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INELASTIC SHEAR BEHAVIOR OF RIGID MOMENT-REGISTING
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CONCRETE FRAMES (PART 2)

By Minoru WAKABAYASHI, Koichi MINAMI
and Yasushi NISHIMURA

Synopsis

This investigation was to study the shear behavior of interior beam-to-column connec-
tions in steel reinforced concrete frames subjected to alternately repeated loading.

Six specimens were tested. Specimens were designed so as to prevent flexural and
shear failure of beams and columns, whoes connection panels were made of pure-steel,
pure-concrete or steel-and-concrete. Experimental variable was the ratio of the beam
width to column width.

From the test results, failure mechanism, hysteretic characteristics and load carrying
capacity were discussed.
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AEBRTHE S N RRAOHRIBEBEYOREICHIST 2RV IEAREAC+FREMTHY,
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EREKE LTI, BRVEETHY, By/B.=0, 0.6, 0.8, 1.0(72/2L, By/B,.=0 IEMIEESKH

Table 1. Test program.

Test Program
i * Column Beam ) Steel i
Specimen section section B,/B portion ti?:lfrlx ess Reinforcement
B,xD, B, XD, 4/ = section Column Beam
(mm) (mm) (mm) (mm) u
H-200x 80
I-AR X9%25 s |
each side
I-BOR 250 % 250 0 4 ” - F%
60 1100@
each side
I-B6R 4 150 250 0.6 7 7 7 2-9¢
6 1100@
I-B8R 7 200 250 0.8 ” 7 ” 7
I-B10R 7 250 250 1.0 ¢ 7 7 7 ”
|
[-EOR 7 0 y none ”

%) The meaning of the name of specimens is as follows.

[ I : Interior beam-column joint.

A : Steel frame specimen.
T [ B : SRC frame specimen with a variety of B,/B,.
o-Oooo E : SRC frame specimen of B,/B,=0
- [ R : Repeated loading.

The ratio of beam width B, to column width B..

[ B,/B.=0,0.6,0.8,1.0
(B,/B.=0, shows that the beam member is bare steel shape.)

¥) AEROME TR —EORBRERICE S REGORBREHE SN, HIE MEOBEBRKICH L
TEBBET LTS, 4%, ARINFEER L ZREH'", 2FER T FHERPBLUIERE
RAFHERS CHRENHORAICET 2MRLTIbAL,
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Fig. 1. Specimen and cross sections for specimen, I-B8R (units ; mm)

_3_



320 FUABRPARETAER H225B-1 (1 54. 4)

2.3 HBREOHE S KUHNE

SE+EREEIE, FEOTECYD B SNIRMEEEELY Ui H B#bSBRIh, ZOHMO
FHE L SS41 HE Lo

XM E LTI SR, BAMM®GE LTI SR UROMEOSHSER SNz, B, EHTO
EEL, EBXURDEHESERGET Y FFL— VCRET R 2 Ltk - TIT bR,

AV FREBEELLT Y FEA Y, IBME 12" DFO)IE, HEHR 5™ Kk 10m 2Tl
BRIDMEREN, 37 ) — Mkt A Y b W/C=0.68 EREFFALT C:S:6=1:2.00:2.76, X 5
v olem L LT, 1B, AV — AEMEREICEE S UARBRNITRSh, 2V 7 )~ MT
B%3~4HTHEL, EREHEI TEREESHC 3N,

Table 2 IC&REVAIC ] X NI b O BRAOERIE R R T

24 W K B

Photo. 1 [C#ififEE %R MM O—#2 RN A MREBREN AL L TEADRY RiRICT
FHRD 50 HEY v v # T, Fig.1 ORANC K > TRT & RIEABSHHERZ DEUEHLES &7
BbDTHbB, B, RBADEV DTS ->TR, BHOMEEBTHANETRIEZ L KL, D
B0 MO EBEHFABEMICEE XS, T, EBXCRORMED L~V EERFHOD L <HsHE
—H hici 3 X3 IEBEI N, 2k, RHRBEHIANRBARIN TN,

Table 2. Mechanical properties of materials.

Materials
Specimen Concrete Steel bar Steel
F. F 3 a Imox 4 [
(kg/eméy | Fe/Fe) 9 (t/emS “ B (t/enS 2

-AOR : 9 | 350 | 4.70 | 0.250

-BoR | 197 234 ome| § | 23 260 058, " p "
1-B6R ‘. 234 | 24.8 | 0.106 i 7 7 [ 7 7 7 ”
I-BSR | 252 |22.1| 0.088| »# p " P P 4 P P
I-BIOR | 254 18.4| 0.112] + | 4 P P P P P "

9 | 350 | 470 | 0.2
I-EOR | 248 |26.6 0.107| + | # p v 12 | 2.8 | 450 | 03
|25 | 261 | 472 | 0.3

Note F, : Maximum compressive strength.
F, : Splitting tensile strength.
g, : Yield stress.
Ome: . Maximum tensile strength.
€, : Maximum elongation.

*)  SETFERERRIEERIGEAE SN TO S, RSB+ FREHONFIEERERBRE S b
A—ThsiEAoN5,
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V7Y — L ORBICE > THRENENESiILa v 27 ) — bRV ORI S BEDT BRI ON
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1 n

Fig. 2. Deformation instrumentation.
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Fig. 3. Loading program.
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BEENE LT, SR VDRABDTAD 0.005 (rad.) ZHAIRIEE L, RIFEIBICBOTER
3ED L VELEF, EEAREL NS TRAER 0.05 ¢ad) ¥ TABLESETELDTH 5.
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@1 82) 7% FEOEEOCHANMOTAICHIET BMICELEE b > TEOREOHBFEE L.
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Photo. 2. Crack observation.
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MENREE 2T AEAE, ROSHBEEBEORRE (-BOR) T, chiZa vy Y — b i volb)
KHLTY 5 v VBEAAUSEY = 7 x VOERABAEL, Z20¥E#HIR W. S G 2L0VTHO
BRI L O IIMHAMRERT 2 EEL SNEBREDBHICKE RETIDEEILNE, —H, ¥
AN ERREE BT A4, BBIURVEME GBS Y7 ) — M EEOREK (-B6R,[-B8R,
I-BI0R) BLU¥3 0 Ak BTHEY = 7 vOREINLHRG (-EOR) THY, TOBERIMEN
BEDIEA L4 - FOBHICEZ D EEZ ONE, BBLOHAOEMEBORRETRTOUEH ML
OO TE X, B IBRANS (BN BHEMICH B, T bbb, Thid Fig.5 CRY
XS ERBEOBRI 2 DOEMBOERICL > THRENTVEHDEEL NG, T70bb, ERDIE
Ak X 702758 Fig.5 (a) OFBBAEL, —F, REVBHMWNES (LS Fig.5 (b) OZEHMK
2D, FROLS EEREOBRERT RCHNOEMEICHT 2EMRBIENTEdDEELONE,
7k, COLSCEREOMRERLSET S EICED, RRVEHSELL, Lbd, HEAE vk
HANBSET 28807 VOBIICH I > T—DDRRBICIEZ EEZ N5, 15, Table 8 iIc&H
BT OUENE JCRENOUENREERTERRT -

.

(b) (a)

Fig. 5. Type of compression field.

Table 3. Test results.

‘ Diagonal .
Fleﬁg g 1 Pc ra(ctl)(mg teﬁ%&? Maf“"éum Shear stress
Specimen ! cracking f())a
Column Beam load(tl)” er oy T, /F. t/F.
4.75 -
-AOR - - - (4. 80) - -
4.59 3.69 5.66 0.155 0.197
[-BOR @352 ® - (4.36) G.47) ©.172) | (0.176)
I-B6R 4.28 4.00 4,28 7.03 0.185 0.325
(2.39) (3.43) (3.86) (7. 06) (0. 153) (0. 274)
B8R 3.51 2,51 2.96 7.78 | 0.107 0.383
(3.00) (3. 00y (4.46) (7.83) (0. 168) (0. 355)
1-BIOR 3.80 3.10 2,39 8.24 0.084 0. 409
(. 70) 3. 06) (4.08) (8.54) (0. 241) (0, 408)
3.65 2.66 4.16
[-EOR . 00) (. 49) @ | T -

%) Negative loading.
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Specimen,I-B6R

-80
Fig. 6. Hysteresis loops.
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Fig. 6. Hysteresis loops.

DNE LD HAICHBOBRICEBIT LT OB I N5, Fig. 7 13, #HBA [-B8R iItHo1T, &L
g Hs 0.005, 0.01, 0.015, 0.02, 0.025 (red.) BsDE 144 7 ML XTE 3 44 7 MBSO EEMEE
LOHMULTRLIcGDTHD, EROURBEFICREINTVS,

Fig.8 |3, Bk [-BIOR [T OWTHEAH A VOEREVUEHNEOHEBUERLLELD TH 5,
Fig. 8 (a) RERE DM OB ONIREME Fig.8 (b)) RFFy 7/ xvicliffshic3tioas
y b=V OEHSESNIEEMSTHE L bMEITE P, BMBRYAROT A 2RT, Bh, mE
& HERIFEH 0.005 (rad.) DBEDHE L H A 7 MBEKOVTRLILSDTH S, iz Pr~Py, Ni~N;

O BEREABOTS 7, 13 7,=¢—§_—. (144) €, iC kTR0 B8, HECHLTE, &7 Vi
Vidv=0.3, BREIROTS ¢, RITHDOIIERENC X 2 BRI LD €, =0.00163 & L7z,
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L.80
Fig. 7. Hysteresis loops in each fixed displacement amplitude for specimen, 1-B8R.
P—
2 ----
3 ——
7, Yield shear strain
r(rad) tqu.)
0005 -001 b
L
o o
R, N
Ro NN
1T N
Positive Negative
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Fig. 8. Hysteresis loops obtained from rosette gauge data for specimen, [-B10R.
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REEBY T TR VOBKEAMDTA%ZTRT, Fig.8 (2) OBARNEDCRARH STV, ERE
DEAHEAI R LDIRIZH RS S OFENOUEHNOEREICE b1 - THMELSHRAIVET LT Db
M5B, —F, Fig.8 O) 513, HBY I i vOhRTRARIOUEND P, THET 5 BRI
—BEEh, Sk, ARTBEFRENDUENIZ P $THEL OB TR BRFDIA UaBucER
3, LhLuss, BETIMEHOUENN P $ TERLBETRIZRRFAROT ZICET B4
WYERBIIA LIS,

4. JIVHU—PMIRILOBARESICEY BHRE

Fig. 9 REREROMRE I OSBEHBH v 7 — MK
BEAOR I DEABOBMBEHREERLLISDTH S, i Steel reinforced concrete
CHED, BEET YY) — bR VOER Prol H) 1 i
13, BB YY) — bR NOERS Pseelp H)
BIUHEY =72 vOIEHH Ps(n H) &b, AL
T BLUBE H ZZRUT Pec(y, H) =Psrc (s H) —Ps
(H) REDFETEEHDEELOND , ARETI,
RO EABICIEANERBIEI N THIENDTE
D Pre(py H) 23 v ) — 222 VvOEH S P, H)
ThHEELOND, Fig- 10 3, TOXSREEHD
kB oNIca v ) — bR VOB PoGn H) O—

PERLEbDTH S, BRIFE L4470, BERIH t meemgTIH)
394 7 MECONTRLU SO THY, ViREKIEHR | , o
HERT, BEYY ORERENORE, 2V ) - CZ{Z{Z{Z ,
PSR VOB KBRS RAMOT S ¢ H 0.02~0.03 0

(rad.) OEERBT 201 L, < DEUBFREOESI, Fig. 9. Calculation of shear capacity of
concrete portion under repeated

loading.

HAWOTAHH 0.10~0.015 (rad.) DORICFHKER LK

4LOTP(t) ¥

—— First cycle
-=-= Third cycle
¥  Maximum load

20T

and)
003

~-001

Fig. 10. Shear capacity of concrete portion of specimen, I-B8R.
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494 7 MEDETES, BB VELUEH K 277, SRBEAE b VELEEHBDRNS BR, &
BIEOE 2 HZNIREI A 7V TETRIZIZ—ELNLSH,  DELEESENT 2c>082, H3
BIUEAH 4 2 VETRADETRELL LA DS,

b

Pc
iPco
iPcj

| K(cycle)
30 y

f o—o I-BIOR

05 o--0 [-B8R
g g "c—, g 5 A-A 1-BOR
1.0

Beam-to-column
connection

si

sl

(a) (b)

Fig. 12. Stress distribution assumption.
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AEBO IS, +FREMRICGESTHEIMNER LIS, S48 A

N WVITERT B EANS @) BiTFE—2 v b OAHE Fig.12 @) X
! IRBEBY LT NANABDO7 5 v VEIMIBTRAICEZ D & L,
Fig.12 (b) OkHiczcofiFE—2 v MI7 5 v itk »TEZEINLB

%@tﬁﬁ?%&Q=ﬁ%i'PK£OT*bBﬂ5°CD£®PKﬁ

1 BO PG H) ERATACEICkT, 3v7 ) — bR NDEEEA
t wm 04, H) ko3, 13 vy Y~ b s vofse LT Fig

) CRT &I ICHIRE 7 7 v VBEOM (Fbb B.X.j) KEFhH
1 ﬁ}&%x, COBBICEABINEN RIS TIS bOLEL 1
BOFELAMEIE <t ) & Gy D =p—(H2e0) Pt

iIKk->TRHONB, cnb@ﬁawgﬁmfﬁwantgﬁﬁwom%
RNV UENR L XOKERNIBOREEANRISIEEZ2 v 27 ) — O
RS F. TERTAL Uil .. /F. 8L 1./F.)% Table 3 iT/RY .
& D TIREE D O U EINE O -+ AN G IR 12 ERERS T (0. 084~

Fig. 13. Effective area for

0.185)F, BfRiEMET (0.153~0.241)F, ThYy, HRREWMHIEOFEEA
WS TEE 1 ERT RS T (0. 197~0. 409)F, EAFERT (0. 176~0. 408)F, T
% 70

shear strength.

Fig.14 (a), (b) 13, FHFBNOUHNESICRBERAIEOD o, /F. BEF oo/F. ERIZDIELOM

0.50{ Ter!Fe #POSI!IV@ rNgaa{lqve 050{‘ TulFe
Y 3
— - - S|
(o] [ J |
0.40} L‘{F__A e ij 040+

0.30- 030r

020 —‘A'F

—
0.10r
Bp/B¢ Bp/Be
L - J 1 1 J
0 06 08 1.0 0 06 08 10
(a) Diagonal tension cracking load. (b) Maximum load.

Fig. 14. Relationships between .z/F, and B,/B..
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Fig. 15. Relations hips between z,/F, and F..

200-Mexp{t‘m) /
7
V =15, ’
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///
150 'Mexp,( t-m) 150+ .1
I’l
A
/ V=10
100} y=10 1o * Sé’él,é:‘.‘,"" sﬂﬁ
1l /
.,
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i Positive | Negative | iﬁi Positive | Negative

50r s Fl| a A 50r y rl a A
. }:: o ° // }- | ° °

"Jl}'" a - 7 }-. [ o M

/ )
) Mdgs.( tm) ) ‘ Mdejs( tm)
0 50 100 0 50 100 150

(a) Permanent loading.
Fig. 16. Comparison of experimental values with calculated values.

(b) Temporary loading.
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bDTH 3,

Fig. 16 B3RV EAROTAMBEE S 3%BHT2 v 7 ) —  BEHERYE - ARHEORERNOZ
YHEET S OTHEENIZBRME M, ., WU EE M., 220 Zhd obT. 0k, COMREEKRITE
A A NVDBREIERDFHOENE— 2 Y FOMTHODb LI LDTHY, FHEMEEEBREE DBERR,
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