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Seismic Performance Evaluation of Concrete Anchors used in
Power Plant Equipment by Shaking Table Tests

ABSTRACT

The main purpose of this study is to assess the safety of the fixed anchorages subjected to the seismic motion for an operating facilities
in the actual power plant. Thus, the experimental study was conducted to investigate the load response in the event of an actual seismic
to the anchorages of a nonstructural components. Since there are economic and spatial constraints to study nonstructural components
that actually have various forms, alternative test specimens of steel frames with mass were built and the shaking table test was carried
out. In order to evaluate the dynamic characteristics and seismic performance, the natural frequency of the target structure was
identified through the shaking table test and then the load response characteristics of the anchorage were evaluated by generating an
artificial seismic effect like actual seismic. Finally, the structural stiffness was reinforced by fixing the steel frame to the test specimen
using bolts, thereby reducing the load transmitted to the anchorage. It will be carried out on the reliability verification of the experiments
and areas that have not been carried out due to the site conditions through the analytical approach in the future.
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Fig. 1. Test Specimen to Replace Actual Structure
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Fig. 2. Dimension of the Basically Specimen



Table 1. Tested Specimen Specifications

(a) Case #1

No reinforcement

(b) Cése #2 (c) Case #3
Add vertical frame (2 ea)

Add vertical frame (2 ea) and horizontal frame (4 ea)

Fig. 3. Shape and Weight of the Test Specimen for Each Case

Case Dimensions (mm) Weight | Boundary
Length | Width | Height | (tonf) (Fixed)
#1 1413 M30
#2 2200 | 1,100 | 1,400 1489 | Anchor
#3 1.659 4ea

ate] WAYsk= A sle=

Load cell

O o=

=

ZJ3F4th. Fig. 3 ¥ Table 137

Fig. 4. Sensor Location
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o 2nke Folelr] SIale] ISy Holel 3% Fidaele Aljst
gow, NEA) Aol Wl 24e slelal 12 et s
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7] 917 9 AL Fig. 40) ERIT.
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AFSHAER Y] AP FrlstAY 43 F Al2Hle]
WY 58 24317] 9938} ICC-ES AC 156 : Section 6.4.5
(ICC-ES, 2016)°l] we} I A3s Faatsint. X,
AXY), *d3K2Z) Wake =2 747} sinusoidal sweepol] 2] 3F Bh212]
A& T8I, ©] 739 sweep rate= 2 octave/min. ©]3L 7}EI=e]
A7)E A8 &5 Higer] $8te] W 77049
m/s*oPHos FaYEIIEE 71K Fulre] Wele 218 Jeon
et al., 2019; Yun et al., 2019)2 Zxsle] dutz{e]l Fu]yle]
IFFEG] 5 Hz~20 Hzdos iefste] dswdo g 14
Hz-20 Hz, 2973k0 2 8.15 Hz~10.5 Hz= 243kt 3%ty
of JEE AP I WRIEAZIES atgfste] ICC-ES
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(150 %) 2 WEA7IE 23 AF200 %) 7&EE 248 A5 AL Fakiga AR AT 64RF= Xst
&3] ZEBIITHIEC, 1991). 7+ JR|RbEe] 47 W3k F57] = O]%E}C’fl FpIAArk AREAARS F3¥sl7]¢] b AR
TREEE 647 m/s79 9.71 m/s%, 1294 m/s*o]n, 453 Zo] o] IFFETE ERIshaL FEAS ERIsE] $Jate] FXIEAA|
15 W3kl tist 7k 9 35 W3 2] 7RISk Seegslodrk A(resonance search test)& 802 Y&t A=
ICC-ES ACI1562] RRSE Fig. 591 e o, 7|4 AFLEX-H Table 33} o] AR EAAHL 7} Ao|~H R SUSH 1=}
¢} AFLEX-VE= #9981 @ 2flexible component)e] 44 - 4=21} 3Z0f tiste] 100 %, 150 %, 200 % 7I&E=ES Z2Aske] 7171
3 ~HEY 71&% gho ARIG-H, ARIG-V+= EE3F 8 Arigid 3tk

component)®] = - EHIEF ~HEY yige Zrot) ICC-ES

ACI156¢] w2} Alike a7 HHE- ] F9A1F A ZiE Table 2. Parameter of Required Response Spectrum
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Table 20 vhehfj it Amp.[ DS | JAFLEX-H]| ARIG-H |AFLEX-V] ARIG-V
(%) | (m/s®) (m/s>) | (m/s*) | (m/s*) | (m/s?)
100 5.39 1 8.63 6.47 3.53 1.37
150 8.09 1 12.94 9.71 5.39 2.16
Y AL _Horizontal RRS 8.3 mys? 200 | 1079 | 1| 1726 | 1294 | 716 2.84
g i 6.47 m/s* * Height factor ratio
& Vertical RRS  i3.53 mys? Aaa
% Table 3. Procedure of the Shaking Table Test
% 5% Dampi /et . . Test Method
f;; Appe/10 i 1,-::? 3 Procedure| Case | Classification Zi p leS 63)
o - Sinusoidal sweep, amp. = 0.05 g,
- H 1 resonance test | (1.00~50.00) Hz, 2 octave/min.,
01Kz 13H: 83H: 33.3Hz (X),(Y),(Z) independently
Prequency, e 2 PGA 100 %, X-axis
3 41 PGA 150 %, X-axis
Ly Horizontal RRS 12.94 m/s* 4 PGA 200 %, X-axis
g Ace Seismic test -
£ 9.71 m/s? 5 PGA 100 %, 3-axis
¥ Vertical RRS 5,39 ys? e 6 PGA 150 %, 3-axis
L 7 PGA 200 %, 3-axis
8 5% Damping 216 m/s? Sinusoidal sweep, amp. = 0.05 g,
g Al 10 Py 8 resonance test | (1.00~50.00) Hz, 2 octave/min.,
-3 (X),(Y),(Z) independently
Anpx/10 9 PGA 100 %, X-axis
0.1Hz 13Hz 83Hz 333Hz 10 0 PGA 150 %’ X-axis
Frequency. Hz 11 o PGA 200 %, X-axis
— ] Seismic test -
12 PGA 100 %, 3-axis
N Horizontal RRS 17.26 mys? 13 PGA 150 %, 3-axis
K -2 |
E 12.94 mys? 14 PGA 200 %, 3-axis
_5_ A, Vertical RRS 17,16 mys? R Sinusoidal sweep, amp. = 0.05 g,
m .
& 15 resonance test | (1.00~50.00) Hz, 2 octave/min.,
o (X),(Y),(Z) independently
= 5% Damping 2.84 m/s? -
£ A0 P 16 PGA 100 %, X-axis
2 17 #3 PGA 150 %, X-axis
Ance/10 18 Seismic tst PGA 200 %, X-axis
. — eismic tes
0.1Hz 13Hz B3Hz 333Hz 19 PGA 100 %’ 3-axis
Frequency, Hz 20 PGA 150 %, 3-axis
Fig. 5.ICC-ES AC156 RRS (PGA 100 %, 150 %, 200 %) 21 PGA 200 %, 3-axis
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Table 4. Results of the Resonance Search Test

AAsIlt ALelR(Tab)i= Eq. (1)} 2] 12 21E2] Power . Natural frequency (Hz)
. N _ _ Case Sensor location* —
Spectral Density (Paa)ol] tgt ¢J, &2 2152] Cross Power Axis Direction | Results
Spectral Density (Pba)o] &J3f| AlxFet) 37 Hajo] AUeE center of right frame (A2) X 14.00
_ - . . . #1 top of right frame (A3) Y 8.75
SRR o Y A=
FdA717] $fste] 2k AlE = Symmetric Hamming Window7} center of top weight (A4) V4 42.75
AL r]o) 3Lz] ERAO Zﬁ|__|_/~ A~ 7EAL o K
=170 E]/\}xq—o (<) 1_]_ = 'l"] T }’l ll—"l T 0.25 Hz ]q— center ofrlght frame (AZ) X 17.00
#2 top of right frame (A3) Y 10.50
} (f) = Py (f) (1 center of top weight (A4) V4 50.25
Fua(f) center of right frame (A2) X 20.00
#3 top of right frame (A3) Y 10.50
f= 1 / K ) center of top weight (A4) Z 50.25
2m V. m * Refer to Fig. 4 for sensor location.
Transfer Function (A2 X) Transfer Function (A2 X) Transfor Function (A2 X)
fu fw —L Eul
< o i . H xm
520 - + E 20 Y1184
£, N £, A E, N
o 5 10 15 20 :iq[ JT as 40 a5 50 55 o 5 10 15 20 . 3;' 35 40 45 50 55 [ 5 10 185 20 :5 [HJT as 40 45 50 55
req.[Hz) freq.[He] req.[Hz
Transfer Function (A2 Y) Transfer Function (A2 ¥) Transter Function (A2 Y)
£ £ ool 1 fw
5 — : o s T
F20 Y- 1052 Ez0 -*’U!l %ao .vnz
- | A | N EL R A
o 5 10 15 20 i;qwi]ﬂ as 40 45 50 55 o 5 10 15 20 ""_“1‘; 35 40 a5 0 55 L] 5 10 15 20 3'5 .["37 35 40 a5 50 55
Transfer Function (A2 Z) Transfer Function (A2 Z) Transfer Function (A2 Z)
-% 40 § 40 § 40 4
H b 5
xan 7 o £ vee ]
o s 10 15 20 :an[Hi? s 40 a5 50 55 o 5 10 15 20 'W“.[“:l; 35 a0 as 50 55 o 5 10 15 20 i,ﬁvq‘ [“ﬂlil 35 a0 45 50 55
(a) Case #1 (b) Case #2 (c) Case #3

Fig. 6. Resonance Search Test Results Each Case

Table 5. Comparison of the Results of Natural Frequency Through Stiffness Change

Case #1

#2

Specimen shape

Test 14.00 Hz 17.00 Hz 20.00 Hz
Analysis 14.55 Hz 18.60 Hz 32.28 Hz
Stiffness of Testing 10933.48 kN/m 16988.39 kN/m 26197.88 kN/m

* Based on the change in the natural frequency for the X-axis direction.
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Table 6. Maximum Anchorage Load Results for 1-way

Classification Maximum anchorage load (kN)

LC1 LC2 LC3 LC4 | AVG*

PGA100% | 0.713 | 0.933 | 5.016 | 0.811 | 0.819

#1 | PGA150% | 1.186 | 1.408 | 7.529 | 1273 | 1.289
PGA200% | 1.828 | 2.105 | 10.82 | 2.008 | 1.980

PGA 100% | 0.453 | 0.559 | 2998 | 0.789 | 0.601

#2 | PGA150% | 0.626 | 0.777 | 4.122 | 1.090 | 0.831
PGA200% | 0.881 | 1.031 | 5.691 | 1.513 | 1.142
PGA 100% | 0.359 | 0.765 | 3.463 | 0.865 | 0.663

#3 | PGA150% | 0.563 | 1.005 | 4.825 | 1.186 | 0918
PGA200% | 0936 | 1311 | 6.665 | 1.573 | 1.273

* Average load calculated from LC1 to LC4 without LC3
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Fig. 7. Road Cell Response of the Seismic Simulation Test for 1-way
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Table 7. Maximum Anchorage Load Results for 3-way

40

Classification Maximum anchorage load (kN)

LC1 LC2 LC3 LC4 AVG

PGA 100% | 5.236 | 4.425 | 11.532 | 12.837 | 8.507

#1 | PGA150% | 8247 | 7.024 | 16.308 | 18.739 | 12.580
PGA200% | 11.969 | 9.680 | 21.366 | 24.399 | 16.854
PGA100% | 4.888 | 3.084 | 9.899 | 10.801 | 7.168

#2 | PGA150% | 7.548 | 5.039 | 13.779 | 15.624 | 10.498
PGA200% | 11.202 | 6.913 | 17.188 | 19.654 | 13.739
PGA100% | 3.826 | 2.539 | 10.063 | 8.365 | 6.199

#3 | PGA150% | 5.693 | 4358 | 15.136 | 13.482 | 9.667
PGA200% | 8.615 | 7.912 | 19.269 | 18.150 | 13.487
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Fig. 11. Maximum Anchorage Load Results for 3-way
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