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MICROZONING FOR SEISMIC RISK ANALYSIS
OF BURIED LIFELINE SYSTEMS

By Hisao GOTO, Masata SUGITO, Hiroyuki KAMEDA
and Atsushi ISODA

Synopsis

A method for microzoning earthquake motion intensities and ground strain is developed
that can be used for assessment of earthquake damage on buried pipeline systems. A simple
method for ground strain estimation is proposed after the discussion on influence of site
condition on peak velocity, ground strain, and apparent propagation velocity, using the
prediction model of earthquake motion, and ground strain. The method is applied for
Kyoto City for three hypothetical earthquake using 674 of boring data. Numerical results
are discussed regarding the value of apparent propagation velocity, distribution of earthquake
motion intensities, and that of ground strain in Kyoto City.
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Table 2. Aftenuation Equations of Earthquake Motions.

i i coefficient of
attenuation equation variation d,
accgte??:tion A=202X 100 1764/(4+30) 0600 0.578
v&ﬁ% P=1. 17 1002324/ (4 430)0.3%0 0. 655
peak D= . L 219
displacement | P =0. 0288 x 100-35M/ (4 +30) - 24 0. 685
. A ; peak acceleration (cm/sec?)
; A V ; peak velocity (cm/sec)
atfgﬁfﬁgﬁ,‘s: Vi =bo-100¥/(4+30)%2 D ; peak displacement (cm)
D M ; magnitude

4 ; epicentral distance (km)
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Table 3. Parameters for Evaluation of the Site Parameter S,.

nt T2 8 Ca 3y,

accoSk. L 0015 | 0194 | 3761 | 2238 | 0.499
Sk 0.044 | 0.134 | 3580 | 2898 | 0539
dispﬁﬁiﬁhent 0.030 | 0.200 | 3.18 | 1.832 | 0.665

Figs. 3, 4, 5 hOE#HIZ C & S, Si» Sy EOBEFRZRTEOTH B, CHODERLD, HMBRO N{E
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Table 4. Site Parameters S, , S,, So for Observation Stations of
Strong-Motion Earthquake.

Site Sha Sae Se
Kashima (Ibaragi Pref.) —0.142 —0. 239 —0.191
Muroran (Hokkaido) 0. 049 —0.053 —0.002
Hachinohe (Aomori Pref.) 0.196 0.109 0.153
Kushiro (Hokkaido) —0. 204 —0.077 —0. 141
Hososhima (Miyazaki Pref.) —0. 255 0. 004 —0.126
Aomori (Aomori Pref.) 0.234 0.271 0. 253
Shimizumiho (Shizuoka Pref.) —0.112 —0.092 —0.102
Shinagawa (Tokyo) 0. 214 0. 522 0. 368
Kinuura (Aichi Pref.) 0.177 0. 276 0.227
Itajima (Ehime Pref.) 0. 541 0. 415 0. 478
Toyohama (Aichi Pref.) —0. 248 —0.312 0. 280
Tonegawa (Ibaragi Pref.) 0.123 0.033 0.078
Ochiai (Nagano Pref.) 0. 092 0. 004 0. 048
Shintenryugawa (Shizuoka Pref.) —0. 472 —0.331 —0. 402
Kashimazokan (Ibaragi Pref.) —0. 067 —0.143 —0.105
Shiogama (Miyagi Pref.) 0. 578 0. 575 0. 577
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Fig. 7. Typical Soil Layer Models Used for Analysis.

Table 5. Ground Strain ¢,,,, Apparent Propagation Velocity ¢, Peak Velocity
V mess @and Peak Acceleration A,,, (M=6.8, J=15km).

Eas X 1074 | 0 x 1074 ¢ ¢ Vas Apes
(D=5m) | (D=100m) | (D=5m) | (D=100m) (kine) (gal)
~ (m/sec) (m/sec)

G—11 4.8 16 280 830 13.3 190. 2
12 10.7 2.1 170 870 18.7 229.7
13 17.7 3.6 170 850 30.3 3011
14 32.8 6.2 120 650 40.3 343.0
15 149. 4 9.8 40 530 52.4 371.3
G—21 12. 4 2.5 210 1060 26.1 246.5
22 24.3 6.1 190 750 45.9 318.8
23 3L.5 7.1 140 710 44.5 320.5
24 40.9 8.2 90 470 38.6 362.8
25 46.6 7.1 80 510 36.2 329.8
G—31 9.1 1.7 250 1320 23.1 292. 3
32 11.8 17 190 1360 22.7 392.6
33 11.8 2.3 200 1050 23.8 271.2
3 13.7 2.6 210 1080 28.1 332.9
35 14.8 3.3 190 870 28.8 319.9

(D : separation distance)
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Fig. 10, Simulated Earthquake Motions and Relative Ground Strain at Site
G—11 and G—15 (M=6.8, 4=15km).
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HEOBRETFAUETH>HE, LEOFEEZOIIHATICRERCE OHEHEELELEL, o
BAKICOI > TROVHB OB 2B 5 C LS BEENICIRETH 2, £ THROFAEEZTETREL
TeFETHEL, TULDBEMCHBOTAEEETE1DD/ 5 4 — 2 2ERT S,

HROTH e« EEBERIEV &OBRELUMNCET,

e s (7

BT, S0 OEEHE c JEHTHLLICRBOBESFICHEINE 52 —2TH>72, COX
SUHBEHERD AHBICBOTEBORBIIFLICRELALEBVSDEEIOND, Licdi-T, 3%
RETIHIBOEHOTI B FROMAERY, Bl THWFRILLIDZNLOMBTD ¢ 2k, DX
A DHAIC DN TIY, BRI X D REHETHRE L& Ol A OHEBBRIGE OO ZETED ¢
2EZX 5, TS5 UTHUSREARD ¢ ZBBINICEZC ENTES, 20&S, RADL S KEHATORRD
THREEDIDDING 2 —2 I, ZEFHTED,

CoVM A _C, VML), VM, 4)
100xC, €, 100xC, * T100xC,

=

czie, VM, H=M, 4 H5T75F=az—¥3 VALIDEBONIBEKHEEOHEHE (cm/sec), C,=F

BOHBENIC X ARAEEOMEREK, =58 BHE0AM T OEFHE (n/sec), cu= R & T 2HH

DB DT OEIFHEE DREME (m/sec), C,=% BHADH DT DIEIFEE %2 % OHUSOREMICK U THE

TAEET a=Cpecn TEDINE, T, L,=C/C, THb, LIch>T, #HM54—4 I, 3TLEK

BEOKFE S DRESIUEBESDEREGAL DTS, M, 4 poHEINSHIHRTOTY

ISR O THICH UTEEHATEOREER UECE 202 EbTRBTH S,

T, EiossA—42 I, ZERAOCTHROTLEHNRE Uiceg 70/ —= v 2T 5FIEERT.

1) MRETIHROFE—Y v IHEHCESOT, BAEE OBBEIICL BMIERE C. OOHNEER
T3,

2) NRETHMBOLHTHEMNIIHE (o EARHRES, A, L% O3 LHBERDT —
EDBONTVEDH 2V RBARELD H 2RERETE 2MEEZhEhEI R, MliTHV:
FEICXDEHRTOALD DEREE ¢ 2RKDZ,

3) KAV rrEr, HERSICLORME2) TRAKEOHBICHEY T 20580, MRBBOADL
Y DR B DR o 1T AR C, 23k 1) OMRIEELTHR 5 x—2 I, OB
REERT %0

4) BEHBICLZZMETO GREHEZRLEY) BAEEOHHE V(M 4) % ¢ THRUMEIC
HUT, 3) THONIATA—% [, #FT 5T LI DHBAKOHBROTHOMHEEES,

BT ZOXIRCUTHESNIHROTAD S ODRBEEKIL, TOERMF -2 BILAERTOT ENOH

BB SNITNDS, RO TAHBBRIHEREICIZZRAT 3 bosEZ L Table 3 thp BAEED

WSR2 E R LIS A OERY dv, B IE0BREDETHD D, COEODERIKRE LTRENDS,

—DOHIRICNT 5 H A HBOR A TOMEFH ORI IEBIAVEEEZ 26D EEZL LN 3D OT

ZCTEHELL I, 2ANVACLCLDHFBBOMBRO T HOEMMEMTREEM S C L3+ TET
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4, EBHEHROTSLIAS ==Y

AETE, HPEHHREMAICED 2BB XV 3ETRUIHR/ T 4 -2 ZHOTHRDO<A 70/ —=
vIRERL, BEREICHT AEHEOBBIIEE  HE - RO TIEMET S,

4.1 ERHHROBELLEHR

2, 3HETEBLIHA S 2 —F 20T 4 70V —= v FRT5KE, MRETHBBROR—Y) ¥
SR RYIBC B OB T AR ETE A HWERSEMURETH S, FETIKBOTIE, NEVIKLDEE
B 5Nz H6000AK DA — ) ¥ 7 BRI 3 X UHURH S B 7 2R L cE R (Fig. 11) #dbh, ch%
BOTEERZICHT A4 70y —= v I %2fT12, ChbOBERHCK 3 &, FUERTHTEHA O I2IF
DEITH5B,

HETROMKE, WSRO ERICRET 5 L, QFERHKET SEEN BIUBIChOETN
THEAMATRT 2HBEH CHETE5, £ LT £hanltEE ARER (THiEE, WE
BHEB LTV S, FRIEHRILBTRIBISFHREER L, COBRMERITH BV FE (L
B) R10~BI0mBEES DB ATIOMEEICE TREL TS, £, BHTE WL &1L, FHIL K

i
n PR T

Pl 4

Fig. 11. Geology of Kyoto'?.
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BINOHE)INC & » CTHERE LR B8 K U%
FRPENEEL TS,

3T, CCTHRELILHMEORE (5 =F=a
—F) LERMES Fig 12 wRli, chbd
3 BEROELMEOER LD, FEWICHES
bl OTHIZEE LT/MRYICEDIBRINS DD
Thb. CDIB, HE (A), B) HOHWEE
TR, #HE C) 1 LOHBHMETH S,

1.2 BRRWHFRUOLHOTIIAS -2y

v

AETIE, BAHBOT F=az—va R &
2HTRUHM <5 2 -4 C,, C, ZHONTHR
EHRICHT 2 RAMEE, BERKEEOHHRE
PERT %o 727L, WE (A), B) DXHUET
MMEOF -2 3T F=aL—Ya VRESIE
DF—ZICETNTELT, COXDKBEREH
DEDPDTUNIVBEOEKHMEDHEICIE "B
R AERLATF=az—Y s VERERD
BRENH L. Thi, B BEED LRI
AT RESNICHBBRAINEE 3—ETH5
LIEWT AN b B, BEECRNEETH S,
T TR AP L BBEVIDEORBIRTE R
Ay (em?) L= =Fa2—FEOBERR

log Ay;=3.34+1.36M +eoevrenen(9)

Z2BEICUTHEBREILS—E & 72 5 BN
do(km), BXT 4y 2ERE L FCRKIEE « KB
DT F=ax—Va VEEEUTOL S KED
%,

1) R@icsd2mER A ZHEEELZOD
AR rvikm) 25 Z B3R

log 7yy=--3.58+0.68M eeveeee 10)

285,

2) CIZTHELIHMED=s=F 2— FORE
(M=6.4~7.5) TRA0) 1K & ZHBBIREE 7w
R, CHhERREHE T 3BKINEE OB

| Ly

Fig. 12. Magnitude and Epicenter of
Hypothetical Earthquakes.
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Fig. 13, Peak Acceleration of Epicentral
Distance 4=4,(km).

% Table 2 DOT7F=axz—~> 2 vRickhR®H 2 (Fig. 13),
3) Fig. 13 KB 2HRAIMHEOVIHE (=275 gal) ZHEIRICE T 3 EEMRME L, COEERNT
B2/ F2a—FiCBY 2HBEEREEA 2B LMY 4km) Z2HY Table 2 07 F=ax—v 3 vRE

DHEET %

) BAREEOLBERE</=F2—FEBY3 4 kD Table 2 O7F=az—va vyREROTE

EYT S,
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Fig. 14, Attenuation Equation of Peak Acceleration and Velocity with Consideration
of Epicentral Area.

Fig. 14 it, BEBicdd 5HKIERE - BAEEDT 7= 22— 3 YRHEER U, 72U, b0
HITHBREEAZERLZOEAOLOTHY, RHMAOHBRGCID ChoDMBERREMSERBT ST &
REIETHR,

%, Fig. 15()~(c), Fig. 16 @)~(0) icBEMBICHT 5 7 iE&HA T ORKIMEE - BAEE
DIEBEER L. SO * » ¥ 2 13500mX500mTH Y, K4 v Y 2NTHONTOER—I VIE
O3 BEGEVFHEITTF—2DHEbDEZDA v ¥V 2 DREME UTRAN, T THERE LicBEh
BICH LT, ZHMATOREGREIBRAMELD SHBEAICKEEEERIICERRLTOS, T
hb, EOHEICH L THTHEROKRE MR THESRESAIMICERL TV, £, EREFIR
Fig. 14 7 F=az—Ya VERERML T/ =F 2 — FOREOHE C) OBEAVEMETROKRE
(BB EERLTNE,

4.3 VO HEEOIHOVAI QS -2

AHTIES. 2 TRUALFHCK D BT HBOMBOT HICET <4 70V —=V S OBRERT

BUBIE, 4.1 TRUZFETHTHROMES S &0, FETHRO LM, LHEL osthE %+ % U,
3.1 THRVEFRICL D EERE B) Kk 2 h 5 OETORKEE, #ROTHERE Uiz, 1720,
HED S WHEE L EREIHETEES - 8500 ) R hTwa#ER (Table 6) 2HVT NEXD
HEL, HBEOS FdEEd Table ' DA, ¥, EEBEOSHIMIEEET 3 OCKER
P ¥#priz Table 8 Rt L oK, KWHOBAAKEREI Table 9 DEER WV,

Table 6. Estimation of S-wave Velocity.1®

geomaterial V,(m/sec)

clay 129No.183
diluvial

sand 123No. 125

clay 122No. 0777
alluvial

sand 61. 8No. 2t
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Table 7. Physical Constants Used for Computations.t”

thi(?xl]()n o (m};'ec) (m/]g:ec) Yoheme ‘Zérr/‘éﬁf%
Upper Diluvium — 250 830 19
Osaka Layer 200 600 2000 1.7
Tertiary — 2700 4850 2.0

Table 9. Estimation Values of Weight

per Unit Volume.
Table 8. Estimation of P-wave Velocity.

geomaterial |weigh per unit volume (gr/cm?)
geomaterial |Poisson’s ratio v |P-wave velocity

clay 1.5

sand 0.45 v,=3.32V,
silt 1.4

clay 0. 46 V,=3.67V,
sand 1.8
gravel 1.9

Fig. 17(), (0) K¥FHE LFILBHTOMBEEY D=>5m, 100m TORAFEFOTALEREEE O
BEER U, RBOFRIBNEREICX D BIEHNREAPT OEFEETH S, D=Sm 0 4 &<
EREOHRFMOBEL B ZUTOHRER IO TORFSDERAEVH, D=100m O HHI ¥
B, MR E b e~V o RIOFRBEMSHERHEV . T, D=bm OIIPTORT, KB 4, (m) 2320
mEEY EOlA E TN TOMATELZENERLTOS . REEM20mEED LOMEATRADTO
EEEERTEHROETANTS, 20mBEYEROMSATIE c=20m/sec LRSIMEIEE (HOBHD) o
Lo T, RBOTAZNRET ZHEE, FPHHEOIIEE VD L5 Il T 50T, FEHE
SO > LERE d(m) 320m BELEOME, BLCZLUAOLMTECHT I FBELTHS

3o DT ISR OSHT OEREE O EER L, ChHERVTRERRECET 2RV 2%
BET 5.

1) D=5m D4 (RPOTHEMRETIHA)
{(a) EHHERBE 4, b3 20m EEY EOLHEE - c=210m/sec

(b) i (BEE d, 4% 20m BBELITF) e c=720m/sec

HPGOEBEFOREE 0000 e ¢, =210m/sec

2) D=100m migs4 (BN - RBSMOEMENERRET 256

(a) D <=1, 030m/sec
{(b)mﬂiz%ﬁ

------ c=1, 690m,sec

AT OEEEEOREME 0 e ¢, =1,030m; sec
FHETHBROLMAENLTOL L L OMRICHEET 205N, ThThOMNOREEOMIERK C
ZRVTHBROTAHEEDID DM 5 2 —2 1, ZWBLEKTROICENTES, i, RONCH
35 C, 13, D=5m OHAL.0 (FHFBICREE20mBERELI EOLE) B XU3.43 (REE20mEE

PIToliiER), D=100m DiF41.0 CEHH) BXU1.64 (LHE) &85,
Fig. 18~Fig. 20 it EHBI L 2R AMBOTAOHEFEER L. ZhOoDRED, MBS SI3H]
HOBRIGEE - BAEE & ABRRG OB LR ZY, THBTRERELL>TVS, T kH
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¢=210 (m/sec)

2.0
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0
2,0
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X ﬁx’&
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Y *c=720 (m/sec)
7

X x

maximum strain (x1079)
x
x
x

maximum strain (xlO'a)

0.0
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1 1 1 1 ] )

0 10 20 30 40 50 50
peak velocity (kine) peak velocity (kine)
(plain field) (mountainous district)

Fig. 17(a). Relation between Maximum Strain, Peak Velocity, and Apparent
Propagation Velocity (Separation Distance D=5m).
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Fig. 17(b). Relation between Maximum Strain, Peak Velocity, and Apparent
Propagation Velocity (Separation Distance D=100m).
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Fig. 19(b). Microzonation of Maximum Strain in Kyoto
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Fig. 19(a). Microzonation of Maximum Strain in Kyoto
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BOBEALARBEREOR S HE (C) DBEAVBEMTEOREIRBEERLTVEI Ebh s, HE
B D=5m TOEHOTHAREDEEHRICH L TH10™® B2 21808 N, B (C) OBATIIL
WEBOTHEDESHBMS Z, T D=100m DEATRERHBOFLZ 1~3x10-* BETH 3.

3T, TITREAVEWRICH U THROTAHOHBHERICK D RO THOMFEO SRR EIER L
TSR O LT - oo MBEFEZZRL TRV AIMBESREOREEHRIAEL, 2CTELN
TR EOHBOTHOHHERKR IR ODE2 DD TH %, fekcl, MK BRIk S IKE—HR
K& BEMETORENIROVEELODEELONE0DT, Fig 18~20 OFERRBEHAOHBOTILD
R ECEERHCED LTV EbDLEELLNS,

5 & b

APETIE, BLEOBEFREAI A TEERHBO~A /0y —= v/ OFERHLT I ERE
BIELT, HARSHEOEMRRIC K 2 REREEE LRSI LS & U THESBAIEE - BRAEES X
UEBRERICENEL 3RO TAETE<A 70V —=V ' Efi- 12 UTREBONIHEREENT
%o
1) SAHBTFRICET S N @ERVCHREEOREELIREL, EANEE - ZREEERICEY 5

BHEBICK AR 5 4 — 2 BEHE L.

2) BRCiRR U EERESICE S 0T 4 OMEEY 2RO TR Y SRV TS & OBRERE
THEEDI, WROTHEEDDOHA 5 —2 2EHL, HIHHBTOMROTHOSHEMES
HICETET 2 FEERRE L.

@) FPHHAEFICE Y, BELL 3 DOHBICHT AERIEE - KAHE BIUHROTAONHR
ZER U,
7B, AFETREE LU TEBREEICL 2 HBOTHIEIRICA 70V —= v S RTIFHREREL

fro—, HBBOBREMNICTIHROBRILPKAERICE 3 HDHBL BRILICEL TIRER - BES™

KX BHBREEIBREINTED, COXSIBMOANRGELET 5.5 4 —22bBAANTZA 70

V==Y PEFTICLEDEETH 5,

AR CHOHREE OEBICE LTI, YHEZOREEFECEROABIEE N, i, AR
DO—IIE LR LA REBYE OB EZ . BUTERHOBEETIRETH D, 4k, KREOK
(BT R AT E g v 4 —DOM-2000 2 F AL B bDTH B LERET 5.
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