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MECHANICAL BEHAVIOUR AND WORK OF ADHESIVE POST-INSTALLED ANCHORS
SUBJECTED TO CYCLIC SHEAR FORCE AND CONSTANT TENSILE FORCE

MR e TR e R o B Y fE R R Y B BT
Yuya TAKASE, Toshinaga WADA, Takaaki IKEDA,
Yasuji SHINOHARA and Mitsuo MIZOGUCHI

A seismic retrofitting method that uses a newly-expanded frame has recently gained popularity. The joint in these structures are subjected
to shear and tensile force during an earthquake. But, the behavior of post-installed anchors under combined forces remains unclear. There-
fore, we conducted the shear tests subjected to tensile force constant. As a result, the shear force was decreased and the joint opening was
increased as the tensile force increased. However, we found that the total work was almost constant even at varying tensile force. In addi-

tion, we proposed an estimation formula of the total work.

Keywords: Post-installed anchor, Seismic retrofitting, Combined force, Work
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Fig.2 Shear stress transfer mechanism of post-installed anchor

Table 1 Specimen parameters

Specimen [} ry F. L. Grouting
No. (mm) (N/mm?  (mm) mortal
D13-T000-20 13 0 20 104 Property-1
D13-T033-20 13 0.33 20 104 Property-1
D13-T066-20 13 0.66 20 104 Property-1
D16-T000-10 16 0 10 104 Property-2
D16-T056-10 16 0.56 10 10¢ Property-2
D16-T000-20 16 0 20 104 Property-1
D16-T033-20 16 0.33 20 104 Property-1
D16-T066-20 16 0.66 20 10¢ Property-1
D16-T000-30 16 0 30 104 Property-2
D16-T056-30 16 0.56 30 104 Property-2
D19-T000-20 19 0 20 10¢ Property-1
D19-T033-20 19 0.33 20 104 Property-3
D19-T066-20 19 0.66 20 104 Property-1

¢: Diameter of anchor bolt, ry: Ratio of 6, and oy, o,: Yield strength, o,: Ten-
sile stress, F.: Design compressive strength of concrete, E;: Young's modulus
of concrete, L,: Embedded length of anchor bolt
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Table 2 Material properties of concrete and grouting mortal

[ E. [}
(N/mm?) (kN/mm?) (N/mm?)
F, =10 N/mm? 125 18.1 1.43
F. =20 N/mm’ 20.1 238 1.93
F. =30 N/mm’ 30.5 25.9 1.93
Grouting mortal-1 59.1 23.6 3.30
Grouting mortal-2 70.7 24.6 3.00
Grouting mortal-3 72.6 23.4 3.28

op: Compressive strength, E.: Young's modulus, o, Splitting strength
Table 3 Material properties of anchor bolts

[0 oy oy E, 5
(mm) (N/mm?) (N/mm?  (kN/mm?) (%)
13 375 582 193 26
16 396 582 194 24
19 402 600 189 23

¢: Diameter of anchor bolt, o,: Yield strength, o,: Ultimate strength, E:
Young's modulus of anchor bolt, §: Elongation after fracture
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Table A-1 Tensile strength of post-installed anchors used in the tests

da Ie Op Gy P: Ps
(mm) (mm)  (N/mm?) (N/mm?)  (kN) (kN)
13 20.1 375 475 83.1
- 125 99.3
16 10d, 201 39 787 125.9
30.5 155.1
19 20.1 402 115.2 179.3

d,: Diameter of anchor bolt, I,; Embedded length of anchor bolt, cg: Com-
pressive strength of concrete, o,: Yield strength
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A seismic retrofitting method that uses a newly expanded frame has recently gained popularity. For the joints of structures used in seis-
mic retrofitting, post-installed adhesive anchors are generally used. For rigidly connecting such a newly expanded frame to an existing
frame, a design of the joint is very crucial because the joints are subjected to shear and tensile forces during an earthquake. However,
the behavior of the anchors under combined forces remains unclear. To address this issue, herein, we conducted cyclic shear loading
tests on 13 anchor bolt specimens under constant tensile force.

In Chapter 2, the details of the test plan are explained. The test parameters considered were as follows: the anchor bolt diameter ¢ of
13 - 19 mm as well as tensile force T and concrete compressive strength o of 10 - 30 N/mm?. We used the tensile force ratio r,, (onloy)
as an index of the tensile force, and it ranged from 0 to 0.66. o and o, are the tensile stress and the yield strength of the anchor bolts.

In Chapter 3, the test results are described. First, we observed the relations of shear force Q and joint opening &y with slip 8. The re-
sults indicated that the shear force reduces and the joint opening increases as the tensile force increases.

Second, we investigated the allowable tensile and shear forces under the combined force using Equation (S1) which is used for a struc-
tural design®.

(T/To)* +(Q/Qa)" =1 (S1)
Where, T is the allowable tensile force, Q is the allowable shear force, T, is the allowable tensile force when Q = 0 kN, Q, is the allow-
able shear force when T = 0 kN and a. is a coefficient, usually ranging 1 - 2. According to the test results, the range of o was 0.75 - 1.5.
In Chapter 4, we use the test results to investigate the work of post-installed anchors. We found that the total work was almost constant
even at varying tensile force. In addition, we proposed an estimation formula of the total work, given by the equation (S2).

W= /Qd&g + /Td(SN = (5.1¢ — 40)4/6% + 6%, (S2)

In Chapter 5, the conclusions were described. Findings obtained in this study were as follows:
1) The shear force was decreased and the joint opening increased as the tensile force increased.
2) For the relation between T/T, and Q/Q,, the test results were reasonably estimated by choosing a. in the range 0.75 to 1.5.
3) W4 was dominant in the case of r,=0.33, but W, was higher than Wj in the case of r,=0.56 - 0.66.
4) The total work was proportional to the absolute value of the displacement vector and was not Significantly influenced by the con-
crete compressive strength in this tests.
5) A formula for estimating the energy absorption of post-installed anchors under a combined force was proposed.
Improvements to the proposed model in future studies will focus on considering bond stress—slip behavior of adhesives.

(2016 4 10 J 10 HIsfia=z B8, 2017 4 4 J1 25 HIRMVUE)
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