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SHEAR STRESS TRANSFER OF ROUGHENED CONCRETE FOR EXISTING R/C MEMBERS AND
MECHANICAL MODEL BASED ON CONTACT STRESS ON LOCAL SURFACE
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Keita SAKAMOTO, Takeshi HIWATASHI and Keiichi KATORI

When buildings undergo seismic retrofitting, reinforcing members are connected to existing members by roughening the concrete

surfaces and installing new anchors. In the Japanese guidelines pertaining to the seismic retrofitting of structures, no standards are

provided for concrete roughening. Therefore, we conducted shear loading tests and measurements of the roughened surfaces were

taken. Then, mechanical models of the roughened concrete surfaces were developed based on a constitutive law for cracked concrete

surfaces. Using the results, a model is proposed from which shear stress—shear displacement relations as well as normal stress—shear

displacement relations can be reasonably estimated.
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Fig. 1 Dimension specification of specimen

Table 1 Test parameters

Measured Depth Maximum
Specimen Ter
Ter type depth
CH-10N 0.099 Normal 17.1lmm
— 0.100
CH-10D 0.117 Deep 23.9mm
CH-20N 0.213 Normal 10.7mm
—_— 0.200
CH-20D 0.182 Deep 20.7mm
CH-30N 0.290 Normal 14.7mm
—_— 0.300
CH-30D 0.308 Deep 20.5mm
CH-50N 0.500 0.499 Normal 18.3mm
CH-75N 0.750 0.777 Normal 18.5mm

rer Area ratio of roughening

Table 2 Material properties of concrete and grouting mortar

Compressive Young’s Splitting

Specimen Material strength modulus strength
(N/mm?)  (kN/mm?2) (N/mm?)
CH-10N,CH-30N Concrete 17.1 24.7 1.83
CH-50N,CH-75N Grouting mortar 64.6 26.2 2.10
CH-10D,CH-20D Concrete 19.9 29.1 1.90
CH-20N,CH-30D Grouting mortar 68.7 26.3 3.42
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Fig. 4 Measurement method of shear loading test

Fig. 5 Image of contact on local surface
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Table 3 Parameter of angle density function

. Parameter
Specimen
ao ai n m
CH-10 Ave. 1.26 -1.18 0.42 3.40
CH-20 Ave. 1.10 -1.00 0.42 1.70
CH-30 Ave. 1.18 -1.06 0.36 2.25
CH-50N 1.04 -0.90 0.36 1.25
CH-75N 0.88 -0.54 0.18 1.90
Geon (N/MM?)
O-c .............
" 06,2282
g
&
g
=
o
© 0ta |/ @y =0.16mm
: ]
®=0.08mm wp(mm)

Compressive Derformation

Fig. 8 Contact stress on local roughness
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Fig. 9 Failure mode
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Table 4 Experimental results of maximum strength

Shear Maximum Shear Maximum
. displacement Strength displacement Strength ~ Tmax
Specimen
+5 + Tmax =5 ~ Tmax + Zmax
(mm) (N/mm?) (mm) (N/mm?)
CH-10N +0.39 +1.04 -0.24 -1.07 1.03
CH-10D +0.46 +1.13 -0.41 -1.08 0.95
CH-20N +0.20 +1.36 -0.22 -1.20 0.88
CH-20D +0.32 +1.35 -0.21 -1.09 0.80
CH-30N +0.43 +1.58 -0.20 -1.39 0.88
CH-30D +0.47 +1.57 —-0.50 -1.56 0.99
CH-50N +0.43 +1.69 -0.48 -1.62 0.96
CH-75N +0.47 +1.66 -0.47 -1.64 0.99
Average | 0.94
4.0 T T T
8 CH-10D © CH-30D — Least-square (= 0.1~0.3)
30;1 CH-10N © CH-30N -- Least-square (= =0.5,0.75) |
| © CH-20D x CH-50N I
& |9®CH-20N & CH-75N & ___
\E/ | _——— 4
S
Ss(mm)
0.0 20 40 6.0 8.0

Fig. 11 o — dcurves
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In the joints of seismic retrofitting structures, post-installed anchors are generally used. The concrete surfaces at
the joints are roughened through a chipping process using a vibration drill in order to achieve the shear force
stipulated in the Japanese guidelines for the seismic retrofitting of structures. However, there are no unified rules
for concrete roughening in terms of shear force or the shape of the roughened surface. On the other hand, some
previous studies focused on shear stress transfer mechanisms of cracked concrete surfaces. According to these
research, we can estimate the shear stresses and normal stresses interacting on the entire cracked surfaces by
integrating the contact stress over the area of the entire interface. Therefore, we conducted shear loading tests, and
measurements of the roughened surface were taken. We then constructed a mechanical model based on the
constitutive law that describes the shear stress transfer mechanisms of cracked concrete surface.

Eight test specimens were prepared. We roughened the concrete surfaces of the eight specimens. For the test
specimens, the existing member was modelled by a rectangular block with dimensions 580 mm X 400 mm X 200
mm. After roughening an area of 375 mm X 200 mm centered on the concrete surface, grouting mortar of
dimensions 375 mm X 200 mm x 200 mm was cast on the surface.

The test parameters considered here were the roughed concrete depth as well as the ratios between the
roughened area and the surface area (0.10, 0.20, 0.30, 0.50, and 0.75). We took measurements of the roughened
surface using laser displacement sensors. The measurement intervals were set to 0.04 mm in the x-direction and
0.5 mm in the y-direction. For the shear loading tests, we controlled the shear displacement and applied repeated
cyclic loading. The constant normal stress was set to a constant value of 0.48 N/mm?2.

We constructed a mechanical model of the roughened concrete surface using the Bujadaham model (Bujadaham
1991). This model takes into account the stress transfer mechanisms of the cracked surface. The angle density
function Q(#) in the Bujadaham model was set as Q(8) = 0.5cosé. However, it was not known whether or not we
could use this defined angle density function for the roughened concrete surface. Therefore, we evaluated Q(8)
using the three-dimensional data obtained from the shape measurements of the roughened surface. Additionally,
we proposed Q(6) using the shape measurement results. The test and calculation results were in agreement.
However, the contact stress in the Bujadaham model adopted an elasto-plastic model, we newly constructed the
model between contact stress and contact displacement for the roughened concrete surface. In the proposed contact
stress model, the stress softening behavior in the roughened concrete was considered.

We constructed a mechanical model representing the roughened concrete surface and compared the experimental
and analytical values. By using a constitutive equation that expresses the shear transfer mechanism of a cracked
surface, and that takes into account the contact stress and friction on the local surface, the shear and vertical
stresses of specimens with a roughened concrete area ratio of up to 0.3 can be evaluated. However, for specimens
with a roughened concrete area ratio of 0.5 or 0.75, the shear and vertical stresses are underestimated. Thus, we
were not able to express the specimens of shear failure modes using the proposed model. This problem will be a

focus of future research.

(2017 4210 A 10 HIsAa2 88, 2018 42 5 1 2 HIRM )
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