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9. DAMAGE TO RESIDENTIAL SITES

Eiji YANAGISAWA  (Tohoku University)
Susumu YASUDA (Tokyo Denki University)
Nozomu YOSHIDA (Sato Kogyo Co., Ltd.)

Kazue WAKAMATSU (Waseda University)

ABSTRACT

Qutline of the damage to buildings, houses and residential lands are mentioned firstly,
then the typical damage to reinforced concrete buildings and private houses in the strongly
shaken area are explained. Geological and topographical features of the damage are discussed
by comparing the present state to the previous topographical maps in 1950s. A close
relationship is found between the damage and foundation, especially in soft soil conditions
such as in valley planes, former rivers and marshes. Then the results of investigations
performed at the specific site of Midorigaoka 6-chome were mentioned, in which the safety
factor of stability was found to become less than unity during earthquake, when the
conventional stability analysis was performed.

Dynamic triaxial tests are performed on soil samples taken from the damaged sites to
determine the dynamic shear modulus and damping ratios of the soils as well as liquefaction
strength. Nonlinear response analysis was carried out using two dimensional effective stress
analysis (TARA-3) in order to simulate the instability of a slope of a housing lot in
Shibecha-cho due to liquefaction. Although the magnitude of displacement after liquefaction
is smaller than that of measured values, the features of damage can clearly explained by this

numerical model. Present states of restoration works are mentioned as concluding remarks.
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BR92 H T4 JHIRGBEEORE
(Photo 9.2 Damage to the Sunlife Kushiro
Gymnasium)

BRo1 JIBEBrEnE# OB
(Photo 9.1 Damage to the Watchtower of
the Kushiro Fire Station)

5H93 $lfEE~ ) LK b AOBE ER94 YIEORLERENHE
(Photo 9.3 Damage to the Building of (Photo 9.4 Darage to a Warehouse Built

Marine Potos, Kushiro Harbor) of Brick)
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E&H95 IEHADEILZIEOAERNEREHE
(Photo 9.5 Typical Damage to a Mortared House in Kushiro City )

BEE96 HMAIOEROBRICE D E IRE

(Photo 9.6 Damage to a House due to Collapse of Chimney in Wakamatsu-cho)

BE97 #&xsHEHROITOv 7HOER
(Photo 9.7 Collapse of a Concrete Block Wall in Midorigacka Area )
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(Fig. 9.2 Map of the East of Kushiro City Showing Location of Ground Failure and Damage to Structures)
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5RO10 §IBETRE4AT Bo7E b » < SRBENOL EasLE
(Photo 9.10  Slope Failure at 27, Musa 4-chome, Kushiro City)
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(Fig.9.11  Topographic Map of Musa 4-chome Showing Boundary of Cutting and Filling
and Locations of Ground Failures')

— 244 —



X9.12 #H{xZ4T BEREMMADMEEE (1963F &)
(Fig. 9.12 Aerial View of Musa 4-chome in 1963™)
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(Fig. 9.13 Schematic Profile of Slope Failure at Musa 4-chome®)
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(Fig.9.15 Map of the Midorigaoka Showing Boundary of Cutting and Filling and Locations of Gas Pipelines Repair'")

—

X9.15 ¢4 R



(8) Bt 5

o
10 S
¥ &
- s
w 0 ,g; '
& s .
o L "&’55 °
% L] /%’p.
& , o
~ WF O =w .33?%
\I’E . ///;a
Ly . B o RIHIRALE - HEI - ik
i © A jgElkiL
w L se ° - FIE AR E
? o BKEWE
& © RUKE W
o3 o Tk
1 1 1 1 1 1 1 e |
0 10 20 30 40

IERRHT OES (m)

9.16 ERHIC &1 BB ADERFIEDES"
(Fig. 9.16  Elevation Before and After Reclamation at the Location
of Earthquake-related Damage')

~ A Al - .
ur piERE
Mg -2k T
20 % /1
AT R I
15t 15
104 - 10
5 — 5
0
0+ = 0
8 ® L © D
Ry - - — Pee——
BEE A R EYMER A

X9.17 ##+E5. 6TEORmIAEEETLTIENER (MEMEIIH5RT)

(Fig. 9.17  Soil Profile along Cross-section A-A' in Midorigaoka 5- and 6-chome
(See Fig. 9.5 for Location)™)

—248—



9171, K= » ZEREZRIHR LM E TENE K TH 5 . HolHibR IR Iz
i, S I~ EmOPREESHER L TB Y, FallEiast e s s, B
DLW RINKEMAE A EARTH ), NMEIZSELF & e THE V. BN AKRDE, IXIBADTE |
TRV, BEFTRE FMHIESIRTWwWS, KNBE & UFCTIaK O TiE < GL-1mELE 12
HbH, KMDTIZENL Y RRFEL, GL2~3mTH %,

PLEDHEE - Hufgikin & g0 5sE kT it 358, Lo Z eaffigidah s, X1
ATIE, BREBZEHBELAMESMBEL A8 ) BEWICE R ERZAE L, X
HBCT i PN LR OB Lo A5k b Lz s g s b, L L, iR bRE A5
olzlzdll, FOEBEIKBBTIIL hh otz ZHICH L TIXECTIX, Hi&Li= W
WALBOSREM LTz 0M ke 2L L, REABRPELEFICRILEEL SR,
L, R LB HA o010, EEBEERMT, vy R LEORFE RN EDL K
em~ 108 emb /N E Do 72, XBIDTIE, H#UIREbRE M) Tl < . £ 0 LD IERIRILEE ©
JZEH2~3mE JEH o 22010, MR ITEIMEOIREI BN Loz, LA L, £EHHE
DR G REOERSE E R o 7272010, KEGHFIARE FAEEL, X ) ®aidER
HEREICHERZEL L,

924 MWBHUEELELEL X045

[09. 1812k # 5, 6 1 H TIRELS NAzmEib & AR ok mfaiii /R, F72, £9.3
IZid, SRS OO R A RT, KB X O F IR LA o Hu g 5ESS 1k
W OB TIRLT VS, k7B L UFEO LU, Mk gadens v
THDHDIIH LT, fks ] OMERSR B I3k 3 % 40 ~50% AT WA, 72720,
feor W OMASORG L D EATHF IR, 5%KIMTH b0 B IFHIITHESINL TS0
THBRENTVEIRENEA D B, fkyr WOREHNINEROHRIC & B0 & IE~T LMk
BHEVWLESZ L.

100_ N T B O E | e e R e R R E | /l/j:;q::} = T
- Slgs LR~
- p 2]
T | 7 [E5-30 (51— ¥ B 8-22(5ER) B
2 i
@ 60 6k 4 [E15-30 (U;%&J))/ﬁ - B PR (T -
) = 7 ! 3 i ek Sy b T -
& wrmegin _7f 1 FRtiEmuha
im 40 ANy —
5E) - LT ko [ 5-33(WERY) B
l"’
] 20 Jidit ) =
CF T SBERT = (R
———————————— ! Ll Ll Lo

o E== ;
0.001 0.01 0.1 1 10 50 100

(9.18 $IE&thigic & 7 218 S & UBEL O EnTasg™"

(Fig. 9.18 Grain Size Distribution Curves for Boiled Sands and Colluvial Deposits in Kushiro District''*)

—249—



R9.3 SlREHAIC 1 BIERO B & U 1B+ O IRsEM 1319

(Table 9.3 Physical Properties of Boiled Sands and Colluvial Deposits in Kushiro District"™'*)

O & D50Cmm) | FC(%) | PCC%) Gy | e | e Ip
B 7 s (D) 0. 397 35 | 0.0 [2.761 [0.936 |0.545 | np
HIERET=F TR | 0. 225 3.6 | 4.6 |2.609 |0.067 [0.652 | wp
JIEBHRRECAB) 0148 | 9.6 | 3.6 | 2693|1303 |0 766 | NP
G- 12008+) | 0.045 [ 55.8 |22 |2 580 2.314 | 1120 | 4.6
#y BI5-30CHR) [0.080 [45.9 | 15 |2 450 4020 [2.021 | -
PRITF B | 0.310 (202 | 7.3 2.603 [ 1.616 [0.964 | 4.0

" e e Ll B 0.7
[X]9.1912 £9.3IZ /R L 72 H i T . Nesmis (L_D‘r=4?.[6%) o —[

RS R AR C o T, gk L 3T ) )
B T S e o A — FiE (Dr=618%)

BEAER R & H T HRAL 8 % 3 08 Lé‘ ;;s&m( Dr=%§%: o y

— F% 4 [#15-30 r=63.4%

Tol#Re e, £, Zho T o4l A BEUERACERE o
L i o . ) ‘ .:5% :

DFRERAE 5% 4 Kooyt dy #5 & k1 j? 03} % G =~ Gkglon B

TEHBEMIRRIE L O/ AR B il T i

s = \. e i e

TEHT 5 & [M9.208 & 1NK9.21 %, | \o\orea:o_-_ﬁh__..,

Ehb, B, MIKICIE, 19874 "SL 4 - L )]
S - . == - 0.

TR AT iR . 1989/ o~ - HARIEES N, ()

TV IRRCOMBIMIM L Ho 19 WiEsH & UL BB BT
LTE<CHwWOERAT WS T X+ . (Fig.9.19  Cyclic Stress Ratio R, Versus Number of Cycles to
Wiy, @474 Szt 2 =4 DA=5%, Nc, Forboiled Sand and Colluvial Deposits

vz 2 e g in Kushiro District'®'*)
MRBBFRLINT VWD, Thsiz,

0.4 T T T T 0.4 T T T
@— {3kt 7.50m @~ (ki 7.50m
O— (A hETE 5em O— s HFEE Som . B
A— YIEERIE D RE B REE Som — ozl A— IR O AR Som i
— 0, = — = H
& ) ®
55 ¥ 8 ! s ¢
£5 .10 o ° £ o2 o 4 ® :
S oozt ] ® ® zg L_JoIrY
H N (% [ ] £ ? ‘ L ]
L 060 a e B - 5
Z Ay Og = A® - ° ]
T o01t+Aa O ¥ FR—— i T o1 A\'\ﬂ‘%m
\ LY 73 ™ £ s
SHIERET * e
SIE
L ?EJFIB’ﬁE?%I | . | 5 %I?%E!ﬁl- : ‘ |
°s 20 40 0 80 100 0 10 20 30 40 50
M EHE FO(%) HWEDEHE PC(%)

(9.20 ME# & & UEIIE L DRIR{LAAFE & Ak (H9.21 MR & & UERHEL ORIk LR

" _13)14

Vit -F: AR EHTHeEEDY

(Fig. 9.20  Liquefaction Strength Al, Versus Fine (Fig.9.21 Liquefaction Strength A, Versus Clay
Contents FC, for Boiled Sands and Contents PC, for Boiled Sands and
Colluvial Deposits'®') Colluvial Deposits'"*)

=250~




AHELAE T 2 <, 2T Z AR OGS 7 (WL 2cmD 8 — F %4 - T30emD 5 £
PHETIRHTEDDLHL) 47 THIMELEREZ RO T WS, DL Rldl ik )

T LB B OWIRILEEE 2 LT 2 L, A RIS it T OB ok L, o i
WOMEHI AT L BIE AN S, HIME LR TV TH B2 E 52 5,

s | g & Dri®pe/pecd
o OJL55164.6] 0.782 By @EEH - LnoRFRSYSOREEE
L. Olris ws g-:;:gg BRI LA T Dbk £ G
o ——e g : - SERpEERSS p' =1.33(kef/en®)
e .ﬂ S—toccon,  PEINHE  Dso=0.045(mm)
EMO S u. 5 =By
300 \ 0.8
2000 MOARESEEE O g, 4
100 Pumnx=l.297(g/c|’)
¥ 0 el
10-° 10-° 10°* 10-° 102 10' 19 10-° 10-* 10-° 107* 10!
BARUTH v (HiRE) BANUTH v (i)
X9.22 #F4~ 6T HDRBRELDG. h~y X9.23 fx4 6T HDBELDGG,~ ¥
ST RE{R"
(Fig. 9.22 Shear modulus G, Damping Constant A, (Fig. 9.23 Normalized Shear Modulus G/G,, Versus
Versus Shear Strain y, for Colluvial Shear Strain y, for Colluvial Deposits at
Deposits at Midorigaoka 6-chome'”) Midorigaoka 6-chome')
0.3
i QUEHE - LOOMFRD & O
BRI T ORK-E (R T
£ 0.2 s Ees p’ =1.33(kgf/cn?) S wrm
FEMHE  Dso=0.045(m) CE} g
Josf e=0.2kgf/ca*
Z8}F E
g 0.1 © 2 & oawggn b 2
Lo R
g, iy
0 8 & P i O ) O
0 0.10.20.30.40.50.60.7080.91.0 < 0 2 4 6 8 10
G/ Go P EEH ol(kgf/cn?)
[X9.24 #F+4 6T B DERELDh~GG,HE [49.25 #&~ 6T HDEELDE—ILD
%Y Tyl s
(Fig. 9.24  Damping Constant h, Versus Normalized (Fig.9.25 Mohr's Stress Circle for Colluvial Deposits at
Shear Modulus G/G,, for Colluvial Deposits Midorigaoka 6-chome™)

at Midorigacka 6-chome'")

ﬁ#ﬁﬁjTﬂz%ﬁmﬁﬁH(@ﬁéf)L:owf\ﬁmﬁmﬂ%ﬁwwﬁmifu%ﬁﬁrﬂ' %3
ERFSICIREEL . R ZMMEEY O O3 EHEOMR MBI LT LA L Y FA RN 4
T, ﬁ%ﬁ/ﬁ%ﬁ“ﬁﬂbnfw%moM9n A W E G, R B~ &
AT T A y DFIR 7T o ZORDS GG~ HAMOT A, OMFEE KL L 0D
9.23TH b, T, WEEHIGGOHBERLIZLDDM24TH 2, o ERITE
H - WHOBEBERD2 5 02 flETh 2, CAODEY ., FABDT RIS N E D 2

T EWIEED OB R LM TH 505, TABOTADA X W TILNE S
PR EL Lo %T, IRENARE LIZ WP AED LN b,

E72, dky Mol HRFMORE (ML) 2owTid, JERPEKSMIT#H X815 b
NTBY, ZOBEZE.251757,

=gl



1)

.
/.

B

a

BB (1956F$IssHEmH

B AEED

(Fig. 9.26(a)

9.26-(3)

Locations of Oxbow Lake in Nakajima-cho Dated 1956)

R B AT A N3 g™y
SR
g iy

; \ﬁ { =

Na
~ e W
,,,,, W
b = :
S

A Y I
ﬂ/_, X // v .,,//. __

W
W

mﬂ%/ A

)¢

" )//_ﬂ%ﬁ, s
AWl
X ,

i
-
n

mﬁﬁn

.4

- il

\\lmm Fna)
lmeLWJ 2

= -

=HAH

FORBH

B AR
Locations of Collapsed Houses and former Oxbow Lake in Nakajima-cho)

[9.26(b)

(Fig. 9.26(b)

=202~



9.3 SlBmEILEHOERMDEE
9.3.1 $EH & K UNEH

FEHOHBEEDLZ X, BETRBOEWEHRIUMOGHIZE T % L2 SI284E
LTHEY, [HEE MRV, HEREL HEE L OBRICOWVTHEITHEL <R
A7zA5, DI BT B X OACENNfHE T, [HM IO =0 Bl Eodm Szt gk
EL R E OMBRAHEIIESNAOT, TITRIOHKEZEIY) EIFTib,

T 3 X OBUENT 1, IR IZIEAS A IO 9 B EOBITRHICH Y . 19564
DU LT, BK9.26@)IZRT L 512, HOELIZIHMERO=ZHAME ELHETH
%o 19504EA DB LXK Wise BT & - CTilitifb At & h, BIEIEESCKERE
ZWEIHEREBO 7 S— M ERVEIEATWAS, K= ¥ 7FHIRE B L HIHBERIZ £
M, i L ImfEE, IS TIB3mEDE 2 E i Twa b D bHig &
Nb, BEMBEELTCEIRKEEERA LB H27-F9,
HEOEBIZL)EYONEER MBS L VIZ 7Oy 2 Wk SICBE R EOWBEAD LD
BOLN, EMLL ZEWED 0 Th HRENE L VWRCHEEORY IZ b #EFED L
720 BU9.26(MZIIHES L BEW AR B RLTHAA, ThbOERPEIBMED=H
A OB RO THBICE LA Z L dtbhrb, 7, hEAEBOMEDE L, £T
OEFE &L FHMAGED b, WA BE L2 Rett b H 5,

9.3.2 ERFEH#X

FJE X TN DL O ek #IZ A E $ 5
A5, BEF149 ~S3FE K Ex1To T, FEHAH A
EHENTW A, ORI, PERE L
PREFEOT 83— FEETL R, FORBHIC
—FRTOREREFETLIL TV,

9.2712/R" T LX) I, HEIZ I > TRIMHNDE
Pl & AW S TR E R AL 12 O
BB & UF 2 TOREIREEE " & bRk
MO N b DTH S, X9.18THIE L7z &
12, HERATER EA50.1 SmmAl TR OMEN T3 -
720 [9.270 9 B, AHEHIEA S WD FIZ[AD o
T, B EN S EL Tz, 72, S
WicEBE, MPIRLZ L) ICKEDR - E
A HSH T, FAESASA Rl ES ST  BRO1 KRS ZEMREERR
oo BERLAS AR M IR ATERESET R TV D (Photo 9.11  Boiled Sand Observed at Mihara
KB A TR L 175, BEOIZR bR & Housng e

—253—



P

i
/NG T

KEEHREET
TKEHEET
R—=1) v 7hAE
EDP(m)

} 3

1
.

X9.27 EXEMMICE FIBR LV LTHESZD

HEREER (BB ORRCMEL 2 0)
(Fig.9.27  Locations of Boiled Sands, Damaged Water
Distribution Pipes and Damaged Sewage Pipes at
Mihara Housing Area'®)

~254—




(,,$8MS @31y |eOIdA | 1B SBj0Id 105 82 6 Bid)
(Ao CHBEO, HFE) BRYHETOYHELLEEY) 82 6[F

|

R — e R

010N () 61 7ON ()

Sp e B | ;
AR 2T L |-
m & ; i 07

T el i

4 P w &l

s

a4
VUJ\\ o 2
- 81

2

W\JMH.@T,JW#& b0
;

s (1§

Y SR

L5 e B
HLWﬂtA—). % R Ak
L P B

phe (i F R

05 ok o8 e L ol ()

1] N WN|2¥

H @

— 255~




92, REEHMKIZ mr@m;@fuéﬁa BEoTWE Doz, B, FAKEOH EME
TR =V 3 R O A M D A R QAT /A

EERHMNTRERZRICC L 02 O S THSTHAEITI b Twad, 209 5, bk
FIRVETE TE=) ¥ 75 fbhTE Y, #op@ﬁA&ﬁg”bﬂfw5ﬁﬁ%¢%ﬁ
MR E LT, K9.27MNo.10, 19, 26D M IZ BT 5 Maski i V% 09,2812 534 2B |2
HHNAH L), KBTI ED»S2~3mOELE T TR EPFENTVE, BIO I
(SR OVR RIS Y1 ~2mD I S THEREL . £ 72, 20 MR O 2IE 2SHERE L€ v
%o MU T KNG kG LYE ik OBERATITIZH 5,
DloZlthrbzzsl, ML BB EPBRTOMBEOLELATHL E 2
ZHib, 103FTRIEST A L1, —fIZ 2 OMREOMES R QWP 2N S <2 i
WL TH B, 72, COBPFHEIME L& L T, 20 LICIRRE L& 18 pumi3 &
bHY, MFEICETHE 25 TEIZ W, T2, A LA TELYAIIE, LR
RTINS - BADRAETHETTH A, LizdioT, LREHMB TR S N2 2 0
DWRLIZ L B LD TR EVOTEHLEWEAEEZEZ RS,

= REtEOWRILIZENT 2 L £ 2 356128, uﬂﬁ/;iuhm/\.mf%f Ed 20t
Thbo EIHH, [M.2712A 6N 5 & HICEIZEIMIZ LARE LTV WL, 2721,
9. 201 A % /R T & 9 12, km@#ﬁﬁ%KMﬂ&&ofwT\%@$_W%ﬂff
ﬁmMmLﬁt%ié&‘®®ivhﬂmmﬁﬁﬁw%¢\®@iv WIRARTE R <
X THED O LI AS I IR - EKASHEIZB T 2 0ietsid 5,

R - K

@@i{b“?@hm
ﬁ@-%*

KRB ¥

D T
A w5

[9.29 MEf - EAREDI DOEFEICOVTOERE
(Fig. 9.29 One Idea on Sand Boiling)

—256—



9.4 BREETFBHXEHERBELDORE
9.41 MWMEKA W - wE

AT, BT AR IV b e b oo/ U2 ARG S S RoR i Z o
BRSO R T /R 3R EMIIEKZ0I/RENT WA,

HYN2~9 IS HEIRI 3T ek 11T 5 A7 [ B 200mB Y O ERCLAY, 1
HWAFIZ o THIMEL . 2O FIZIETOHNRTOAEElTKE 2 EE 20072859 OF,
HEOMETH S (1277501 8 M) o 93N HSIHRILZ 33, b iltir X ) T
HEEERHMWOMER X ) I TIE, K9.4IRT LI, MO(E D, Bl &2 5T
R - CPEOWET T B LA EPHEMR SRR RIS o e £720 HEKEE
AR - AR ER b KE e 2 2, ZofEEE, AR TE A EEE L
THEEEN T WL D TH LA, AR E I % K HAT 5 i MBS Wiz,

BH9.12 ERHEEDES EH9.13 BRI MOHE (FHi»$9.31(b)
(Photo 9.12 General View of Damaged DEFEEG, BIZR A2 DHEEH
SRy £l BEBICHAKDLE>TV

BONRZ3, )
(Photo 9.13 Damaged at Reclaimed Area)

EER9.14 FEOHE (FEF, Hhig EH9.15 BFENER (EROARINE
WOSERPRVIELTWS) M, HRHTES L ERD
(Photo 9.14 Damage to Houses) A fESE L T W B)
(Photo 9.15 Ground Deformation at Marsh)

=257 =



(Table 9.4  Summary of Damage of Houses)
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(Table 9.7 Safety Factors against Slope Failure)
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1 0. DAMAGE TO LIFELINE FACILITIES

Susumu YASUDA (Tokyo Denki University)
Yoh SAKAMOTO (Hokkaido Electric Power Co., Inc.)

Masakatsu MIYAJIMA (Kanazawa University)

ABSTRACT

Many water supply facilities, sewage facilities and gas pipes were damaged during the
1993 Kushiro-oki Earthquake in and around Kushiro city. Damage to water supply pipes,
pump stations and filtering plants occurred in 34 cities and towns. The maximum duration of
suspension of water supply was 17 days. Total length of damaged sewage pipes in Kushiro
city and Kushiro town was about 19km. Many sewage pipes were uplifted due to the
liquefaction of backfill sands and alluvial sands. Some manholes were also uplifted up to
1.3m due to the liquefaction. Damage to gas pipes occurred at hill zones in Kushiro city. It
was necessary for 23 days to recover them because the excavation of ground was hard due to
the freezing of surface soils. Damage to electrical power supply facilities and
telecommunication facilities were slight because these facilities have been strengthened
against earthquakes. However two telecommunication cables were damaged due to the failure
of road embankments.
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(Table 10.2 Total Length of Water Supply Pipes in Kushiro and Shibecha Areas (unit:m))
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HEFem | g g i | S B T | U B ONT |G b WD | EOBE T | BE % BT
CIP 129,944 220 15,005 1,350
DIP 343,202 27,760 12::253 41,537 7,885
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ACP 15,334 969 8,493 9,732 15,416 20,059
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(Table 10.3 Total Length of Water Distribution Pipes in Relation to Pipe Diameter (unit:m)?)
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(Table 10.4  Maximum Number and Duration of Suspension of Water Supply?)
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(Table 10.5 Number of Damage and Damage Ratio of Water Distribution Pipes
in Relation to Pipe Type and Pipe Diameter®)
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e # A TEREYER | EET LY | WEETT T8 WoERR E IS
B FHz7L— o VBRI - + 2
BOH OB N Nuya VHERED, FEROHKENE O
RC 300 | 2,3y ¥ o yBHEIC X AEKEH
WwE 4+ TEAT e HEE (BB, EEE) 2y a VB
&S SK AL 5 RC ¢300 | B XM FARZEOWMA
we L B LT Vv—¥avyvy A\OREBRBE, Baikikin
(5.494F 4 A4LAD) RC ¢300 | Bizkenr 7 v
N BLUIREAR | 7ov7-BE8x:a vy VIR & 520
H
W H + T E ERBERMERDEE R vl 0 fEw L 3
RC #300 | #ARUEEHO T hRE
WA T ¥4 2m?
[IERE: -~ ] WwE + [ERe2 Y FHz TV —v a2 YHEBYARILHO = + 209
vvavOli [l Scem—=11~1 7cm
AU AT 5 V= e ol W= £ = BENEMAOOBEL + X9 & a » Ok
i
(5.624F 3HMLA)
BNEBOMBILT #288m?
WwE + [=k2259 ] ITVb—Yavyvrl, 2RMzsa vy,
VIR XD FHRDH K
BB L BEEHMERE s 2y v s VEEHL
I HER R AR L OB Hhovh R W E + HiEEE —EREEMNTE L, =32 v VEIOE LD
. HFAREOFEA B2 1 Ocn
(S.624F SHLRAD
WHEREFOHMBLT #290m?
R H v 715 T BNEREOMBILET # 45m®
HiEX v 715 T BNERFEOMBILT # 78m?
KIE v 71 LT = BINERSOMBILT ¥ 583m?
HAR Y 715 T LBRESEOMMIE T N 46m?
TBET v 71 fi H B WMERSOBEEEE M 10 cn

—290—




Bl hore, THITH L, AFRMEHR TIZEMERT, 744mic o S0 80: L7z #5E o
JEEEE LCidiedy, i, T-BErE2 b0 THh o7,

P TR RBIE R (ZH843kmTH o 7205, 2D L108kmTHH LTI 72, #IE D
JEREE UTIZEAT. T, TMEPEL2bDThH o2, Fo, FFETREZELELT,
A, HEARBEK D - TH20ED= > F— VA KLImbIT X Ao 72,

10.3.2 $lERETICE TR 7 o F— IR FORR EHEBEROEER

HIERNT TR A e ORI BT FARFRB LY vk — UK E o fEL %
372, COHROBEERTZFI25T, ZOMEIIDELERRBTH-7-22 5
WL LT, LENMSEEmE LTHHENTWwE LIS THL, FEOHELK
10.1212A 5605 L) IRV THEA L2, 72, K, HEAD -HOWBX Tld~r ik
—VOFEESYIRELL IIRGE20 (F01) 281) .

1 IRz F )

s X
e g§§!\§z}£5-§§

ﬁhﬂ,}‘:TE /A_/.z.za’ S
= T
—_— WK T

®10.12 SIBRETIC 5 1) 5 FAREEREEMN GIBETICE£3)

(Fig.10.12 Locations of Damaged Sewage Pipes at Kushiro Town®)

i



BI10.13I2 Z DMK TO7 > A= ViR S EA ) %54, RUCA SRS L2, [0
4 (INL3R) D “E%C£HT%QEV>$%»t\%ﬂ_mxT%ﬁM@§M%
M?T%)f7/*ﬁwﬁwltfo:¢f@ﬁ®%ﬁﬁﬁkTMm%ﬁ§hﬁU\%
DI TFE X LAY & % )R E LTV S, IS FCIER A S R
725 DD, = k= LI 5/}0)“31{@#’“[ LTWwaAIKRTidhdhor, £/, w25k
=AM, BITEEITE A5 T,

HEA1TH | EARK4TEH
~ No. 65 | ”
{i*ﬂy =F A -k
Jo Bssalar s 2 I
A L= - [+] L] (=) L]
BEEEREA AR
AEF—-<f{L—- b L_ -12 o
| -39
ki1 TH AB2TES 09
[_- E + 184 No. 9
4 & 1 10394
Z 4
)(7 B/ 359
_— # p =
—r 5d [ [EiH44 5
| Yk EE A |

i

100 200(m)

BER~ F-VOE LB () ERT

M10.13 TAKEZHR—IDZFEENF VS ETZE LY E
(SRR AL - AWK, BHETARRACLS)

(Fig.10.13  Locations and Heights of Uplifted Manholes®)

CODENFEEN 72BN E MBS 2 720, W9 H 72 - 7210 )12 B L A 5381
ERMS SRS LRI T b 2z 72, WS, FRM A BRI b, [
014 =F A ROF =) 2 3R L BRI 23T K= ) > Z IR A & e
BT NTE ), Wil XD L 0% 2 LT s, = s &% EGL.-2m#E)E £
TREPHD, ZOTFII~2mOILE DIREEHD - T . TR 2V b ORI R~ & i o
TWwdo YV MEMEE R ONIIZI0LL FEANS v, J, BFEL L E I3 ) Ofis ~ i
D53 NIEIZO~ 11 (P ) ERH TS vy =5 1 QRIS £ 0058+ B ALK~
=X =+ b RO K T o, v h— LD ﬁmrmm %oto_m
méi%mE£¢&@H@ﬁ%HL#ifi&L@%JﬁH¢Wof AT 5,

PIRIERAS I = F 1 s X OALE R Y2 L F R TR AT X 1#Uf7/+~»(w
10.137 5 HNo.65. No.9DHuE) ICxt L Tifbiz: THEEH2 0 (F02) | i (20
3) ZH) o CORMMIMFIZL o TROL D 2 L2 EEES TV A

—292—



0lL-

S
(W)
dl @

(B(E4d) B

[T FHEoB1EHROG ¢

G 7 %

(B g) B@—%: 1sy

(EEw) BT HMz % gsoy

©ogsy

(B Redi) BITHH: oy

(,G9°ON puUNOJE UONDSS SS0ID 10 $1°01 614)
(22, WUV TERF) HEREMY S £=

v d CHHWHEROIZVILVCUNNSE LA (-

£ R

7LOLE

(BB BFHEMA—F 15
(B g Bigad: dy
(F2) F&: €

Bl

05 07 0 02 91 0 05707 05 02 01 0 05 0v 0¢ 02 01 0 P AATE]
INTYA-N INIVA-N INTYA-N INTVA-N INTVA-N
ufp'y ='eag uGptpl="0ag 19y g =03y UGy 'gq]="03g
(UBE"Z+7 B79°ON  (UER c+) NIG'ON

[6E0 T+) BEG ON

Sl-

01~

(W)
g d

—293—



-

(o,@ENbYLET jO-01IySNY €661 8YL BuuNg punoIn sy} ui paonpu| Soley ssallg
211940 puE ‘Spues ([I1oeg pue spues [BIAN|Y Jo soiey yibusng o10AD jo uosuedwoy gL '0} Bid)

(97209 EEN TS WHHNVTERE) BEERO
WY BV E 80 T S HEESIVH S A9 1T HE - St SUOLE

O VLN EERZT XBE 2 “XRUV 2 JIVES. T £ 4 DL WASHUEA MUY T 2NLY
I HFEY (RIRLEETIUYE) YUWUNG CO HMYURBEL HE "I W EYEE

G 2H
By 28y,
N E T REE - %
OB @B 0 ] i
JOFN1EEF Vv
£ . L, 2
@‘
E—“
fat
ot
#| O . - .
o ©
O O
L4q 414 -
=
70 0 0 y z 007 003 0
THLERY T8 (;U/J})XeW 2 (1Ted)xeuw y
SN H E BT YR Lrig~y & HEMYE

|mN|

l@Nt

-G -

=0T-

-0

(w) F

—294—



(1) =¥ k=10 ¥ 7Tz, &K LTRE EFo T,
(2) WROBFES YR — ool id | MIFIES hdts Tnl, k-
No.65 DL HEMTIEESIZFPAFEOLIVKRE GFE B o T,
(3) =vFh—® FEEEICEZ S5 THAAYRAATETVLY, ZOBINMRHO
SN MER I WIIMEL EISEVWSDOTH 1,
(4) = >d— %4 sl 12 Rz T, 2O RIZT R —bap
HHINTVEY, FOHFIEIAEFFE Lo TWEdo7s
TR L ARRFZE I CIEI RS OV N EDRIEDRS 12 af Ly LS 2o v Rk 2 BRI L Tl LB
A=A bR TwaY, HI0.15IC 2D RE RZTH, iR LML ILRIZ0.30 % & &
FHRHRILLBVE S22 Tildhd o, T2, WHEERNICATSHITAEMICHERR
L7b DTV EZZLNTED, JOADS LHFICHIKME LS VIETH -2 L i
SARWEITHE, St L, ML Lo ik b Mg I 10151289 £ 9 12014
~0.28 CEH0.20) AL, lIMELHWETH o720
ZOHIX OWAEEF VI L TR0 - BEE R L Calsk S iz 20 % JERRIC A
57 L"SHAKE"IZ £ - <C LK CH RIS BT 2 470 . #R0E L A WD L% R 781" % 14
10151277 F 6 LERE IS B & . RO PSR E Cld fkicK & < R LTI
R oTwh, LT, HEL LIZHUIRE L 20 Mae &9 TH Y, bk T
RIEIRIEL TV 2w Tl W EEL b b,
FREL. BIOIGM  ne yn v s g ke < A
itk 00 Sl o741 107 % 7% ‘ O iRy =0
T Iz, TEZOH
T AR O JEC AT
Tom& KRR
FEELTWSE, TR
HNLTIORK T
2o R—=VHERE Ao
1 OTI R Ve b E®
N LT WB, 8T
2. HERICK10.160
F3BLDABT A ¥ IZito
TR T E) R = 47 -
TWwahH, N2 LB
EEI0ATIIRT X 91T,

\/2 /{:’I\Q‘Q %

: A\ S ‘
ZOMFETE— 27 5 i W e Y
4 SN HEZTH 4
HRELRoTHEY, e ™
FRE AT D b & H IR 0 540 1000 (a)
LTtrds EOLg X10.16 FKBFHEDOFIEBOEESTHE

Z O TIFIPRERE O (BB &£ 3)
(Fig.10.16 Contour Lines of the Bottom of Alluvial Soils”)

—295—



MBI & PIEDIIRIZ % - T D 2212, WRIBEATNE < TLAI0.15I2753 L 72
LY KECHDRAINID Y | IREREAN T SN IR E L2z ik b R 6N 5,
T8, K038 X10.16, [X10.172LE<THS &, No 9sUZ LSRG HTIZ 85 B 2%,
No.6SKUIIPLFNT WS, TG, HIZIEOIRS 2 Th < MAINIRIC 2 - T
B2ROCH RN &Y HERILHA K E VI OMES TR iDL #2515,

2.0 T
3
ég BT HMEEBE L D Vs=200n/s ]
- ELTERDILE— 7 FE
=
B O1.0F - - :
ENN ___/D \\
l o - E-._‘ o
yog.5l---8 - Ea-cr;'n“"& ]
o e KF K
A 4TEITE2TH B
oL : ' L
0 4(km)

1017 HEMBBEER HFEICLS)
(Fig.10.17 Distribution of Predominant Periods Measured by Microtremor?)

LEEY, =0 F— AR E Lo BINE LTRD2y —ADEZ 5N 5,

(@ HELLIKIE L 22728

(b) I AR DI FRASRE 2SHARAL L 727280 (22 L2 O8a b HUE L ik LTw5)
B L2Ba, ibic X 2 BRIBEAEDOWIIZ L b 2o T, WML L 722 0b A5
LEANEE EASoTETWARIITTHE, E2885 Bl L) ICllslcLs L=
YE=NVDTFRZH72OME L OL L XbDTHo, T4, K015 2L 5
&, WEBEARRIEL TV AL LTO RN TH - 720Tiktvwht #1602, 5
120 1033HTHRAT S L1, JIRHTNOMOIIET L, R LOWIRILICE 5L &2
HENBETREREDFE LY PEL T W, THLEDTEIZED, T k= LA92E Fhio
ZERAIIHMRE L LOWIKLIZB 5D Tld e wh LSS h s, 72770, BT
RIEL 2 B3 L 2HTHY, 4B ELIIRFEMrbh s Z L2 Fh 5,
HELLOWRILIZER L TWA E R L 2Eae, SOHXASFICHIFIE LS o2 B
HELTIRDZ R ELZ RS,

DR TILE PR L ANEELS K E Do 72,

QPRI BE VK E D o 72,
ORKRBIIAERETH Y, F LRI L T2 20 BRI L 2o Tz,
@A RIRMD 725, W F AR ASED - 72,

B, FBETIZEIMEICER L TTF ROy A— LK E RS LA o 2plizd 5
B, ZOBROWETIEIH T ) HIA LV, AREFICE DIZFE EA) Bh o 2BE L LT,

—296—



DTror)itl gz o b, N—
7) 1018127 ¥k — VO A& &R TR, J I_
ﬂMﬁW%ﬂWﬁﬁzﬂﬁ%éhT}:-mﬁmﬁ
ONEGR A ToOowrF—LEHNHL
bt DD, 1n%%947 m k900 |
RT, FE2 LV G070,
’f) T AR —ADEEIZREL Tho 720,
FOEHSTDFZ LAY ITHT AN O
i?"J SFE D ST, BALam
7) %A= b0 VIS SRR T — __1
h, WKL ZHE LA k=D 1500 —=

IHCHIAREL, FODFS BN
M te [10.18 <> h— LD

v ,r/_] 3 o
) o (SIBRET”IC & 3)
L) AL DREEAH L A2 0 720 (Fig.10.18 Cross Section of a Manhole?)

10.3.3 §lim & S USIBRETIC B T A EROHEEFERDEER

PigHe L CIEITIZB 1A FAREEOHEEITE L O IGRM 2 /R3T £[410.198 £
#1012 % 5 #FIIARB LT, ROZMIBTHEAL T 5,

@ &7 8 7% & OO R T

(b) f It 4 3 DIEHb

(c) IR 7 b0 R AN B T YU T DRt

FI0 12 IEFEOHEINCA - o THEEINL, FOBIEL R L, 2750, Z0ff
BEHKXBTORSEDORAMERLTWE, Ok, HIHEEIZH SN -8B
OBHEDFOERZAbEL L, @OBKTIEFEOT 2o TFRERMS I,
JRIF L2 D YIMF L 72 DAL h 0 72D L, (b) () DHIX Tlid FAE A 10em~ ImfE J§
FE PSP ENP7L) TH A,

MHEIHEOT Y RIEOAMLICLBMHENTELALESA LS. ZHIIHL, &S
DFEX Ao BRE LTI, EdRLwrFm— L EREFRICHERIBIZE D LD TIE R H
EHESEE NS, [102002iF & EATY B L E LT, No.6IX [E TOR IR % /39 45,

ZZTIESTemiE & EATo Twd, B, RILIAIRLAZL D %“L#?®AMKLT
R IEL THASBHVwLER TV S, TS IIFIMI02UZ/RT )12, BFIETI0~
30emAEE, 1L TR TIS~20emBEDE S I o T b,

meuu D Hi L2 bﬁémmﬁw}ﬁmﬂmﬂj:\_ﬂ&&“ ST R I L T

BE, (b)) ©DWERBIZRKIIZIZIZELLTVEESAEITHL, G TIET
mﬁ%mﬁﬁ RizowT, m%M@Mft 1 LR 26T TWB & 2ATH A,
FOH L, HEB LU EETCOERMERRZICBITAMB IO LAz I LD
K& K10.2212RF o SHIZALNDL L HIZ, HEEAMIHEIEOATLZCRERBTY

— 287 —



/o i'lﬁ—

2
S
~

?.“)/\X,/‘ S e /
R

x
.,uglur%.
% D S, o
HRENES
e

(75) B OBt d L1020 R & % 5,
(L HERE 57550 1 MBI % FI )

X10.19 TAEERBKER GIRT "6 LONRETYIC £ 3)
BLPRRHDAE (BB I-&3)

(Fig.10.19  Locations of Damaged Sewage Pipes and Areas of Peat Ground®”"?)

—i298 —



£10.12 (Z01)  BEHOTAEERERIORR SIEHVICLS)
(Table10.12(1) Damage of Sewage Pipes in Kushiro City?"”)

E5 (1 % HEREE ® o3 MEE (cn) | #HE
(mm) (m) SHE | KE | KR
1] 250 2. 5=3. 1 J5 i A% =12 g9 A
21 250 1.8-3.7 LU IREAK +98 20
31 250 1. 5-4, 2 Tgﬁa?lﬁm t76 45 A
900 2.6-4.9

41500 1 T3 FLIRAK - BF
51 250 3.0-4.7 B Fil t91 5
61 250 2:2-3. 6 wh +87 3
71 350-450 4.1-5.4 ¥ F
81 200 2.2=2.6 BFLIREA - +26 1
91 200 1.6-4.1 LIAK - ® +46 8
10| 200 2o T30 1 Wiz UK +61 15
111 250 1.7-2.6 A +35 3
12 ] 250 347 745 2 [
131 250 4.2-4.7 LI +69 ]
14| 300, 200-250 2:023. 8 EEEE A
15| 250 3.:2-3. 7 W A +24 7
16 | 250 6.2-6.9 L
171 250 3. 0-3.1 2L JEE A +102 4
181 250 S L JIRA 146 3
19| 250 3.6-3.7 E’/ﬂ +135 12
20 | 250 3. 0=3. 7 > F 166 8
21| 450 3.0-3.5 b %) +40 5
221 250 2.0=2.4 W F 151 2
231 200-250 2.9-3.3 w - F 152 4
24 | 250 2.0-3.0 U ZH A +67 8
251 250 1.6-3.0 wF +55 )
26 | 250 2. 7-3. 1 L R +34 3
271 250 2.9-3.0 w =51 5
28 1 250 2.8=3.5  #l +87 4
291 250 3.2-4.3 FLIRK - BF t65 1
30| 250 [.9-2.5 [ H AR
31| 250 2 4-3: 3 b | +35 60
321 250-900 2.5-3.4 e F +35 2
331 250 2:1=2: 5 F +21 5
341 250 1.8-3.3 LI +47 4
35| 200 2.8-3.2 F LU IEA +21 i
36 | 250 3.2-3.4 i -10 9
371 250 2. 8281 > #| +34 1
381 250 1.9-2.0 5 +37 T
391 250 3. §<4..5 > #F +116 12
40 | 200 2.4-3.4 T U K +30 14
411 200 2.8-3.5 T L A +45 4
42| 800-900 3: 3239 e %] +42 5
43| 250 2.3-2.8 B F -23 10
441 250 1.6-4. 4 o # +26 7
45 | 250 2. =2 7 F =2 5
46 | 250 2 1=2::8 | -19 4
471 250 2.7-4.4 i 183 3
48 | 800 4.1 b F|

AER., BOBOICL 208 EBHBEO+ IR LD AERT
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#10.12 (£ M2)
(Table10.12(2)

SNERET DT AGEE RHIIRT (SIIRETVIC £ 3)

Damage of Sewage Pipes in Kushiro Town?)

AFL T

No.7

B2 | B @ SHTER TR (cn)

9 | LTIk -31.3
10 | &L A +80.3
11 | &L A +36.2
31 | WRLE +22.0
32 | WpRLH -18.0
33 | IR +121.7
34 | BL A -36.9
35 | L ZIAA +59.0
36 | L ZIRA +30.8
37 | L ZHA +73.3
38 | 3L A +165.7
39 | 3L ZMA +59.2
67 | &L TIRA +76.0
68 | 3L ZIHA +33. 4
69 | 3L A +121.2
0 | LA +140.0
71 | BU A +162.0
12 | 3L TIRA +66.6
78 | BhaLE +20.0

it 7K 77 [ e iz -
€ { . gy
No. 6 il .
AEAE |
EOMBE - BAK

EOMBE - BAK

[X10.20 TFRBEMHLKEKASF (No.6. §IEH oL 3)

(Fig.10.20  An Example of a Damaged Sewage Pipe'")
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EED EBEE (h)
.~ o (m/m) (cm)

e 200~ 350 10

Be il
7 BRRL 400~500 15
V4

500~ 700 20
h=Bc/4LI k. 300 20

2 %10
BErnoa | XGl0c
(0~80n/n%) 900~ 1000 30

<>

BEEm/n) | AR T & (em) | KEARBF~F & (em)
250~ 350 180 *10.5%7.5 | 400 *12. 0%9.0

400 180 *12.0%9.0 | 400 *12.0%9.0

450~600 180 *12.0%9.0 | 400 x12.0%9.0

700~1000 | 180 *15.0%12.0 | 400 *15.0%12.0

STHER, BExROxEET

B10.21 TAEROER (HIEd L)
(Fig.10.21 Foundations of Sewage Pipes'")
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(Fig.10.23 Types of Foundations of Damaged and Non-damaged Sewage Pipes'")
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#10.13 SIEA RCH T2 HRBENER (BAHAHRICLB)
(Table 10.13 Length of Gas Pipelines in Kushiro City'™)

HEDOEM 'E R
FEAE 51km
EEXE 243knm
X8 526km
e 130km
KARE 913km
THRAE 888km
&t 2,751kn

#1014 HRABEOWSEHMK (BXHIBEPICL3)
(Table 10.14 Number of Sites of Damaged Gas Pipes'?)

HOE K oo | MR dtHesoex |
R R 3 0 3
{12 EER N 11 6 17
XE 74 391113
feiess 62 11 73
LIo N 36 61 97
KTHAE 7 7 14
& at 193 124|317
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(Table 10.16 Damage of Distribution Facilities)
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(Fig. 10.27 Rate of Damage at Transformer on Poles)
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(Fig. 10.28 Transition of Power Failure Houses)

—312—



(5) HIHAR

1315 H20155595 00 1 B SR BB T Rk 2 b £ TOLH 16 H 1310077 £ TD
BlICEIE Sz ABIRIE~8204 TH o 72,

HHICE L -8B ABIE, BN 0IE3TATED, K240 11T, 20 THL~
AR ANIZDIT o7,

(6) ERIZLAMDS A 754 ~DFE

AN OHBETIE, EEHRTE» 0 IR EBERIATIA Y HNy 7T v THil &
boTwioZ iz, EEIREIBEIRIEIEREL 2h o7

722l BT G A5 ﬁi‘#&@mﬂ#hmttoﬂﬁﬁﬂ%u;%k\
i M EZ O E RIS 1l L2 SR, PSR RN Teo3E . HIlEs TN T 1376 Hr
IZDE S Fzo FIEHINTIRECT B & ST N 045 T U, Mmmﬁf%ﬁ\ﬁﬂ%ﬂhb
sapsiE b (RET) L7722 &l b, fEILIE, 13 & A EDESHEAB0SLIAICINE 2 TE D,
2L FORBI O E v SNz DR ST TH o 7o HECHERIEL, IKHOBR T o
2RI X D EBRAARIZRIEEDEBII TR0,

106 SRREHBOHE

10.6.1 HWHEIR

AETH iIF?KZ)B)M) 20 B AE A ﬁﬁi@ﬁ’é-ﬁ‘& B FIZIEIHIRRIZ DWW TR S
BRMERBOWREEL LTiE, BRIOBEIZE L 29 7 — 7V OUIR 3R L 7255,
ﬁﬁ%~Lzm%@*5K% ’&TA*& ICIZES hdro e w0530 & NTTEY #
FFIIINENTH 5,

102912 13RO K E P VIEREZ /R TH, RO LD #EIEAE L

DEE38 5 FHEIT A KR (15 F3k) ATl bk (gL, 22T L THo

72N — 7 (5 E10.1)

@ELE272 5 EAN 22 n) CRBTEEA) AR DB gD 72O Hidt r — 7V H3g)ikr

Gy TS 357 DR HE B O/ AV L1 & ) PCM AT

@EAIEE . BWReoA, 4% — 7Lk, 2By — 7V EE30km, BT —7

}I/’F&%!i‘ﬁl{n'l
OB RIRAE D Y v Mok h2sA P, < v R — L OFESO A i, ZSHREE S O KR L
b Bt A 200 77 AT

COLIBHEIL»PDLLT, AEF-—EANEBEY 525 L) RHEENEEL LD
Frik, BRI R RIS 02V — MEKR TR RO ML S0 Kz L TH
. ALV — METH#E LT w2l e, ERL— s ~OHEY R TFEY)

FiTo et EZ LN TS,

—313—



N ROV TR
N
r—7 VR HTHE

Bx

Y4 — 7 VB

% % 5
ke BE P
y E =7

1029 BRBRERFEOWEEAA

(Fig.10.29 Sites of Damaged Telecommunication Facilities®)
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