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ESTIMATION OF GROUND MOTIONS FOR EARTHQUAKE
DAMAGE ASSESSMENT FOR BURIED PIPELINES

By Hisao GOTO, Hiroyuki KAMEDA, Shiro TAKADA and Masata SUGITO

Synopsis

A method for estimating strong earthquake motions is developed that can be used for assess-
ment of earthquake damage on buried pipelines. A statistical prediction model for nonstationary
earthquake motions and a numerical technique of surface wave propagation are combined to
obtain the relative ground displacement and the ground strain. The method is applied for several
sites along the main routs of buried pipelines for gass and water supply systems for Kyoto city.
The numerical result is discussed regarding the effect of site conditions on earthquake intensity and
the relation between the maximum velocity and ground strain in Kvoto area.
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Fig. I. Recorded and Simulated Evolutionary Spectra. (S-252 EW, Hachinohe, 1968)
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Table 1. Regression Coeflicients and Statistical Dispersion of Model Parameters.$)¢)

Eq. (3) Eq. (4) (model-I)
f(Hz) By B, B, {s(logam/)(}m Py Py P, ] :(tp—:;)
013 | —1.10 0.228 0.253 0.303 226.20 1.331 12.55 5.78
019 | —~1.23 0.259 0.211 0310 | —30.10 1.480 14.95 6.78
025 | —1.34 0.255 0.098 0.337 | —26.49 2.137 10.79 7.54
037 | —131 0.289 0.146 0374 | —23.77 0.979 12.85 5.42
0.55 | —0.96 0.277 0.220 0.358 —20.93 L110 10.25 5.59
0.73 | —0.84 0.282 0.219 0.407 —12.92 0.963 6.21 3.74
097 | 057 0.238 0.133 0.460 —7.82 0.882 3.57 2.96
1.33 0.08 0.322 0.698 0.414 —~7.96 1.289 2.15 2.34
1.87 0.38 0.280 0.700 0.330 —6.96 0.975 2.42 1.91
2.59 0.41 0.182 0.394 0.296 —831 1.265 2.15 2.48
3.67 0.99 0.242 0.879 0.292 —13.27 1.256 4.66 2.47
5.11 0.96 0.233 0.851 0.270 —13.50 0.482 7.26 3.04
7.03 1.18 0.180 0.839 0.233 —16.82 | —0.889 13.49 3.63
10.03 0.78 0.137 0.572 0.275 —16.34 | —1.546 15.57 4.21
\ Eq. (6) {model-IT) Eq. (5)
FEN] P P; | P, slogtylfy) | S st | s—2)
0.13 | —1.40 0.137 0.603 0328 | —0.934 1.20 2.70
019 | —094 0.131 0.433 0332 : —0.531 1.17 2.85
025 | —0.86 0.125 0.409 0.329 —1.609 2.57 4.52
037 | —1.04 0.102 0.545 0.297 —0.755 1.82 3.78
055 | —0.94 0.098 0.500 0318 | 0.123 1.05 2.48
073 | ~0.95 0.120 0.394 0315 0.199 1.05 2.54
097 | —0.65 0.059 0.440 0.250 0575 | 125 2.93
133 | —1.02 0.082 0.512 0.246 0477 :©  L13 2.86
1.87 | —0.79 0.063 0.438 0.249 0494 : 087 2.45
259 | —LlI1 0.097 0.466 0.283 0572 | 076 2.75
367 | —1.63 0.169 0.470 0.265 0.835 ,  0.06 2.85
5.11 —1.59 0.190 0.376 0.284 0493 | —0.10 2.58
7.03 | —1.60 0.180 0.413 0.279 0.604 | —0.87 2.14
1003 | —1.51 0.208 0.287 033 | —0352 | —0.75 2.69
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Fig. 4. Effect of Site Conditions on Estimation of a,(f). (Model II)
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ZhEAwTE SO EERR AL L, Fig. 61,
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Clay
Gravel Gravel]
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Fig. 6. Surface Ground Profiles used for Analysis.

Table 2. Estimated Values of Weight per Unit Volume for Geomaterial.

Weight per Unit
Volume (grfcm?)

Geomaterial ‘

Fine sand, Sandy mud 1.7

Sand Fine sand, Sand containing shell : 1.8
E Coarse sand, Moderately coarse sand j. 1.9

Silty clay 1.4

Clay Alluvial clay 1.5
diluvial clay ) 1.6

Soft clay containing gravel 1.7

Gravel Clayey gravel 1.8
Fine gravel 1.9

Mud stone 2.0

Rock 2.0

98.9 NO-350; Lk |-
Ve={ 67.8 NO- 47, B (25)
882 NO-340: phr %
3.3 HAEEDEFILEE SR
wic, R (22) POMBOEEEMERD ZHEIT, BHY ¢ 2 ERAEBEREI TEERS R 3 L8
HY, ZORDHITIE, Xi#R12), 13) TR I N—-INTVERnE I 222V EVIETOMBEEICET S
BEBERINZ, RHMABOMKLICE T 2 8B RIL Tabled 0k 5 2BREEZLTVwELELD
had, HTHEHICETIHEL, EFEZOECODWLELDT, BHIKLTVWEWEIHEL, —8%

_..<9_
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Table 3. Estimated Geological Formations BEMERFRBEEOREHTHENY, —F, KK
for Kyoto Area. DOHBEEICOWTE, LERHETE CRERELZ

Classification for geology ShTEH, ZOHMeET Vv BERI L TBY,
- Lizdi-T, 2TTiR, £-) v 7EREY % 5 KT

Alluvium .
WHHER'Y »OoTFRBBOBREMEL, 15 s
Surface Layer Upper Diluvium B s s e T A L. ThbD, £—)
Osaka Layer YIIRREPSBONTVANBMBOF — 2 iTOn

Base Rock Tertiary <

(i) ®=) 7 HERRTCKBEERSBETE 25

AT, KEEHLER(FLB) OF -2 2HRET 5.
(i) F—9 Y7V HEREPCKEERSEET 2 AVWHEICOWTE, RBERE, KRE#RS L UCERD
T2 EHRET B,
Gi) HEFHBRTGECFHREET 5 LEZ6N35H4 (LR K3, LREREOHETIcEM

HRET 5,
ZDFUD S LiCeFr{t®TT%h - 7o Table 4 ic, THEMBBOHEMELRT .

Table 4. Physical Constants used for Computations.

Thickness | Gt | Valosty | Unie Volome
(m) (m/sec) (m/sec) (gr/cm?)
Upper Diluvium 10-50 — — —
Osaka Layer 200 600 2000 1.7
Tertiary — 2700 4850 2.0

B, EEHREBORAWBEERIR (25) »oORY, MEEERIRAICIIER L,
VP=V‘J2_f1;;_?_ ....................................................................................... (26)

T, #TY vy B, VFHELROWTIR v=045 v b, HERIZONTII v=046 & L7
UEDHHIcES W THREL 2T 7 v it>n T, Schwab & Knopoff'® itk » CEES iz =
75 ARETOBEEMA L bO B TESLL,
ste ¢ Rayleigh #o5 #hdhii (FE¥=—F) ©®5 b Fig. 6
oo Siew LR 3MAICHEY BERY Fig 7 Wil &b
N B, EORBBRRRDE 5 CeF L TR B EF,
Hidi6 T, MEEER I0m RLEL L, T
CRPLvFBOSH L 2 EHEHEELH 50m OFER
THETE S, T/, HA100T, EEIGEL, &
BrHERBTH20m KREL TS, 35K, A
1413, BEFHFIEBT I, RECOH m TTRK
%Ek&’)fv‘éa
34 FPHRICHIT SETHRBRINDISH
. L L 3 Fig. 8 iz, #A6, 10, 14 KB T3 ¥ ¥ A tiREy
) ’ %, Table 5 [C15Mi5 CORRIER, L FHIBRHH

Frequency  (Hz)

Fig. 7. Dispersion Curves. B CRRmREE, #MEE, &) 2R L. LKL, C

3.0~

Phase velocity ( kmy/'sec )
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Fig. 8(a). Sample Accelerograms. (M=17.5)

8_

] Site & (A=44.5kn, Sa=2.57T)
ga‘-wwhw.«h—*
O

.

8

) Site 0 (4=4ldkn, Sp= 2.19)
28 Wﬁvﬁb—————
3

.

3

8_

o Site 14 (4= 42.2 kn, S4=4.08)
Yol fal X Bin
=8 P Srepption

o

3

6.00 = 10.00 = 20.06 @ 20.00 | 40.00 | 6G.00

(sec)
Fig. 8(b). Sample Velocity. (M=7.5)

23



24 R EMEFERE 235 B-2 (g 55. 4)

8-

®. Site b (4= 44.5km, $4=2.57)

8_-

2

8-

1 Srte 10 (d=41.4km, Sa=2.19)
58 f"\,\ A ooy

I VA A
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Fig. 8(c). Sample Displacement, (M=7.5)

CTERHBWI, EFA85 A~ 205D EREELET, FHALbEF L IRKELTENATH L B
FORERLEEDT, FHATHEINLM, 4 TR T2 EHNEBELHT 2HBH LB TIn, %
7o, BMIEICH T AHBHBEOR SO EILONTIR, KOWREICHET S level 3 OFFHEERY [t
ZE G R A0.2~0. 250 WHTH Y, ZIIRBELEZTEINWTHH I, Fig. 8 X ¥ Table5 OFRLY,
HBOKEX OBEEOMBEMITC L ) BHEEASHETRELREEC LGOI D, HICHERDOL
BHRE LR TIR, BREBESKEVICOPPHST, HRBOBENRENLVIHEREBONA TS,

Table 5. Site Characteristics, Epicentral Distance, Ground Motion Intensity, and
Maximum Mean Strain. (Model-1, M=7.5)

H ]

Nompr | B | S 4 0m) | (82 Vs (600 D (o) s (X107
1 102 | 271 423 214.3 16.0 3.98 0.263
2 26.4 3.33 46.4 293.0 21.1 5.30 0.404
3 44.2 3.52 49.3 325.4 22.7 5.63 0.470
4 115 3.92 50.2 388.3 27.7 6.97 0.461
5 14.8 4.17 51.3 438.0 31.0 7.82 0.509
6 6.9 2.57 4.5 200.7 14.7 3.64 0.305
7 8.0 3.45 45.0 310.7 22.6 5.61 0.354
8 45 2.06 43.2 156.4 115 2.85 0.236
9 20.2 4.33 42.7 484.6 34.9 8.45 0.269
10 8.6 2.19 41.4 166.6 12.4 3.05 0.064
1t 23.8 3.99 47.0 405.2 29.1 7.27 0.453
12 20.3 3.72 47.7 356.4 25.3 6.27 0.395
13 13.0 4.00 51.1 401.7 28.6 7.23 0.448
14 15.0 4.08 52.2 414.6 29.8 7.67 0.507
15 17.2 4.32 54,0 467.6 32.9 8.32 0.568
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Fig. 9. Relationship between Separation Distance
and Maximum Relative Displacement,
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Bo= | Bmax = a0 (27)
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