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Investigation of Damping Ratio of Steel Plate Concrete (SC) Shear
Wall by Lateral Loading Test & Impact Test
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/] ABSTRACT /

Steel plate concrete (SC) composite structure is now being recognized as a promising technology applicable to nuclear power plants as
it is faster and suitable for modular construction. It is required to identify its dynamic characteristics prior to perform the seismic design of
the SC structure. Particularly, the damping ratio of the structure is one of the critical design factors to control the dynamic response of
structure. This paper compares the criteria for the damping ratios of each type of structures which are prescribed in the regulatory guide
for the nuclear power plant. In order to identify the damping ratio of SC shear wall, this study made SC wall specimens and conducted
experiments by cyclic lateral load tests and vibration tests with impact hammer. During the lateral loading test, SC wall specimens
exhibited large ductile capacities with increasing amplitude of loading due to the confinement effects by the steel plate and the damping
ratios increased until failure. The experimental results show that the damping ratios increased from about 6% to about 20% by increasing
the load from the safe shutdown earthquake level to the ultimate strength level.
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Table 1. SC structure design criteria of the damping ratio

Code Type SSE OBE
USNRC RC 7% 4%
(KEPIC-STB) PSC 5% 3%
KEPIC-SNG SC 6% 4%
JEAC-4618 SC 5%
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Fig. 5. SC wall specimen

Table 2. Titles of specimen
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(a) Schematic drawing

(b) Actuator setup

Experimental setup for cyclic loading test[10]
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Fig. 12. Polynomial curve fitting results of transfer functions

Table 3. Fundamental modal properties identified from impact

hammer test
SXC 1 SXC 2 SXC 3
Frequency (Hz) 40.2 451 46.5
Damping ratio (%) 0.93 0.80 0.95

A A AFAY i FAAEAR ECHE B 2 o|UXE 7R 42 9]

o Aol BT & 4 9lrt.

[o

(2) H=stE Az

7H8lEe] 270 Al o] 22| Eolle Rt do] S| AldsaL

o370l 7ol T4 o] WAt £t =0} S o] el
A) -tk whafe 2 Ao skal=igick, o] o] 1] 427tel 4l
101614 S35 slol 3otk aehe] 5} o4 121 Alo]ck. of ] ot
Hlo} B2 ae)se] A AHEe] dzelo] 24 Ast

1 98-S thA] SISttt

UHsHE A9 E Eslo] A5 2 AT s 9] ol RAIL Fig,
1300 91 vl e, Fi. 130221 of=13 40 Ackei53 HeFolF
o] 912 Table 4] e}5t1 Fig. 140] Uheboheick AgelA] Ao 7t

15

—SXC1
--=5XC2

10 —--5XC3

i 7

Load(ton)
o

-10

-15
-100 -50 0 50 100 150
Displacement(mm)
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Table 4. Maximum loads and diplacements measured from cyclic

load test
forward backward
Max. load Max. Max. load Max.
(kN) disp.(mm) (kN) disp.(mm)
SXC1 124.4 55 129.9 56
SXC 2 128.1 42 115.5 42
SXC3 138.8 40 111.2 37
Avg. 1304 46 118.8 45
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Fig. 14. Load-displacement relationship measured from cyclic
load tests
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Fig. 17. Damping ratio analysis of SXC3

Table 5. Maximum loads and load ratios obtained from hysteresis curves

Maximum input load (kN) Load ratio’ (%)
Number of cycle
SXC 1 SXC 2 SXC 3 SXC 1 SXC 2 SXC 3
1 62 70 73 47.7 54.6 52.6
2 101 110 120 77.8 85.9 86.5
3 124 126 139 95.5 98.4 99.8
4 125 126 140 96.2 98.4 99.8
5 110 95 100 84.7 74.2 72.0

" Load ratio = Max. load of each cycle / Maximum load of entire hysteresis curve
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Table 6. Damping ratios identified from hysteresis curves

Damping ratio (%)
cycle
SXC 1 SXC 2 SXC 3
1 6.95 6.14 6.5
2 9.64 10.51 10.46
3 13.29 14.46 14.16
4 16.85 17.75 19.02
5 20.43 20.92 19.84
0.25
02 S
7
=ti==—SXC1
E / =f==SXC2
-is e / SXC3
.E' r’,/
£
g P
0.05
o

1 2 3 4 3 5]
Number of Cycles

Fig. 18. Variation in damping ratios due to increment of cycle for
cyclic loads
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