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INELASTIC SHEAR BEHAVIOR OF RIGID MOMENT-
RESISTING CONNECTIONS IN T-SHAPED STEEL
REINFORCED CONCRETE FRAMES

By Minoru WAKABAYASHI, Koichi MINAMI and Yasushi NISHIMURA

Synopsis

The main objective of this investigation was to study the shear behavior of T-type beam-
to-column connections in steel reinforced concrete frames subjected to monotonic and alter-
nately repeated loading. Sixteen specimens which were designed so as to prevent flexural and
shear failure of beam and column elements were tested, whose connection panels were made
of pure steel, pure concrete or steel-and-concrete. The effects of the ratio of beam width to
column width on the behavior of connections were investigated. Main discussion was
concentrated on shear strength, deformability, hypothetical failure mechanism and shapes of
hysteresis curves of connections. The analytical model was formulated to simuolate the
behavior of the test specimens and comparisons were made between the calculated and
observed behaviors.
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Table 1. Test program.

S35 40T,

7 3 v Y OWERNZIZ—

Column Beam Section of Steel Skelton | Panel 1 Reinforcement
Specimen* Section Section | Bp/Be - =~ ———| Thick- :
B.XD¢ | BsXDs Column | Beam ness | Column Beam
T~-A0M H-200x<80] H-200x80 6
T-AOR X9 %29 X9x25
T-BOM H-200x80| H-20080 each side
_ 250 %250 0 6 2-9¢
T-BOR X 9 25| X 9x25 6911000 | -
- ! _ each side | each side
T-BeM | s50x250 | 150250 | 0.6 + 20080 H200<80 6 |29 2-9¢
‘ 64 1100@ 6¢E|h100@
- i ' each side eac side
T-BEM | 50250 | 200x250 | 0.8 | 200x50 HANXR 6 |09 -9
| 6¢01100@ QD,I_OQ@Q
_ “each side | each side
T-BIM | g50x250 | 250250 | 1.0 | 200530 H200% gg 6 |29 9-9¢
i I R 6oL 1100@ | 64(1100@
_ _ each side
T-ESR | 250250 o | H20X13 H200x130 6 | 594
,6,¢E|1_00_,@,
each side
"69757]:}10.0@
T-EOM H-200x 80 H-200%80 ceah side
_ 250 %250 0 none | 2-9¢4
T-EOR X9 25 X9x25 Soe
each side | each side
T-SIM | 250x250 | 250%250 | 1.0 ! 6-D16 | 5-DI6
\ 64 150@ 6¢DSO@ |

*) The meaning of the name of specinens is as follows.

Types of Specimens

A: Steel Frame Specimen

B: Steel Reinforced
Concrete Frame Specimen
With a Variety of ‘Bs/B.

C: Reinforced Concrete Frame
Specimen

E: Steel Reinforced Concrete

Frame Specimen of—*o

O-000

L
|

M: Monotonous Loading

R : Repeated Loading

The Ratio of Beam Width B, to

Column Width B,
By/B:=0,0.6,0.8,1.0

(%’::0, shows that the beam mem-

ber is bare steel shape.)

In the case of E series,

0: nosteelwebpanelinconnection

3: width of steel flange is130 mm

7: width of steel flange is170 mm
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Fig. 1. Dimensions and arrangement of reinforcements. (units, mm)
(a) T—B8M () T—CIM
T—B8R T—CIR
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Fig. 2. Details of cross section of test specimens. (units, mm)
{a) T—BgM ) T—CIM
T—BSR T—CIR

Photo. 1 i, HEREBEOWMELRT . Rk, RBUESHEBE— 2202032 &ick > THED
L BRICL, BHMO—FEEERE, MHEBHREE LT, BOMOERCHERZERLIS &F
250TH3. RBEOINFICH - T3, BHOMEEBFHMSEITICREESCL, »D, 120H
DOHEE MRS HBSEMICIRBRIT, i, BB ITRDREAD L~ EEFHRO L~ vhf—E e
BARICLTEHEG L, b, WER, WMEY +» v FOEBICIAH T o — Femc k- TRIE L.
Fig.3 i, BAEW I NVOEAMER O 0) BIUHMHERER Gy 0) ZHETEHDEAL ¥
TV OMBERT . #BAW A VORBREEDLA Y s~ 61,6) ZEMTELDDOEL VL, #
BE X NVDREFERHTE T, Fov b OEHH, 2V 7 ) — F OBEIcE > THEINE XS i, Figa
WWORT & SICa v 7 ) — b &R+ ORI Smm BEDT ST 2R,

Fl, AR VOO THRELBET EDCHBESLOI V2 Y — MEK, oy b B L
DOBLEHBROT AL~ W.S.G.) B L7,

24 B #H &

BATI, BEBICC0ELES Fig 3 IWRTL Sk, 29, OFN GEWEET3)ICHEL, DT
COEBELUBRHOBE@KN (BMEET ) K#iifli,

OBUBHOBEOHEMERNE LTI, BT 3V ORABDTED 0.005¢ad.) REAIREE L
FIRIFICEOTER3ED DELAETY, BATIREEEHE S 4 CRAIRIE 0.05¢ad) 3 THRATLLS &
TB35DTH5. Fig. 5 WHIHIIERT. 08, B44 7 vOR@HEE LTIR, Fig.3 ILRTL51ic
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Table 2. Mechanical properties of materials.

materials
. Concrete Steel plate ‘ Steel bar
Specimen s 1
fc lf ; Iy Omax ! Gy Omax
ey | Gegf | FuFe | B gomy | @/omty | P [ a/emn) [g/emn|
TE | T -
B ) 70 | o0,
T-AM 12| 2,84 450 | 0.329
S 25| 2.61 472 | 0.319 |
T-AOR 7 7 7 7
Tl - 6 | 2.38 | 3.60 | 0.308
T-BOM | 229 | 21.8 0.005' | ’ v 8§ 5% im0
'T-BOR | 215 | 17.90.08 | # | ’ P ’ ” "
T-B6M | 216 | 2.7 0.100 | 4| 4 | 4 v ’ " v
T-B6R | 187 | 16.90.090 | # | 4 P P ” ’ o
- J S F S . - | N
T-BSM | 205 | 18.8[0.092| # | 4 v PR v ’
T-B8R | 01 168 0.079 | s 4 P R P ” "
T-BIM | 206 | 20.4|0.09  # | # P B ’ P "
T-BIR 184 | 1510082 # | 4 P PR ” "
| U QR (P —
e Lol 3 55 1818
‘ ) 7 :
T-E3R 194 | 19.8 0102 3 50 10 %20 ’ p 4
16| 302 | 453 | 0.3
: ! 312 | 426 0.309
T-E7R | 192 | 210 0.109 9| 3.50 | 470 | 0.250 | ’ p ’
12 2.84 | 450 | 0.329
973,50 | 4707 0.250
T-EOM | 178 12 2.84 | 450 | 0.3 | » " P P
L %5 261 472 | 0.319 B
T-EOR | 179 | 20.1|0.112| # | =» " s ’ ’ ” P

D-16 | 3.68 | 5.61 | 0.29
6 | 2.38 | 3.60 | 0.308

T-C1R | 228 21.4 . 0.094 ” 7 ” 1 7

T-C1M | 239 22.4 | 0.094

Note F¢ : Mazximum compressive strength
Fy @ Splitting tensile strength
gy ¢ Yield stress
Omax : Maximum tensile strength
eyt Maximum elongation
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Loading apparatus.

Photo. 1.
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Fig. 4. Detail of dial gauge attachment
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Fig. 3. Deformation instrumentation.
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Fig. 5. Loading program,
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Photo. 2 ic, RV IBLAERETYET 55884k (T-BOM, R-T-B6M,R - T-B8M, R+ T-B1M, R)
OREIRES LU OR LERBODTENRRERT. DULNORESER, KRBELHIZY, &
DIRICHFOVENDBEL B, DNT, HAPICRENDUBNSRAE L, COBOBESEORANKDT
B, 1T 0.0022(rad.) Th-7co RIZDIBLOEICK BRBRER, 120 MHMOREERICE - TR
8B, $HbB, HEELUL DELEROTIOBA 3D SHMMEEORBRE T, BAH LD
SHAMERSFIRNOUENIC L 28RN ORMEEE L, ZODUHNAORER F FORM~EBEL
T OSBRSS NI, —F, BOEHBBERT V2 ) — rORBATR, LFORMBLORYHO
FEARIEBR A 3185 BIEE & » L IERBOTRETR T & 5 1 2 ROFBEN D USRS N, Ho, 200
UENORRRIZDEHBIER, EEHSEGORBTRIZEASERINT, BDEHIGIE, Kb

T-BOM T-B6M T-B8M T-BIM

T-BOR T-B6R T-B8R T-B1R

Photo. 2. Crack observation.
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ROIMBETT 5V VIBDEN B REptk (T-E3R, T-ETR) BLUHKBY 73D B A&
(T-EOM, R) coWTi, T-BOM, R OB4&E RZF LOCHAREE 2T 3%, T-ETR OBa, #
BHOUEIL EFORMACEBIRBRINT, ZHORKAR, MANKRDR SHERShi, $#ih2
Y2 ) - ORBME T-CIM, R) T, B#EX0 DELEHOBA L SENETE, BAM SHANVD
FEHOTENE, 1208 LORBHOERERELSET 2 HROIERRELT 5. 2LT, BROH
K& GICREHS LOR0 EHEERC, FLOHEDOHAY, BRIhi, —F, ANEOHAR,
EHEOBALRIY, 10 FREFGOHMFBO ¥ 7 ) — b OEEHTEETH -7, 1, Table 312
B OUENGE, RO UENGES XU DUENRERORATBOTAM DT AERT .

Table 3. Test results.

: Diagonal Maximum |Shear strain ;
Fkixo‘:ﬁl lf raci(tl)n g tension Load at diagonal Shear siress |
Specimen ac iroacclldng tﬁnsiori cr?}c- -
1 2 : ing Loal :
R Column . Beam P (1) ‘ Prax (1) 7cr(rad«~)’vh:"/pc : wu/Fe
T-AOM | 1 8.96 |
_ I 7.12 -
T-AOR | em*
T-BOM | 4.0 7.51 9.76 0.00327 0.133 0.140
"T-BOR 5.0 8,02 9,55 ’“‘—0."003’34 170,185 0.196
PR @ony | 624y | (10.18) | (0.0012D) | (0.156) | (0.185) |
T-B6M | 7.0 5.0 8.00 10.78 0.00214 0,224 0.235
oo T I Teer |z T TILG9 T 0.00348 | 0196 | 0.257
T-BSR 40 | @y | @) _au4n | ©.00422) | @251 | 0314
T-B8M | 5.0 4.0 6.00 | 11,76 0.00169 | 0.145 0.255
T-B8R | 596 40 500 | 1066 | 0.001iz ' 0.0876 | 0.272
TPB8R 9o | @0 | 67D _|_11,58) | _(0.00052)  (0.154) | (0.302)
T-BIM | 5.84 5.0 5.84 11. 43 0.00168 . 0.133 0.243
T-BIR | 49 500 4,00 11,69 |7 0,00126 | 0.0472 | 0.301
R @00 | .96 | (7.00) | (12.45) | (0.00177) ; (0.212) | (0.360)
T-E3R | 50 8.05 9,91 0.00344
T ®20 | @0 | (079 ) (0.00207)
T-p7R | 200 .05 10. 05 0.00457
IR @299 (6.87) | (10.18) | (0.00319) 5 -
T-EOM | 3.50 3.83 7.02 0. 00295
oo | 3700 | TT413 7 6.63 70.00321 |
T-BOR | g3 | | @) _(6:88) | (0.00138)
| T-CIM | 2.87 2.00 2,87 7.75
-~ 471 200 B8 | 7.3 T T I
|T-CIR| g5 | (13 | (L75) | @8 ||
* ( ) : Negative Loading.
3.2 & E # &K

Fig. 6 i3, MFEHMEOBEAT X VORELHMBETH 5. MIIWE P2, HEIESH 2O
BAWOTS 1 2FDT, $B8H v 2 ) — F RBAOMGNNER, MstEHBKEHRLTHRDEE
STV EMb b, BB Y7 Y — FRRADES, Fig.6 HORESHTRVY, HEY T
PEADORNCHEAR Lizo €y M~ Yk 5B 5N Fig. 7 IGRIHEE iR, 513, HRDIBHESK
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1507 P(t)

_TBM 1M

\T—BGM

100+

~T-AOM
e

TST-EOM

501
o Diagonal tension
cracking load.
1 L 1 L 1 r (rlad.)
002 004 006

Fig. 6. Load-shear strain relationships under monotonic loading.

LB R & B BMERICH B o EBRE DB D NIHGBRERK IR L%, SHELE ORI
73 (P=3.48ton) XD DB EDOREEL TS, Zhid, BHBEYTTAANVAEDT 5 v YOBE
HRERBFE LN LK D EEZBNE, HBHGZ V2 ) — FRBREDBE, WELDHHEE,SI2,
L FHEBHDBA LB LT T FHEHOBEAR, MEHVTEAMAL LOERIEEETEX30LE

bhz,
Fig.8 13, BHAMAMOBEE LTONBEHMBER L OOTH 2, WMEIFE P 23580

150 P(t)

_~T-B6M

100

~T-BOM

50
—-— Calculated elastic
shear strain
. . ‘ 7 (rad.)
004 006

Fig. 7. Load-shear strain relationships obtained from rosette gauge data.
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150(P(t)

~-T-B8M
—T-B1M
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Fig. 8. Load-deflection relationships under monotonic loading.
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80;P(t)

-002 0

-80
(a) Specimen T-AOR

(w
-120
(c) Specimen T-B6R

Fig. 9. Load-shear strain relationships under repeated loading.

LO0E LA 2EIH, 3EBRLT4EHEHOMWY (Pj) DETREY A 7 VMOBREENRLIGDT
BB, MHDETRIZ, RIRBEHEOIEEE 2EBEOMTAEL, ThlBE, BEASETFTLAENL, %
B, EMERSIELUTARNERORADHY, ETFRINSH,

Fig.12 3, T-ETRIZDO\T, BAHOEAROTA 1 43, 0,005, 0.01, 0.02, 0.03, 0.04, 0.05 (rad.)
BB L4 4 7 VEEBXUE 3 1 7 VIBOBFHRERR L2 OTHY), BRY ORI OEREHERL D
BONZHBELALF—DETRICHGTE200TH B, NrOHLLEBICHANROTA050.02 (rad.)
ETIR, TOETRIZAEOD, ZOLIBOEMRBEETIIZEAESETLIEV,

3.3 AVHU—PFRRILDBAKRS

Fig.13 13, HRVIERE—EORBEKRET3HBE (B V) —X) OHBMMEOHER MG, D,
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-120
(f) Specimen T-E3R

Fig. 9. Load-shear strain reationships under repeated loading.

MSBRBEY A YY) —X) ORBEFEONELHMREE LIV LDTHS, KERTIE, BAH
2N REAMHEBER L THRODOT, COELIWEBY OB Y7 Y — bR VOBRABE
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-120
807P(t)

_— —_—— /G
= g 003 oos
40( i ) Specimen T-CIR

Fig. 9. Load-shear strain reationships under repeated loading.

NS JCRBEIBIC OV TE O BERARIGIES 2 v 7 U — b OFEMSRE Fo TERTILLE
&% Table 3 IR T . Zh& D VIHIFEENOCRNBOEG ARG IR 0. 133F~0.244F: TH b, %
SRRSO ARG IR R 0. 140F~0. 255F: TH -7z,

Fig. 14 {3, COFEHEAMICHE L BRIV B E OBRERIR LI bDTH 5, ERRABRHOUENE
KDOWTRULIESDTH B0 Be/Be=0.6% ZRNTRIRDIBICEMRRZIZZ—ETH S, 1/, A

*)  BRICE ZREHOUBhRAROMAR, W.S.CLBVDTADF—20OHRBINBMAILD
é%{;( ) %i,‘% ZOVTBOT— 4R EHOHBRIND WEZHOTHRONSFELANEIE 3
0.16F: BETH 5.
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Fig. 11. Deterioration of shear capacity under repeated loading. (B series.)
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1207P(2) 1207P(1)

1207P(t} 1207P(t)

Fig. 12. Hysteresis loops in each fixed displacement amplitude for specimen T-E7R.
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Fig.15 i3, Fig.16 IKRT X5 IC8#EHTT v 7 ) ~ P RBKOESR S Psre(r, H), $EERIADED
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126D TH D, NhORBIIZIFIRBEEDOE 1L ¥4 7 M OOTRLIEBDTH D, SBREIE3I 170
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Fig. 15. Shear capacity of concrete
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Fig. 17. Comparison of experimental values with calculated value.
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(b) Flange frame element

(c) Concrete panel element within
steel flange portion
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Fig. 18. Analytical model of SRC beam-to-column connection.
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(a) Hysteresis loop for web panel element.
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(b) Hysteresis loop for flange frame element.
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(¢) Hysteresis loop for concrete panel element
within steel flange portion.

Fig. 19. Hysteresis loops for each
element.

Fig. 20. Analytical model of flange
frame element.
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Fig. 22. Comparison of calculated and measured load-shear strain
relationships under repeated loading
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