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Investigation of the Failure Mechanism of Kamaishi Breakwaters due to Tsunami
-Initial Report Focusing on Hydraulic Characteristics-

Taro ARIKAWA*, Masaharu SATO**, Ken-ichiro SHIMOSAKO***, Takashi TOMITA***%*,
Daisuke TATSUMI***** Gyeong-Seon YEOM****** and Kenya TAKAHASHI****%%*

Synopsis

Many breakwaters were damaged by the March 11, 2011 Tohoku Earthquake off the Pacific coast.
The majority of the breakwaters were destroyed or deformed under tsunami overflow; however, the
failure mechanism under tsunami overflow is not clear. It is supposed that caissons slid from the mound
under tsunami overflow from video analysis of Kamaishi breakwaters, of which about half were
damaged. Therefore, with the main objective of this report being to clarify the stability of breakwaters
under tsunami overflow, hydraulic model experiments were conducted with Kamaishi Bay as the subject,
and disaster mechanisms of the head and trunk of the breakwaters as well as the countermeasures were
examined. The following are the main results.

- Failure mechanism of the mouth of the port

At the mouth of the port, submerged breakwaters are washed away by the primary positive waves,
exposing the counterweight. Then, it is thought that scouring, especially near the head of breakwaters is
caused by outgoing flow, and finally, the head of breakwater is caused to tilt.

- Failure mechanism of the trunk of breakwaters

The experimental results have shown that negative pressure on the backside of the caissons under
tsunami overflow, rather than the difference of pressure due to the water level difference between the
sea side and harbor side, caused the horizontal force on the caissons to increase. This experiment made
clear that in this tsunami, the ratio of increase is about 10% of the pressure of water level difference. In
addition, it indicates that the dispersion of sliding resistance force of the rubble mound and the negative
pressure on the backside make the difference of damage level of breakwaters.

- Countermeasures

This experiment showed that installing the counterweight behind the caisson is an effective method to
increase the sliding stability, but protection from scouring due to overflow is still necessary.
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1 166 9725 0.586
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10 B 3 X 183.6
11 B 3 X 183.3 0
12 RS 3 X 184 0
13 B 3 X 185.8
14 TS 3 X 184.6 3
15 B 3 X 184.3 3
16 TEHS 3 X 183.7
oy [T [BRER 4 KERYER | 145.1 1
e [P g e a womtim| 144 |
(2) FHT s
KL, FEH, WEORE L, KPETABIOeT 4
HAZE LB ETAREEITo T2,
ARALRE T A BRI S G A2 ATz, AR EFHT

X BKNME N, M-3.7 DFIC “W” LR LA EIZER
BLZ. HFicBWTr—Y ki % LRLTHD
fEATIE, BB — > v OWEKEER 5 O FIEIZ B VTR

-20-

PLEHAI 21T > 7.
Ve E NI X BRTE 2 W2, B H#E o biE & T
BT 272012, BHEOBERNIZHEHFTZ3%E L. il

FoFRERSIE~ U REEM OERED? D demFEE D &
ITHhHD. M-371BWTEHEALEF—Y T, BN
WEEIT- 2. EHPE T NG EFE#FER L. E
FRHAEATEX-38 IR T BV THD.

K- 3.7 O — v BB REITR LTI
TI7INT =Y HNICKFET A AT E%EL, Eﬂ
HRiw o~ v v REEM ORI O B AT

13527

ST
R -

! ﬁlD

A B i
B

BIRARS AN 2R 35\ \
9l 5 P4 ERE B P11 RRE el ma awm A st ELUE T PSZ ARl
== ﬁ%ﬁ
h P2 Yt [es PWZ 7
B <5J
%P1 175
E P6 | P13 P15 P20 P22 P27 P29
134
T '-721741 kN
£
P7(%2@*) l; P21 (BRe1ES ) P28(BmARES) P35(BAE )
A(BRA)
3 ZLAIAYF
- 3.8 W EFHANLE

(3) FEBrGAF

BRK CB I 27— Y OB E B D =01,
BRALET) D & Lic., BIHO KM EZE2BE LT 57
W, BIEFHRIC X BN KO REA NGBS,
2011). 22T, o bKRMEOKE NS 1HEBO
P O & A 7= (K- 3.9).

WS D &KL D REFERER I 60s BRIETH L DT, TR
BRITHEBEOREEIFK O 60s & AbET, HRITERD
ERRFE 4 120s & L7z, WIHIKAL EFEBR LA > 7 D)



%, EREREZERLANLERE LN, &I,
KN E R THNEEE LN S T OO THESR
AT o0, FBRMICBIT DR FH T EIHIKALE X O
HEN AR IR & KALFE DS B & - 3.6 (1R,

/

—_
T

Outside
....... Inside

s S
—_ N
;

20
[=]

Surface Elevation (m)
o 2

200 720 240 (5) 260 280 300
-39 BUEFHRIC &2 ENSKRALALR R EEE & 0
400m H L OFAER, X O FAE AR )

#-3.6 EBREM D ONTHENAL KL O F
B G
A A em ] T K ] A | R ©
v I oo [ Erwmias |
EIE| 7L | | A | SO ey | | B ot | b
H ch.4 | ch.7 (m) i X
P N i
@) | 75| o | m Ah | ns | no | ni | Ak | BARE | T 5
1 10 52 6.8 2.2 4.6 3.1 4.1 1.3 2.8 80 200 120
2 20 52 [109]-58 | 16.7 | 3.1 6.5 | -3.5 | 10.0 80 200 120
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N < Harbor side (3.0cm)
K I ; w A
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2z
A
§ 100 v 2 n
o
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£ | M " .
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50 L
L A .
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* 23 % 8 8
O0 10 15 20 25
A h (cm)
B-3.11  HHlEIZ K 2 B HiE o g

PN KM EEFH LT Qgdh) O 12 F (~v F#E
WM EFES) CHENIE DO E LoD EX- 3.12
WY BENAMKNMENKREL 2213, HHIEICXL S
T~y REFEIZIELS 720, £z, BHIED 2cm, 3cm
T, WRAKMENPNELSTH, ~y RERBO 8 E
BETHD. Tk, BEEIROEELZIZIESIT TV
W2 EEEWRT S, BHEN 1.0om LV /NS Wr—AT



WX, ~y RERED SENL TEHRETHY, LB
BHEEKOEENRKEN L5,

1

w »
0.8 >
v A
V3
2" = - n
51 A ] .l
=4 0.4 i 2
L | | Harbor side (0.5cm)
02 A Harbor side gl.Ocm\
5 v Harbor side (2.0cm)
s vHal['bor side (3.0cm)
0 - =
5 10 Ak (cm) 15 20 25
B-3.12  PEPNSKALFE & PENTRE - ~ > FZEHRE

(6) BHLIZHIT DA DOLEN

ek T o8 aowetesmitds. £, EBT
DOEEH N THAOREREZFEMT 5. 205 2T,
BHh o> H #FEE O HEEE S TOREMERFTT 5.
S 1Ii2B W T, B HIEE 3.0cm OEEPRIO B #ERIZ R
W, BT lem FREEVEH S AU TUW2AY, 2.0cm @ B H#
ESCIZIEI S T\ e v o 72(3.3(4)). £ 2T, AMERT
A LA L CRfE~ Y v FIEROREE &S
R LEZ., BEERORETEIZE, RELDA ARy ad
REHWE., A ARy v a BERICIE, A5 (1984)IC &
DRENTZ 108 #BA L CLREE R HEE Lz, BHIF
DFEWVIC X DR R 2 R- 312 ITRT. 22T, BE
BREROMIIBNT, A ARy 20X THEEINDRZE
BN 0.1g RIGIZHOWTIZ 0.0 &FR L.

M= 7p,U°
48g%y° (S — 1)3 (Cos 0 —sin 9)3

Z iz,

M : BH 0% EE R

p, : HEAEOEE M), 2.6

U : B6%0 FlicET 5 KOFIOEE (m/s)

g - EJINEE (m/s?), 9.8

y oA ANy o (Isbash) DERL, 1.08

S, HEAFEOKICHT HHE, 2.6

6 : KR OEN ST 7 O FHE O A, 0.0
ThHY, HERITAZOELPFE L.

#-3.12 HHMEOHBLOREE BEEEW R
- Bh o Z R (@
e | MM TR Som | At 1 0em | 1 00 2.00m | A0 3.00m
h Vo v, Vo v, Vo v, Vo v,
1 4.6 0.0 0.5 0.0 0.2 0.0 3.1 0.0 6.5
2 16.7 0.0 23.5 0.0 3.7 0.0 359.6 0.0 607.7
3 8.2 0.0 1.7 0.0 3.0 0.0 21.8 0.0 R
4 12.6 0.0 3.2 0.0 22.5 0.0 215.8 0.0 i}
5 12.9 0.0 7.5 0.0 29.9 0.0 213.1 0.0 R
6 10.4 0.0 6.0 0.0 29.9 0.0 105.1 0.0 i}
7 20 0.0 122.9 0.0 213.1 0.0 170.6 1.0 R
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ZAF 1 ik, HENMICIE, HHIE2S 2.0cm T EE
B 3.1g, 3.0cm TiX 6.5 TH Y, HHMEA 3.0cm D&
THREN BRI, WHER, b7l & bindi
RKOGEIVKEP-TZTEDEEZLND.

Sk 2 TIE, B HUE 3.0cm DJEL A — Y VISR B
BEEREESNTWEZEEZLNDN, HEMETIE, H
HIME 3.0em DML EE EIX, RREEOB LE 100 GRE
ThHotz. —FHT, BHIE 2.0cm OJFEA 7 — 7 VT ENL
THEEEMEINTRELT, 2oL xOXLBEHEX, T
BWHEBEOBLZ 100 ERETHo T2, K218 T %A
HulE 3.0cm 38 £ TY 2.0cm @ H #IEIZ d6 1T 2 &L EE RO ¥
FHNE K313 1737, 1 R, RREED 100 F2E
DOVEEEICHY T2 HEB RN Zd LT — 7 B
MLTWBEZ ENb2s. R T, 8 it d.
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2
3

f 3.0cm
I 1 2.0em—|

%
8
3

Y
3
3

=
3
3

w
=3
3

I ¥
1 i
| I

Calculated weight (g)

I
i I
P f
IS |
E 100 (s) 150 200 250

o

B-3.13 Ao o LEEEORERII(SME 2)

(7) Biico H MR & a2 et

Bz B8\ T, HHEIX 20cm~80cm FRE TH 7= 2
NN TREOBEEN S bho T, MEBIC L 2HE X 7
ELB 2N WA, ¥ L LTI, 50cm FBE &
HZ LT D,

7 — RAENZHES &, BAER 1/60 TIX, lem fRED

HHubg & 720, BHFEIZ A~y RERED 6 Hns 7H
BRELRD. —FT, LA VT,
P
|4

ThHY, MMEEZEZ2WEEITIE, #RE 71— NHIT
INEL T B E, RERENELD., 22T, U : AEH
B, L:AREZS, v i BEREETHS. MR 1/60 T
HolmHE, BHIlEZ 71— REICHROIE, LA /L
AT, B ERICIE, BXE 500 ERERRD.

P> T, BHLDIZ S A, BEEIKHIA D 2 W ATREME I &
Wiz, HHE 2.0cm X° 3.0cm OFER EFRBEECTH- T
HARE TR, 2054, BHREIL, ~y FER
WD SEMND 9FIRREIZRD EEBEZDILD.

Fe- 313 1%, AKfiEE A~y FEBHEEELZ LI T
LXICHEIND, BB 2B 00X EE &S~
T, F70, M-3.14 13, AESNT-EELRKEZLD
BREAMNZEEDOBFEEZRLEZLOTHD. ~v REK
WEDHERN 05 THo7eE LT, ALz 8.0m REDH
e, VEEENRRKEREEZD. iz, r— YUy



BT DIFEOHMMB R INDT-HITIE, BELE 100 fF
FREDENRBETH 722, ZHUE, ~v FFEERR 0.9
BETHNE, BLE Im OKMNELRDNITRWZ LT
G PR O FREMEICOWTIE, RO kBERO Y I o
L—ya VR EEbE T30 TRET 5.

#-3.13 HHEOBEA O R EE & E R R
- B o RERE (1)
ARMEE®) 505 T eroe] beko07] bedos] o] F Lo
4 0.2 0.6 16 3.5 71 13.4
6 0.7 2.1 53 119 24.0 45.2
8 17 5.0 12.6 28.1 57.0 107.2
10 33 9.8 24.6 54.9 1113 209.4
12 5.7 16.9 2.6 94.9 1923 361.9
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M-3.14 HREBRE/mKNEEOH LKAEL OBEK

(8) #%2

ZIZTiE, BEMIEEEAEZ T, F— Y U OFENIRIN
DBEWNERE Lz, BHUE2 LW ST Tk B #ge s
BALLlz. ZOL &0, WL ERITBERERKE 06 &
WETDHEVTRETH-T-. £, Fr—Y RNk i=
ZETRMMBNIAL 20, EEMNICEMBELEGAICE
WTIE 19 BEDOILEETHEML TS,
TOLEOEMBEEIT/ NS, L LABBICE Y NT
CARER, RSN E ZAICEN o THEET S &N
IBDOThHote. I, —EREME K- THETEN
L=BICIE, r— Y v BRICEAREID AT L 5127,
FOHDOr— Y OWEREENE L, B LICL R
DFEY, W OEE DAL, HRAIEEIL 4
BRENTZD, BN ELS DV ERERD.
Eo, BERFTIIZEICEBIND DL, EBRTI,
E TN DOBEIZ 100 FRECLZEEENLEIND H
M S R WIRFFIER L TV 2 R H 5 Z &8
ot

TO—FHT, WELZERN 125 BETHRIESI NS
TR B LD RPN E — 0%, W ENKREL 2B L
EBIL,BEENIMKELS hole b XA LD EE X DN,
=) BRI RELORNG, BNRELRE LD

-
[

STz

=
HE
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KOMMWRIBREL 2D ER Do T,

P> T, BHIBEIRZ LD 7r— Y DK ELTIE
EW BN SN E FGRBI R AR/ BV LX) DX, F—
VUNMERT D L D ICEM L, KEERO RS E.
F, =Y UBRICERSNIZBEART-E5700, &
NBOREENELS 2D, BEABRKRENE ZBHRE
BRENE X)) ITIE, KEEMOEBENKE b0,
O, BE S TEoOBEANKEL RNIERDIF
EREL B2z ND.
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3.4, BHUIE Ak < U 7o K B RN B BR
(1) FEBpA

BRI & - 3.15 1SRT. ERSMANC m > T D
BRI 77— v Z2RE, TRTBBEF—Y 0 Tho. 7
— YV URERIINEIC SR AE AN TEELZAEL TH D.
HRIXEHO T —Y», HEED, EMLOEREEY 71—
RRICHE/N L7212, 1.03 THEl- TH TR LafEe L
Thod. 3% Lok, ERAKIIAEKRTHY, Bl
HOWKEVBEENNSWZILEZBELE-ZLOTHD.
2L, MicisnwT MEgaE) L Licr—Y Ui,
SRELAE S AN TEEZE VL L, WHHLAVWRRT
DOWEERETES L T L. £, MPICBWNTIE
R E L= i, o TICREA T —L
FHWCHEAMOBELEZELS LTH D, BIFEROFEITIX
#-3.1417- T LBV THS.
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R AL om

05 05
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HEPIR

o [ ] [ e [ ]aenr Tiom, QRS acewn
BJ-3.15 FEERER O &
#-3.14 BB OFE T

KA DI | & — Y FEME (No. | Wi o> TIX | Bk (kg) | B HiiE (cm)

) 1R 4 KA | &I 0.5
2 |IRE 4 KERE | B 0.5

3 |EEL 4 KB HE | 165.0 0.5

4 TRHB 3 X 165.2 0.5

5 TEHS 3 X 165.4 0.5

6 TRB 3 X 165.8 0.5

7 B 3 X 165.4 0.5

8 RS 3 X 165.4 0.5

9 B 3 X 165.0 0.5

agr—y |10 RS 3 X 165.8 0.5

11 B 3 X 167.7 0.5

12 TEHS 3 X 166.3 0.5

13 RS 3 X 164.9 0.5

14 B 3 X 165.7 0.5

15 RS 3 X 166.0 0.5

16 B 3 X 166.2 0.5

17 TEHS 3 X 164.7 0.5

18 D 3 X HH 0.5

Rl 19 TRHD 3 X Y 0.5
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“,“ Y ke

—V6(x-2)

| eEs 37

B

P4 awm Ao PH amE a ame A P25 ]
S0l 15-P3
N P2 5 §75 P9
P13 P15 P20 P22
i PI4(ERAES ) P21 (A ) POS(E AR
Pma%mrf)
W N EIRY L.
B-3.17 EFHANALE

(3) FEBrSAF
KN TR 7O A2 EF LT 5 HOER
Ze FEfi U 7= . BRI AR KL 2 00 FHIEE B3 S - 315 15T

#-3.15 HENIMKAL & AKAL 22 D TS R

AKFETABLY
X H iz
i BT A0

= - -
BRR AARN FRATIZH (s)

7 KAL (cm) iz KL (m) K
g P s fr | EHUBAAAA | iR
FAF | 7| 19 | | em) W | AL | N 2E ORI | AT
71 (m) i ES

o

o ns | nmo | ni| 4h ns | no ny | Ah | Blss | T E
1 10 55| 7.0( 2.0 5.0 3.3 4.2 1.2 3.0 90 150 | 60
2 15 55| 9.3[-1.9 11.2 3.3 56| -1.1 6.7 90 150 | 60
3 15 9.5[12.9( 29| 10.0 5.7 7.7 1.7 6.0 90 150 | 60
4 20| 144|183 | 6.7 11.6 8.6 11.0 4.0| 7.0 90 150 | 60
5 25| 14.4119.8| 3.9] 159 8.6 11.9 2.3 9.6 119 120 1
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(4) B Hiji=E

H HiE0 C R U 72 i oo ) 8 s 2R & - 3.16 K OVXI-
3.18 1R, T, Fatixr—Y N BT 5E
HOBETHY, EECENVIIRELEROBETHS.
PENMI O B IR IE, 3.3 BiCIT o EROME & HfE
EThHiHrZ bbb, M-3.191F, HWHIAKAZE &
Wi » ~y FERKELTHS. 05705 06 RETHD
DI, MU THDEN, §MES5 0 —ATIEETREI/N

- -

SV, IR, F— Y OEMNMRNAELTETEDEEZD,
KOLZE L B OWEIZZ D DOX A LT TRHDH T L0
b,
F-3.16  H HEs oyt B E G R
= Kz B &R SRR (cm/s)
o (em No. 1,2 No.6,7 | No.9,10 | No.13,14 | No.18,19
Ah V, v, Vo [ Vil Vo Wi Vo [Vif V% Vi
1] 50 [ 155880 [48]_[r7]|_ [82]_ [27]/549
2] 11.2 | 2.4 | 8.1 | 6.8 ;$ 2.8 ;$ 4.8 ;$ 3.9 [77.2
3] 100 [24] 8.5 [66 [, [28], [45], |37 733
4| 11.6 | 41 | 8.0 | 7.6 C 4.2 C 6.1 C 4.7 |72.6
51159 [ 59 ] 788 [100 5.6 7.4 7.0 [ 87.9
100
I - <
n
s 807 4 -
L
g 60 u
= [m] Sea side(No.1,2)
Q 3 | | Harbor side(No.1,2)
To) | AN Sea side(No.6,7)
\v4 Sea side(No.9,10)
> 40 > Seaside(No.13,14)
— - <] Sea side(No.18, 19)
S I <4 Harbor 31de(No 8.1
S) i !
=
20
[ Y o 8
0 L % L L L L L
0 5 10 15 20
A h (cm)
X-3.18 HEWNAKNMZEIC X D B TREOE L
1
0.8
2 06 |
T <
& a4
0.2
n Harbor side(No.1,2)
0 K] Harbor ?ide(NO.IS,IQ)
5 A n ) 15 20

X-3.19 #EWNAAKNALZE & BRI « ~ > REF#EFE
(5) r—Y v DENNEWS
FEBR O BRIARAETL DR EE D

1275 3 £TIX

b & F- 3.17 [T, &

AT <, &M 4 TIRBGRVENE 4 £



CTWBN, 7 —Y  OBEMITAET TR,
5T, BE-39ICRTEIE, 2B~ R
TETHEL, INDOICHET LIy —Y U BNEM LT,
Fio, BE-39 D580, WELEr—Y Ik
W= N EEAL LT K ERER R <, BT OEERAE
b Mbo> T, BERK -k BRIRIC R 572 2T,
= MR BRI U DI & — Y v B R &
DENRKRE WD, 7r— Y RKIRICE AW TN IER L
ESICHEOR EOBEMT D 2 LI X DEBENLEEL,
[\ L CWL B2 BND. £ L TENDBEOKIESH
THIET, BRVOBRICER LI EHRINS.

%-3.17 EBRP OREEROREDOE

N ExS 1 2 3 4 | 5
7Ej’ MEALen) | 5.5 | 5.5 | 9.5 | 14.4 | 14.4
) iRk L L »HY BNH 5KE
N 0.5 7
2 0.5 R SR
3 0.5 B R
] 05 R A
5 0.5 B R
6 0.5 7% 18
7 0.5 Ty
8 | 0.5 Hh¥ i AR
9 | Bt 0.5 - = I I\ 2ok
0 | i 05 o | B\ REE ) wn [ wanm
11 | (em 0.5 Pt R
12 ] 0.5 HY A
13 | 0.5 ERE!
i 0.5 ERE!
15 | 0.5 it
16 | 0.5 A%
7| 0.5 B
18 | 0.5 ERE!
19 0.5 [2ibi

=Y VIRENERANCRT DE S ORGSR & e
ERBFEMEER- 318 IR T. & — Y A No.18 &
No.2 i%, BREBr— Y v Tholz), BBEER0E
ETIE, BEEHE Lnr—y rogRE AV, B
T 0.6 & L7z,

INEY, BUIOr— U NEEAL R BRE LIZBREICE
T AWEERRE LD L, WEIZEEN 1.02, 1.071T7%
STWBHI ENb5. 12120, 1.071%, Ror—y v
DEEZHWTWSZ 2T DL, 1Z1F, 1.0 TE
MLTWBEEZLND. F72, RICHEHEBIRERN 1.0
TEWE ERET D &, #- 3.18 OBEEAEMERME RO
W& B2 L, BRELREA, 059, 056 £725.

32 HilcBIT 25 ERB LR LTS, 059 FREDE
B chHNIE, FRECHKECHY, BHUELHL A
HIZB W CTHRIEAE LRV EEBEZONDEAIE, Kz
KB r— v OBEMIE, KFEIZEIoELNDZ LT X
STHELDBERLEFURNTHD Z LA D.
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(2) EBREPEKTR)
BRI T & O TR O KRR



#-3.18 Fr— Y UENMBERNCE T DR RGN 5)

4 —Y> No.| No.l8 No.13 No.7 No.2

# oAl 19.9 19.9 19.9 19.9

JKGLZ(em) | R A 3.8 3.8 3.8 3.8

r=yvk 19.5 19.4 19.4 19.2

B Al ETE 6.2 5.6 5.3 5.6

Ay ERE E 5.4 5.1 5.4 5.2

RERE |RUyMERE M B 5.8 5.4 5.2 5.5

(BHBME) | XiHE 1.3 1.1 0.8 1.4

(gf/om®) | @E(L) -10.6 -12.5 -10.8 -12.4

EE(F) -13.5 -13.8 -12.9 -12.7

E®E 2.2 -1.6 1.3 -1.0

B Al ETE 20.6 20.0 19.7 20.0

EEBE i:j‘:;}irsrg@ﬁ 21.3 21.0 21.3 21.1

R yHERE ST B 20.2 19.8 19.6 19.9

P X Ui 5.7 5.5 5.2 5.8
E#) =

(&F/om?) :E(L) 3.8 1.9 3.6 2.0

E&E(T) 0.9 0.6 1.5 1.7

E®E | 12.2 12.8 15.7 13.4

. e |KFE 721.0 700.0 689.5 700.0

AR ENE ENS 253.4 246.0 242.3 246.0

Ay B E 355.7 350.7 355.7 352.4

Ay B 31 B 404.0 396.0 392.0 398.0

AR iﬂmﬁ 56.4 54.5 51.5 57.4

(e /om) E@E(E) 52.4 26.2 48.2 26.8

S ECT) [k F 315 21.0 52.5 59.5

[ENES 11.1 7.4 18.4 20.9

EE 610.0 640.0 785.0 670.0

KEH PH 1041.1 1048.8 980.8 1011.7

RE PV 66.6 18.6 -117.1 6.7

BE B RAR v 76470 76470 76370 76370

TR AESR w 166000 164900| 165400 166000

FAh PB -76470| 76470 -76370|  -76370

KEEH F 52055 52440 49040 50585

SHEAA N 92860 89360 83175 89965

BRRLE(EERE0.6) 1.07 1.02 1.02 1.07

HEEERRY [u 0.56 0.59 0.59 0.56

F- 319 XA T D EATICE T D B E 2 KA CTRK T
fbLizboThsd. K- 320 01F, THERRLELOT
5. PRI ORI B U CIEE Ml o KL 8L ThR L
PENMI OB IEICB L Cix, #AM oKL TR L.

#-3.19 WBEEANIBT D 7 — Y O R LIE TR E
4 —y > No. No. 18 No. 13 No. 7 NO. 2
P BT 5.5 5.5 5.5 55
BRA -10. 6 -10.6 -10.6 -10.6
KELE 16. 1 16. 1 16. 1 16. 1
A Al g mE 6.2 5.6 5.3 5.6
Ay MR E @ 5.4 5.1 5.4 5.2
KEZELLE Ay MBE LB 5.8 5.4 5.2 5.5
(3tH8118) XIHE 1.3 1.1 0.8 1.4
(gf/cm2) @\ (k) -10. 6 -12.5 -10. 8 -12.4
HE(F) -13.5 -13.8 -12.9 -12.7
E®E -2.2 -1.6 1.3 -1.0
A Al g mE 1.13 1.02 0.96 1.02
Ay MR E @ 0.98 0.93 0.98 0.95
Ay MBE LB 1.05 0.98 0.95 1.00
W|RTTIRERE X i @ 0.15 0.13 0.10 0.17
EE -0. 40 -0.29 0.24 -0.18
@\ (k) 1.00 1.18 1.02 1.17
HE(T) 1.27 1.30 1.22 1.20

A O EE, 1LOBRENGRKELSTILL 2OT, #HKE
ERUMDDLREVEREOENTHD. JIUTBRL -
ZEIZEY, WA ERSTEIIRRNEZOND. —F
T, WHEIZOWTIE, BENAMOE T L K& REEN
KFLTWA., Zhix, BioEEREZOLND.
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- 3.22 %, #IMll~ 7 > RIEE 2 3E807 ANl
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B L-ENIRO bl hho Tz,

- 3.23 1%, BRI~ 7 > REEE 2807 0S5l
BLEERTH D, EBRE OB ERFESITERITL VKL,
A2 10cm FEECRHBE T 6m BEYDIR T RALNR .
HFICHAEHICRLET—ZI1%, BEILzr—Y i~y
Y REBMEIZHDHDOT, F—Yr EERELEERT
H5b.

M-3.24 2 BX-3.31 1, 7r— Y PR IERRE A W
IR LR Th 5. iMoo~ o > FEmEi
FEBRATE ERENIZIEFRCTH D, EBRZEOHEBIERT
W~ vy FEBEAOBENIIRO benwo T, #l~
7 ROEBRATIZOEITHERELEZIOND.
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EANMIZM EOREY ERDEET TS, T74bL,
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= VU DIFEIEN K E WV No.15 77— (K- 3.26)h
5 No.17 7r— Y o (X-3.24)%, r—Y U BNIBE LR D
<Y RERTED, vy RERMEOMN EOHER I
HIRL T2, WM~ 7 > ROERITIZELOAR T
o TV, RIS > TR 2R 2B & 2 £ T T
L. WERRICS D Y FAMRIRRLTWAEEL & 50,
~ Uy RREGEOERN 7 — Y B EREO~ T v KO
NpmEBBLR—HLTWLEZI6ND.
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