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1 Introduction
One of the most important requirements of repair works for concrete structures is the achievement of a

satisfactory bond between the repair material and the substrate. A number of testing methods have been
proposed to measure bond strength such as slant shear test, direct tensile test, compression shear test, etc.
but they are mainly laboratory tests and mainly used as material testing to satisfy material specifications.
Only a few are suitable for testing on site. Consequently many repair works have been carried out without
effective monitoring of their quality. Therefore there is a need for testing method to measure bonding
strength on site.

The objective of the study is to develop a testing method to measure bonding strength between new and
old concrete and to study factors governing bonding strength. In the first part of this study, a new testing
method to measure bonding shear strength at the interface between new and old concrete has been
developed by using torque instrument. In the second part, beam tests are carried out to confirm the validity
of this method.

2 Specimen and Test Method 4 N

The specimen for torque test arel3 concrete prisms _

of size 1300 x 1100 x 100 made from ready mix g
concrete of specified strength of 240 kgflem’. After b— R —
curing, each prism was divided into 2 sections and
different surface treatments were carried out on each
section as shown in Table 1. Then new concrete of  gteel 4

SOrpm tMc@ess was poured on the prisms. After frame /Zzi:ihment
curing, partial cores of 100mm dia. and 60mm depth ]
were done on the prisms. Steel disks were attached -
to the surface of the cores with epoxy. After a few interface
days the torque instrument was attached to the steel |~ b
disk and force was applied by the torque wrench
until failure occurred. The torque instrument and
layout of specimen are shown in Fig.l1 The Fig 1. Torque Instrument and Specimen
equilibrium equation between the maximum shear

strength can be obtained by the following equation:
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The specimens for the beam test were beams of size | Il A
530 x 120 x 150 (new concrete layer thickness is 50 o T s
mm). First the beam substrates were made with g x
concrete of the same mix and 2 D13 reinforcements :
at the bottom of the beam. After curing, surface -

treatments were carried out on the top surface of the

beams (substrates). Then new concrete of SOmm Fig 2. Layout of Beam Test
thickness was poured on the substrate with 2D10

reinforcements in the new concrete layer. After curing the beams are tested in static loading as shown in

Fig 2. Load was applied with every 1 ton increment to permit measurements of data until failure occurred.
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3 Test Results and Discussion
From Table 1, in the case without the usage of Table 1. Torque Test Results
bonding agent, sand blast treatment developed the

highest bonding shear strength as compared to dry ice | Secimen Bonding Surface T
. 2
blast and no surface treatment as expected, because it Lo S drgrizz“-‘%ﬁs - lglien) |

had the highest degree of surface roughness. However 3mn o 10 2604

the failure modes these specimens were shear failure 53‘“? 1 o ;{md blésg 2;’3?
. S ] er mortar ine grin .

at the 1nterfac§ between the new and old layers. 358 fmﬁer mortar Courseggrmd 40,35

Specimens using polymer mortar as bonding agents, 3sd polymer mortar| dry ice blast 33.87

most of the specimens did not fail mostly at interface dsb___|polymer mortar) sand blast 0.7

o spe : y‘ . 3sc polymer mortar chipping 37.39

but at the new and/or old concrete. This indicate that 3en epoxy no 35.40

the bonding strength between the two layers were 3eh SPOXY, sand blast 3368

. L lef epoxXy fine grind 40.58

strong. In this category chipping treated surface had Teg Doy course grind 4114

the low shear value and most of the failures occurred }ed epoXy dry ice blast gggg
| . . . T EpoX no .

at the old layers. This may be due to micro cracking o eoni Sari biast 3790

occurring in the old layer while chipping.

Using epoxy on no treatment surface improved the
bon.dmg strength greatly and failure did not occur at Table 2. Beam Tests Results
the interface.

Specimen| Bonding Agent Surface Cracks at | Max Shear

. . Stress

For peam specimens, upder the loading flexure No Treatment | intertace | (kaflom®
cracking first occurred in the center followed by 3ebi epoxy sand blast no 70,35
3 : . 3Jeb2 epoxy sand blast no 67.81
diagonal tension cracks near the support propagating 3561 | polymer mortar | _sand biast no 7145
1 1 1 1 y3sd__| polymer mortar | dry ice blast no 67.48
towards the loading point. For specimens with epoxy et oot mer mortar | course grnd | yes 5457
+ short blast and polymer + shot blast and dry ice vasg__| polymer mortar | _course grind yes 57.26
1 : H y3nn no no yes 56.88
failed by crushing of the compression zone. However 3sa | polymer morar | _dry ice blast yes 53.53

the beams with no bonding agent + no surface
treatment, polymer mortar + course grind and dry ice
blast, cracks occurred at interface as shown in Fig.3.
From Table 2, it is found that the shear capacity of
these beams were 24% lower that those which did not
cracks at the interface. This mean that if bonding is
not done properly, the new layer does not act as a
composite beam and this reduce the overall capacity
of the beam.

The results between the two tests method cannot be
compared directly due to different loading methods
and stress condition along the interface. However
generally looking at these two results it is found that
without the usage of bonding agent and any surface
treatment, the bonding strength at the interface is Fig 3. Crack Patterns in Beams
very weak.

4 Conclusion

In this study a new testing method to measure bonding shear strength by using torque has been developed.
The higher the degree of roughness of old concrete surface the higher the bonding shear strength. Applying
bonding agent such as polymer mortar or epoxy helps to increase greatly the bonding strength at the
interface between new and old concrete. The shear capacities of beams which cracks occurred at the
interface were about 24% lower than those in which cracks did not occur at the interface.
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