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ABSTRACT:
Construction joints are frequently used in engineering structures for various reasons. When the size
of the structure is relatively large stoppage of concrete casting at certain locations is necessary.
Stoppage of casting may also occurs due to sudden failure of mixing machines, or when the
concrete stock ingredients runs out of materials, or when weather conditions do not permit casting
operations to continue. If stoppage of concreting occurs, a joint between old and new concrete
forms, it is then necessary to evaluate the horizontal shear capacity at the interface between old and
new concretes to prevent progressive slip from taking place and to insure satisfactory performance
of the structure.
A total of 16 push-off tests were performed to quantify the shear strength capacity at the interface
between old and new concretes and to recommend the necessary practice for such circumstances.
Test parameters include different interface surfaces smooth and rough with and without shear keys.
The variables also include presence of shear reinforcement across the interface surfaces.
Test results have indicated that leaving concrete surface at the end of casting rough with shear keys
is essential to restore part of shear resistance between old and new concretes. Presence of shear
reinforcement further improves the shear resistance at the interfaces. It was found that the average
nominal shear capacity of concrete at the interface relative to the nominal shear capacity of control
specimens cast monolithically is about 43% for rough surfaces having amplitude of 6mm and 55%
for rough surfaces with shear keys. When 3-®10 shear reinforcement is used along rough interface,
shear resistance increased to 62% relative to the shear capacity of control specimens cast
monolithically.
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INTRODUCTION:

The basic requirement at joints or at interface between new and old concretes is that all forces
existing at the interface must be transmitted in the same manner. To accomplish such condition, it is
essential to rely upon the surface condition at the interface and/or to place reinforcing bars across
the interfaces (1, 3, and 4). In composite construction, failure may precipitate in the vicinity of the
connection as a result of high shear stresses which may develop at the interface of pre-cast (old
concrete) and cast-in-situ concrete (new concrete). If the interface surface is not well roughened or
reinforcement is not provided failure may occur.

According to ACI code (1), shear transfer across a given plane such as an existing or potential
crack; an interface between dissimilar materials or an interface between two concretes cast at
different times; shear friction reinforcement is intended to transfer shear across an interface between
concretes cast at different times.

Concrete is relatively strong in direct shear but it is possible that crack will form in unfavorable
manner. Shear friction reinforcement is provided across the crack to resist relative slip between two
surfaces of concrete cast at different times (1, 3, and 4). If the crack faces are rough and irregular,
the slip is accompanied by separation of the crack faces. At ultimate, the separation is sufficient to
stress the reinforcement crossing the crack to its yield point (3, 4). The reinforcement provides a
clamping force across the crack faces. The applied shear is resisted by friction between the crack
faces; by shearing off protrusions on the crack faces; and by dowel action of the reinforcement
crossing the crack.

Fatmir Menkulasi (2) in his study on horizontal shear connectors for precast prestressed bridge deck
panels indicated that in typical push-off tests, the specimens reach their maximum load immediately
before the bond was broken. For specimens with no shear connectors, some small shear capacity is
maintained, while specimens with shear connectors once the bond broken the load reduced and
maintained for large slips at a value equal to the yield capacity of the connectors times some factor.
The author also indicated that the equations available in ACI code are unconservative for precast
panel system and give high shear stresses at the interface relative to the obtained test results.

Joseph A. Wallenfelsz (5) tested 29 push off tests to quantify peak and post-peak shear stresses at
the interface at failure. The variables of study include surface treatment of the surface of the
specimens, type and amount of shear connectors and presence of pocket shear keys. He indicated
that when headed shear connectors is used an exposed aggregate surface treatment is not required.
He also concluded that specimens with headed shear connectors behave in similar manner to stirrup
shear connectors.

In this paper, an attempt have been made to quantify interface shear capacity of concrete prisms cast
at different times with various combinations of smooth and rough surfaces with and without shear
reinforcement along the interface.

ACI CODE PROVISIONS FOR SHEAR FRICTION REINFORCEMENT:

ACI- 318M-08 (1) approach for shear transfer a cross a given plane is based on calculating the
nominal shear strength using the following equation:

V,=Afin 2.1)
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Where:

Vn = nominal shear strength

Avf = area of shear friction reinforcement

fy = specified yield strength of shear friction reinforcement
u = coefficient of friction

The coefficient of friction p shall assume a value which ranges between 1.4\ for concrete placed
monolithically to 0.6\ for concrete placed against hardened concrete not intentionally roughened,
where A is a modification factor reflecting the reduced mechanical properties of lightweight
concrete of the same compressive strength. A =1.0 for normal strength concrete and equal to 0.75
for all lightweight concretes.

The ACI code also specify that for normal weight concrete placed monolithically or placed against
hardened concrete with surface is intentionally roughened, the factored shear strength shall not
exceeds the smallest of :

V. =0.2fA, (2.2)
V, =(3.3+0.08f))A, (kN) (2.3)
V, =11A, (2.4)

Where Ac is the area of concrete section resisting shear transfer, and fc' is the lower strength of the
concretes used. The code also specifies that when concrete is placed against previously hardened
concrete, the interface for shear transfer shall be clean and free from laitance. If in the calculation p
is assumed equal to 1.0, the interface shall be roughened to full amplitude of approximately 6mm.

EXPERIMENTAL WORK:

To examine the horizontal shear transfer capacity at the interface surfaces, 16 push off tests were
conducted. The variables include surface conditions (smooth or rough), presence of shear keys, and
presence of shear reinforcement between the interfaces.

Push-off Tests:

Push off tests which were used to investigate shear resistance at the interface between new and old
concrete is shown in Fig. 1. From this test an evaluation of the average nominal shear capacity at
the interface of old and new concretes as well as the contribution of steel shear connectors to the
interface shear strength can be made. Various combinations of surface treatment with and without
steel reinforcement were employed for this purpose.
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Fig. 1: Isometric and Front Views of the Tested Specimens

Plywood moulds were prefabricated to cast the specimens. It consists of three 100X100X200mm
size prisms separated by thin plywood sheets. The edge prisms were cast first, while the middle
prism was cast the next day. Surface treatments of the interface were done on the edge prisms,
before casting the middle prism. Steel reinforcement across the interface was embedded in the edge
prisms and was concreted the next day during casting the middle prism.

The concrete used were produced using mix proportions of 1:2:3 cement, sand, and aggregate by
weight, and a w/c ratio of 0.5. The average strength of concrete calculated based on testing 150mm
cubes at age of 28 days is 30 MPa (24 MPa cylinder strength).

Specimen Classification and Testing Procedure:

16 specimens were cast; four specimens of them were used as control specimens for no joint
unreinforced specimens and no joint reinforced specimens across the interface. The rest of the
specimens were divided into six groups, each group consists of two specimens for the variables
investigated at the interface as shown in Table 1 below. 3-®10 mm reinforcing bars were used at
the interface between old and new concretes which provide a shear reinforcement ratio pv =
0.785%. The vertical spacing between these bars is 50 mm c/c. they were placed at the edge prisms
extending to the end of the middle prism. The yield strength of the reinforcement used is 410 MPa.

Table 1: Specimen Classifications and Details.

. . . No. of
Specimens Designation . Shape
Specimens
‘—100—7‘—‘1’;[‘)‘—]‘—100—'
50 :A <
Control specimen, | - g
no joints, no shear 5 s[4 . 4L
reinforcement R NS
3 0
Plain Concrete Specimen
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. . . No. of
Specimens Designation . Shape
Specimens
— : - 210
- o T“ '4,‘ -,444',' ‘v l" 3
Control specimen, no joints, |.‘ e AT
with 3-@10 shear 2 AR DRI
reinforcement SRS
a e .4
Reinforced Concrete Specimen
——100———100————100—
Smooth'Surfaces
I 4
Smooth surfaces, no shear 9
reinforcement 200 :
Fal

Specimen with Smooth Surfaces

~ & mm Amplitude Rough
Surfaces r

S0

Intentionally roughened
surfaces to 6mm amplitude, 2
no shear reinforcement

Reinforced Specimen with Rough
Surfaces

@ 30mm Pockets

<4

Shear key specimens with
smooth surfaces,

Shear Key Specimen with
Smooth Surfaces
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No. of

Specimens Designation Specimens

Shape

@ 30mm Pockets

<4

Shear key specimens with
intentionally roughened 2
surfaces to 6mm amplitude

Shear Key Specimen with Rough
Surfaces

Smooth Surfaces

i v ——| o0
<« A 4 | —

Smooth surfaces with shear < 7 a1
reinforcement d b -

Reinforced Specimen with
Smooth Surfaces

~ & mm Amplitude
/ Rough Surfaces
. |4—¢—‘ : 1 3910
Intentionally roughened PR 7 s Sy
surfaces to 6mm amplitude, 2 L i l
with shear reinforcement R ]
< .45 N

Specimen with Rough Surfaces

The specimens were tested using 2000 kN ELE compression testing machine. The tested specimen
was placed concentrically within the platens of the test equipment and the load is applied
continuously at a loading rate of 1 kN/sec until failure occurs. The time of test was about 4 to 8
minutes. Before testing, a dial gauge with sensitivity of 0.0lmm was used to measure the
displacement (slip) of the middle prism. An angle shaped plate, glued with epoxy resin to the front
face of the middle prism, is used to support the dial gage movable lever. The top and bottom
surfaces of the specimen were capped using thin layers of gypsum plaster. Test setup and
instrumentation are shown in Figs. 2 and 3.
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Fig. 3: Dial Gauge Location to Measure Slip of the Middle Part
of the Specimen.

During tests, the tested specimens were visually inspected for cracks along the interfaces. It was
observed that the specimens continue to carry load without distress until near failure where a crack
along the interfaces appeared at which the specimen can not carry further load and the test is
terminated. Figs. 4, 5 and 6, show typical failure pattern of reinforced specimens. Typical failure
surfaces of specimens with and without shear keys are shown in Figs. 7 and 8.
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Fig. 5: Failure of Reinforced Specimen with Smooth Interface Surfaces.
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Fig. 6: Failure of Reinforced Specimen with Roughened
Interface Surfaces to 6mm Amplitude.
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Fig. 7: Failure Surfaces of Specimen with Two 30mm Shear Key Discs.
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Fig. 8: Failure Surfaces of Specimen with Roughened
Interface Surfaces to 6mm Amplitude.

The average capacity of unreinforced control specimens without joints is 235 kN; while the strength
of control reinforced specimens reinforced across the interface is 404 kN. One specimen with
smooth joints failed during handling while the other failed at a very small load. Specimens with
interface surfaces which were intentionally roughened to full amplitude of about 6mm shows an
average strength before failure of about 101 kN. When shear key type shear connectors is used in
the form of 30mm diameter disks the average shear capacity is increased by about 28% relative to
the intentionally roughened surface specimens, regardless whether the interface surfaces are left
smooth or intentionally roughened. Test results are presented in Table 2 below.

Table 2: Interface Shear Transfer Capacity of the Tested Specimens

Specimen Vi (KN) Vy (KN) v Iy

Designation Average capacity / V control
Unreinforced 1 200
(control)

' 225 control
Unreinforced 2

160

(control)
Smooth 1 40
Smooth 2 0 20 0.085
Rough 1 85
Rough 2 117 101 0.43
Shear key Smooth 1 110
Shear key Smooth 2 136 123 0.52
Shear key Rough 1 114
Shear key Rough 2 144 129 0.55
Rein. 1 (control) 464
Rein. 2 (control) 344 404 control
Smooth Rein. 1 72
Smooth Rein. 2 92 82 0.20
Rough Rein. 1 142
Rough Rein. 2 148 145 0.36
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The effect of surface type (smooth or rough) becomes apparent when the interface is crossed by
shear reinforcement along the interface between old and new concretes. Test results indicate that the
average shear capacity of reinforced specimens with smooth joint surfaces is 82 kN while the
average shear capacity of reinforced specimens with roughened joints is 145kN.

The results also indicate that the shear capacity of reinforced specimens with rough interface
surfaces is about 62% of the capacity of unreinforced control specimens. This mean that the shear
capacity of the interface can better be restored if the interface surfaces are roughened to 6 mm
amplitude supplemented with shear reinforcement.

- LOAD-SLIP RELATIONSHIP:

Typical load-slip plots for unreinforced and reinforced control specimens are shown in Fig.9. For
unreinforced control specimen three stages of behavior can be recognized. In the first stage, the
slope of the load- slip curve is small as compared to the slope of the second stage which shows
stiffer response until near failure when the slope drops to zero indicating a crack has formed along
the interface between the middle and the edge parts of the of the specimen.

The slope of the three stages of the reinforced specimen is higher than those of unreinforced
specimen associated with smaller slip for the same load level. The presence of reinforcement
increased the capacity of the specimen from 290 kN to 464 kN. The slip at failure is about 0.4mm
for unreinforced specimen and about 0.58mm for reinforced specimen.

a0o
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a0
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200
130
100

a0

—— Rientoroed
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LoacikH )

1 0.1 0z 0.3 0.4 05 (IR5]
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Fig. 9 : Typical Load-Slip Relationship for Control Specimens.

Typical load slip relationships for reinforced specimens with rough or smooth interface surfaces
(Joints) are shown in Fig.10. The curves show that the presence of joints has resulted in decrease in
capacity relative to reinforced specimen. Specimen with smooth surfaces suffers more reduction in
capacity than specimens with rough surfaces. The average capacity of smooth and rough surface
specimens is 20% and 36% relative to the capacity of reinforced control specimen. The slip at
failure is about 0.18mm for reinforced specimens with interfaces and about 0.58mm for reinforced
control specimen without interfaces.
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Fig. 10 : Typical Load-Slip Relationship for Reinforced Specimens.

- DISCUSSION OF RESULTS:

Control reinforced specimens with 3-@10 shear reinforcement (placed at the same locations of the
reinforcement used to reinforce prisms with shear interfaces) and cast monolithically (without
joints) shows an average capacity of 404 kN, while unreinforced control specimens shows an
average capacity of 225 kN. If the shear resistance contribution of concrete at the location of the
interfaces is assumed 225 kN, then the extra shear resistance of 179 kN can be thought of as the
contribution of the reinforcement crossing the interfaces on both sides of the specimen. Based on
the above, the stress in the reinforcement is about 380 MPa which means that at failure the
reinforcement has not yielded.

According to ACI code limitations, the nominal shear contribution of concrete Vn should be the
lesser of egs. (2.2), (2.3) or (2.4) presented earlier, which according to specimen size and details are
288 kN. This is 63 kN greater than the nominal shear capacity of concrete obtained in this
investigation. The ACI code equations seem to overestimate shear concrete contribution at the
interfaces. Fatmir Menkulasi (2) also reported that the ACI equations are unconservative for
precast panel systems and give high shear stress capacity relative to test results.

Reinforced specimens with shear interfaces were found to develop much less shear capacity as
compared to reinforced control specimens without joints. The percentage reduction relative to
reinforced control specimens is about 20% and 36% for smooth and rough surfaces respectively.
This reduction in capacity may be discussed in terms of the shear resistance of concrete at the
interface and the length of embedment of the reinforcement as follows:

The average shear capacity of roughened concrete surface specimens was found to be 101 kN, while
the shear capacity of similar specimens with shear reinforcement is 145 kKN as shown in Table 3.
This means that the shear reinforcement contribution is only 44 kN (i.e. the reinforcement has not
yielded). Comparison between capacity of control specimens and specimens with rough interface
surfaces indicates that there is a decrease in concrete transfer capacity from 225 kN (for
unreinforced no joint control specimens) to 101 kN (for specimens with rough interface surfaces),
and a decrease in reinforcement contribution from 179 kN (for reinforced no joint control
specimens) to 44 kN (for reinforced specimen with roughened interface joints) as shown in Table 3.
If such an analysis is accepted, it means that when an interface is necessary, concrete can furnish
about 45% of the shear strength of specimen without joints or interfaces (i.e. 101 kN), and the
addition of shear reinforcement should compensate for the remaining 55 % of capacity (i.e. 225kN -
101kN=124kN). It is believed that the contribution of reinforcement can be increased if the shear
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reinforcement used is well anchored within the new concrete (middle prism of this investigation)
using 90 degree hooks or the length of reinforcement embedment is increased so that the full yield
strength of the reinforcement can be utilized. In addition the capacity can also be restored if the
shear reinforcement ratio pv is increased So that the shear capacity of specimens with interfaces
approaches the shear capacity of control unreinforced specimens.

Table 3: Contribution of Concrete and Reinforcement to Shear Transfer Capacity

Specimen type Sh_ear Contribution of (_Zontribution of
capacity(kN) concrete (kN) reinforcement (kKN)

control 235 235 | e
Unreinforced
control 404 235 169

reinforced

Rough no 101 0
reinforcement

Rough with 145 101 44

reinforcement

CONCLUSIONS:
Based on the experimental results presented, the following conclusions are drawn:

* At places where concrete casting is stopped, the surface of concrete should be left rough to at
least 6mm amplitude to improve concrete shear strength contribution. It was found that rough
concrete interfaces develop about 45% of the shear capacity of control specimens cast
monolithically.
* Shear keys were found to improve concrete shear capacity at the interfaces between old and new
concrete faces. It was found that specimens with rough interfaces and shear keys develop about
55% of the shear capacity of control specimens.
* Use of shear reinforcement across the interfaces enhances the shear resistance at the interface of
old and new concretes. It was found that the shear capacity at the interfaces increased from 101 kN
for specimens with rough surfaces to 145 kN for similar specimens with shear reinforcement ratio
pv = 0.785%.
* When shear reinforcement is used, it is necessary to insure enough embedment length within the
opposite interfaces of old and new concretes so that the yield strength of the reinforcement can be
developed.
* It is necessary to validate the ACI code equations for shear capacity of concrete between the
interfaces of old and new concretes. It was found that the shear resistance capacity of concrete
specimens of this investigation at the interfaces calculated based on ACI code egs. (2.2), (2.3) or
(2.4) presented earlier is 288 kN while test results of control specimens of this investigation
(without joints) develop an average concrete shear capacity along the interfaces of 225 kN.

RECOMMENDATIONS:
The following recommendations were based on the results of this investigation:
e Itis necessary to further investigate the interface shear capacity of concrete cast at different
times to validate the ACI code equations.
e It is necessary to investigate the effect of using higher shear reinforcement ratios on shear
capacity at the interfaces of old and new concretes.
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e It is necessary to investigate the effect of presence of 90 degree hooks and embedment
length of reinforcement on shear resistance capacity at the interfaces.
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