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Abstract - Asymmetric hybrid composite beams, utilizing both ordinary- and high-strength steels in one beam section, have been
recently proposed by the authors. As a continuing work, asymmetric hybrid composite beam-to-column connections were developed
and their full-scale seismic testing was conducted in this study. In order to maximize the cross-section efficiency along the beam span,
the connections were developed in two types (for exterior and interior spans) by considering typical bending moment distribution of
the continuous beams under gravity loading. In order to obtain stable cyclic response, inducing the plastic hinging at the different
locations for the positive and negative moments was among the most significant design considerations. All the four specimens tested
in this study developed the plastic hinging at the intended locations (i.e., at the column face for the sagging moment and at the bracket
region for the hogging moment), and satisfied the requirements of special moment frame connections. However, the bracket web
below the bolted splice experienced rather earlier local buckling (at 3% story drift level)and subsequent strength degradation under
the hogging (negative) moment, thus indicating the need to stiffen the bracket web.

Keywords - Asymmetric hybrid composite beam, Asymmetric hybrid composite beam-to-column connection, High-strength steel,
Plastic hinge, Special moment frame, Continuous beam design.
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Fig. 1. Asymmetric hybrid composite beam
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Fig. 2. Approximate moments and shears distribution for
continuous beams with more than two spans
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Table 1. Measured material properties

Yield Tensile
Material strength strength
(MPa) (MPa)
HSAS00-15t 803 882
SM570-25¢ 520 654
Steel SM520-40t 419 563
plate SM520-25¢ 387 556
SM490-20¢ 334 528
SMA490-13t 345 505
Steel SD400-D19 499 613
rebar SD400-D25 488 629
1000
000 | HSAB00-15t —— HSAB800-15t
== SM570-25t
— SN 520-40t
E‘ -« «SM520-25t
% SM490-20t
E: SM490-13t
&
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strain, £ (%)

Fig. 3. Measured strain-stress relation of steel plates
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Table 2. Test matrix
Column Bracket Asymmetric hybrid composite beam
Sneci Steel section Steel section
pecimen Sectional : Longitudinal Longitudinal
a . Material Dimension . : Dimension . g
mension Material | reinforcement Material reinforcement
(hexDpt,xty) (hsxbpxbpxtXtpXtp)

Top flange/web : SM490

SLE-1 AH-500x200x220%x13%x13x25
D25 6EA, Bottom flange : SM570

H-500x300%x13%x20 | SM490 D19 6EA

D194EA Top flange/web : SM490

SLE-2 AH-500%200%x220x13x13x15
Bottom flange : HSA800

H-500x500%25x40 | SM520

Top flange/web : SM490

SLI-1 AH-420x200x220x13x20x25
D25 6EA, Bottom flange : SM570

H-588x300x13x20 | SM490 D19 12EA
D19 12EA Top flange/web : SM490
SLI-2 AH-420x200x13x20x15

Bottom flange : HSA800

Note: h, = height of steel section; b; = width of top flange; by = width of bottom flange; 7, = thickness of web; #; = thickness of top flange;
tp, = thickness of bottom flange.
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/ H-500x500x25x40(SM520) Cone fck=30MPa t=180mm
PL-25 SM520 / Stud: $22, h=120mm
\ / Ki Bolt: Torque shear bolt, F10T M24
a @] smm gap*gsﬂ‘:"”
3650
1250 ast
U St 022220130 st 6222130 FD’LEQI §M400
- — g eck plate
N | AT ACE AN AV A X gl g 2
Doubler ala‘e\ 7T-500x130(SM490)
5T-390x430(SME00) 28 S9N\-13T-800x300(SM490) (& .

g 42 e | og Bracket gg gg 13T-800x135(SM490) §

S 20T-1140x130(SM490)

~ /_:9 [e]e} \ 0/0/ N

\ - SM490>/ i i i
13T-340x500(SM490—"| \ gwgffa ?(s ) Asymmetric hybrid composite beam
/ \ 20T-1140x300(SM490)
g | H-500x300x18x20(SM490) \ ~500x150x13x13(SM490)
Column ‘AH-500x200x220x 13x13x25
37_ I — H-500x150x13x13(SM490) (Top flange & Web: SM490, Bottom flange:SM570)

850 —PL-25 SM520

(a) SLE-1 specimen

= Note
H-500x500x25x40(SM520) Con'e fok=30MPa +=180mm
PL-25 SM520 Stud: 22, h=120mm
iq Bolt: Torque shear bolt, F10T M24
{B* 5mm ga
140 Wﬁp 3650
— 2650
750 Stud: ¢22x2@130 Stud: $22x2@130 L'g SM400
= — — - ~Deck plate
I A rwi Y e i
Doubler plate. =
e R g
= Bracket 99 90 —20T- 1386130 (5ma00 i =
& <€ T
/—29 13T-200x285(SM490) Asymmetric hybrid composite beam
287-600x145(SM570)- 13T-365x270(SM490
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/ \ H-588x300x13x20(SM490) AH-400x200x220x13x20x25
™ \column (Top flange & Web: SM490, Bottom flange:SM570)

I — H-588x150x13x13(SM490)
250 ——PL-25 SM520

(b) SLI-1 specimen

Fig. 4. Section views of specimens
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320
L 240

/,,,,r2—D19®250, standard 180° degree hooks at both ends

2000

2000

750 6-D25@80, standard 90° degree hook,
fillet welded to the column flange
" _—PL-9 SM400
6-D19@250 ST oo d
ﬁ / o o o N‘
\ |
- e
9 1
N
a 750 LU _~30MPa concrete, t=180mm
\ d
u-, 2-D19@250, standard 180° degree hooks at both ends pa d
N /
o) ’
(@) SLE specimens
3150
2650
750 1500 400
400
320
L% 24Q
’ =
=
r - o 6-D19@100, standard 180° degree hooks at Hoth ends
~ /12—D19@100
X
750 |
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4 O [¢] O =
i (=]
! \ ollolo N
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—— 1
B m—. \ ~-30MPa concrete, t=180mm
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=
g [ 860 ‘ -D19@100, standard 180° degree hooks at both ends
(b) SLI specimens

Fig. 5. Details of longitudinal reinforcement
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Fig. 6. Plastic hinge location control of SLI-1 specimen through the
reinforcement
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Fig. 10. Bracket and hybrid beam inelastic rotation angle
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4.1.1 SLE 29A

Fig. 9.()~(d)y= AEA S 715250l A
slE ZHE IAE UeRd Zol™, Fig. 10.(a), (b)= SLE-1,
SLE-2 A gA19] Bl /g8 -& A =]gt Aolct. Fig. 9.0 &
HE M2 Fig. 7.9] 2]&of| 9J5f) 7|52} Hol 2-8-5h= HH EO]
o, AR E] tf$t AMJEHE M= 7] 52l5Ho] et BalAl
9| AL, F R E tfgt AARHE M, = 71525
A o] AE AR FEAHR] B M| =
o of 71525 H| A-goh= HHIEo|Th

Bl gHH 0] thA7 Q1= SLE-1, SLE-2 & A4 2%
Fig. 9.9} 7] 0.04rad9] F7HAIZ7IA] Zr=AIs} Glo] Fold
IS Aol ELLHIEL R sgoh= A5 A3lot
et o 0.05rad F7HAS}ZIONA Hofl HEHE 2R3 uf
Fig. 11.(a)2} 2] SH-EaHA|of] o] Agsio] 7 AJ5}E]
om, o] AR E7}L 2+ uf Fig. 11.(b)2} 20| 7|5 H}
B4 B olEEA] 85 PRl QPgmicto] WA¥sto] A
o] F==rt

(a) Bracket bottom flange local
buckling at 5% story drift

Fig. 11. Photos of SLE-1 specimen

(b) Bracket bottom flange
Fracture after test

AR AT SLE-1ATAI FRHE 1.81M,, 3
HHIE 1.16M, o]H, SLE-2 AA= HRdlE 1.83M,, RHHE
L19M,E 7|E5190H. BEAA oA o] S5 t7IA| &
E X3HH0) 2E 1t EE &, AZA9] A/JHY Sol
AYSHA] AQkT

Fig. 12.= SLE-1 A9 S B Sl o] vl Eo) ¥
FES e A 0E 2R R IR AR H
O 21 450mm o AR )X = Fto] FESI o, Bepl
¥} 27 g AR (715 0 =5 E 1250mm O] A& oA =
o] edAH Sle= Hojert TR RRHE Al AJR1A] &
A S Bl & Qo] WSl Fig. 11.(2)2] &

S - AR - At o] dT
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-1.6 Rebar-bracket beam connection |
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Fig. 12. Rebar strain of SLE-1 specimen
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Fig. 9.(2)2}Fig. 10.(a) E=Fig. 9.(b)2} Fig. 10.(b)S H]23) 2
H S7hALQ] o] HapAle] gl ofa) dA¥ste] HA 2]
T2 AR BERlo] SEEeS € 4 Sl 18,
SLE-1, SLE-2 A4 = Table 29} o] AJ3IRA|E Rt Hef
7o) FYU HHS 2R A E9l 1 IR0 SIE-ZHA| 7
ARt th27| Wil Aso] fARE Ao R aifE| o A
ol oFzto] i Aol Q1S B uf > G AR A5-S LERY
Ak

4.1.2 SLI 2314

B} 3.0 T} Q= SLI-1, SLI-2 & A3A| 1w
Fig. 9.0)~(d) 7}k 2] 0.04rad ] S71ALIZ714] 0.8M, 0132] &
Fe2 Aol EFEHIEZ R dfgols Ade-2 UEot3
T} Fig. 13.(2)2} 2°] 0.03rad F7PHAS]ZIol|A] ol RRHE}
2185 S E SRS A ofiE 0] Hepl 9BV} Hzolo]
Bl sPRERA|e}L K. SRE-EZsHA]o] o] TAYsld
T} 0.04rad S FHPIZION A Fig. 13.(b)2t o] Bl sFR-EHA]
9] Fgo] WAYel L o FRHEF L7t 57FHSIZE0.03rad
U o} Aok et T2] 1 YlEsbZo) ot kgt wigo s
Fig. 14.9} o] 33 H.9] sl-EhR| et -85 Beplo] 9Ert

(a) Bracket web local buckling  (b) Bracket bottom flange local
at 3% story drift buckling at 5% story drift

Fig. 13. Photos of SLI-1 specimen
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(b) SLI-2 at 5% story drift
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(a) SLI-1 at 6% story drift
Fig. 14. Bracket bottom flange fracture of SLI specimens

ZolA Ao SEH T AA|9] i == SLI-1 A
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o] HFlof| ASI3ITE. SHAIRE Fig. 13.(b)2} Fig. 14.9F o] B
2P shE-ERHA o] g gt Bl 9Eo] Hojow
BEo] A7 S7g7k0] = o] Fig. 10.7 -2 AP o]
P yeksigTh
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