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EXPERIMENTAL STUDIES ON ELASTO-PLASTIC BEHAVIORS OF REIN-
FORCED CONCRETE FRAMED WALLS SUBJECTED TO CYCLIC-LOADING
(Part2) Cracks Patterns and Ultimate Strength of Shear Walls
with Various Boundary Frame

Ikuo TOKUHIRO, Isao MITANI, Hiroshige MIYAZAKI,
Hiroshi SUGIYAMA and Masato YATSUDA

When a frame with wall is subjected to lateral forces, and its angular shear distor-
tion becomes (.2~0.3X107° rad., shear cracks occur in the wall. Even if the frame
reaches this degree of the distortion, cracks due to bending or shear don’t occurred in
the column or beam of a frame without wall. However, if developed shear cracks in the
shear wall penetrate through the boundary frame and strength of the shear wall shows a
sudden decrease, ductility of the frame with the wall can’t be expected. In order to
make the framed wall bear shearing stresses up to large distortion (e.g. up to the
limitation of angular shear distortion, 1/200 deformation from floor to floor as shown in
the section 82-2 of the 1982’ Building Standard Laws ), walls should be reinforced by
the frame enough to obtain ductility against lateral forces and to prevent wide open-
cracks. .

References 1) and 2) show that ductility of a wall can be maintained, if the bound-
ary frame prevents expansion of the surface area of the wall which is unisotropic due to
shear cracks. Accordingly, in order to design the ductile shear walls, following items
may be presented.

i) The increasing number of reinforcing bars in the wall are effective to prevent
the development of shear cracks.

i) The walls should be surrounded with rigid frames so as to obtain ductility
against lateral forces,

This study deals with the item of ji). “ A.LJ. Structural Standard of Reinforced
Concrete” (1982 ) recommends that the size of boundary frame must be large ; cross
sectional area of columns and beams is not less than st/2 and minimum depth or width
of column and beam is not less than 4/st/3 and not less than 2t, where s: smaller one
of clear span, t: wall thickness. This paper is discussed under the conditions that the
sectional area of the frame and reinforing bar in the wall are constant and the reinforc-
ing methods to resist shearing stresses are changed.

In the previous paper®, the comparison of the experimental results of the two shear
walls, in which one of the walls is surrounded with boundary frame of reinforced con-
crete frame and the other is surrounded with boundary frame of steel reinforced concrete
frame, were discussed. In this report, the test results about eight kinds of shear walls
and two kinds of open frames are compared and discussed.
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3.3.1 RIBMORRBAEBER L OBk

i) EDZEMOESMRICE e v Y DBTERI N TH
By 548 (K-728)

BHav ) — MBMICERI NS B e v VORK
fiE—v b3, TiLoKFHFEEXZANS.

130 aeMB8=0.9:avoyrd? e (1)
/53 rcM§=0.8*a:* oy°D+0.5N-D
41=N/(b-D-Fo)l’ .. 2)

TS, o BIERSH OMTERY
oy . M DRERICH K
d JRVoBEHEN
D :fFogn
N @30 EAKDIKEBEHE2EBL
12Ehh
b I EDIE
Fc iavso)— +Eimag
BEGH Y 7)) — MBMICER I3 BiEe Y Y
DOEFE— A Y METEEORMA XY 2HANS.
30 eMi=Mu+rcM2 e 3)
B sReMS=My+acMS e )
ZCUZ, sMu=ZsXoy Zp: $EOBMMEFRE
HHMmICBEe Y UMNERENBET B L,
£=110cm, £=9% cn (K—7 BB) TH5H0>, A
DEBOKBEN Q BWIRXTRHHNB.

RC BOBHE | Q=ag( 5 M-+reMs)-(5)
-SRC BOHE . Qf=1(2)_0(1?lsncMa+sncMﬁ)

i) BDEBHSEANEEYT 554
FARBOKFMA Q OEEILH->T I, K
H - m/IAELORRC L 5REREXESH S
», CAKANYREE, FHEREZELDOTR
DEABWAR ZA V1.

Q:=2GcQc+sQc) 0 e 7
reQc 1 XKHVD, RC &HHOHAKRAT,
KAD > BhSNF
reQc=b"+j(1.5fs+0.50* rDw) .t (8§—a)
weQe=b-r(2 X it oyrepa) - Bb)
212U, BBEHS RCEDOHEIE B—a)
KzHW5.

Qe H1EH0D, HERFOEAKTN
SQC=tw'hw’ﬂy/\/§ (7)|/'7_‘r_7*0)i5é’)

sQc=Fa'sind (7 FADHFA)  eeenns 10

2T,  fs=F30X1.5

b IgEI7IVINBETCDOIV I —

~ OBEIE
ho: vz 7DEWV
L8y o) — MRS DB FIC &
55|58 & AR D IS F1 O e BE

Dw. & ANTREREG L

tv | ERGKEBEDY 2 THES

Fa: 5F 2t ORRENS

0 MM EEMEEDETHA
Prax, LECOBERDSEKD Q;y, R (Qw
=Pnax—Q¢) 5RO Qw 2E—5 ITRT. XRT
AL SDOPERTBE I MBI (FOEES
IR # AKEE D OF) ITHIET B HDTHS.
EERLODM»B LI, BEEHN 6 nDREREK (RC
Y18 KD [HH5— v OMERRICET 5H#
REM) 2@ TH0) 13, Q OEEMHOKAD&
DHESNABBEREREERER S, BIHIELT
WBDT, 85— v OHREGEEHZLTOAL
BDEBOREENRE, AAFEICLVTFHETESLH
WCTES. UL, BEN 10 mORAKRKITONTI,
HFELH—FLaW. T ELDOHETKRDI Quw D
THMEIE, BEH (t/b) »5 0.3 DRBRIETH 30 ton,
0.5 DRERIETH 36 ton THB. DT & d, B
EzEL LTS, BEICHAT 5 AMMIAETE
BWEEXB.

l =110
—1¢'=9% 11
=" r--L g M
rJ Lo
- -0—
L, Y
! |
! |
|
|
h =100 | !
| |
|
| | |
=J | M VS
[ e WN 1 1 0|

K—17 ZFBORBRIKICHTH2BHEL Y VOMNE
EHIFE— 2 Y FOHORE
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£—5 FAIREOMEEA CBIRS L CREOWN

R _ B & % RC-0 | SRC-F5-0 | RC—6 | SRC-L3-6 | SRC-F3.6 | SRC-F5-6 | RC—10 | SRC-L3-I0 | SRC-F3-10 | SRC-F5-10
x B B X ® 14.8 18.1 43.0 40.8 46.6 48.7 49.7 51.6 54.4 63.1
7 U — LOBEER (ER) C AN | Al | TAN F ; CAN | UAN | vAN | CAK
RORMOEHH %1 B | BHORS | 19.0 15.5 19.3 13.2 13.8 17.0 19.0 12.7 13.5 15.4
by ABRANTHET 388 | RIRORD | __—— —— 23.7 27.6 32.8 31,7 30,7 38.9 40,9 47.7
BORBEN ¢ A K| 2MORS [ 13.4 30.0 12.3 14.2 18.4 32.4 m.8 ] 14.5 19.0 28.5
MM T 5 B & 8RomN | _—— — 30.7 26,6 28.2 16.3 37.9 37.1 35.4 34.6
7 U — LOBBIERE S k == —— | 0.208 ] 0.197 | 0.258 | 0.215 | 0.171 | 0.161 | 0.152 | 0.153

Muuz= 0+ 0y* €5 +0.50w" owy* Lw+0.5N* £y 8

3.3.2 EOEMOMEME e 09
22iT, a BIEMEOEHLMER (af)

FUTORNE (18 RTEE) T3, BHEOIY 7Y - SRR OLHOBRIEAE (/)

PAEEAKS (Qu) EEEL, EHLSAETES OO (of)

FALAKN ((Qw) TEROFALAWN QW25
ATVAEY, ChZRLAUORETHY, T3
7)) - bOABEAKNEZRL T Qw 2IRORM

owy - OB DREKRIGHE (kg/crf)
D HEtWEES>LDDEXDM (cm)
B. : BOEMANGDIET, EAHHH

ATRDL. 1£% DIE (cm)
Q=r@uteQe e 1w 0y : 1 MRS O3 & O MRV R0 RIE B
Sl QuEpste Lo o 2 CESHMEOHE 1L 09D & T 5
Qw=k-t- € Fc 13 (cm)
t, ¢, ps : FhENBEE, BEROKFE N : HEEOE#SET (k)
IBLDNRE, RUBKROETT 2&ARDE AN %24 HS SRC OB S
B Me=min (Mu, Mu) ¥ e 16
oy | BB QRIS K K, Ma=(Aor 50yt rAo ro) N £ el])
kot RE Mur=(sAo* s0y+eAo* o+ cAr- F)E—Ny- £
Qu A RBMREMET B8 (-5 hokmelm i
AERS) ELEBAD k OEEE—5 ORKTR A ERBCRET SRSy 7 Y -
RY. EEIPOIOMB LI, k OfEI t/b=0.3 D SR (o)
HERIADHH t/b=0.5 OHRERIE LV HKELLHT
"B, k EHRHRERDTRMTHBEVRES. sho } EHORE LR (al)
Ao | MO EH2MEME (of)
3.4 BEORBAEXICES(HEMNEER FS  &#oar s ) — b OKBEREIGH
BAMH & DL BT, 22T 0.75F. & L1z
BSOS 1B L LA OEBAE soy BB IRBRTNE (kg o)
KPREINTVEY, I TRUTIRT@ARC roy - EBGIREERISTE (kg oof)
EBEEMN EKRBAMN & OHBETS. ¢ REORCEEERE (cn)
a) &EhFRER . N, (BN &k > THIEM & 22 5 [l
MmeEs I RHIESE »/4 L, FROM~105 % ORI ET (kg)
WTTREBEF2EHFBRET 2 & 2 0KRBIRN % N, : B HIC & - THEMAIE 2 5 /IEH
Kb 5. OEAE A EAN (kg)
FENZER#ED RCEDBHBE 14, 09X IZEDEHEHS RC BOMBRE 2R E
Muw=0.9* a1 0,°D+0.4* @w* owy*D L:XTH b0, BHREH SRC EOHEDHE
+0&N®@— N )m ........ “ IKBVWTR7 7y VMEBEEHICERZ, Y27k
. B.-D-F. HAMICOBIERH T HDE LTz
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b) Kt AN
B - IER (RS ANBHIEDIRE )Y
Qu=min(Quws » Ques) oo 19

Quws= (2'4\/FT+ 3400psmln)te( kg )

e (19-8)

Ques=Ques) (RIAEH & A BTREEE)
- (19-b)
Qu(CS)=%t‘ 2 ( kg ) (19—C)

’ Zbe'D
A=ph-ay..(% EZD"ta o)+858 l:}, =

0.3745ag" oye N
e e 262(pv- o7

......... 20)
B=1+57 i? —(1—0.262tan6)
<1+%—%’coso)
~0.2620% (1+§,‘l)°)zw ......... o

I, t BEE (em)
g, ¢ EROHER 5500 MEERHE
(cm)
K BROSSBDOVEE (cm)
Fc:av 2 ) — bOEHEBE (kg af)
N BB {ER T 2REME (k)
Dy : IV DE W (em)
be, De: fIEDIE, € (em)
ag - PIEOEHLMER (cf)
ove - RIEDER D5 REIEHE (kg / of)
Dny oyn - BEROBGLL, BHO5IRERIEH

& (kg cf)
Dy, oy . EROKEL L, BB DT IRBERIEN
B (kg/ cif)

Dsmin - B, BHEDS BHAIVE

X I EAAgoMmERDLT

0 ANOUEhDHREKRESHDR
OAE

¥V EROMABEREICEOREHFE

i) SR DR % M5 R I FEAE U fthds
EIhEZELWHTHEARICSIERS
BE
r=0

) PR ORI & B I AR U fhis

IZEMEAREICh A ZWEE
r=1
a. M OBERICISHE S EICH %
mad, MsmEMEERICSERABA
b. IEMAIC & 5 ERP N & &N
11T & % SR BIEITTE O R I M s =
DEMABERT 284, a, b D
a&Lb
r=-1
V) BEEEC TEHMOLRICIDII>TH
WAROMNBERHRIERAT 354
¥=—(h’—Dctanb)/h
EEBRBFTIE 2T=0, §=45 L L1,
(9-CO)KXDFEHRELOERE (KA EX) BHIH .
Dv: 0y >30 kg /cf DS Dve oyy
—0.4py* oyv+18 kg/crf
Dn*oyn>30 kg/cf DS Dn’ oyn
—0.4Dn" oyn+18 kg/crt

~

Qg* Oyg

Dg* Oyg= bDe >80 kg/cf DIFE

Gg* 0yg—0.305" 05+ 56bcDe  (kg)
HEHR
Qu=BetFe- /VE TR +pyr oy teh - l)
B.: #io# (BBREMTL—R) OFD
18 (=5.61t)
t (BE
Fe:av2z)— bOEMERE
Dw - BEFF L
£ A EIEERE
oy . BB DRERIS ) BE
h :(BED>2500E3)+(E0ENHDF
57)
mmf\n)

Qu=Fc'Be-t-cosd= —Fc-e-t-sino-coso

T2,

22T, 6 EROXNARNKEHELTA
2R OBPE LA L.
IRRRA"
Q ={W
T /M/QD+0.12
+2.2yPaerom +01afberi o

T, be ! BMNEREZMLOEL WEMLIE
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FMEIC B & X 1BEDE (o)
D : &HHo2tv, d=D—Dc/2 (cm)
j (1/8)Xd (cm)
o L RWER IS T 5 T A RS E
(kg ./ cif)
osy - BEHORBRISTIE (kg oof)
Dre : 100X @/ (bed) (%)
aw : SIRAEBHER (of)
Dse : be ZES LEXIIPBEDKFEE AN
wEm (N
Fe:a>v 27— MEMERE (kg of)
CRBERICERATAHMTE—2 Vb
(kg * cm), HAMAH (kg)
(19—C), B ERICBEL, mRE b BDEHES
RC EMBELZHRELERTHBHOT, BDERH

SRCEDBFE7 7 VREHmEAL L UTHEL 1214,

ZOEEKBFOEARMA (ZNY 27120 TIH9)

R, TFRARCDONTIMOR) 2iNx-EE2RREDE

ABTRD & LTz,

L EDFEN & 0 R - EEM & KR & DL 2%

—6 IZRY. AELVTEROZEMBDNS

1) REHFRERX ((9~10R) TE-S < BEEME
WFNLERTCBRINWIBEEERERL S50
T, ERELHBLTHEL.,

2) BH - mEX 9] cHEO K BEEEIEERE
L VNS ELRDBEE L >T VS,

3) BH - LA (@2, ) 1, BE 6 cmd
BERELSHELTNSBDS, BEED 10 il /s

BEM0BRIEE 5.
4) ERAK (@) x2BBREIchizy K<L
TWA3.,

£— 6 EBREKHNEEEME

K % & % RC-6 SRC-L3-6 | SRC-F3-6 | SRC-F5-6 RC-10 SRC-L3-10 | SRC-F3-10 | SRC-F5-10
ERBRBH(L) 43.0 40.8 46.6 48.7 49.7 51.6 54.4 63.1
ZRoBEER AN &AW :: 54 [::: 54 &AM &AM &AW &AM
98.7 68.4 68.4 79.9 99.3 66.9 66.9 73.4
wl| 00 X !
é (0. 436) (0.596) (0.681) (0.610) (0.501) (0.770) (0.813) (0. 860)
m{ W % 94.2 66.2 66.2 76.5 94.2 63.6 63.6 69.8
2 (0. 456) (0.616) (0.704) (0.637) (0.528) (0.810) (0. 855) (0.904)
§ 64.2 68.3 91.3 61.7 65.2 80.5
e =R - —
(0. 636) (0. 682) (0.533) (0.835) (0.834) (0.784)
BH - LK 33.7 32.2 32.2 33.8 48.1 48.7 48.7 48.1
wl 09 R (1.276) (1.267) (1.447) (1.441) (1.033) (1.057) (1.117) (1.312)
B BER 39.4 35.4 35.4 39.5 91.6 9.5 9.5 91.6
: (2 (1.091) (1.153) (1.316) (1.233) (0.543) (0.545) (0.576) (0. 689)
W JIT::F-o 46.9 40.1 41.0 47.1 94.1 76.7 76.7 74.1
1 e R (0.917) (1.017) (1.137) (1.034) (0.671) (0.671) (0.709) (0.852)
B KRR 43.6 42.0 47.1 62.2 49.8 50.1 54.6 67.9
e R (0. 986) (0.971) (0. 989) (0.783) (0.998) (1.028) (0.996) (0.929)
' () ORONEEESRE, T
P YHREL, WEOHNMCHERLEOBRE I &
: nTWa Y, BIEESEOHELHEITIEEE O
DB OMBER P O SRR ORI RIE OMENTERNIEITES.

THEZPS,»ICITHENT, 8 KOHBERRKE
2HKDOFS — X VIZDOVTHIE LATEIMHERZITL,
FORBEROBRHARVER 2T 1. ZOERE, T
LD EMERICHS M E L - 12,

1) $OOVENDREICE > TET HERDEHK
BRI :H5BEHND 2BDREIRTHNIT
WrneE, BARALRRBEISHSTNIMETL24E
FTHIEICED. BEYI—BICTIIHBEEE ST — 2

2) [#@avs)— FEEHERE - A#ESR
(1982) @ 18 & [ 75— » v OWEFRICEET 5H#
R 2FLL, PORABEEBSTINVITO
SRC BOBE, 7z 7THENEIX ISR ICE
M v VPR S N TEDER T BET 5.

3) BOEHBOBERICT 2HARMR R, EEL
(t/b) MhELEBIzoh k&< ny, BEEEL
LT HBEICHAIT 5 A0OMINIIGETE 2.
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4) HERFHFEWILTVAESICE, 3.3H50
HEIC &0 EDRBOMBER 2 FAITE 5.

5) HERFMEF LTI, BUEES RCE,
SRCEDE L HDPATH, ML OMRIBEIZ
LBV EHKRBRIICHEDL D T,

6) RDZRMHE AN U rEBREICH L T,
DN RC ¥, SRCEDE L HDBPATHIAIR
R (@) HESHBELTWS, F1r, BEHSHENE
WIEE (ERFEZHBILULTVBEEE) ThHhE, &
¥, (LAomR @), ) b L<HIET 5.

E

ERROEREEICERL, ABFESFE, £4KB
RTBF, FAREXHEEE, ERE, TEK (B
54 %), LEET (F 55 £8), BIEA (A
56 F£E), EXMA— (B 57 £%), RUERE, R
HK (R 54 FE), THSH ([ 54 £8), R
*x (F 54 &), 8EL (R 55 FE&), JIIEFEA
(B 55 FE), CABRE (F56 F£K), k{KEX

(/56 &5 ), RERPH (B S7EE), FROZK
BAEMBHEBE UL, JIESHERRLET.

2 2 X R

1) BRBEZESR, [#Havr) - MESEHER
¥ - [EfRS], 1982.

2) EHEE, 74 vHEROMARNAICET
3W%R], AFBEFEIRGREE, No60, B
33. 10, pp.389~392.

3) HEBXR-ZAK - REK - LEER - BIAR
B, BVRLHELZFAHHI Y27 — b

S
=

5

6)

7

9

10)

11)

12)

it EREE D MBHMR TR T 5 ERMTIE (2D
1)), BRBX¥THEEMITMES 22 5, B 55.
9, pp.83~115.

BAARBEFR, [HEHGFHIY 7)) — MbEHE
HYE - FIMRRRE], B 50.

WL, [#FHa> 27— Mz DwAKIERIC
BT 5HR], BXBEFEIRREE, No.66,
f& 35. 10, pp.437~440.

AXBEFER, [SHar 7)) — MBERERE
BT 5N, Y- X 14), BEME,
Vol.95, No.1161, 1982. 3, pp.51~54.
[RRHE, [BEEOSM Y 7 ) — b rsmimasic
¥ 2 RERER & 2 DT ], BEWEREH,
No.6, 1975.

HEEEE, [BRRBRICH T 5HEWH
EEFMERE], B 56.

AABEEL, [##Ha> 7)) — MBRESRE
BT 28N, v —X 31~34), BEME,
Vol.97, No.1195, 1982. 7, pp.51 ~ 57.
Vol.97, No.1198, 1982. 9, pp.60 ~ 65.
Vol.98, No.1207, 1983. 5, pp.66~73,
EHFRN, [#Ha> 7)) — MM OETHRE
KB AW, a3 v )— bV v—F 0,
Vol. 11, No.2, 1973. 2, pp.1~9.

IWER, [#Hav 7)) - M EEHOTRBLSL
M, HEBEHKRE, 851 8.

EHBEE, TEXth, [#Hzy 7)) — NiEe
DKEMFICBET 2878, £0 3], BAEBEY
SAMZMHARBE, 5 265, B57. 3,
pp. 205~208.




