(17) mesta =2 LR C

Yo LAy OBHETE AL S

I EE 2 ER L B8 9 & 87 T AV B FE

81, BLUBK

W L> THELLHUBH 2V IV - MR E
HEIZHHELT, LREVBIBEATENA®
60C®I&Q‘E£CBWTﬁ\Q%®ﬁE£
MNEDEBACDIL> THRAIN TSN,
DRODENPRHOMEHEE . ikmxﬁ@m
BOLLHEEan, BRLicSmHoa2)-b0O
M OHBELEBENCHEINSELEDIKE>T
MORBELEEANMKND,

BRITTE, 1978 R CAR U ICE T
Il b, LiRF VBIBEATRIC L T
HEgsn, MBS NHEHANTNS (
XM®)0L®&9k ALK bR ibhﬁﬁﬂ

SU—bREBORHGHERLELTHRR
(w&m‘fm$ywmnAk$otM%bL$
MORIM, i, WL EDOMNRHEREDHRIL
MgETEHOMN, HahThhoIclcHC, %<
DEMOGE. HEBELABCHNRELERTHE
EOHBDODOEINTCEI,

HETR., TRFIFVERIACLHHEBCHT
HRBMABAACHEEN, AXOBRETHD (
YHO~®) . ThHDZ N, HiBELICHED
BEHENEEKRUTHENTHD WO REEE
TWHd. HIKXHMO T, —EBRSE CHIE
Licgmary o) - bRHICIRFVHIEEEAL
THELLE, BEMAULRRELD, EAR
BT ORBIAOTRIAICH L THLI ~1.5
B, iSO RBHL ~1.2 B ERT D
CENERINIC, TOILHILORYTREOY
ABBERTH > LHONR, HEBERCIXEDBER
BMIRELIDCEGENTFHANDLDHKED,
IRYFVHIBEAEKT IS TH., HiEEOEY
Dttt L DEMEON LD EYHOTHL
WheENSIXAbI TN,

Ol A% ™ sy B**

HU, HMiBEEHBRATRFUBBEIALBMY K
BTHRESINDLGHIE, BHOERUNAKT TS
Cebhal BBTHAABKEGEEI N, HIBT
UOPLELTIETER LD, ULhLERS, C
DEIBBRECKE, HAOBOBIARBICONT
B Th<, BDLHhOmEt, HeaoloH
BHREAEDLDCHDNDONERNTINHE
BRdd,

ABTER, BRARBTZEROSHEROBEED
MU CHE, BERBRCRICERTED
2RHBIHEEABMBL THEBHO 2 EHIC
ED, MERAMRILEWTCIRE VHBEATL
KL DUBED T BALMEL, Hi#
MEBOMNHPORIRER AW L. 2Bk (X
MA) KE2T, HigmBOEMOMENELLL
*Qb‘ﬁn‘fbho

§2. BHOME

2.7 UHhomy

EWIRSUR TG SRR, 19784E TR IR s sk T A
MENEZHICEWMD—-DChD, ALROMEN
Fm 300 X600 300 x 600|300 X500

P 50 <00 " TH e

i
500 x 500 400 xaoo

71

g -
z il '
1 4[Lsoe xeo0 300 5 600 {soo X 600
I [T 0 X700 T e
=g !
Ng 50 lxsoo 500 lxusoo 100, % 500
| F" 300_x 600 300 600 {300 <600
i1 T proy
E |
E 500 X 500 500 ‘waoo 100, x 500
i
J [0 <700 340 ><700J350 X700
[ 5
iﬁifﬁmoﬂn—mo
% &
K- 1 BRARSSEYROWHR (SENF)

¥) WEARPIFEMEH

k) RABEAAHIE T2 RMBEL

—153—



KB ARDOLZRIERORYNLLOTHLD, K-
TERTEDODKBMICHRES, LMICHBTEAL
k—XFREMT 7 ThdH, $ic, MR
WMEGWEONDTTHL, ARKREK - 2~4
KIRTEDKA, B, COSMESNNDDHEODIE
ThHBEH>THED, TNHRADMDILIF AN
avedaA KL THBENKHEINT
WD, Y3 MRIERIEICH Ui et BiC T T
RalfENTHH, BBOH, EOOBEWmILT
NEREERUTH D,

2. 2 HEOBRE
BEORBMOSHLARNKCHBROFNLOLR
KkNR3,
1] BEBELOLHTHOOHOBEENABUM K
B, BOBAMOBELSERTH > I,
HICEMOBOEARBRABLL, 20
KEENOTOMENAAEL, EDDH I
BEAEBBERETH> I,
FEEBITETREORLL., LBKCLGSCH
Y 3 5% wi

LUMCHTA, BEKEKLTCHOB
BHARUMOIK,
BOEEROBEIMANEOBH TH -
o
BENEHELTCRCERLTNDOT, #
BEARERDDICH, IRTOREHLBEEOR
EEZHL, - 1KRTOHRBKCAMLEL, &
BOHO#EORREM -2, 3, 4KmKRY,

(2]

[31

(4]

[5]

DHPEOOEOORVOOOWOHOOOOOO

R e e
SARRRLAnbRIAneY

NP S P R ) >t B o= B

N [ Expansion-Joint

I
T

s R — k- ij”v - -4

r—n— 713
kww I
oﬁ%#() \h\\\\

Expansion-Joint

1]

DOP@ODBOODOOOOOHOOOHOOO®

B3 Z%Dmegﬁﬁ

BOEHOGOOMOGEHGO®OEONHE®EO

-1 HOREEEONE
BRERE BEOHNE
0 BEE
INENEIFOTb N

2 AEVEFOUTDN, RNSOEABROTDR,
HEFELILHNBAINCHE, CUDNESmB T

CUDLNE3m L
4 BUNEABKE, 2702200 - FbEES N,
HEMEOAHENBEBLILDDEETEINS,

3 HUNEABOTDN, HETFEV AL AT M,

SHOBOBESHH

—154—



8§3. MHHH

3. 1 MREFTNORE

HTA B O SINEEO WD — X HiE
THBEDT, KEHEZIFICR., EOHRABTHK
HMAaMECDEREL. M- 5KRTLDIKED
DHMRTHEFEDHUTHRIEETLVEED, 8T
FICUBBEDOXEEMNDBRELNEREL
o DEE heoko "

AW AT %

-

55
P
5=

I

I

1

i
1
1
1
]
|
1
|
It
1
'
|
|
i
t

}

L
|
I
!
[
It
|
I
1
1
I
I
I
1
}

B L - AR LA

W ETVEAFDE., ARUKEIILROED
Cdhd.

M} HEWD, ZRTFNHBEEOBORL
KEMELTEBRYT S,

BEMOHD, AT THEORD, RV
HEMHEOHL, TN, GORELIEROD
HMOKEHMELTEKRYT D,

KAZ 7. aMOXRZ 4, BR, RO
OEIFBORELA, HPEoodhiFmhEEA
B HCS5ADEZEDLEEICAND,

EHEOACHDIKEABOE, RUELZ
bra—-—beEALADI-Z—fEORI, H
OatAEL, BBHBLGEOOT, SHHEKC
AnGn,

BREOBBIOCOA>H A0y, Kk
G, BRMESOI2)—-b70Dv o0
FEEHBICANGL,

FLEDOREBIBNBERLZL, T
ZTHhOXRHRT, HTFOCUTDONKRUTHITEBRYT
5Hb0LL, FUEZTCBEANNTNSH
KHLTH, BROBIETENEET S,

HEEDOREMBIOEABERILERL
g A

BMHMICHL, -6 KRTLDIC, Tri-
linearB O T EH L AMBE L ERICA

(2]

{31

[4]

(5]

[6]

(7]

(8]

Tri-linear®!
A BN N2

Tri-lingar#®
fri-tinears? L S Y=
M y

Wi | B

T
M 6 BEBEHKZEINTWDLER

N3, L. BREBEOSNItE, ThTh
DRI D 1/10000 & T 5,

HOMTW 4T SROMH U ER
BILEDDHOLEL, KENHKL2WHOHEH
BEMIKANGN,

AEFAER., FBRCEINT, £HRL
KRCABECHMT D, ZOBR. X2V PN
AGRBORBRERELRET,

AOBRBEEEHANEOM), RURO
WmEBD T €~ X FOEIHICH U TOHEE
HObDEY B,

UmoiRifgoy LAy o) —-FDORE
WIBFC W, thENX-2. 3Ry iE
§5, ChHHM, SRECHE LRDCK
R&NLPHEaA7 - 2220 - FORKET
»d.

[16]

[11]

[12]

& 3 avuu—-ro
xk 2 HMOBKREE (ton/oi) I EE R (ko/cm)
B & CH H 20 BHCHR

I B 4.08 3.64 T{F. 2217 (187
——

HAWE | 3.33 3.23 2 3 224 | 200

*& SOR25EBERE NG, 3 R 343 | 210
[13] KREHhUF=AEMMmEL, —AROHB

Mo amnIc,
MUOMNHEO T ARICHN Y ARNLE
REROBOTHD (LKD) ,
FOTOHRhE-—AL
Mc =(1.8 ¥ F¢ +00)Z¢
(00 :MBEWEKLSHH
BODBEER_o0=0)
HhiTBRE—-A B
My =0.9 at oy d
My =0.8 at oy D
+0.5 NDOO-N/bDFc )(&)

[14]

(Y)

—155—



oy =(0.043+1.64 npt+0.043 § /D)

- (d/DY
HABOTDRED
Qc =0.7 « (500+ Fc )
. 0. 085 . be i
0/ d+1.1 J
A W REAR 4 )

0.23
Qu 77(0092-0.7-0.820t (180+ Fc)
B 0/ d+0.12

+2.7T ¥ DW 0y> be j
Tu =4/1000

3.2 IRFUEKREAKLLD
B ROA RS
WRTHETH, - TKRIHEREILTH
MUKHG, BREULHELLMEBLTHBRILEL
o ILLHRIDO ) -, BEOD Y
HY—bEDOBEBREEOT, MOHLDHHN
FREBCENAKZIOLND, HHER1~3KD
WTRBLHBHABULLDER » TLRFUH
MRIEAWAIINY DIc8, XHMODLBE K &M
BUTHEAD L, OO RO EOKELLE
HEMBTED,
AEHICIL, IBET VI~ DR L.
Fc=240 kg/cm BELHRFEL, CABBREHNIA
BLEBZBDERELL, TRLBETREICHBL
EITRFVBBEACLDOMD L REE, KO
PORKBoIc, KEL, FRT AN, K-
TRRTEDKBREDFEOREL, DUDNR
HEPER., SLURREEPZORONKIE
fai &

HeEsORREE
weEnorKeE
CUDNE -

M- 7 WEKEILWHDLER

BN ERELVK.

K- AKEBRBECHBLTHBO> WO LR
ERYT, CCTR, 2D0O5EALMTEL., Case
1D L R4, Case 2CIREDICH
Hol. XHMOOKBRE K LCase 2ITNHOT
0D, Bd. WOKDWTRERCHELTON

Lotz MhERBAECGEVHOELI,
% AROW)LAE (BEEORD. HEHOR)

Case 1 Case 2
BERR
iy tAM 124 AN
0.1 1 1 1 1
2 1 11 1 1.2
3 1.1 1.3 1.1 1.5
4 1 1.1 1 t
3.3 EFNMEONK

BITET GO HICD, BYEMRY DMITE
TLNEBRBRORBPUBOKESICL > THRL
o K- DKZO—MAERT, ICIEL, Typek S
BERBEDLOTHY, B, CHTHUERSD
SOHH> CHXTLOHMBERADETALTHD L
KRS G0,

COEDCULTARULIEETITR, Blypel
ERBHEREAMMLTWNADTC, EBCLCH

% b CHBOEFVHONR

N T e e e et e I e I =
W) %3 7 \???E:f T | E§§§ T
M = | | BT T P
m\w\! i | | ART| ME | RS RS BB
. M €2 [8] £ 121} ¢6 [2]
e (13 C3 (4} ca 1)
ﬁw'Mm L2001y £18(73
W £19[3]
s 1 s 4] c12(13] ¢13131 €15(1]
M| e (e (1] c1o14]| c11{1]
i €9 1] Cta[1)| c1801]

) 17,020 WBEEHS G, UIkyag

=) BRYRKU A& RFKRY.

—156—



RO DTN ERD . MBHAHDIHEEKI
i) ERBEANSOIICHSD, ZOTypeD #ER
e Uk, -6, TKAMOREXNGORE

B4 RT,
%-6 BROKZNGHORERE

T#m Fa 5 i

P
B | - D AT - B8 K R MR A L

type| BT | B2 | B3 | BS | B6 | B8 | B14| B20

3| O 0 1 1 2 1 1 0

2| 1 2 2 2 2 1 1 0

18| 1 3 3 3 4 1 2 0

k-7 CBROMANGHORSRE

=L i

iR 111
g H

R sl R AKE A MER L

Type | C1 4 C3 C5 6 G8 | ¢14 | C18

3R 1 1 1 1 2 O O 0

2B 1 3 2 2 2 1 2 0

TH 2 4 4 3 4 3 3 0

227 .40} -#EB AKE  WwHBES4L
THOeAEH B2 3 85 820
1500 ton é é é %
1800 ton g S 5 g
2160 ton
gégi: %%%g _Eggg 4x§§—
—e,
2400 ton
- —(10
- 8 BhomRar (Hemn)

() OWMFOrhh  @MITER
OEAKOTDN  WEARER
M ———  mRE EE
EmR O W xﬁ? LLED

TROEAEN B2

$it
s
EEs:
s

K- O BHROWRESE (#Ewktase 1)

t%m R 8 1)

BWaao ﬁ% ME%%
1TREDU AW 32 B20

1500 ton E é
1800 ton ‘% E % %
2100 ton ; L
_ e S
-
—FOL —ee—
2400 ton 4
e
——

%xo-
B0 Bﬁ@ﬁ%ﬂ?(ﬁ%%M%Z)

ki)

—157—



ws Bfn — o1 [ L m 2] aeT: 111
&m0 W mMEE L MEEsL BWABO g fr@m‘% )#Mjgh{ef, L
TBOU KA C2 o C14 c1s TREOE AR 2 14

1500 ton
> —

1800 ton

L5
=3
o

1500 ton

1800 Lon

sa

2100 ton 2100 ton

naalnasdnns

£
Pii
i

t

s
:
:
+

2400 ton 2400 ton
_D.§’~ {000 —
_a% —
BT CHOREEE (BB B 13
gm0 R - 1/100
TREDOE ALK |
EWARD L m — L3 N == T 11 ] i e
- Illllﬁlbggﬁ Hfﬂ"g%/#l, (ton) 4=0. 84
TBOEANS (2 s '

20004 0 0.87 4 A b=

1500

1500 ton g é é

1000 4
1800 ton

500
2100 ton %;; é ? é

8 4. AR
4 4.1 WHRE
2400 ton o B. CHOMEN. Wisktase 1. 20REH
L RABKORANELORFRIL, B-8~13

B 17 CHROBREBE (FE%Case 1) WKRUI, e, BHO—BOEANMDh LB IR

—%— i %Case 2
——a— g lase 1
—e— HEm

R :&8HA

a: EABNHRER

0 ] 10 15 20 (cm)
BEBEOKT 24
K- TBORAHHERIBOXTIEROER

—158—



DOARPELEMOMBRAE-1UCHRLI,

BMOLEE., - 6IKRdLDKCType B2, (I
f—g4) , B3 (dEMMABTER) B (Ffl—#
H) TUEEREIOENZL., HIEREAENZ
Wiceh, WHAERDRZEN., CRHOBBREREE
M~ 8~10TH D&, BYORIBVN L, Hiksm8
TIHOEAMBIRA ] Mo [ RIBILO Ol &
R ANERIELLULTWDBEHEDBND, CN
KA L. B2,B3 OF OBFREERICIKKELILGNMR
BEDRROTROEABRNCLT, #MigiLbD
HLINNE EBOFERB CHRLTNWS, O
CEREBHECRUOBICODVWTOHE L., WD
HW O3 1800t0n T loh, M T
TEERHL, HEOHRLAMHICHKD I
Case 1OMMCTH, BI—MICRT EDEMHTH
1.HBICHIAY B,

CHDBE., k- T7TIKmRdLDICType €5 (8
W—) . 014 (A EeEL) ORTH
HREARBRRDZN, B-11~13L0D ., C5OMH
ML, B ED THOTANBRR ) ho [
TR FBOHHFBHR W | ANEBTTLTWDHO N
bhd, &ic, C14 b, #iENMEEARRIRL
A, Case 2TRMIFBRAMNETLTWS, 1o
HUBREBU LD, BRBMCKER2EREEND
B MHOBERLTED, B2 ARELUTORMD
. B- U5 HEDENELDHIC, #iEmMLD
R20%LAHLTNS,

ABHTCH, WHMAOZELWELERS NG
Molcht, SR, #iBEEZH AR OO
BERAAEL, bebeot MmN EER
&> TREDUEABDLEDOMGEDED > I
HEEZBNDS,

4. 2 miEzm

AKTLA, TOMHRERICERINT, O
KR, DIRMESH AT a2 CRRIEDNT
MR XMODEEHEDHLDIKDNTRK
R G BN, BRER. BEERLGYE
DEHEBREEINXTL0 &Lk,

[1] REGSECLDZUEBEE—AVFADEBL

ERULH, CEABHNOEBIERLL,
[2] HHOWBRARLORERL, FRAELTA.
TOBRWERICL > THG2 M0, BERD
HEBICERIIBELEDLDK., RITE
REGTUENNATREHEEER, Wbibd
BRIV REHO CTHRRBERERELE,
3] HOBRB|HCABHOE, [20K4LH
REUVIKMRAURNICEL T OIRRBREOEA
Wih&lic, COR. BIRRRAIZO DR
EO0CHAKK, EkRDVELAVTEA
Wihetiihd 20, BdhicEAlih e
BEOEAMKGEE cQsus EMA5A1K
W, CAMIERUERAZTIC, HOEABAR
HOREEAKED cQUKBELWELK,

A 8 WERERBISOLK
st
L3 [
#rEm H#Case 1 Hi#E R Case 2
1 0.67 0.72 0.73
B 2 0.57 0.69 0.90
3 1.63 1.63 1.63
1 0.54 .64 0.64
c 2 0.55 0.57 0.79
3 0. 89 1.01 115
ZHHERELT, SHEBOHENKROIsA%L
£-8IKRT,

FAI3REHOHBEsIFRMIs0 £0.6510.05¢&
FHE, 150 KFOBRNISHNAEONLOE., &
BRI CILBH2BD0.57, CEIBEODO.5E 28
DO0.55Cdhd, CRHEDMMBALEY, BICCH
OMENOREHELOEORL G EHN
T&5,

WEMBOISHAERTHE, BEAEDRT
0.1 UEOLERARGN, MBI L> THERH
MEtI5LHHMIBDENTED, KIEL, BE
D3RELCase 1OCHD 2B PEEAR K
BEAEEBLERRONT, ISIOELDRHEN
Ghol, TOBARELT, FTBHO3IKBEHE

—159—



EHNS1.63ENDENISHERLIBED ., BE
BHETH>IIY, HiEBRZELI D EM>
CERbUBND, &ic, CHO2[EIL, Case 1
CUBIRY I E AN ERIER Mo DKM U
. Case 2T DR DN A, FORYIS
HHAZELLERLTNWD, COZEMS, Case !
TRHBCLOBHMOMNEREBRHCRBE>T
WA, CHR2BRERMNEESE N DM
e, MEARXICEEALREALEL, ISHOE
v lam-bheEZOHNS,

85, &&8

KWL AL d SIcHmIEMmoaT o
Mk S, BEAEDHRYABBBRAYT
Hol, FDICHIRF VHMEAL L DM
HOHOHBEICL> TEABBIALERHL TH,
kRN EDS LM I,

LHL, Case 1O LD ICHIEN R A IRH I
botchAehb, B, CHEBEHBKL> TR
M%< ERHUTHED, Mk LD O
bl Epbbholc,

FRMEEHET > K#RERTH, #HEL
Lo THBRABOISHEEHO. T BML, TR¥Y
BIREAC L DHELRI LKL > T HEW
KHEXRTHZo THE#SALETHENDIERN
Bonik,

CORRECODEL—ROBRYWICEMRTZICK
BENAHDLEEDNLN, —RCBHm I IY -
FEMTH, IRTVEBIACLSHBEEHT
CEREL> T, AIREHAGDHARBLUILIELE
55, ULhhLGHASCHEZEORP THNIL (Is
fEATRETO.54) | HIBAHULAL LK, MSRE
DR EFTE>ICHAN. LFONEMCERNLE
$HENEEND,

HE

AMRRY 1 — AV RERERSRDSONRMREC Lo T
Tbonilk, BRSRCHUARAY BEREREFHRCHES
WEE&& Uk, 2k, AAYAZEDBBL. REAFAS
B4 NERERLOBPSENCEEZLE, JCKEU TR
MERLET,

— 160 —

BEXH

®

@

@

@

©

SHosh. ik R, BB WEAE T HRAR
BETROMBE - HRALTORMNY, 32U - TVl
17.N0.10, Oct.1979

Bk KR -, EENRE DWOTON DI L
HMEASEHTBHBH 00U - FEROREHELCBEI S
KRR, B2BO2 00 - I RERBEDBHEGE
, 1980

P& ¥, BESE BAOCUDNELUCHHI
U-rREDOHECHIDERNAIR (Z01. GoOH
ABRR) . HARBFRAKS, BWAOMEOR

FEK %, BREH BHIL Y- bBEROYAD
UDNEH Y HHEMENROTRIGMA  — 100 REHK

HERE— . BERRZFRALX, BASH108
BHRE RCEODHEIACLZHEDR, AAR
FPRAR, BASTHEI0A

HiF 52, thekeid, #in &, ABEN. Sy
ROBHOHECEI HXHBONE (BRMAZEOEEAY
DHE) . BAREZRAR. BASTEI10A

mOsSa, hlEn, isg-- RCREROHBHO LR
FUBBHACLOHEDRCRHI DERIPA, OKRE
FRAR, BASTEI08

& oM, SH A, MERE, ANRX. LEFEX
HEMBEORXARCROBBHCBI ZHROME — &
B7UT1Y BHFIToU- FEEREAYORIAEHO

R (T06~8) — . BARBELAS, BAUNED
A

[IRBEHKGR BEHKH 22U - EEBMORE
333

HEB%R¥%2 BMaroy - FRETERE, W57
i



A Case Study on Repair Effect of a Earthquake-Damaged R/C Structure
Repaired by Injecting Epoxy Resin

by Yoshie YAMAMOTO (1) and Hiroshi IMAI (2)

The epoxy resin injection technique is one of repairing methods of
reinforced concrete structures damaged by earthquakes. The past experiments
show that the ultimate bending and shearing strengths of columns repaired
by epoxy resin injection technique became 10-20% and about 50% larger than
the original ones, respectively. Tt gives an idea that epoxy resin injection

may play roles not only to repair but also to strengthen structures damaged
by earthquakes.

In the present paper, the ultimate horizontal strengths and yielding
mechanisms in the longitudinal direction of both original and repaired
Izumi-High~School, seriously damaged by Miyagi-ken-oki Earthquake in 1978
and repaired by epoxy resin injection technique, are analyzed. Besides,
"the earthquake~proof diagonosis method of reinforced concrete structures'
was apllied to check the repair effect of the technique.

The important assumptions in the analyses are as follows:

1. The structure is repaired only by epoxy resin injection, though it was
actually strengthened by adding shear walls newly.

2. Inflection points of beams for the horizontal forces are produced at
the centers of all beams, so all the columns with beams can be modeled,
as presented in Fig. 5.

3. Bending and shearing behaviors of members are idealized into tri-linear
models, as shown in Fig. 6.

4, Repailr effect appears only in increase of yielding strengths of members.
Cracking loads, displacements of cracking and yielding, and stiffnesses
after yielding have no change.

As results of analyses, no great change has been found in yielding
mechanisms between original and repaired structures., But it increased 20 % in
ultimate strengthes and 0.1 in "Is" values, that is the indexes of 'the

earthquake-proof diagonosis method of reinforced concrete structures',
over original.

Even though, "Is" values of the original structure were so low that
it seems necessary for this structure not only to be repaired but also to
be strengthened by adding shear walls.

(1) Graduate Student, University of Tsukuba
(2) Associate Professor, Institute of Engineering Mechanics, University of
Tsukuba
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