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Abstract The standard for seismic performance evaluation of structures has become stricter in South
Korea. However, hydraulic steel pipes are excluded from the new standard. Therefore, the behavior
characteristics and earthquake safety of hydraulic steel pipes and dams were analyzed using the
domestic seismic performance evaluation standard and the CAV evaluation index. As a result, a concrete
dam body showed an average difference of about 7% before and after revision. A hydraulic steel pipe
showed relatively low maximum stress. When analyzing applicability, only 30% of the total seismic
acceleration showed a proportional relationship with the increase in CAV due to the increase of PGA.
This was mainly due to other parameters that were not considered, such as the earthquake duration and
ground conditions of the earthquake acceleration. When deriving the seismic fragility of hydraulic steel
pipes, the probability of failure increased rapidly from 10% to 60% when seismic acceleration
coefficients of 0.4 g and 0.5 g were applied, respectively. The concrete around a pipe shows the highest
probability of compression failure. Therefore, sudden failure near the outlet of a hydraulic steel pipe
and tensile failure of a concrete dam body should be highly focused on when the coefficient is greater
than 0.6 g.
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Fig. 1. Concrete dam body modeling and concrete
strength by part
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Fig. 2. Penstock modeling and steel material by part

Table 1. Properties of concrete parts

Concrete Mass Density Poisson’s Young's
Strength (ton/mmg) Ratio Modulus(MPa)
Concrete

[12Mpal 21418.66
Concrete

[16Mpal 23072.55

T Concrete | 2.3E-9 0.2

oncrete

[18Mpal 23817.33
Concrete

(21Mpal 24854.15
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Table 2. Nonlinear properties of concrete

Dilation . Viscosity
Angle Eccentricity | fb0/fc0O K Parameter
36.01° 0.1 1.16 0.667 0
Table 3. Properties of penstock
Mass | Young's|, . , | Yield | Tensile [Allowable
Steel . Poisson’s|
Name Density |modulus Ratio Strength |Strength | Stress
Ao/ MPa) | (MPa) | (MPa) | (MPa)
SM41B 245 455 130
7.9E-9 | 205000 | 0.29
SM50B 325 550 175
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Table 4. Load value of water

Type Calculation formula Pressure
Hydrostatic P,= W, xh P, =1000 <981 X h
pressure
Hydrodynamic| £7,= %x W, <X K, P = %x 9.81 > 1000
pressure X HXh % 0.22 X /53000 X h

398

SoPaT W wo] Aglgich A8T B A4
&t FA12 Table 49F ZTH10].
3. AlZto|HahA
3.1 AlZH0|HaHA 7|
FrEe] YRS Ao AVSTALE % A

Zhol2slae EQstalh, Aol e SR gY
AR Eq. (1) Bl #2280 7IiA= skt 2%
o) 521 £48 clole] Aol Tk ek A1 25
g4l 2 7of 9fgt 2|5ke} 1825 (u, (t))2 Agto]

g 122 A (u(t))ZHe] FAAelH me &
%, ok 44 ks 24 et

mo(t) +cv(t) +ko(t) =— T?’Ll.)-g(t) =f(t) (1)

|

ST WHARI Eq. (2 n/hY AfEset A-
SE(F(E)o] T WAl $2t o] A
=5 LR E9] A AA7MEEE ISk o,

ARom QIR 22| A XX/ o't #

2ol WIS 1 ke ARG vt At
[ (D) b+ Lo T) J+ (K o) }= ()}
@

3.2 U X|TI0| CHek A[ZtO[=ohAl At
Hmdlo] sy xzlo] igt B|AY As 547 HoF
FRIE gRlsh] sl Alztolg s ae aatlct. =W
WA ZEARGel AIE o w2t
SeismoArtif 2T 5] AJAHE AHTIEEE
0.22 g9 7I&=ASE F85t9H3, 111
HAA AR flol(weinQ] AAFLolA Hd A5
g 2.786 MPa °] @st9ioH, o] gt mdo] A=
83 ASA= 16 MPa] oF 17%= wf$- 22 ZAulglolct.
) UYL AL 2.52 MPa2] F 58.8%
o] Sgsh= 1.482 MPao| § A Sl Lepgt)
ST HSE 47.05 MPa A7} 3135171
AlZel= o E(elbow)oﬂ ul—xﬂﬁ]_od oy Z3dEE ré-]xﬂ;‘q]
9] AL HFEY AX AztolA F& fbETS
s 59 T 57 F2olA vug w2 9%, 4=

Sl WS olof =l WxldA |&e Fetot

e 7SS



H 2

LA |

RS 484 L Hoks

71 71F JHEol mE

—

FSEAS 0.154 g2 0.2
Table 59} Zro] v]AE o] A]7to]es)4]
E FAA NN HNIF-EY 2.693 MPa, HHEES
g 22.654 MPa°| Yetsith. oldf Kim [12]9] A+
o W29 A:7EE NO.62 9AD] AFleg 12&
3} vl%E IRREER QE XS doFS 7HsAol
At

AAA ] 742 0.154 gollAl 0.22 g29] 7t&TAS
Z7tet 22 E9] 8 7= vEd] AAE Eol
A gt ERF MY AT MEEAST Bt
0.079] ztol2 HAAA -SR] njnjgt FF& HIY
E‘r. AT HA S 60.489 MPa2 442
o FESYY 35%01H TFEEASG 0.154 g2+ 0.22 g
2§t A9 WATE S99 Aol= A AU 2
HHog /Y AL 7M&ELAS SV AERTY

2 g& FU1et
Ax 23

2

g
o
H

it rl;

-'

4. CAV HE8Y &4

=]
=

4.1 ¥ AXE9| CAV WEINSTIt 7|
W25 B7E B 5 st FHAYEE (CAV,
Cumulative Absolute Velocity)= A|Xmke] 7k&E
]-‘—/\]7]'~ ZFSET Qe W7 A oW, FE LHF
ZE9] YzldA 0 FE8E 0] AAAFEE WHst= 7]
£o7 AR Slth CAVE ARICE QIFE 12E9]
‘JJJ-’Q‘ Bkl w2 AFEE 7HRAE WiHSE |
§ B4Rl HIEREOITH13]. o] F8 SOCAIEY
9 FREE e E oW YidsE 376 ¢
o 7179€ WX/d587t 71ES A8ste] BAA Eq. 3)
= &9l CAVE ZEsioitt. =W WxdA 74 A5
W5 87t AR IS EE 285 siAZ2TE B9
CAV & AbEsty 7129t Hlwsto] v & L3
=0 Fgdl= CAV H7H R 84S SRIsHA
Kim [14]19] d7ol4E CAV SHAE AAISH] Hall
Z7] o2 709 S dde R ofe ARVMEEE A8
Sto] A Yx/4d587t 71l sidots BAA Eq. (9)
£ ARkt %’4 A 5 %o GEES 7= E
9 W SHE 5 H5aS CAVY sHgre s A%
St LHL’QﬂV]—fJ—]' Hlwstgct. o A+ dAA

L_

Table 5. Result of time history analysis according to revision of seismic design standard

Dambody Penstock
Earthquake Peak ground acceleration Maximu.m Maximum §
compression tension. stress Max Mises
stress
. 0.154 g -5.67565 2.08404 59.4319
022 g -6.22166 2.1856 59.4319
) 0.154 g -3.54059 1.7938 59.4319
022 g -3.54059 2.03834 59.4319
0.154 g -3.54059 1.7938 59.4319
3 022 g -3.54059 1.7938 59.4319
4 0.154 g -3.76065 1.7938 59.4319
0.22g -6.04016 2.17237 59.4319
_ 0.154g -5.18076 2.17132 59.4319
> 0.22¢ ~4.78611 2.11289 59.4319
6 0.154g -22.6544 2.69266 60.4894
0.22g -6.64332 2.17078 59.4319
0.154g -5.29873 2.16315 59.4319
7 0.22g -6.59692 2.08368 59.4319
8 0.154¢g -3.60312 2.16167 59.4319
0.22g -4.01069 2.02533 59.4319
0.154g -5.26809 2.19107 59.4901
? 0.22g -6.71917 2.18556 59.4901
10 0.154g -7.81957 2.27127 59.4901
0.22g -6.97382 2.2378 59.4901
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Table 6. Limit state of concrete dam body and penstock

Type Failure mode

Limit state value(MPa)

Entire dambody(C)

Part1(C)
Compression destruction of concrete
Part2(C) at dambody
Part3(C)
Part4(C)

£ < 1.15=16 < 1.15 = 18.4MPa

Entire dambody(T)

Part1(T)
Tension destruction of concrete at
Part2(T) dambody
Part3(T)
Part4(T)

0.57/f,, x1.5=0.57x v/16 X 1.5=3 42MPa

Limit state of penstock

Allowable Stress of steel penstock

o, = 175MPa
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