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Abstract The seismic performance and stability of operating facilities installed in domestic power plants
need to be verified because of the increased incidence of earthquakes resulting in power plant damage
due to the overturning failure of electric operating facilities. In this study, a structural performance
evaluation of the anchor bolts constructed to setup the operating facilities on concrete slabs was carried
out through an on-site inspection of power plants, called Daechung-Dam. M10 ] hook and M12 J hook
anchor bolts were installed in the field unit. According to the ASTM E 488-96 specifications, anchor bolt
pullout and shear tests were carried out and compared with the anchor-bolt design standards. The
results from the tension and shear pullout tests showed that the M10 and M12 ] hook anchor bolts had
higher performance than the required design load. Thus, they were found to be safe enough.

Nevertheless, more research in the field of analytical study will be needed in the near future.
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Fig. 1. Earthquake damage case
(a) Sichuan earthquake damage case
(b) Taiwan earthquake damage case
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Fig. 2. Daechung hydroelectric power plant construction
drawing
(a) Outline of control panel drawing
(b) Control panel drawing
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Fig. 3. Type of cast-in place anchor
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Where, denotes factored

applied to anchor or group of anchors, @N,

denotes Nominal tensile strength

PV, = Vi @

Where, V,, denotes factored Shear force applied
to anchor or group of anchors, @V, denotes

Nominal Shear strength
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Fig. 4. Failure mode of anchor bolt subjected to tension
(a) Steel failure (b) Pullout (c) Side-face blowout
(d) Concrete breakout (e) Concrete splitting

(@)

Fig. 5. Failure mode of anchor bolt subjected to shear
(a) Steel failure (b) Concrete pryout (c) Concrete breakout
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Table 1. Design standards for domestic and overseas
anchor bolts subjected to tension

KCI 2012, ACI 318 |
Nominal strength of anchors in tension (
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sa

)
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Nominal concrete breakout strength in tension (‘Ncb)
Single anchor N, = AN( N
(KCL ACI) b = g Ped NP NP, NN
Neo
Group of anchors N AV

cbg
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Table 2. Design standards for domestic and overseas
anchor bolts subjected to shear
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Nominal concrete breakout strength in shear ( Vd;)
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Nominal strength of anchors in shear (
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Table 3. Tensile and shear loac design strength

Force Size Design Strength(N)
Tensile J-M10 26,448N
Tensile J-M12 38,441N

Shear J-M10 15,869N

Shear J-M12 23,065N
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Fig. 6. 1000kN Dynamic material testing machine
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Fig. 7. Hydraulic grip jig for pullout tests
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Fig. 9. Jig for shear tests
(a) Jig for shear (b) Jig for shear
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Fig. 11. Non-cracked concrete specimen design diagrams
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(a)

Fig. 12. J-type anchor bolts embedded in
non-cracked concrete section A-A, B-B

(b

Fig. 13. M10, M12 J-type hook anchor bolts
specimens



HFE e vigd A8y ZFF A AX JAY F245 7

Fig. 14. J-type anchor bolts embedded in
non-cracked concrete specimens

Table 4. Concrete mix design

ng_];irgif w/C | S/a Unit weight (k‘g/m3)
Py | D@ w | c G S
21 55.6 | 50.3 164 295 927 917

Table 5. Specification

of anchor bolts

Test Stand | piameter Length Depth FrfaCt.ure
Product 5 (mm) () Radius
Name (mm?) (mm)
M10
J-type _
Anchor Bolt M2 250 170 250

Table 6. Specification

of non-cracked concrete

Test Stand D]j)s;in H-Length | V-Length Height
Product Name (MPu) (mm) (mm) (mm)
Non-Cracked 21 700 700 220
Concrete

Table 7. Load force condition for each specimen

Specimen Name Test . Remark
Method | (Specimen Test name)
10@ Anchor bolt (#1) T-01 Test 01 (Shear test)
100 Anchor bolt (#2) T-01 Test 02 (Shear test)
10@ Anchor bolt (#3) T-01 Test 03 (Shear test)
12@ Anchor bolt (#1) T-01 Test 04 (Shear test)
12@ Anchor bolt (#2) T-01 Test 05 (Shear test)
120 Anchor bolt (#3) T-01 Test 06 (Shear test)
10@ Anchor bolt (#1) T-01 Test 07 (Pullout test)
10@ Anchor bolt (#2) T-01 Test 08 (Pullout test)
10@ Anchor bolt (#3) T-01 Test 09 (Pullout test)
120 Anchor bolt (#1) T-01 Test 10 (Pullout test)
12@ Anchor bolt (#2) T-01 Test 11 (Pullout test)
12@ Anchor bolt (#3) T-01 Test 12 (Pullout test)
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Table 8. Shear test result

Speci Maximum load| Average value R .
ecimen emark
i (k) )
Test 01 32.47
Test 02 28.72 30.59 109 Anchor
Shear test
Test 03 9.0 (N.G)
Test 04 28.49
Test 05 27.27 28.26 120 Anchor
Shear test
Test 06 29.04
P-D Curve
35 | _M10Test 01
—M10 Test 02

Load (kN)

0 2 4 6 8 10 12 14 16 18 20
Displacement (mm)

Fig. 15. M10 J-type hook anchor shear test P-D curve
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P-D Curve

—M12 Test 04
—M12 Test 05
M12 Test 06

Load (kN)

6 8 10 12

Displacement (mm)

14 16 18 20

Fig. 16. M12 J-type hook anchor shear test P-D curve
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Table 9. Pullout test result

Seec Maximum load| Average value R k
ecimen emar
P (kN) (kV)
Test 07 36.54
109 Anchor
Test 08 36.46 37.12 Pullout test
Test 09 38.37
Test 10 53.37
120 Anchor
Test 11 51.38 5231 Pullout test
Test 12 52.19
P-D Curve
45 _M10Test07
40 | —M10 Test 08
35 —M10Test09
30
Z25
T 20
S

3 4
Displacement (mm)

Fig. 17. M10 J-type hook anchor pullout test P-D curve
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P-D Curve

—M12 Test 10
—M12 Test 11
M12 Test 12

Load (kN)

2 3

4
Displacement (mm)

Fig. 18. M12 J-type hook anchor pullout test P-D
curve
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M10 Shear Load Result
60

50
40

30

Load (KN)

15.87kN

M10
TEST_01

M10
TEST_02

M10
TEST_03

Fig. 19. M10 J-type hook anchor shear test
M12 Shear Load Result

60

50

40

30
23.07kN

Load (KN)

M1i2
TEST_04

mM12
TEST_05

M12
TEST_06

Fig. 20. M12 J-type hook anchor shear test
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M10 Pullout Load Result

60
50
— 40
=
4
= 30 26.45kN
) I — B e e
Q
= 20
10
0
M10 M10 M10
TEST_07 TEST_08  TEST_09
Fig. 21. M10 J-type hook anchor pullout test
M12 Pullout Load Result
60
50
i 38.44kN
= ——— B R i il
x
5 30
m
o
- 20
10
0
M12 M12 M12
TEST_10 TEST_ 11 TEST_12

Fig. 22. M12 J-type hook anchor pullout test
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