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ABSTRACT

Generally it was known that member forces in the earthquake resistant design is lower than those in the general design.
But it is not true in cases of water treatment underground structures, which is different in each case like water treatment
plant, sedimentation basin, and utility-pipe conduit. Also, looking at the scale of earthquakes that have recently occurred
in Korea, large-scale earthquakes are frequent, so when the magnitude of the design seismic force increases, it is necessary
to investigate the seismic behavior of the water treatment underground structure and to deal with it. In this study the change
rate of member forces was investigated by the change of design load factor (earthquake acceleration design criteria), earth
depth, underground water level. The pseudo-static analysis and response displacement method was applied, and various
analyzes were conducted depending on the ground water and soil depth. The proposed formula in this study will be efficient

when the earthquake design code of water treatment underground structures is revised.
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Table 1. Seismic design codes for domestic and foreign underground water structures (Ministry of Environment, 2009)

Division Republic of Korea

Japan

Seismic grade serviceability limit state

collapse prevention level

serviceability limit state (Level 1)| final limit state (Level 2)

response displacement method

Analysis method ) ;
y / Time—Step Analysis Method

response displacement method
/ Time—=Step Analysis Method

2 mr
;)= . o« T e =
U,(z) > S, cos 5
Ground . .
: -5, 1 response velocity spectrum
displacement

- T": natural period of surface ground
- H : surface ground thinkness

2 T
e S o« Te K, ocos—
o " 2H

- S, : response velocity spectrum

v

[fh(.’L’):

- 7" natural period of surface ground
- H : surface ground thinkness

Ground division SA, SB, SC, SD, SE, SF

[, IO II

- ) elastic wave velocity = 300m/s,
Seismic base SB (shear wave velocity = 760m/s) Ground SPT—N Value > 50
S =250 1 S .ATDHCTHOH of response velocity spectrum per unit seismic
Design damping ratio by performance level (h) n §n3| v o
response - serviceability limit state : h=0,1 -damp\ng ratio : 0.2 (strlong earthquake)
spectrum | - collapse prevention level : h=0.2 + Design response velocity -
(period 0.4s : 0.196m/s co\\apée prevention level) (period 0.10s — 0.175m/s) (period 0.25s —> 0.570m/s)
’ ) ' (period = 0.50s — 0.800m/s : final limit state)
K,/ : horizontal seismic intensity acting on surface ground
K = L [(’l
Design horizontal seismic coefficient of SA ground 7 B, G
Kp=G -1 B : amplification coefficient of surface ground
Design C, : seismic coefficient Ce : correction factor by ground
horizontal I region : 0.09 (I :08 I:085 II:07)
seismic I region : 0.05 K, =0 G0 K,
coefficient Kio © Standard value of design horizontal seismic intensity)
I : risk factor

serviceability limit state : 0,57
collapse prevention level : 140

(serviceability limit state : 0.2, final limit state : 1.0)
C2 : region scaiking factor
(A:10,B:085 C:07)
1

'KH’: ?(*q * [(ha
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Table 2. Reasons for selection of target structures

2l 30m ot 7]HEK(Sp HEU AWHQl HFeo] EAY
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2 7Pgatol AeiAS S a2 d 9 A
A& Table 33} 231 A 2154 H(Park, 2005)0] 3t =]
AL SlaA, SAPEAAA I SRS A e85t
o, AL 9ste] g2 a2l Midas Civil&
AR,
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3.2.2 oM A

A R4 melge LB z|uko] AbS AR(Structure-
Soil Interaction, SSI)S 11&5lo] L2ES AFSEA uf
g} 2-D T 3-D ndge xasty, ko] B AA
£ A4S AR B ATHE Fig 1,2, 3 2]
TEPoh AWA FERES 1 BAZ TAE] glo]

Division Type

Reason for selection

— completely under—
Utility—pipe ground

conduit — top closed
— rectangle

+ As a completely underground structure, the installation depth is varied, and it behaves in one direction,
but the lateral constraint conditions are different depending on the soil pressure conditions, so the
active or static earth pressure is applied,

+ A typical structure that installs various life—lines in a box type and is commonly installed in water and
sewage treatment plants for maintenance,

Sedimentation

— semi underground| -+ Since it is a semi underground structure and there is no top slab, the wall member behaves as a

) — top open cantilever, so it is judged to be the most unfavorable structure in case of an earthquake,
basin i )
— rectangle - It represents a tank structure that has an open top and stores water with an effective depth of 5m or less,
— completely under—| - It is a completely underground structure and is considered to be the most advantageous tank structure
Water treatment | ground for earthquakes as it is a completely underground structure and does not cause lateral displacement,
plant — top closed + The sewage treatment plant to be built recently is completely underground and is planned similarly
— rectangle to the structure of the water purification plant,

Table 3. Applied seismic analysis method and conditions of target structures

Division Analysis condition & soil condition Analysis method
Utility—pipe conduit (m) | () top slab 0.40m wall 0.35m lower slab 0.45m| . 5, soil within 30m below the surface
(4.0X4.0) - water level = GL(-)1.00m - foundation ground is more than N=20 (Sp) pseudo—static
) ) ) « (1) outer wall 0.60m inner wall 0,50m lower slab| * both sides Soil pressure direction analysis method
Sedimentation basin (m) o .
0.70m - K, =(1—sin@)/(1+sing) )
(54.60X44.90X6,05) ) .
*no water level + Ky =1—sing response
s =30° displacement
Water treatment plant (m)| - (t) top slab 0.25m wall 0.45m lower slab 0.50m| . {0=27MPa method
(42,35X36,.90X4.45) | - water level = GL(—)2.50m ,300MPa
s M P
W~ WY -

Wall

_~ lower part) \‘

(a) Normal

P PoE i

(b) Pseudo—static analysis (c) Response displacement method

Fig. 1. 2-D Frame Modeling (utility—pipe conduit)
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(a) Normal (b) Pseudo-—static analysis (c) Response displacement method

(lower part)

Fig. 2. 2-D Frame Modeling (sedimentation basin)
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(a) Normal (b) Pseudo-—static analysis (c) Response displacement method

Fig. 3. 3-D Shell Modeling (water treatment plant)

120 400
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100 F-==
I 300 7/ 7
H 80 - ] =
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L 60 - - -—}--- = 200 1 -
< £
N 8 150 ] -— -—- - -
S a0 - - -— - = --- — - =2
100 -— - - F-—- -
20 - -— - -— --
50 [ -— - - F-—- -
0 0

T T 1 T T T
1 15 2 25 3 1 1.5 2 2.5 3
Factor Factor
B pseudo-static (no ground water) [ pseudo-static (ground water) A pseudo-static (no ground water) E pseudo-static (ground water)

B response displacement (no ground water) @ response displacement (ground water) A response displacement (no ground water) @ response displacement (ground water)

(a) Top slab — central part (soil depth 1.0m) (b) Wall — lower part (soil depth 1,0m)

Fig. 4. Results of section force of utility—pipe conduit according to analysis method
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2) A% EXHIFSED

pseudo-static (ground water)

response displacement (ground water)

250 300 28155
v = 34.61x + 106.08 209.91 v 000986208 24&/.
200 1926 —— 250
175.3 216.46
- 157.99 ~ 200 183:91
= 15101 69 =
% — Z
Ground = 2 15136
= = 150
@ @
water Z100 £
= =100
0 50
0 0
1 L5 2 25 1 L5 2 25 3
Factor
pseudo-static (no ground water) response displacement (no ground water)
o o 110.43x + 38.002 36978
v = 43x 8.002
y=41.42x + 69.15 350 - /'
200 1934 W
172.7 300
15196 258.85
= ol = o
& £ 250
No 7, 150 515 z ZOM
et = 200
ground FRRE R
water g 100 S 150 |-
= =
100
50
50
0 0
1 15 2 25 1 L5 2 25 3
Factor Factor
(a) Pseudo—static analysis (b) Response displacement method
Fig. 5. Derive a proposed formula for utility—pipe conduit
3000 3000
2500 1 2500 i
., 2000 P - - 2000 o T . L.
E 500 I 777 N 711 I I 7 I = 1500 SR 77 M- 7 -
2 e
g E
~ 1000 - 7 - Hof--—- - = 1000 -1~ -—- - -
500 F- - E— [R— [ - 500 H - - - - F—-
0 0 2 25 3

1 15
Factor

B pseudo-static (load factor) @ pseudo-static (acceleration coeffident)

Eresponse displacement (load factor)

(a) Wall — lower part

Oresponse displacement (acceleration coefficient)

1 15

@ pseudo-static (load factor) @ pseudo-static (acceleration coefficient)

[@response displacement (load factor) @response displacement (acceleration coefficient)

(b) Bottom slab — lower part

Fig. 6. Results of section force of sedimentation basin according to analysis method
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2) ALY EHFFED

pseudo-static (load factor)

2500
y = 660.41x+55.068 2036.3
2000 -~
y
; 1500 1375.89
Load < o
factor ;; 1000 1045.68 response displacement (load factor & acceleration coefficient)
LRy
- y =821.53x+ 55.066 B
2519.67
500 2500
0 = 2000
1 15 2 2.5 3 7j y
Factor ‘zl 00 S
pseudo-static (acceleration coefficient) g 7 128737
1400 133482 = 10067}
v =59.097x + 68.991x + 590.11
1200 11260 /
500
1000 964.93/
_ 1 15 2 2.5 3
Acceleration = s 0 ’ racte
coefficient £ 600
- 400
200
0
1 15 2 2.5 3
Factor
(a) Pseudo—static analysis (b) Response displacement method
Fig. 7. Derive a proposed formula for sedimentation basin
Top slab (end support part) Wall (lower part)
268 300
266 ==
264 = F- 250
~ 262 = — . =
= 260 /)= o | E 200 -
‘é‘ 258 = =T 7 7 . 1| [ .:: 150 T = S =
;255 - -1 - -] F-—- -—- F- ; 7
S5% T [ e . S100 |- 1 - -—- -—- -
252 -17H -—— -] F--- - F- =
250 17K - - P S F- 50 |- /1 o - e -
248 -h - -] b -—- F-
246 T T T T 1 0 y T T T d
1 1.5 2 25 3 1 15 2 25 3
@ pseudo-static (no ground water) m pseudo-static (ground water) Faee @ pseudo-static (no ground water) [ pseudo-static (ground water) o
@ response displacement (no ground water) @ response displacement (ground water) [Aresponse displacement (no ground water) @ response displacement (ground water)
(a) Top slab — end support part (b) Wall — lower part
Fig. 8. Results of section force of water treatment plant according to analysis method
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2) AL =EXHFSED)
pseudo-static (ground water)

250

response displacement (ground water)

¥ = 32.306x + 110.09 ro6a1 y 56,6965 + 60.984 .
00 a0, T 250 240.17
175.49 M
- 160.14 = 200 182:94
P Z 1/3464//
Ground = < 150
g 517
water £ 100 S
2 2
£ = 100
50 50
0 0
1 1.5 2 2.5 3 1 1.5 2 2.5 3
Factor Factor
pseudo-static (no ground water) response displacement (no ground water)
250 300
| 33.854x + 93,804 v =74.538x + 19.398 )
o v 824x 8 195.98 250 243.01
) 178.36 ) M
_ e 161.45 _ 200
No é 15102 e - é 168.48
ground g z 150 131721
water g 1o 3 108323
0 50
0 0
1 15 2 25 3 1 15 2 25 3
Factor Factor
(a) Pseudo—static analysis (b) Response displacement method
Fig. 9. Derive a proposed formula for water treatment plant
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