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Abstract - In this paper, the applicability of a 1900mm-deep concrete-filled U-shaped composite beam to composite ordinary
moment frames (C-OMFs) was investigated based on existing test results from smaller-sized specimens and supplemental
numerical studies since full-scale seismic testing of such a huge sized beam is practically impossible. The key issue was the web
local buckling of concrete-filled U section under negative bending. Based on 13 existing test results compiled, the relationship
between web slenderness and story drift capacity was obtained. From this relationship, a 1900mm-deep mega beam, fabricated
with 25mm-thick plate was expected to experience the web local buckling at 2% story drift and eventually reach a story drift over
3%, thus much exceeding the requirements of C-OMFs. The limiting width to thickness ratio according to the 2010 AISC
Specification was shown to be conservative for U section webs of this study. The test-validated supplemental nonlinear finite
element analysis was also conducted to further investigate the effects of the horizontal stiffeners (used to tie two webs of a U
section) on web local buckling and flexural strength. First, it is shown that the nominal plastic moment under negative bending
can be developed without using the horizontal stiffeners, although the presence of the stiffeners can delay the occurrence of web
local buckling and restrain its propagation. Considering all these, it is concluded that the 1900mm-deep concrete-filled U-shaped
composite beam investigated can be conservatively applied to C-OMFs. Finally, some useful recommendations for the
arrangement and design of the horizontal stiffeners are also recommended based on the numerical results.

Keywords - U-shaped composite beam, Seismic composite connection, Ordinary moment frames, Web local buckling, Finite

element analysis
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Fig. 1. An example of U-shaped composite beam section
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Fig. 2. Variation of total plastic rotation according to beam depth
(FEMA, 2000)
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Table 1. Required rotation capacity of steel and composite moment
frames
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2.2.1 AISC Specification (2010)2} KBC (2009)

AISC Specification ™o A= %8 T Fo| olg) 34
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Table 2. Limiting width-to-thickness ratios for compression
steel elements in composite members subjected to axial
compression (AISC Specification, 2010)

.. A A, .
Description of ’ ! Maximum
Compact/ |Noncompact .
element permitted
Noncompact| /Slender
Walls of rectangular
HSS and boxes of | 2.26 E/Fy 3.00 E/Fy 5.00 E/Fy
uniform thickness

AISC Seismic Steel 0.04 0.02 -

Provisions (2010)°! |Composite| 0.04 0.02 -

Steel 0.04 0.02 -

KBC (2009)®
€ (2009) Composite| 0.04 0.03 -
Slab (depth=300mm)
Stiffener
4
1900
<«—+— Concrete

«— Webb/t=74
(w/o stiffener)

600

Fig. 3. U-shaped composite deep beam

Table 3. Limiting width-to-thickness ratios for compression
steel elements in composite members subjected to
flexure (AISC Specification, 2010)

A A

Compact/
Noncompact

Maximum
permitted

Description of

element Noncompact/

Slender

Flanges of
rectangular HSS
and boxes of
uniform thickness

Webs of
rectangular HSS
and boxes of
uniform thickness

2.26 E/EU 3.00 E/Fy 5.00 E/EU

3.00\/E/F, | 5.70\/E/F, | 5.70\/E/F,
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Table 4. Limiting width-to-thickness ratios for compression
elements for moderately and highly ductile members
(AISC Seismic Provisions, 2010)

A A
Description of ) hd md ‘
b Highly ductile | Moderately ductile
element
members members
Walls of
rectangular.ﬁlled 140 /ETF 226 /ETF
composite Y y
members
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Table 5. Summary of test specimen information

Beam plastic moment
Member sizes based on
Source and Some notes
. Column type . measured strength
specimen on beam-column connection — -
U-shaped | Floor slab | Positive Negative
beam (mm) (mm) (kN-m) (kN-m)
S H-shaped steel coh'lmn Strengthening the con'nectlon 450x270%6 | 1500%150 1285 1007
(one-sided connection) & Fully composite
0 H-shaped steel coh.lmn Strengthen%ng the conn?ctlon 450x270%6 | 1500%150 911 _1011
(one-sided connection) & Partially composite
Lee H-shaped steel column | Strengthening the connection
450%2 1 1 1294 -
et all" 53 (one-sided connection) & Weakening the beam 50x270%6 | 1500150 ? 967
4 H-shaped steel colgmn Connecting beam 450%270%6 | 1690%165 1379 1024
(two-sided connection) to column flange
S5 H-shaped steel colgmn Connecting beam 550x270x8 | 1690%165 2079 1521
(two-sided connection) to column flange
Cl RC column Fully penetration of beam | 450x270x6 | 1690x160 | 1489 -1161
(rectangular)
Park R 1
Tl 2 ¢ column Fully penetration of beam | 550x270x8 | 1690x160 | 2152 -1668
et al. (rectangular)
RC column . .
C3 . Exterior diaphragm 450%270%6 | 1690x160 1489 -1161
(circular)
PSR | .
Pl SRC column Web penetration 450x300x6 | 1200x150 | 852 743
(two-sided connection)
H PSR | .
wars | p2 SRC column, Web penetration 550x300%6 | 1200x150 | 1151 -1012
et al. (two-sided connection)
PSRC col .
P3 YR cofumn Web penetration 550x300x6 | 1200x150 | 1144 -1006
(one-sided connection)
Kim P4 PRC column Connecting beam to panel zone| 450x270x6 | 1500x150 660 -764
et al™| ps PSRC column Connecting beam to panel zone| 550x270x8 | 1500x150 952 -1179

Note. Member sizes: U-shaped beam (depthxwidthxplate thickness, mm),

Floor slab (widthxthickness, mm)
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Steel columir Y
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plate —\ == |
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ol ® Rebars Welded coupler %D
& Panel zone @
& doubler plate | [ | 2= &7
be 115 &
i Bottom strengthening U-450x270x6 (Specimen A) 3
plate \ U-550x270x8 (Specimen B)
TEPoHE O T wE o
1,000 mm e (©

f / Bottom'{lange

Bottom strengthening plate
connection details

C-C’ Section Coupler

Jo

Top strengthening plate il /
TS0x 1206 (Specimen A)
200x120x8 (Specimen B)
PP
‘ Coupler
Bottom plate
2-150x100x12 (Specimen A) ——7T (N w—
2-200x100x15 (Specimen B)

L]
[ 23

Coupler connection details

D-D’ Section

Top strengthening Continuity plate
- @
o W\ | B2
Bottom . =
i Panel zone

strengthening plate .
doubler plate Unit: mm

Fig. 4. Connection details of specimens S4 and S5

Fig. 5. Overall view of test setup for concrete-filled U-shaped
steel beam to H-shaped column connections (specimens
S4 and S95)

(a) Specimen S4 (b) Specimen S5

Fig. 6. Examples of web local buckling observed in the existing
tests
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(a) Specimen S4

Story drift ratio gad)

08 D06 004 -D02 ) 002 004 0.08 008
4000 T T T T T
M +M
2000 & #

2000 q0.8-(M_ +M_)

Maximum
1992 story dfl%
A 0.8-(M5,+ M)
3000 % Web local buckling E
g M +M

_____________________________ N =i

o

Moment at colunn face (1N-m)

-4000 T T T T T T T
-200 -150 -100 -50 0 50 100 150 200

Colmnm tip displacemnent iy

(b) Specimen S5

Fig. 7. Connection moment versus story drift ratio relationship
(specimens S4 and S5)
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S
rlo
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Moderate ductile  Compact
T T
1 | O Leeetal [1]
6 (s [ O Parketal. [2]
. .
[ I.'/ ! AN © H tal. 3
g s 10O . wang etal. 3]
2 SMF Iy U v
T A= I-\-————el————-\ —————————
= [N 0: Testresults
- 3 LN (@I <, (11 specimens)
g IMF s /
B 2F—-—- :———-N-..E_':--::’ ----------
1 1 . | Mega composite beam:
:wf stiffener ‘; bit= 74 (w/o stiffener)

50 60 70

80 20

100 110 120

Web width-to-thickness ratio

Fig. 8. Story drift ratio corresponding to web local buckling

occurrence
Moderate ductile  Compact
T PT=T
1 ”n ™ 0O Leeetal [1]
6 1y 1 O Park etal. [2]
~ I |
g s [ o DI © Hwang et al. [3]
E SME RN _g| A Kimetal. [4]
B 4pF———- I—=-x -——-
= | o ! 7 Testresults
s 3 ! S (13 specimens)
g MF ! !
% 2 = P A
1 1
1 | . | Mega composite beam:
:wf stiffener i bit= 74 (w/o stiffener)

50 60 70

80 20

100 110 120

Web width-to-thickness ratio

Fig. 9. Effect of web slenderness on maximum story drift
achieved

Table 6. Summary of test results

Width-to- | Story drift ratio (%) | Seismic

Sourq—: and thickness | Web local ) system
SPECImEN | 1atio of web buckling Maximum class

S1 | Noncompact 3.0 43 C-SMF

Lee | S2 | Noncompact 2.0 4.7 C-IMF

et al™| 33 | Noncompact 3.0 46 | C-SMF
S4 | Noncompact 5.0 5.1 C-SMF

S5 Compact 5.0 6.4 C-SMF

Park | C1| Noncompact 3.2 4.6 C-SMF

et al™| C2|  Compact 6.0 49 | C-SMF
C3 | Noncompact 4.0 4.0 C-IMF

P1 | Noncompact 2.7 4.1 C-SMF

S“;a;l[% P2 | Noncompact 35 4.0 C-SMF
P3 | Noncompact 3.0 3.8 C-IMF

Kim | P4 | Noncompact - 3.9 C-IMF

et al™| ps Compact - 3.9 C-IMF

Note. C-SMF: composite special moment frame,
C-IMF: composite intermediate moment frame
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