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

By Minoru WakaBavasHi, Koichi Minami and Yasushi NisHIMURA

Synopsis

The main objective of this investigation was to study the shear behavior of rigid moment-
resisting connections in L-shaped SRC frames subjected to monotonic and well-defined alternately
repeated loading to deflection larger than the yield deflection. 16 specimens which were designed
so as to prevent the flexural and shear failure of structural beam and column element were tested
with a variety of the ratio of beam width to column width, involving steel panel alone, concrete
panel alone and stecl-concrete panel. Main discussion was concentrated on the shear strength,
deformability, hypothetical failure mechanism and shapes of hysteresis curves of connections.
The analytical model was formulated to simulate the behavior of the test specimens and comparisons
were made between the calculated and observed behavior.
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Fig. 1. Dimensions and arrangement of reinforcements
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Table 1. Test program.
Speci Column Beam Section of Steel Skelton | Panel Reinforcement
e | Section | Section | By/B. Thick-
en B.x D, By x D, Column Beam ness Column Beam
L-A0M, H-200x 80 | H-200x 80 6
L-40R x9x25 X9x25
L-BOM, H-200x 80 } H-200x 80 6 each side
L-BOR | 250x 250 0 X 9% 25 X 9% 25 2-9¢
64 1100@
L-B6M, i H-200x 80 | H-200x 80 each side | each side
L-B6R | 250x 250 | 150x 250 | 0.6 X 9x 25 X 9% 25 6 2-9¢ 2-9¢
\ 6401100@ | 641100@
L-B8M, ! H-200x 80 | H-200x 80 6 each side | each side
L-B8R | 250250 | 200x 250 | 0.8 X 9% 25 X 9x25 2-9¢ 2-9¢
64]100@ | 6¢[ ]100@
L-B1M, H-200x 80 | H-200x 80 each side | each side
L-BIR | 250x250  250%250 } 1.0 X9%x25 X9x25 6 2-9¢ 2-9¢
66 1100@ | 6] J100@
H-200x 130 | H-200x 130 each side
L-E3R | 250x 250 0 X 9% 16 X 9x 16 6 2-9¢
6¢]100@
H-200x 170 | H-200x 170 each side
L-E7R | 250x 250 0 X9x12 xX9x 12 6 2-9¢
64 ]100@
L-EOM, H-200x80 | H-200x 80 each side
L~-EOR | 250x 250 0 X 9% 25 X9%x25| non -9¢
66 1100@
each side | each side
L-CIM, | 250250 | 250x250 | 1.0 6-DI6 | 5-DI6
66 150@ | 64 150@

%) The notation used to describe the test specimens is as following.
I%I —00 l%l M: Monotonous Loading
T | R: Repeated Loading
The Ratio of Beam Width B, to
Column Width B,
B,/B,=0, 0.6, 0.8, 1.0

Types of Specimens
A:  Steel Frame Specimen
B: Steel Reinforced

Concrete Frame Specimen

With a Variety of B,/B,

% =0, shows that the beam member

C: Reinforced Concrete Fra-
me Specimen is bare steel shape.)
E: Steel Reinforced Concrete In the case of E series,

Frame Specimen of B, =0
B ¢

0: no steel web panel in connection
3: width of steel flange is 130 mm

7: width of steel flange is 170 mm
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Fig. 2. Detail of cross section of test specimen,
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Table 2. Mechanical properties of materials.

materials
Speci- Concrete Steel plate Steel bar
men F F
Gal | Gy | FoR || gl |y | e | P | e MJ/’C'“,;‘Z) “
6| 312 | 426 |0.300
L i3 iE i
25| 261 | 472 10319
L-AOR o | P "
L-BOM | 1700 | 180 | 0106 | » | » " " 5| 238 | 360 10308
L-BOR | 1913 | 209 | 0109 | » | « P v | ” ” P
L-B6M | 218.1 | 195 | 0089 | » | ” P v | P
L-B6R | 1827 | 206 | 0113 | » |« ” P ” P p
L-BBM | 1954 | 175 | 0090 | » | « P v | » " ” B
L-BSR | 1857 | 218 | 0117 | # | ” v | ” ” ”
LBIM | 1715 | 198 | 0115 | » | » P v | " B P
L-BIR | 1600 | 190 | 0.119  » | =« ” v | » B ” "
6| 3.12 | 4.26 |0.300
LER | 2100 234 | oan | 5| 330 i 27010201, ” p p
16| 302 | 453 |0338
6| 312 | 426 | 0309
LETR | 2170 | 227 | 0105 | 9| 350 | 470 |0250| ” p ”
12| 284 | 450 |0329
9] 350 | 470 |0.250
L-EOM | 2154 | 239 | 011 |12 2584 | 450 |0.329| " " "
25| 261 | 472 |0319
LEOR | 2100 | 249 | 019 | » | & ” P ” " "
LCIM | 2051 | 226 | 0.110 D80 268 | 30 19208
LCIR | 2074 | 209 | 0.101 ” " ” "

Note  F,: Maximum compressive strength
F,: Splitting tensile strength
a,: Yield stress
Omax: Maximum tensile strength
&,: Maximum clongation
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Fig. 3. Deformation instrumentation. Fig. 4. Detail of dial gauge attachment.

FAYNF =V REF B0 R M, FEBEITHEEL TR AT, LhLash, A 3
DHABERAD LA YA F =V WYHT L0 FL b, BEB 2 VOREREILNWT, Fr b0
i, 32 )~ OB - THRINEVE ) KT 2101, Fig.4 RRTLHIKav2 ) -+
LR ORI S5mm BEOT X 2RI,

e, BEEBSINVODTFHIRELEANDL Y, HBEEL LK 7Y - FER, oy b, 28IV
BHOBAENRBROTLF, -V (W.S.G) £ L.

24 B W %

WA, BE, CVELED, FTFARMEHEN (dosing loads) IZhDBITHRAEAL, 2w, { hEL#K
TOBE, WREMHN (opening loads) (T % & 5 IT#iAF L,

DB LEAOBER, EEE 31 0RAMOTAO BAEIEY 0.0057ad. &L, FEREELXSVTE
A3MEL YELET, BAREL#HM ¢ TRE0.05rad. % THAM L7, Fig. 5 (T, { hiELEMFO
WHER L RT. %, &¥4 720fl@HEE LT3, Fig. 3 [ORTHIC, A3 rodARARICE D

005' X=X‘,rz

¥ (rad)
(@]
—
——
a——]
m—
——]

d K
2 (cycle)

i
c<
ﬁ

0-<
°<
t~<
o
—)
O]
°<>o
°<_E>oa
O]
—

[t

O]

o<“

N3
Sls
Sl
g

005

Fig. 5. Loading program.

—_ 7 —



136 FORBI KO EMS 195 B (W 51. 4)

DI 2AD A XS — I ORIE LIENL (01, 60) 8%, FEOY A4 7 v DEAMOT 2K EI
FLBEEL-T, 2094 7 v BORIBEES L,

3. BB R

3.1 VUEhKR

Photo. 2 T, DUEHNRAEOER L RT, DUHLORABR L, BH, { VELEMIHPHLLT, &
F, 1Y, HbrnE, EEHIETOCEREREL, DnT, MWRESCCELERET S, ZOWH
BEHOVUENE, Table 3 [WRT LI I, ERBRKL D, EAW A OLAMKDT A4S, 1217, 0.005
rad. OBICEEINT, TOBRHATR, MREAVCHRB AR bI- THEL, »2, &Ev T

Table 3. Test results.

Di 1 Flexural crack- Shear
te:fs%grrxla ing load Maximum strain of Shearing stress
cracking Pu® load :hagpnal
. ension
Specimen load crack
Py (1) Column | Beam Pa (1) for (rad.) Ter/ F, Tu/Fe
L-A0M 9.58
8.72
L-AO0R (e
L-BOM 9.70 8.84 11.49 0.0067 0.125 0.125
I BOR 9.70 5.0 10.37 0.0070 0.142 0.109
( 8.65) (70) ( 9.88) (0.0051) | (0.103) | (0.072)
L-B6M 1010 | 65 60 | 1236 0.0040 0.137 0.159
L_B6R 10.26 8.0 80 1158 0.0033 0.229 0.177
( 8.97) (40) | (40) (1067) | (00054) | (0.119) | (0.109)
L-B8M 10.84 7.0 55 | 1202 ' 0.0061 0.166 | 0.205
L BOR 10.75 7.0 5.0 1273 . 0.0049 0210 0223
(9.37) (596) | (5.0) | (979  (0.0060) | (0.131) | (0.077)
L-BIM 10.43 7.5 7.0 | 1307 0.0046 0.183 0.236
I BIR 9.77 5.0 4.0 12.21 0.0043 0218 | 0223
(10.34) @0) | (50 (10.34) 00175 | (0095) | (0.112)
L-EOM 4.80 35 6.75 0.0057
4.90 4.4 6.38 0.0049
L-EOR ( 5.10) “7) ( 6.32) (0.0101)
9.86 8.0 11.00 0.0044
L-E3R ( 6.42) 40) (10.66) (0.0028)
10.80 6.0 11.78 0.0120
L-ETR (10.00) 6.0 ) (12.08) (0.0098)
LCIM 10.82 7.0 8.0 11.72
5.0 5.0 11.40
L-CIR 6.74 a1 d R

* (): opening loads
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Fig. 6. Load-shear strain relationships for monotonic loading.
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Fig. 9. Load-shear strain relationships for repeated loadings.
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Fig. 9. Load-shear strain relationships for repeated loadings.
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Fig. 10. Deterioration of shear capacity for repeated loading (in the case of closing loads).
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Fig. 11. Shear capacity of concrete portion for monotonic loading.
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Fig. 14. Shear capacity of concrete portion for specimen L-B1R.
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Fig. 15. Analytical model of SRC beam-to-column connection.
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Fig. 17 (c). Hysteresis loops for concrete panel. Fig. 18. Failure mechanism of concrete panel
within steel flange portion.
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Fig. 20. Comparison of calculated and measured load-shear strain relationships for
monotonic loading.
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Fig. 21. Comparison of calculated and measured load-shear strain relationships for repeated loading.
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