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ADAPTABILITY OF CEMENT-BASED ADHESIVE TO DISK TYPE SHEAR-KEY

By R ET, v M WY 4 R E AT
WoARTE R, WA BT M E FAET
Takahide ABE, Yuya TAKASE, Sigehiro ANDO,

Keita SAKAMOTO, Tsutomu TAMURA and Takayuki KANEYOSHI

In the structure joints, disk-type shear keys are used to connect retrofitting members to existing members, and they are strengthened by
applying an epoxy adhesive. The authors investigated the adaptability of a cement-based adhesive to disk-type shear keys by conducting
tests and by a two-dimensional FEM analysis. As a result of experimental tests, the bond strength of the cement-based adhesive was lower.
Moreover, the vertical displacement of the anchor bolt was larger in the analysis. However, the maximum shear forces exceeded the calcu-
lated values for most specimens. Finally, it was concluded that a cement-based adhesive was able to be applied.

Keywords: Seismic retrofitting, Adhesives, Cement-based Adhesive, Joint, Disk type shear-key
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Table 1 Specimen parameters for pull-out test

Specimen Adhesive Anchor - Fe Lyg

name borlt (N/mm?) (mm)
BC09-M20 9 101.8
BC18-M20 Cement- based M20 18 101.8
BC30-M20 30 101.1
BE09-¢20 9 91.74
BE18-¢20 Epoxy 18 91.85
BE30-¢20 30 90.76
BC09-20 920 9 90.47
BC18-¢20 Cement- based 18 90.88
BC30-¢20 30 90.62

F.: Design compressive strength of concrete, L,
ded length of anchor bolt

Mesured average embed-

eavg

Table 2 Material properties of concrete for pull-out test

Fe Op E,
(N/mm?) (N/mm?) (KN/mm?)
9 8.34 134
18 21.6 26.4
30 30.7 29.0

o5 Concrete compressive strength, E,: Young's modulus

Table 3 Material properties of anchor bolts

Anchor - G, o, E, 3
bolt (N/mm?) (N/mm?  (kN/mm?) (%)
M20 726 965 178 6.04
$20 607 771 204 10.9

o,: 0.2% yield strength, o, Ultimate strength, £,: Young's modulus of anchor
bolt, 5: Elongation after fracture
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Fig.2 Test specimen for pull-out test
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Fig.3 Loading set-up and measurement of pull-out test
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Table 4 Specimen list for shear loading test
Spesi E,
pesimen Adhesive [ . - oy ,
name (N/mm?©) (KN/mm°) (N/mm?)
£09-50 Epoxy 111 155 1.03
C09-50 Cement-based
E18-50 Epoxy 15.2 23 171
C18-50 Cement-based
E30-75 Epoxy 348 307 2.76
C30-75 Cement-based

o5 Concrete compressive strength, £,: Young's modulus of concrete, ,: Con-
crete split strength

Units: mm
Stud bolts 200 Disk type Stud bolts (919) 540 Steel plate (t=19)
shear-ke;
(919) Y — T e
| ~Grouting mortar; .+.
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« pipe N A
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i ! Concrete v iy ‘ U
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75] 125 | 125 |75 P10 P10 00 | 200 200 | 90
— ¢
400 580

Sectional side view Sectional front view
Fig.4 Details of specimens for shear loading test

Table 5 Material properties of concrete and grouting mortal

[ E, [

(N/mm?) (kN/mm?) (N/mm?)
Grouting mortal 67.9 21.9 3.2
Cement-based adhesive 53.2 18.5 3.0

o5 compressive strength, £.: Young's modulus, ,: splitting strength
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Fig.9 t - Srelations of pull-out test
Table 6 Results of pull-out test results
Spesimen Toar S Tharg c
name (N/mm?) (mm) (N/mm?) (N/mm?)
BC09-M20 12.10 1.42 6.30 1.92 0.25
BC18-M20 23.43 0.49 10.13 231 0.39
BC30-M20 26.96 0.53 12.08 2.23 0.37
BE09-¢20 5.90 0.22 6.30 0.94 0.77
BE18-¢20 10.20 0.12 10.13 1.01 4,98
BE30-¢20 30.97 0.62 12.08 2.56 1.75
BC09-¢20 211 0.02 6.30 0.33 0.25
BC18-¢20 2.02 0.02 10.13 0.20 0.12
BC30-¢20 2.38 0.02 12.08 0.20 0.07

T Maximum bond stress, s,,,,: Slip when maximum bond stress, ot: T,/ Tpurg:
o: Standard deviation
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Case-N A-N18 18 05 0 Non
A-N30 30 0.75 0
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Seismic retrofitting has recently become crucial for buildings designed under old seismic codes. Post-installed anchors or disk-type
shear keys are generally applied to joints of seismic retrofitting structures, which are further anchored to the existing members by apply-
ing epoxy adhesives. Although epoxy adhesives have been studied extensively, few studies exist on cement-based adhesives. Therefore,
we conducted a pull-out test, a shear loading test, and a two-dimensional (2D) FEM analysis to investigate the adaptability of cement-
based adhesives to disk-type shear keys.

In Chapter 2, the test plans for the pull-out and shear loading tests are detailed. Nine specimens were prepared for each test. The pa-
rameters of the pull-out test include the concrete compressive strength oy (10-30 N/mm?), adhesive type (epoxy or cement-based adhe-
sive), and anchor bolt type (fully threaded bolt or round steel bar). The parameters of the shear loading test are o5 and adhesive type.

In Chapter 3, the FEM analysis is outlined. In this analysis, the concrete and the steel are considered as a plane stress element, the stud
bolts as a beam element, and reinforced bars as a truss element. A concrete thickness of 135 mm (=1.5R,, where R; is the diameter of the
steel disk) is considered as the damage area of the disk-type shear key. The analytical parameters are the concrete compressive strength
o and the adhesive type. In adhesive type, the case of “unbonded” is also added as a parameter.

Chapter 4 describes the test results. According to the results of the pull-out test, use of the cement-based adhesive with a fully threaded
bar resulted in the same maximum bond stress as with epoxy adhesives. However, the maximum bond strength was 0.2-0.3 times the
bond strength in case of a round steel bar. The shear loading test results indicated that the shear forces of the cement-based adhesive
were slightly smaller than those when the epoxy adhesive was used.

Chapter 5 describes the analytical results. First, the bond-slip behavior of adhesives was modeled from the results of the pull-out test.
The analytical outcomes of the nine cases were calculated. The Q — § curves obtained from the analysis and the experiment were simi-
lar. Moreover, the shear forces in the unbonded case were smaller than those in case of epoxy and cement-based adhesives because the
bearing resistance area was smaller because of the pulling out of the anchor bolt.

Chapter 6 presents the conclusions of the study, which are summarized as follows:

1) The results of the pull-out test using an epoxy adhesive and a round steel bar show a safety ratio exceeding 1.0, but with a higher
standard deviation.

2) The pull-out test results indicate that the combination of a cement-based adhesive and a fully threaded bar resulted in the maximum
bond stress same as that in case the when an epoxy adhesive was used. However, a round steel bar exhibited the maximum bond
strength that was 0.2—0.3 times the bond strength.

3) The shear loading test results show that the maximum shear force of the specimens using cement-based adhesives was approxi-
mately 10% smaller than that of the specimens using epoxy adhesives. These maximum shear forces were, however, higher than the
calculated shear strength in most specimens.

4) The shear behavior could be reproduced by the 2D FEM analysis by setting the concrete element thickness to 1.5 R;.

5) The bond strength and the vertical displacement of the anchor bolt obtained by the analysis were smaller and larger, respectively,
compared with the experimental results.

6) From these investigations, it was concluded that cement-based adhesives can be applied to disk type shear keys.

(2017 47 73 10 HIEARZEL, 2018 45 2 7 19 HARFIUsE)
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