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Design of Shear Transfer in Concrete-Concrete Composite Structures

Fritz MUNGER

Civil Engineer

Hilti AG, Schaan
Principality of Liechtenstein

Fritz Miinger, born in 1944,
graduated with a degree in civil
engineering from the Swiss Fed.
Inst. of Technology, Zurich in
1968. For 20 years he has worked
in Switzerland and South Africa as
a design engineer in industrial and
bridge construction. Since 1989 he

Manfred WICKE

Professor
University of Innsbruck
Innsbruck, Austria

Manfred Wicke, born in 1933, has
his civil engineering and Ph.D.
degrees from Vienna Technical
University. He worked in and later
headed a design office of a firm,
primarily involved in the design of
buildings, bridges and power
plants. Since 1971 he has been a

Norbert RANDL
Civil Engineer
University of Innsbruck
Innsbruck, Austria

Norbert Randl, born in 1967,
graduated with a degree in civil
engineering from the Innsbruck
University. Since 1993 he has
worked in the Institute for
Concrete Structures at Innsbruck
University.

has been a project manager with full professor for concrete
Hilti Corporate Research. structures at Innsbruck University.

Summary

For the design of concrete composite constructions, the transfer of internal stresses across the
bond interface between new and old concrete is a critical aspect. A design method has been
developed with the aid of specific tests for rough, sand-blasted and smooth surfaces. Test results
known from literature have been taken into account. This new design approach considers
cohesion, friction and the shear resistance of the reinforcement in determining the effective shear
transfer. It has been found that, contrary to the usual design approach, the full yield strength of
the reinforcement cannot be equated to the tension clamping force across the interface.

1. Introduction

Placing new concrete on older concrete is a
routine task in construction. It occurs at every
joint in concrete construction work. For some
time now, placing overlays has gained in
importance as a result of the more frequent
strengthening of existing structures. In such
cases, a loadbearing layer of new concrete
(overlay), is placed on the existing concrete
structure. This overlay is usually cast directly
or placed as shotcrete. It functions to augment
the flexural compression or flexural tension
zones, depending on the placement.

One of the problems encountered is the
transfer of internal stresses acting across the
bond interface between the old and the new
concrete. In this respect, knowledge is
required of the resistance of the bond interface to tensile and compressive forces in any direction.
Initially, stresses in the bond interface result from a combination of external loads and internal
forces of constraint. It must be borne in mind that stresses due to shrinkage and temperature
gradients in the new concrete typically reach their maximum at the perimeter of the overlay. The

Fig. 1. Strengthenmg ofa brzdge
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combination of external and internal stresses often exceeds the capacity of the initial bond, thus
requiring the designer to allow for a debonded interface. This is particularly true in the case of
bridge overlays which are subject to fatigue stresses resulting from traffic loads. Furthermore,
these stresses are dependent on time, and bond failure can take place years after overlay
placement.

2. State of the Art

Review of the literature reveals little research into the specific behavior of reinforced bond
interfaces between new and old concrete. The majority-of the existing studies concentrate on the
transfer of shear forces across cracks [6].

The effect on the shear loading capacity of subsequent roughening the surface of the old concrete
was first investigated in 1960 in the United States. A few years later, the so-called shear-friction
theory was developed. This theory attempts to explain the phenomena with the aid of a simple
saw-tooth model. According to

this, the roughness of surfaces in "Pullout" "Friction"
the case of relative displacement 1&-«

always leads to a widening of the 1
interface which sets up stresses in »t’\f A “'f”"b'

steel connectors passing across the e lﬁ
interface. They, in turn, create Ny, I
clamping forces across the

interface and thus also frictional ®. ®

forces. In the middle of the 1970's,
further shear tests were conducted
in New Zealand (Paulay [4]), in the United States (Mattock [5]) and in Germany (Daschner [7]).
In 1987, Tsoukantas and Tassios [8] presented analytical investigations into the shear resistance
of connections between precast concrete components. They cover the different contributing
mechanisms of friction and dowel action (fig. 2).

In 1991/92, Menn [9], in Switzerland, looked into the behaviour of bond between old and new
concrete using a series of beams which had been strengthened by additional reinforcement in a
new layer of concrete placed on the underside of the beams.

The results clearly demonstrated that a significant increase in loadbearing capacity can be
achieved by proper roughening of the surfaces. If the surfaces are very rough, the steel connectors
across the bond interface are primarily stressed in tension, whereas, if the surfaces are smooth,
the shear resistance of the connectors themselves (dowel action) predominates.

Fig. 2 Shear transfer in cracked concrete [8]

3. Laboratory Tests by Hilti Corporate Research

Specific shear tests were carried out in the
laboratories of Hilti corporate research to
investigate the interrelationships of various
degrees of roughness and transferable shear
stresses  with  various amounts of
reinforcement. Using an origine test design,
it was possible to avoid any eccentric .
moments in the specimen and to allow for | |
parallel separation of the interface surfaces |
(fig. 3). The roughened surfaces were
treated with a de-bonding agent before the

new concrete was placed. Fig. 3: Testing arrangement
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The test results confirm the strong influence
of roughness on shear resistance and shear
stiffness. If the load-displacement curves
are regarded in conjunction with the
measured  displacement, the  three
components of cohesion, friction and dowel
action can be isolated and determined
quantitatively. They make different

contributions to the overall resistance (figs. 0 g
4, 5 and 6), depending on surface roughness 0123456789101112131415161718
and amount of reinforcement. Horizontal displacement [mm]

Hence, the frictional component  Fig. 4: Water-blasted surface
predominates when the surface is blasted

with a high-pressure water jet and larger g Test No. 40 (sand-blasted; 2012)
amounts of reinforcement are provided. But ¢,

small shear stresses can also be transferred 149
even when no reinforcement is present, due éuo
to the good interlocking effect of the 100
interface surfaces. In the case of sand-
blasted surfaces, however, shear stresses are
transferred by a combination of friction and
dowel action, but the forces that can be
resisted are generally far smaller than in the 012345678 9101112131415161718
case of high-pressure water blasting. Horizontal displacement [mm]

It was also investigated whether the post  Fip S: Sand-blasted surface
installed rebar connectors are stressed to

yield at ultimate shear transfer. For this 200 Test No. 57.(f | surface; 2612)

purpose, the strain in the connectors at the 180

level of the interface was measured. To 5 160

avoid any disturbance of the bond, and in %140

order to obtain the strain from tensile g !20

loading only, strain gauges were fixed in a g lgg

central bore in the axis of the connectors. = &0

These test results clearly show that, when 40

surfaces have the above-mentioned degrees 20 4f

of roughness, the tensile force in the 0+

connectors does not reach the full tensile 0123456789101112131415161718
yield strength, contrary to assumptions for Hoizoiifal displacementmis]

current design models. Tests carried out with  Fig. 6: Smooth surfaces

connectors of various lengths confirm this result as they showed that reduced anchorage lengths
are sufficient to carry the effective connector tensile force at maximum shear transfer capacity.
Additional connector embedment (e. g., as required for theoretical connector tensile yield) did
not result in increased shear transfer.

The loadbearing behaviour of smooth interface surfaces with connectors was also investigated.
As displacement readings for the horizontal and vertical directions showed, there is in this case
also a separation of the interface under shear loading and, thus, owing to the lack of roughness, a
loss of contact between the shear surfaces. In this case, the entire resistance comes from dowel
action.

On the basis of these findings, design approaches can now be developed which permit separate
and realistic analyses of the various components of shear resistance. As a result, a standardised
level of safety is ensured with respect to resistance, no matter whether the normal stresses at the
interface are set up by an external normal force or internal connectors.
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4. Design of Shear Transfer
4.1 Miscellaneous

The Institute for Concrete Structures of the University of Innsbruck, Austria, provided scientific
support during development of this design method, which is based on EC2 [1]. The evaluation is
contained in the thesis by Randl [10]. A more comprehensive description and examples can be
found in [13].

Structures made of reinforced or prestressed concrete, which have a concrete overlay of at least
60 mm, may be designed as a monolithic building component if the shear forces acting in the
interface between the new and the old concrete are resisted according to the following rules.

4.2. Loadbearing Capacity of Interface

Generally, an interface must be assumed to be cracked for design work. Connectors installed
across the interface must be positioned in such a way that the shear force, Vgg4, between the new
and the old concrete is transferred in the ultimate limit state.

Vra = Trgj-bj-l; 2 Vgq (1)

Vre Design value of interface shear force resistance trgj Design value of the transferable interface shear

Vsa Design value of interface shear force due to stress in zone under review as per formula (2)
actions b;  Width of interface in zone under review

l;  Length of interface in zone under review

The design value of transferable shear stress, Trgj, can be calculated using formula (2) [10].
When doing so, the upper limit is given by the transferable compressive stress in the strut model
for concrete:

TRdj-_—'kT'TRd+l.l'(p'K'fyd+0n)+(1'p' fyd<fcd < BVde (2)
cohesion “friction dowel action compressive strut in concrete

T,, basic value of design shear strength as per [1], p = A,/ b;l, amount of reinforcement from connector

section 4.3.2.3 (smaller value of new/old concrete) n zone under review

k; cohesion factor as per [13], table 1 o, 0,6 f, normal stress to external loads acting on the

p coefficient of friction as per [13], table 1 interface (compression positive)

o coefficient of dowel action as per [13], table 1 f, design value of yield strength of connectors

B coefficient as per [13], table 1 f, design value of cylinder compressive strength of

v coefficient as per [1] formula (4.20) concrete (smaller value of new and old concrete)

x coefficient for tensile force in the connector r  mean roughness derived from sandpatching method

as per [13], table 1 (i.e. difference between peaks and vaileys = 2r)

An evaluation of equations (1) and (3) for S500 grade steel is provided in the diagrams 1 to 3.

—C50/60 Z'g — C50/60 Z'g — C50/60 z'g
—CA45/55 * ——C45/55 y -—C45/55 :
——C40/50 A1 60 —C40/50 6.0 — C40/50 6.0
- % 5.5 — C35/45 5.5 —C35/45 5.5
o 5.0 — C30/37 50 — [—C30/37 50 _
— C20/25 4.5+  |=—C25/30 45 g |—C25/30 4.5%
- a0 8 |—cC2025 40 B |—C20125 4.0 E
e ISE gg Z 2 3
3.0 N - - 3.0 o
A% 25 & +25 & =1 2.5 &
2.0 2.0 = 2.0
1.5 1.5 Zoan 1.5
1.0 1.0 1.0
0.5 0.5 [ 0.5
| 0.0 0.0 Pt 0.0
2N VRO NNT O W
S82EgEn3Es ES3E282E222 SAZEIIRTEE
Amount of reinforcement p [%] Amount of reinforcement p [%] Amount of reinforcement p[%]
Dia_1: Water blasted surfaces Dia 2: Sand-blasted surfaces  Dia 3: Smooth surfaces
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4.3 Stressing of Interface

Normally, the design value of the interface shear force acting, Vsq4, is determined from the
flexural resistance of the cross-section. Consequently, bending is decisive for failure of the cross-
section and reference is made to full connection, as in steel-concrete composite designs [2].

In the perimeter of the concrete overlay, the crack tensile force, F;, of the concrete overlay must
be transferred in accordance with [1], section 4.4.2.2. Particular attention must then be given to
transfer of the moment from the crack tensile force in order to avoid spalling effects.

4.4 Serviceability Limit State and Design Principles

For normal cases, where water blasting is used, the stiffness can be determined, at the
strengthened cross-section assuming full composite action. Where sand-blasted or smooth
interfaces are used, a reduction of the stiffness must be expected.

Variations in surface preparation for the same building component should only be allowed if
resulting stiffnesses along the interface variations are compatible from a displacement standpoint.
It must be noted here that interfaces with small shear stresses, without connectors according to
section 4.3, may be assumed to be non-cracked for stiffness purposes.

The connectors must be adequately anchored in the old concrete and in the overlay. The actual
tensile force, Fgy, to be anchored may be taken as at least F; 205- A -f,4 when surfaces are rough

or sand-blasted.

To shorten the anchorage length in concrete overlays, heads or plates can be provided. The
concrete cone aswell as the bearing stresses in the concrete below the anchoring component must
be checked. The methods of calculation are given in [14].

When surfaces are smooth, shear dowels must be anchored at depths of at least 6 times the
diameter in each case, or, better still, to avoid dowel pull-out at large displacements a value of 9
times the diameter is recommended.

5. Comparison with Literature

In his thesis [10], Randl has proven through a study of literature and with reference to world-
wide research results that the determined design equations are conservative. The results are
shown in figs. 7 and 8.

Mattock, Walraven, Daschner, Hilti

12.0
» Mattock [5): "rough” ACI (r=3mm );
* . fy=350 N/mm?, fc=20-45 N/mm?
10.0 ] * L » Walraven [6]: cracked concrete;
1 *mle g fy=450 N/mm?, fc=25-32 N/mm?
8.0 R | « Daschner [7]: raked surface:
- T t fy=540 N/mm?, fc =15 N/mm?
E 60 I P LT« Hilti [10]: Water blasted;
Z e fy=508 N/mm?, fc=18 N/mm?
= N = Hilti [10}: Water blasted;
e 40 Tt A fy=508-653 N/mm?, fc=36 N/mm?
H l' /" > ---- Design function (charact. values) [10]:
2.0 —.!_ ,o" Water blasted; fck=30 N/mm?2, fyk=500 N/mm?
—— Design function (charact. values) [10]:
0.0 Water blasted; fck=20 N/mm?, fyk=500 N/mm?

00 20 40 60 8.0 10.0
p £, [N/mm?]

Fig. 7 Rough surfaces
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Daschner,M attock,Paulay,Hanson, Hilti

- - % « Daschner [7]): trowel;

5 L fy=450-1200 N/mm?, fc=15-22 N/mm?2

2 = Daschner [7]: un worked surface;

fy=450-1200 N/mm?, fc'=10-17 N/mm?

4 2 = = o Mattock [5]: trowel;
fy=350 N/mm?, fc=35 N/mm?

= Paulay [4]: trowel;
fy=318 N/mm?, fc=24 N/mm?

. o Hanson [3]: trowel;
fy=345 N/mm?, fc=22-29 N/mm?

= Hilti [10]: unworked surface;
fy=508-653 N/mm?2, fc=33 N/mm?

= Hilti [10]: unworked surface;
fy=508-653 N/mm?2, fc=40 N/mm?2

« Hilti [10]: unworked surface;

0 | fy=508-653 N/mm?2, fc=17 N/mm?

—Design function (charact.values) [10]:
4 2 4 6 8 10 12 ooth; fck=20 N/mm?, fyk=500 N/mm?
p fy [N/mm?]

Fig. 8 Smooth surfaces
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6. Summary

Contrary to design methods given in the literature, dowel resistance is considered along with
cohesion and friction when determining shear resistance. With increasing roughness of surfaces,
shear resistance and shear stiffness improve greatly. Furthermore, the distribution of total
resistance shared by the three components changes considerably. The design method makes use
of one single equation for calculating the resistance from the three components. In some cases, it
is sufficient for the concrete overlay to be anchored at its perimeter.

This new design approach is particularly notable for its transparency. It is verified by the
literature as well as by extensive testing conducted at Hilti Corporate Research. Through the use
of design diagrams, the method can be made particularly straightforward for designers.
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