the test specimens were 
examined to determine any correlation between the observed load­
deformation behavior of different repair or strengthening schemes and 
the observed failure mechanisms. The crack patterns were mapped for 
each specimen. Some wing walls were also removed after testing to 
examine the failure planes. Figures 4.10 through 4.15 show typical 
crack patterns and failure surfaces observed. 

Cracks originating from the dowels and extending to the ends 
of the base blocks in a "V" pattern, as shown in Fig. 4.12, were 
common in all of the specimens except a few where the base block had a 
higher concrete compressive strength than the wing wall. Occasional­
ly, cracks would develop in the base block between the dowel loca­
tions. Cracks in the wing walls were very rare except in the case of 
the 6-in. wide wing wall, as shown in Figs. 4.14 and 4.15. These 
crack patterns suggest that the proximi ty of the dowels to the ends 
and edges of the base block had a SUbstantial effect on the failure 
mechanism. A concrete element with a long interface surface length 
would not be expected to show this extensive cracking along its mid­
section due to the elimination of end effects. If the strengthening 
element is placed along the edge of the existing member the cracking 
would be expected to increase along that edge due to the decreased 
amount of concrete cover available to resist the induced stresses due 
to dowel action. The failure plane was always either along the con­
cre te in terface 0 r within the concrete cover of the base block or a 
combination of both. It was noticed that the specimens with a sand­
blasted interface, 6-in. dowel embedment, and 12-in. stirrup spacing 
developed a much deeper failure plane as shown in Fig. 4.10 than that 
of a similar specimen with a 5-in. stirrup spacing in the base block, 
as shown in Fig. 4.11. The concrete around the dowels in the base 
block was frequently crushed due to the cyclic loading. 
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Fig. 4.12 Crack patterns of Specimen 17B 

Fig. 4.13 Crack patterns of Specimen SA 
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Fig. 4.14 Crack patterns of Specimen 1B 

Fig. 4.15 Crack patterns of Specimen IB 



C HAP T E R 5 

DISCUSSION OF TEST RESULTS 

5.1 Introduction 

The systematic variation of parameters permitted examination 
of the effect of an individual parameter with all other variables held 
constant. In the following sections, stress-slip envelope curves will 
be used to compare results. 

5.2 Effect of Dowel Embedment 

A comparison of the stress-slip envelopes of specimens having 
different embedment lengths is presented in Fig. 5.1. Specimens with 
a 3-in. embedment reached peak shear stresses about 30% lower than 
those with 6 and 12-in. embedments. At high slip values, the short 
embedments exhibited even lower residual shear capacity. For speci­
mens having a 3-in. embedment, over 50% 6f the strength was lost at a 
di splacement of 0.1 in. and 85% was lost at a di splacement of 0.5 in. 

Figure 5.1b shows a specimen having a 12-in. embedment and 
strong base block which reached a 'peak capacity of only 83% of the 
peak capacity of an identical specimen with a 6-in. embedment. How­
ever, the 12-in. embedment specimen maintained a higher residual 
capacity after a slip of 0.2 in. than the 6-in. embedment specimen. 

In general, for a wing wall of higher strength concrete than 
the base block, the greater the embedment the higher the shear capa­
city for any displacement values. For a stronger base block (Fig. 
5.1b) the shear capacity for 6 and 12-in. embedments, while higher 
than that for 3-in. embedment, was comparable for most di splacement 
values. 

Shotcreted wing walls showed a distinct difference in the 
stresses that could be maintained after the peak stress for the 
di fferent embedment lengths. As shown in Fig. 5.1c, the deeper the 
embedment, the higher the residual capacity. It is interesting to 
note that for shotcreted wing walls and weak base blocks the peak 
stresses for both the 6 and 12-in. embedment specimens were similar 
while in the cast-in-place wing walls, the peak stress attained using 
12-in. embedments was higher than for the 6-in. embedments. 

Specimens with a 12-in. embedment consistently maintained 60 
to 70% of their peak shear capacities at a displacement of 0.5 in. 
regardless of other specimen variables. Specimens with a 6-in. embed­
ment maintained between 20 and 55% of their peak capacities at 0.5-in. 
displacement. The higher residual capacity for the 12-in. embedments 
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is due to the increased force across the interface attributed to the 
better development of the dowels with longer embedment depth. The 
wide range in the residual capacity at large slip levels of the 6-in. 
embedments indicates that the effectiveness of the 6-in. embedment is 
largely dependent on other variables such as base block stirrup 
spacing and number of dowels. This conclusion is supported by 
examining Fig. 5.1d and noting that the highest percentage of peak 
capacity maintained at large slip levels (55%) was with base block 
stirrups at a 5-in. spacing. The closely-spaced stirrups probably 
provided better splitting restraint for the embedded dowels at large 
di splacements. 

These test results suggest that the maximum and residual 
shear transfer capaci ties of concrete inter faces is increased with 
increased depth of embedment of the interface reinforcement. In 
addition, the effect of the deeper embedment becomes more prominent at 
larger slip levels. 

A comparison of these results and those from dowel pullout 
tests conducted by Luke et ala [21J suggest that the shear strength of 
concrete interfaces is not directly proportional to the dowel embed­
ment strength. Luke suggested that dowel embedment strength increased 
125% with an increase of embedment from 3 to 6 in. An analysis of 
Figs. 5.1 and 5.2 shows that peak capacities increased around 25% but 
residual capacities at an 0.5-in. di splacement increased around 400 
percent for the same embedment increase. The development of a propor­
tional relationship between the pUllout strengths and the shear 
transfer strength of the dowels is extremely complicated if not 
impossible due to the effect of frictional forces and dowel action 
associated with a shear loaded concrete interface. 

5.3 Effect of Base Block Concrete Compressive Strength 

The effect of the concrete strength of the base blocks was 
studied as a function of surface preparation and dowel embedment in 
Fig. 5.2. An examination of Fig. 5.1a shows that for specimens with a 
sandblasted surface and a 6 or 3-in. embedmen~the effect of base 
block concrete strength was negligible. 

The results for the specimens with 12-in. embedments show an 
unexpectedly low interface shear capacity at all slip levels in the 
base block with f~ = 4.3 ksi. An examination of all the related data 
and the failure mechanisms of this specimen did not lead to any con­
clusi ve reasons for the unexpected behavior. The base block was 750 
psi stronger than the wing wall, and failure occurred along the con­
crete interface rather than the concrete cover over the base stirrups 
with no extensive cracking in either the base block or wing wall. 
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While no definite conclusions should be drawn from this behavior, it 
may be desirable to design any strengthening or repair concrete to 
have greater concrete strength than the original structural element. 

For other surface preparation techniques such as 1/4-in. chipping 
and shear keys, the higher base block strengths resulted in higher 
shear capacities especially at large slip values as shown in Figs. 
5.1b and c. 

5.4 Effect of Interface Surface Preparation 

The effect of interface surface preparation was investigated 
with respect to the base block compressive strength and stirrup 
spacing. A comparison of the stress-slip envelopes showing the effect 
of surface preparation is gi ven in Fig. 5.3. 

The influence of stirrup spacing on the effect of surface 
preparation is shown in Figs. 5.3a and c. An examination of Fi~ 5.3a 
shows that with close stirrup spacing, the effect of different surface 
preparations on the peak and residual capacities was negligible. 
However, as shown in Fig. 5.3c, with wider stirrup spacings, the 
heavily sandblasted surface achieved a peak stress around 30% higher 
than the chipped surface and the surface with shear keys, and 80% 
higher than the untreated surface. The change in stirrup spacings 
made no significant difference in the peak capacities of the specimens 
with 1/4-in. chipping or shear keys. The peak capacity of the speci­
mens with a sandblasted interface improved when going from 5-in. to 
12-in. stirrup spacing in the base block. An examination of the 
failure plane of the specimen with 12-in. stirrup spacings and a 
sandblasted interface indicated that a deep failure cone penetrated 
the base block between the dowel locations as shown in Fig, 4.10. The 
failure plane of the specimen with 5-in. stirrup spacings was at a 
much shallower depth as shown in Fig. 4.11. 

A comparison of Figs. 5.3b and c shows that the base block 
strength made no significant difference for sp~cimens with a sand­
blasted or chipped interface. The residual capacity for specimens 
with shear keys was significantly improved by the stronger base block. 
The untreated surface as shown in Fig. 5.30 gave a lower initial peak 
stress but retained its strength much better through large displace­
ments and held three-fourths of its peak strength at an O.5-in. 
displacement. 

In general, the test result s indicate that at low slip 
levels, a heavily sandblasted surface was as good as any other surface 
preparation. The effect of the surface preparation on the shear 
transfer capaci ty was greatly diminished after displacements greater 
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than 0.2 in. were applied. For di splacements larger than 0.2 in., 
there was no clear correlation between strength and surface 
prep a rat ion. 

5.5 Effect of Structural Reinforcement Detailing 

The effect of the structural reinforcement details of the 
wing wall and base block was studied using specimens with sandblasted 
surfaces (Fig 5.4). The use of open or closed wing wall stirrups, base 
block stirrup spacings, and addi tional longitudinal reinforcement are 
investigated and discussed in this section. 

5.5.1 ~~ Wall Reinforcement. Figure 5.4a shows the 
stress-slip envelopes for specimens with two different wing wall 
reinforcement arrangements. The specimen with open single "U" 
stirrups showed a slightly lower strength than the specimen with the 
closed double "U" stirrups. This increase in shear capacity with the 
use of closed stirrups is attributed to the better restraint of the 
concrete surrounding the dowels in the wing walls. The effect of wing 
wall reinforcement on residual capacity was negligible. 

5.5.2 Base Block Reinforcement. Figures 5Ab and c show the 
load-slip behavior of various specimens with different surface pre­
parations and different base block reinforcement arrangements. 

5.5.2.1 Stirrup Spacing. The increased number of stirrups 
and closer stirrup spacing (5 in.) suggests that higher strength at 
the large slip levels due to the increased concrete confinement would 
be provided by this steel arrangement. Comparisons of specimens with 
a sandblasted surface showed a decrease in strength for 6-in. dowel 
embedments with a 5-in. stirrup spacing was used, Fig. 5;4b. A 
possible explanation for this behavior is the location of the failure 
planes of these specimens, as di scussed in Section 5.4. The specimen 
with a chipped surface produced a nearly identical strength, while the 
specimen with shear keys showed an increase in residual capacity when 
compared to similar specimens with stirrups spaced at 12 in. 

5.5.2.2 Longitudinal Reinforcement. Figure 5.4c shows a 
comparison of specimens with base block stirrup spacings of 5 in. and 
with and without a longitudinal #11 bar along the center line of the 
base block. The specimens showed nearly identical behavior at slips 
less than 0.1 in. The specimen with the longitudinal bar had a higher 
peak and higher residual capacity after slip levels greater than 0.1 
in. The higher capacity at large displacements could be due to the 
staggered placement of the dowels on either side of the longitudinal 
bar and the increased concrete restraint that this bar renders to the 
embedded dowels. 
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Overall, the specimens in which the structural reinforcement 
provided better confinement of the concrete surrounding the interface 
dowels usually resulted in higher peak and residual shear capacities 
being achieved. 

5.6 Effect of Interface Reinforcement (No. of Dowels) 

The effect of the number of dowels on the shear transfer 
capacities of concrete interfaces was studied with respect to dowel 
embedment and wing wall width. The stress-slip behavior of specimens 
with different amounts of interface reinforcement are shown in Fig. 
5.5. 

An examination of these curves revealed that for similar 
specimens, the shear transfer capacity increased as the number of 
dowels increased. Three #6 bars gave a higher peak shear stress and 
higher residual stress capacity than two #6 bars for both a 6-in. and 
12-in. embedment. Six #6 bars at a 6-in. embedment gave a much higher 
peak stress but dropp~d faster with increase in displacemen~ A 6-i~ 
wide wing wall with three 116 dowels behaved in a manner similar to 
that of a 10-in. wall with 3 dowels. 

These results support the concept that the force across the 
interface provided by the reinforcement directly effects the peak 
shear transfer capaci ty. The large force developed in the speci men 
with six #6 dowels was not maintained at large displacements. The six 
bars fractured the weaker base block as shown in Fig. 4.13. Extensive 
cracking quickly weakened the concrete around the dowels and decreased 
the clamping force that could be developed at higher slip levels. A 
better distribution of the interface of reinforcement with a greater 
embedment or a lower amount of reinforcement may permi t optimizing the 
design for better overall performance. In general, the maximum shear 
stress and the residual capacity increased with an increase of the 
interface reinforcement for any dowel embedment. 

5.7 Effect of Wing Wall Width 

The effect of the wing wall width and the resulting change in 
interface area was studied for a sandblasted interface, a base block 
stirrup spacing of 12 in., and three dowels with 6 in. embedments. 
Figure 5.6 illustrates the stress-slip envelopes of specimens with tlrlO 
wing wall widths. The thinner wall slipped more before reaching peak 
stress but had a higher residual capaci ty at larger slip levels than 
the thicker wall. The 6-in. wide wall, however, split along a plane 
through the dowels when higher slips were achieved, as shown in Fig. 
4.14 and 4.15. 
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Even though a higher stress was achieved and maintained by 
the thinner wing wall, the thicker wing wall actually resisted a 
higher load due to its increased interface area. After a slip of 0.2 
in., the 6-in. wing wall retained a shear stress of 350 psi which 
corresponds to 76 kips when the interface area is taken into account, 
while at least 88 kips (245 psi) was retained by the 10 in. wing wall. 

5.8 Effect of Casting Procedures 

The effect of different casting procedures including the use 
of bonding agents, casting position, improper vibration, and concrete 
placement was examined and is discussed in the following sections. 

5.8.1 Surface Bondin& Agent. The stress-slip envelopes in 
Fig. 5.7a show the comparison of specimens with and without the use of 
a surface bonding agent before drypacking of an overhead joint. Both 
curves lie within a narrow range with peak stresses differing by only 
16 percent. The higher shear stress attained by the specimen with the 
interface epoxy would not appear to justify the use of a bonding 
agent. The peak shear stresses for the specimens occur at a 
reI at i ve ly hi gh sli p level wher e most of the bond ha s been al ready 
destroyed. At this slip level the friction from the grinding of the 
drypacked mortar is a major contributor to the shear stress capacity. 
Whether this friction is a result of the mortar grinding against the 
interface or somewhere within the drypacked layer, the level of re­
sistance is similar. The load-slip behavior of both specimens is 
alike at very low slip levels and almost identical at large displace­
ments over 0.2 in. 

5.8.2Castin& Position. The comparison of the load-slip 
behavior of specimens with different casting positions is shown in 
Fig. 5.7b. The vertical casting position delivered close to the same 
shear capacity as the horizontal casting when good vibration of the 
concrete was assured. The overhead casting with the drypacked layer, 
however, had a lower capacity and peak stress was reached at a higher 
slip level. After a displacement of around 0.2 in. the differences in 
shear transfer capacities were negligible. 

The overhead casting position also had a distinct effect on 
the slip level at the maximum shear load. Generally, for the 
horizontally and vertically cast specimens the peak shear was achieved 
before a slip level of 0.03 in. was applied. The overhead cast 
specimens, however, reached peak shear after a slip level of 0.07 in. 
was reached. 

These results show that the casting position had an effect on 
the maximum interface shear capacity and corresponding slip but not on 
the residual shear capacity. 
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5.S.3 Concrete Vibration. The stress-slip envelope of a 
specimen that had inadequate vi bration of the wing wall producing 
honeycombing of the concrete is compared to the envelope for a well­
compacted specimen in Fig. 5.7c. The well vibrated specimen 
exhibited a much higher shear stress capacity at low slip levels but 
showed almost the same capacity as the poorly vibrated specimen at 
displacement values over 0.2 in. The poor vibration resulted in poor 
bonding of the concrete interfaces but did not affect the residual 
shear capacity at large displacement levels. 

5.8.4 Concrete Placement. The effect of different concrete 
placement procedures on the load-slip behavior of specimens with dowel 
embedments of 6 and 12 in. is shown in Fig. 5.8. The effect of the 
shotcreting of the wing wall on the interface shear capacity is more 
pronounced for deeper embedments of 12 in. than for 6-in. em bedments. 
As shown in Fig. 5.8b for 12-in. embedments the peak capacity of the 
shotcreted specimen was 10% lower than that of the cast-in-place 
specimen, while the peak capaci ties of both shotcreted and cast-in­
place specimens with 6-in. dowel embedments were the same, as shown in 
Fig.5.8a. The residual capacities of the cast-in-place specimens 
were significantly greater than those of the shotcreted specimens 
regardless of the dowel embedment. With 12-in. embedment, the resi­
dual capacity was twice that with 6-in. embedment. The shotcreting 
process resul ted in a lower shear transfer capaci ty of the concrete 
interface at all slip levels. 

5.9 Comparison to ACI Shear Friction Provisions 

The American Concrete Institute Building Code Requirements 
for Reinforced Concrete (ACI 318-83) calls for the shear friction 
provisions of Section 11.7 to be applied when considering shear 
transfer across an interface between two concretes cast at different 
times. These provisions call for an embedment of at least 18 in. on 
either side of the interface for a #6 bar and do not make distinctions 
between peak shear strength and strength that must be maintained at 
any slip levels. The test specimens in this study did not meet the 
18-in. embedment requirement of ACI 318-83. However, test results 
from this study are compared to those predicted using ACI provlslons 
to study the applicability of the shear friction provisions of ACI. 

The shear transfer strength, as given by the shear friction 
theory discussed in Chapter 2 of this thesis, is given by ACI 318-83 
Equati on 11-26, 

where Avf = area of reinforcement crossing the interface, 

fy= yield strength of reinforcement (60 ksi in these tests), 

71 



6
0

0
 

5
0

0
 

'(
ii 

40
0l

=
-

\ 
'\A

 
0

-

(/
) 

(/
) 

W
 

0:
: r-

3
0

0
 

(/
) 

0:
: 

<l
: w
 

~
 

2
0

0
 t-

1
0

0
 

o 
.1 

C
O

N
C

R
E

T
E

 
P

LA
C

E
M

E
N

T
: 

• 
sh

o
tc

re
te

d
 

• 
co

st
 

in
 

p
la

ce
 

'\.
 .2

 
.3

 
.4

 

IN
T

E
R

F
A

C
E

 
D

IS
P

. 
(i

 n.
 )

 

a
) 

6 
in

. 
e

m
b

e
d

m
e

n
t 

.5
 

6
0

0
 

5
0

0
 

4
0

0
 

2
0

0
 

10
0 o 

.1 

C
O

N
C

R
E

T
E

 P
L

A
C

E
M

E
N

T
: 

..
 s

h
o

tc
re

te
d

 
A

 c
os

t 
in

 
pl

ac
e 

.2
 

.3
 

.4
 

IN
T

E
 R

F
A

C
E

 
D

IS
P

. 
(i

n
.)

 

b
) 

12
 in

. 
e

m
b

e
d

m
e

n
t 

.5
 

F
ig

. 
5

.8
 

E
ff

e
c
t 

o
f 

m
et

h
o

d
 

o
f 

p
la

c
e
m

e
n

t,
 

sa
n

d
b

la
st

e
d

, 
3 

d
o

w
el

s,
 

b
as

e 
s
ti

rr
u

p
s
 

@
 1

2 
in

. 

'-
J
 

N
 



and 

~ coefficient of friction, taken as 1.0 for all tests 
except 14A which was an untreated surface and ~ 0.6. 

The shear strength V n is not to be taken greater than 0.2fc Ac nor 800 
Ac (lb) where Ac is the area of concrete section resisting shear 
transfer. The design yield of the reinforcement shall not be taken 
greater than 60, 000 psi. 

Applying these provisions to the test specimens, disregarding the 
em bedment requirement, the design shear strengths listed in Table 5.1 
are obtained. It should be noted that in no case did the limits 
imposed by 0.2fc Ac or 800 Ac control the value of Vn (Ac = 360 in. 2 

for all tests except lB for which Ac = 216 in. 2). 

* less 

TABLE 5.1 Specimen Design Strengths Using ACI 318-83 
Shear Friction Provisions 

Vn 
Design Conditions 

(ki ps) 

3 #6 dowels, rough surf ace, 10" wing wall 79.2 

3 116 dowels, rough surface, 6" wing wall 79.2 

3 116 dowels, untreated surface, 10" wing wall 47.5 

2 #6 dowels, rough surface, 10" wing wall 52.8 

6 #6 dowels, rough surface, 10" wing wall 158.4 

than 800 psi or O. 2f c f or all tests 

vn* 
(psi) 

220 

367 

132 

147 

440 

The Commentary to ACI 318-83 includes an alternate equation 
[23J. 

Vn = 0.8Avff y + 400 Ac 

but Vn ~ 0.3fcAc and AVffy/Ac > 200 pSi. 

It should be noted that for specimens with three dowels, AVffy/Ac = 
220 psi, a value just above the minimum. Vn for a typical three dowel 
test is 207 k well in excess of the strengths measured except for 
specimen 9A which had a 12 in. embedment. It would appear that a 
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limiting feature of these tests was the failure or deterioration in 
bond of the embedded dowels. 

A comparison of the measured test results and the ACI 318-83 
shear fri ction desi gn strengths are presented in Table 5.2. It was 
assumed that the heavily sandblasted surface, the chipped surface, and 
the shear keys constituted intentionally roughened surfaces in 
accordance with ACI 318-83 Section 11.7.9. The ratio of the measured 
peak shear capacity to the calculated ACI 318-83 design strengths are 
gi ven for each test specimen. The peak shear capaci ty usuall y 
occurred before a slip level of 0.03 in. The average measured to 
design shear strength was 1.77 for all tests. The generally 
conservative nature of the ACI 318 shear friction approach can be 
seen. Table 5.2 also indicates the measured residual shear capacity 
at a deformation level of 0.5 in., local slip greater than would be 
expected during loading on a structure. The ratio of residual shear 
capacity to design strength is noted. 

The peak shear strengths achieved by the two specimens wi th 
dowels embedded 3 in. exceeded the calculated ACI 318-83 strength. 
After a relatively low slip of around 0.04 in., however, the strengths 
dropped well below the specified design strength. The average peak 
strength to ACI design strength ratio for specimens with 3-in. embed­
ments was 1.67. 

All of the specimens with a 6-in. dowel embedment, with only 
one exception, reached stress levels above the ACI design strength at 
small displacements. One of the overhead castings wi th a drypacked 
layer did not reach the ACI 318-83 design strength level, but achieved 
95% of its design strength. The specimen with an untreated surface 
maintained a capacity above the ACI design strength level. In general, 
specimens with a 6-in. embedment maintained a strength level equal to 
greater than the ACI design value until a slip of about 0.1 in. was 
reached and then dropped below their respective ACI design strengths. 

The average peak strength to design strength ratio for fine 
specimens with 12-in. embedments was 2.15. The specimens with 12-in. 
em bedments displayed consi derabl e reserve capacity during cycli c load­
ing. All of these specimens maintained a capacity above the ACI 318-
83 design strength for the entire range of displacements. At very 
large displacements (0.5 in.) the specimens with 12 in. embedment 
maintained from 100 to 168% of the ACI shear friction capacity. With 
3 in. embedments, the residual shear capaci ty was about 20% of the 
desi gn val ue. Si x inch em bedments ranged from 27 to 125% of desi gn 
strength with most values in the 60 to 90% range. Even a specimen 
with six dowels maintained only 41% of design strength at large 
displacements. An interesting case is the specimen wi th no surface 
treatment which maintained 143% of the design value. It may be that 
the friction coefficient for an unroughened surface is too 
conservative but with only one test no conclusion can be drawn. 
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TABLE 5.2 Comparison of Measured and Computed Shear Capacity 

Emb., No. of f'* 
c • 

Vn,k Vn.k V n meas. Vn,res Vn,res 
Specimen in. Dowels ksi meas. ACI Vn ACI meas., k VACI 

1A 6 3 3.10B 145 79.2 1.83 
2A 6 3 3.10B 153 79.2 1. 93 
3A 6 3 3.10B 152 79.2 1. 92 
4A 6 3 3.10B 165 79.2 2.08 
5A 6 3 3.10B 150 79.2 1.89 

6A 6 3 3.10B 165 79.2 2.08 81 1.02 
7A 6 2 3.108 132 52.8 2.50 27 0.51 
8A 6 6 3.10B 210 158.4 1. 33 41 0.26 
9A 12 3 3.10B 190 79.2 2.40 133 1.68 

lOA 3 3 3.10B 130 79.2 1.64 20 0.25 

11 A 6 3 2.70B 104 79.2 1. 31 70 0.88 
12A 6 3 2.75B 118 79.2 1. 49 54 0.68 
13A 6 3 2.758 128 79.2 1.62 32 0.40 
14A+ 6 3 2.75B 90 47.5 1.89 68 1. 43 
15A** 6 3 2.758 88 79.2 1. 11 65 0.82 

16A** 6 3 2.75B 105 79.2 1. 33 65 0.82 
17A 6 3 2.70B 125 79.2 1.58 68 0.86 
18A 6 3 2.75B 118 79.2 1. 49 67 0.85 
19A 6 3 2.758 127 79.2 1.60 63 0.80 
20A 6 3 2.878 134 79.2 1.69 99 1.25 

21A 6 3 3.70W 115 79.2 1.45 97 1.22 
22A 6 3 3.95W 148 79.2 1.87 81 1.02 
23A 3 3 3.95W 135 79.2 1.20 20 0.25 
24A 6 3 3.95W 160 79.2 2.02 63 0.80 

18 6 3 3.218 102 79.2 1.29 75 0.95 
2B 6 3 3.218 150 79.2 1.90 61 0.77 
3B 6 3 3.218 162 79.2 2.05 58 0.73 
48 12 2 3.218 137 52.8 2.59 79 1.50 
5B 6 3 3.218 166 79.2 2.10 52 0.66 

68 12 3 3.21B 172 79.2 2.17 103 1.30 
17B 12 3 2.87B 151 79.2 1.90 103 1.30 
208** 6 3 2.70B 75 79.2 0.95 59 0.74 
21B 12 3 3.57W 132 79.2 1.67 79 1.00 

Avg .. 1.77 
o '" 0.38 

* Base (B) or Wall (W) concrete strength, whichever is lower. 
** Overhead casting with drypacked layer 
+ Untreated surface 
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These comparisons suggest that when the design strengths as 
calculated by the ACI shear friction provisions are used, the ACI 318-
83 requirement for development length may be conservative if the 
designer is concerned only about the peak capacity at low slip levels. 
For a 116 bar, the development length at yield is about 18 in. As 
shown in this study, a 3-in. embedment with a conventionally cast wing 
wall reached a strength in excess of the ACI design strength. The ACI 
embedment requirement may still be conservative if the residual 
capacity at larger slip levels is considered. All specimens with 12-
in. dowel embedment exceeded the ACI design strength even at a slip 
level of 0.5 in. 



C HAP T E R 6 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 Summary 

Based on the test results and discussions and the 
observations of the overall load-slip behaviors of the test specimens, 
the following can be summarized about reinforced concrete interfaces 
subjected to cyclic loading. Bond along the interface and mechanical 
interlock along the interface provides the major portion of the shear 
transfer strength until a slip level of around 0.2 in. is reached. 
For larger di splacements, dowel action and the residual frictional 
forces created by the clamping action of the dowel provide the major 
components of the shear transfer strength of the interface. 

6.2 Conclusions 

Based on the test results obtained in this program, the 
following conclusions are drawn: 

1. An increase in the amount or embedment depth of the interface 
reinforcement resulted in an increase in the shear transfer 
capacity of a concrete interface; 

2. A deeper embedment provided better development of the 
reinforcement and subsequently higher shear capacities at 
large slip levels; 

3. Generally, an increase in the amount of' reinforcement 
crossing the interface resulted in higher shear capacities at 
large slip levels; 

4. For deep surface preparation techniques, such as chipping to 
1/4 in. amplitudes and 1-in. deep shear keys, higher base 
block conc re te strength r esu It ed in hi gher in ter face shear 
capaci ty. For sandblasted interfaces (shallower roughness), 
base block concrete strength had no significant effect on the 
interface shear capacity; 

5. For similar specimens, a heavily sandblasted interface re­
sulted in equal or higher interface shear capacities than any 
other surface preparation technique studied. For slip values 
in excesS of 0.2 in., the interface surface preparation had 
no significant effect on the residual interface shear 
capacity; 
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6. Reinforcement detailing in the wing wall and base block did 
not have a significant effect on the interface shear 
capaci ty; 

7. Horizontal and vertical casting positions produced specimens 
which showed no significant difference in the peak or resi­
dual shear capacities as long as the concrete was cast 
directly against the interface and the concrete was well 
consolidated; 

8. Overhead casting positions in which a drypack mortar was used 
res ul ted ina si gnif i cant reduction in the peak 'i nterf ace 
shear capacity and an increase in the slip at which it oc­
curred, when compared to that of specimens cast against the 
interface. However, the effect of using a drypack was negli­
gible on the residual interface shear capacity; 

9. Shotcreting resulted in slightly lower interface shear 
capaci ti es than cast-in-place procedures; 

10. The desi gn strength equation and the dowel embedment require­
ments of the ACI 318-83 shear fri ction provi sions were very 
conservative when applied to these tests. 

6.3 Design Implications 

Based on the preceeding discussions and conclusion, the 
following design implications have been drawn: 

1. The strength of the concrete used in repair or strengthening 
of an existing structure should be at least equal to that of 
the concrete in the existing structure; 

2. The reinforcement detailing of the strengthening element 
should be designed to provide good restraint against split­
ting in the concrete surrounding the interface reinforcement. 
The interface reinforcement should be well anchored in the 
existing element; 

3. If the ACI 318-83 shear friction design strengths are used, 
the embedment of the interface reinforcement into the exist­
ing structure can be less than required to develop yield in a 
straight bar. In the specimens tested, embedments 1/3 to 1/6 
of the required development length produced interface shear 
strengths in excess of the ACI design values. 



6.4 Further Research Needs 

The following recommendations for further research into the 
investigation of the shear transfer capaci ties of concrete interfaces 
are present ed: 

1. Effect of dowel embedment length wi th respect to compressi ve 
concrete strength incl uding an examination of ACI recommended 
development length into the existing and strengthening ele­
ments; 

2. Effect of the difference in concrete strengths between the 
struct ural el ements; 

3. Effect of staggering the interface reinforcement along the 
center line of the strengthening el ement and of the distance 
between the edge of the existing concrete element and the 
interface reinforcement; 

4. Effect of the use of a surface bonding agent on the concrete 
interface before conventional casting procedures. 
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