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ABSTRACT: Composite special moment frames represent a novel type of special moment frames
(SMFs) where a combination of concrete columns and steel beams is used. This paper evaluates the
modeling of composite special moment frames and the behavior of the steel beam-concrete column
connection. Due to the focus on hinge formation, the behavior of the connection with a hole drilled on
the beam flange was analyzed. Numerical simulations were carried out in ABAQUS. The beam-column
connection was subjected to one-five rows of holes. It was observed that the beam-column connection
with three rows of holes had the optimal hinge formation behavior, stress distribution, and load. The
connection with five rows of holes showed plastic strains in the first four rows, while the fifth row had
no plastic strain. This suggests an increased drilling space since the fifth hole row did not contribute to
the improvement of stress distribution uniformity. It was numerically found that the bending moment
change varied from 8% to 46%; the model with three rows of holes had the lowest bending moment
change, whereas the model with a single hole row showed the highest change in the bending moment.
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1- Introduction

Composite special moment frames are a combination
of concrete columns and steel beams. These frames exploit
the compressive strength of concrete in the columns and the
tensile strength of the beams, reducing member sections. A
reduced section would reduce the building weight and lowers
the construction cost.

Plumier (1990) proposed the reduced beam section (RBS)
when steel was considered to be a major reinforcement
material [1]. Arbed (1992) analyzed and introduced the RBS
in the United States; however, it was not franchised in the
1994 Northridge earthquake [2, 3].

To reduce construction costs and facilitate the
implementation of reduced beam flange connections, Yang
et al. [4] proposed the exploitation of holes in the beam
flange to reduce the beam section. A number of studies
demonstrated that holes of the same diameter could not
meet SMF requirements [5, 6]. Later, a new methodology
was proposed based on using holes of unequal diameters in
a specific configuration. It was found that such connections
could meet the requirements [7, 8].

2- Methodology
To validate the numerical models, a steel beam-concrete
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column connection investigated by Cheng and Chen [9]
was simulated in ABAQUS (the validation specimen). The
specimens were analyzed under incremental cyclic loading,
comparing the numerical results to the experimental data.
Figure 1 compares the numerical and experimental load-
displacement curves.
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Fig. 1. Numerical versus experimental load-displace-
ment curves
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Fig. 2. A flange drilling model
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Fig. 3 illustrates the von Mises stresses of some models

Table 1. Model parameters

Model R1 R2 R3 R4 R5
(mm) (mm) (mm) (mm) (mm)

CDF-1 20

CDF-5 20 20 20 20 20

CDF-27 15 25 30 25 15
Model L1 L2 L4 L5

t/tw
(mm) (mm) (mm) (mm) (mm)

CDF-1 100 1.5
CDF-5 100 100 100 100 1.5
CDF-27 100 100 100 100 2.5

Table 2. Numerical parameters from hysteresis loops

Model Max. Moment Stiffness Ductility Energy Absorption (kN.m.rad)
(kN.mm) (kN.mm/rad)
CDF-1 680.2 164519 0.6 2.35
CDF-5 681.4 157613 0.6 251
CDF-19 921.8 216984 0.6 3.07
CDF-27 690.9 197774 0.5 297
RBS 566.8 144519 0.5 1.88

This paper evaluated the behavior of a beam-column
connection under two-hole patterns. The first pattern
consisted of holes configured in ascending size order to the
middle and in descending order after the middle (symmetric
configuration). The second hole pattern, however, consisted
of holes of the same diameter, with a variable number of
holes. The flange-web thickness was set to 1.5, 2.0, and 2.5.
Nonlinear static time-history analysis was carried out. The
models were subjected to cyclic loading in ABAQUS. The
column had a concrete section and a column beam. Three
seismic records were applied to a single-story frame with a
span length of 6 m, according to model CFD-1 (Figure 2).

922

Table 1 reports the parameters of some of the twenty-
seven models.

3- Results and discussion

Figure 3 illustrates the von Mises stresses of some models.

According to Figure 3, the drilled-flange models had
stresses in the beam-column connection, which is satisfactory
behavior. The base model without beam holes, however,
experienced maximum stresses in the connection area near
the column, which is unsatisfactory. Table 2 reports the
numerical parameters based on the hysteresis loops for some
of the models.
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Table 3. Displacement and base shear under seismic records

Record Displacement (m) Base shear (kN)
1992 Cape Mendocino 0.104 395
1979 Imperial Valley 0.089 370
1994 Northridge 0.097 340

Table 3 summarizes the displacement and base shear
results under the seismic records.

4- Conclusions

The results can be summarized as:

The symmetrically drilled models had mostly a uniform
stress distribution between the holes. The symmetric
configuration of holes in size-based order enabled such a
uniform distribution of stresses between the holes.

The minimum bending moment change varied from 8%
to 46%.

The minimum energy absorption change varied from 4%
to 20%.

The minimum ductility change varied from 10% to 25%.

A rise in the middle hole reduced the load and moment
capacities in all the models, partially due to the reduced
section.

A rise in the middle diameter reduced the moment
capacity, and the incorporation of concrete into the model
raised the moment capacity. An increase in the flange-web
thickness ratio led to a 12-28% increase in the bending
moment capacity of the connection.

The model with three-hole rows had nearly a 25-37%
higher moment capacity than the one with five-hole rows.

The RBS model showed a 10% lower load capacity than
the drilled models.
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Table 1. Experimental material properties [33]
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Table 2. The difference between the results of the Abaqus model and the verification article model

LY Sl s o5 aglae 4 ceoglio
ol g9 s . Sl OB i i 2l cegli
o0 A Y Y 4 Y 1.

c.\.&":Olﬁdlmui;ndl)gwmyﬂvblﬁ)).w\d)b&n\ g

sl 0045 pl?u’l

Silodde gys =Y =Y
i )3 @pepiachen O+ x 80+ sl &) (i (g 5 IPE6OO 5
5,5 55 5 5 g 4 555 ol 4 5l ol el 025 43S

ol 00
t
(tw )beam

ol 005 031y isled g gy Olasuine ¥ Jods 5

Al 5 ol st 5 5 bl Sl t g el 5o

Gaaded iged yguunl S 51 B a5l &Bly ) aitus Bulats (S0S5 4
JS o 1p; 0 2Kkl dges b ooie Juo e puis )b e
JrS pElejl Lges g Jro S ks g )b Garbs (1)L e
Copo & Gebdd (pl S e odalie JS5 5 & johilen g 3980
ol 0as 031 L guls GMBIY Jgus 10 o] ool Jols lin
ke ) o g ool 035 Pl Jie (s (fin Comlu 5401

0390 ¥ N0 ) [0 bl sl o dlal Ll onds Q] plosl s
o2 4 S5 ol (gyieke VB ) e e ol 5l &S cul
5 5 035 g b o plol gl 6 nen /0 a5 2t
a9y opl )l cal Al ) Lhe b ghopd Y Y GBS s s ]

ool 1Y Jsde ol ol o edlaiwl (g o Juo V ik I o plog]

£00A



FOVY b ¥O0) axiw AF+) Jlo Y o)lass

Drift

6 =5 i —3; -2 —i

OF 0)93 ¢yl (o (poizen 5

(% radian)
8] 1

800

N N B L R R
INUC (E)

Beam Shear (kN)

1
=
v

1
%

180 ¢

-150F

| S
< & 8

Displacement at Beam End (mm)

e Jie 4 cilites W yie SWBwl dulie Y S

Fig. 7. Grid indep

andllas 5,90 (ygiw
Table 3. Beam

endence results

955 Y Joua

and column

) s

t
(_
tw

olll g Jdop £

Y ol Y cwls

4 t
) eam (_) eam (_) eam
b tw b tw b

IPE600

A Yo

O £0-X £0- mm?

5 @Yl Jb g2 32 3 5 ) Elgw sl 0ad (ilo Jio Lo Elygu
P Elew o )8 (gileJde 50 Cunl oid .l o posl sl
23 S5 o Elyge slad 4 s Bl 98 Coley G g S
Ehow o sl s Coley bl yomw 38 10 4 o ()85 5 Cowl yd,
i Slasin ¥ Jads jd ool oad ol [l A S5 55 (o)
ol 04 &1 aslllas 350

las Slastin ol o odlatwl ST37 5Yeé 5l allie ol j
ool o 1)1 D Jgdo > (Syuas

Jode ( JKwbKo 00 adllas -yl ;5 odlatwl 3y50 40 (gylid Cangldo

o004

5SS o gl el 0as o3liw] CDF 5 5l (glo pls #ygm b Jio (sl
oMb SYsb gl Jae 09 0L s @ sl oids Gl 6ledd b J e
o3kl (6513550 (gl ¥ Jgds allas oyladds 1 a8 Canl o0l anw Lol
Gy ool 0l s L b gl ygu cpw aloold g R U g g glad 395
RS GRI jl ey ar g cunl o ()13880,led gt p jl g lyow glais
by ioled L b Wy oy alold puimads cawl o &8ly) Jgis ol 3
oaled )y oy Coge 4 () Elyg Sl 20N 7SS )l 00
4 (8 Elyaw Cunl jastin S (gg) jl &S jeb len sl o 00l

Bk 93 )3 o)l ©jge 4 g Jb S 93 13 ) 93 55 ()lie 50



FOVY b Y00 doxio VF) Jlo VY 0,loud F 055 ¢3S pool () yo subio 4yl

addllas 3)90 (sJo - Jouo

Table 4. Models

Juw ol R1 R2 R3 R4 RS L1 L2 L3 L4 L5 t/tw

mm mm mm mm mm mm mm mm mm mm

CDF-1 \E Voo VO
CDF-2 \E Y- Voo Voo VO
CDF-3 Y- Y- Y- Voo \eo \eo VO
CDF_4 ‘] ‘] Y- ‘] Yoo Yoo Yoo Yoo Voo VO
CDF-5 Y. Y. Y. Y. Y. Voo Yoo Yoo Yoo Voo VO
CDF_6 \E Y. Y. Yoo Yoo Yoo Yoo Voo VO
CDF-7 10 10 Y- N 0 Voo Voo Voo Voo Voo VO
CDF-8 10 Y- 'O V0 \eo Voo \oo \eo VI
CDF-9 10 YO Y- YO 'O \eo Voo Voo \eo Voo VO
CDF-10 \E Voo Y
CDF-11 \E Y- Voo Voo Y
CDF_12 ' ‘] Y. Yoo Voo Voo Y
CDF_13 ' ‘] Y. ‘] Yoo Voo Voo Yoo Voo Y
CDF_14 ' ‘] Y. ‘] Y. Yoo Voo Voo Yoo Voo Y
CDF_ls \ Y. Y. Yoo Yoo Yoo Yoo Voo Y
CDF-16 10 10 Y- 10 \0 \eo \eo \eo \eo Voo Y
CDF-17 N Y- 10 V0 Yoo \eo \.. Voo v
CDF-18 V0 YO Y- YO 'O \eo \eo \eo \eo \eo Y
CDF-19 Y. Voo o
CDF-20 Y- Y- Voo Voo /0
CDF-21 A Y- Y- Yo Ve V.. /0
CDF-22 A Y- Y- Y- \eo \eo \eo \eo \eo Y/
CDF-23 A Y- Y- Y- Y- \eo \eo \eo \eo \eo Y/
CDF-24 Y. I Y. Voo Yoo Yoo Voo Voo Y0
CDF-25 10 10 Y- 10 \0 yeo \e o \e o Voo Voo Y0
CDF-26 N Y- ' 0 Yoo Voo Voo Voo Yo
CDF-27 10 YO Y- YO 'O Voo \eo \eo Voo \eo Y/0
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Table 6. Seismic records
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Fig. 10. Column reinforcement and beam-column connection parameters
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=, Mises U% ints
-1.0) 7

SMEG, (fraction

(Avg: 75%)
+4.457e+08
+4.13%9e4+08
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+2.398e4+08
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+1.005%e+05
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13zer0z
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1314528401

5, Mises
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Multiple section points Multiple section points
(avg: 75%) (Avg: 75%)
+4.002e+402 +4,598e+02
+3.6688+02 +4.215e+02
33358402 +3.832e+02
30010402 +3/4430402
+2.668e+02 +3.0662402
23346403 126820402
Bl +2.2390+02
1 3540405 +1.916e+02
+1.0002+02 +1.533e+02
166702401 +1/150e+02
333388401 +7.6640+01
+0.0002400 138370401
+0.0002+00

CDF-05 CDF-04 CDF-03

S, Mises S, Mises s, Mises

Multiple section points Multiple section paints Multiple section points

(vg: 75%) (Avg: 75%)
+4.1678+02 [Aug: 75%) +4.292e+02
+3.810e+02 +4.6748+02 +3.935e+02
+31472e+02 +4.2848+02 +3.5770402
+3.125e+02 +3.805e+02 +3.219e+02
+2.,7788+02 +3.505e+02 3 80%er05
+2.4302+02 +3.116e+02 +2.1460+02
+2.083e+02 +2.7268+02 +1.789e+02
Hlragetie +2,3378+02 +1.431e+02
+1.380e+02 +1.0470+02 +1.073e+02
+1\042e+02 PEEAEE e 1o
et +1.1686+02 35776001
+0.0002+00 +7.7908+01 +0.000e+00

+3.8058+01

+0.000e+00

CDF-08 CDF-07 CDF-06

S, Mises S, Mises

zﬂulﬂplﬂ Sﬂgtmﬂ points Multiple section points

Avg: 75% B
+3.6830+02 tava: 7o)
+3.3766+02 +4.5408+02
+3.069e+02 +4.1628+02
+2.7620+02 +3.783e+02
+2.4566+02 +3.4058+02
+2.1498+02 +3.027e+02
+1852e-02 +2.64Be+02

e +
+12288+02 BT
+0.208e+01 +1‘513 +02
+6.139e+01 355
+3.0898+01 +1.13ee402
+0.000+00 Thgerenn
7838

+0.000e+00

CDF-10 CDF-09 RBS

ol (y9d LT ) S
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Fig. 12. Equivalent plastic strain
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Fig. 13. Hysteresis loops
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Table 7. Hysteresis loop-obtained parameters
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Table 8. Summary of results under the seismic records
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