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Evaluation of Seismic Design Force by Earthquake Response Analysis
of Water Tanks Installed in RC Buildings
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/ ABSTRACT /

Several water tanks installed in the building were damaged during the Gyeongju earthquake (2016) and the Pohang earthquake (2017).
Since a water tank for fire protection is very important component, seismic safety should be ensured. In this study, an interaction between
a water tank and a building was studied by the dynamic analysis of the RC building with the water tank. In case the water tank was installed
on the roof of the RC building, it was confirmed that it did not significantly affect the response of the building. Based on the result, dynamic
response characteristics of the water tank in the building were studied using two SDOF models represented dynamic behavior of the water
tanks under earthquake. An earthquake time-history analysis was carried out with variables of aspect ratio of the tank, story of the building,
and installed location in the building using three kinds of earthquakes.

Key words: Water tank, Seismic design, Earthquake response analysis
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Fig. 2. Information of the RC structure (unit : mm)

Table 1. Design conditions

Conditions
Type Office
Total stories 5,10, 15, 20
Area 24mX18m
Concrete f..=24 MPa
Materials
Steel f,=400 MPa
Office 4.5 kN/m?
Dead load
Roof 5.5 kN/m?
Design loads
Office 4.0 kN/m?
Live load
Roof 1.0 kN/m?
Seismic zone (S) I (0.22)
Ground S,
Importance factor 1.0
Response modification factor 5.0

312 iy 293

7VAsIct B3 8eke sz W A4z slAjebd 7| 11]0) th &
2 ATz A4 7] 18k 52, 102, 152, 202 RCAZE
ish 2 A%E2] $532] 9F2%¢130, 60, 90, 120 m’ © 2 71g3tc) 24

[e]
oA AR uie} o] ERA9] FAAEE A 9ol gt sk
9} o] H(L/HL, ofs} FAnNoll Auie= 2he aefste] 299 34
H]£-0.5, 1.0, 1.5, 2.0, 3.02 A43Ic)

3.2 oM n®

[e]
— pus hal
CANNY[12]& 0|83tk RC 2522 vIAE 5, A 9 752 Hehd
LmR e A A a2 e, Amee] At A% BAL )

224

4

i

Ground Motion
(a) Rectangular water tank

(b) spring-mass model of water tank

Fig. 3. Analysis model of the water tank
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Table 2. Effective mass and natural period of the tanks

As?i;:'[)aho m,/m m,/m Ti (sec) Tc (sec)
0.5 0.94 0.13 0.93 1.38
1.0 0.81 0.26 0.97 1.96
1.5 0.66 0.38 0.95 243
2.0 0.54 0.49 0.97 2.88
3.0 0.38 0.62 0.98 3.83
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Fig. 4. Analysis results

Table 3. Analysis variables

Variables Values
Aspect ratio (L/HL) 0.5,1.0,1.5,2.0,3.0
Building story (F) 5,10, 15, 20

Installation location (z/h*) ground (0.0), middle (0.5), top (1.0)

Earthquake wave El Centro NS, Hachinohe EW, Artifical (Sp)

* z = Height of water tank, h = Average building/structure roof height relative
to the base elevation.
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AE=0] X2 Y39l x1T

Table 4. Analysis result - seismic force(V/W) of water tanks
L/HL 0.5 1.0 1.5 2.0 3
z/h 0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
5F 0.25 0.38 0.83 0.18 0.29 064 | 0.14 0.21 0.44 0.12 017 | 0.34 0.06 0.09 0.19
EQ1 10F 0.25 0.17 0.36 0.18 0.15 0.34 0.14 0.13 0.24 0.12 0.1 0.19 0.06 0.05 0.09
15F 0.25 0.27 0.39 0.18 0.17 0.28 0.14 0.19 0.31 0.12 0.17 0.25 0.06 0.07 0.1
20F 0.25 0.28 0.36 0.18 0.21 0.29 0.14 0.19 0.32 0.12 0.32 0.57 0.06 0.08 0.12
5F 0.31 0.4 0.69 0.24 0.32 0.58 0.22 0.27 0.43 0.17 0.21 0.34 0.09 0.1 0.19
EQ2 10F 0.31 0.18 0.43 0.24 0.29 0.54 0.22 0.24 0.38 017 0.19 0.29 0.09 0.07 0.13
15F 0.31 0.28 0.38 0.24 0.22 0.35 0.22 0.3 0.56 017 0.46 0.8 0.09 0.11 0.18
20F 0.31 0.29 0.38 0.24 0.22 0.36 0.22 0.25 0.58 0.17 0.56 1.1 0.09 0.12 0.2
5F 0.16 0.31 0.67 0.12 0.23 048 | 0.09 0.16 0.34 0.08 0.12 0.25 0.06 0.08 0.14
EQ3 10F 0.16 0.14 0.27 0.12 0.13 0.23 0.09 0.1 0.17 0.08 0.1 0.14 0.06 0.07 0.09
15F 0.16 0.17 0.25 0.12 0.12 0.19 0.09 0.13 0.2 0.08 0.1 0.16 0.06 0.07 0.09
20F 0.16 0.19 0.28 0.12 0.14 0.2 0.09 0.16 0.27 0.08 0.2 0.33 0.06 0.09 0.12
* EQ1: El Centro NS, EQ2 : Hachinohe EW, EQS : Artificial WWave(SD)
SEQL_SF ©EQ1_10F +-EQ1_15F
©EQ1_20F SEQ2_SF > EQ2_10F
-4-EQ2_15F --EQ2_20F W-EQ3_S5F
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