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Fig. 1. Moment-resisting frame under lateral loading [1]:

.

M‘,‘t:l?“ = C‘;JFR}'Z:'M?:IZ?
C)Q;.A ck.wAg cdj:.w Li*::'*d\:’ C]diﬂ wl.w\zc é}.‘? ‘]GJ\_}) BL
J)j_ﬁ 6)Ll.9 C,..Ajuﬁ PUC cuj:..w JY)& (..:,LA.I u;w: ch ‘dj.:.vﬂ
S Mgy sl dis &35 5l Sl 5 51 ol 052 50
Ry 5 Sl . JN 0 S (a) geometry, (b) moment diagram
Y! - ] LJ J“ - - = (S
. . s s g - e e i
o W&V\_}i})b bjyvéwww [2] oia 'gﬁjaﬁsljléoéjlsw.YJﬁ
S ol L;‘i._)—"p j—:‘ CPT [2] el j-:s le_.,a.a LS°"\—"; ™ Plnstimgc Plastic Hinge T
Sp Ly . Sh
Sl o
I T T —
{ I I }
M, M, My M, Mu
() ()
\"rprL TVpr Vu;
Ly s, AM

n

Sh

v, v N,
Fig. 2. Free-body diagram of beam in a moment frame [2]
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Grade Section radius  Spacing
Rebar 60 (mm) (mm)
i Yield
Longitudinal stress 6 254
(MPa)
Transverse 420 6 305

Table. 5. Rebar properties of concrete slab [4]
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[4] (SP2) Lalistee (claws gas i Jls Solasiin N g

Compressive  Modulus of Slab Slab

strength elasticity thickness  width
£, (MPa) E. (MPa) (m) (m)

33.58 27537.66 0.101 1.524

Table. 6. Concrete slab properties of composite specimens [4]

5 (SP2) 5 (SPL) e yui 35 Jmebos 5 3wl 8l
DLl 18l 5 51 s ol 53 s sladi s Lilaze
JU A lesT e 55 el ol s3lizul | wsSUT 5 50ea
S Lalse JU 4 oS (6358 S b oV 58 gla s
Joe Oy 5o 4 G (sledde gy 5o bl sl sl
mad Klodd Je T4 LS S 4 Lasl 5 0l s
sl 4 dls 5 O gt Qj"\f;; 03 % s clelises glad gad 5o
s dl B O b a5l e mle ) &S g5k 4 sl
Sl $lp s edd pll uman glad 5o (3ledde ol
Shls e S 8 53 S SAR sl S )L@;;v«:.ﬂﬁ OlJl 31 oY 4
L (it a5 Sl ) @oll garss s ks
i b e eslizal (el al 2alS o S Kl
b 3V Hlae ki, [14] s 5 slea sto s

1 ABAQUS

2 Merge Geometry
3 Shell Element

4 Hajjar et al.

6

V5 sl s s oNVlasl s, P dls ) g J’fu

aalsl (S Jlas! Jome U 50 ST 05 s 51 (6 550 ks

5 s s sl e 5 e Sy Dl AL
o (0 58) Jglas b

ol il ¥ Ks

O
Top Load Pin

T —

Fig. 3. Experiméhtal test setup

[4] L sad O 5 5 phaie Slasiiiie N Jpot

Flange Total  Flange Web
Section  width height thickness thickness
(m) (m) (m) (m)
Beam
W27x94 0.253 0.683 0.019 0.012
Column
W14x211 0.401 0.399 0.039 0.024

Table. 1. Section properties of beam and column [4]

[4] ol o Olasl 5 Cieliae o Sawpn lad,s sl Y J g

Length Width Thickness
Plate (m (m) (m)
continuity 0.4 0.171 0.019
doubler 0.987 0.285 0.015
shear tab 0.482 0.063 0.012
Table. 2. Dimensions of continuity, doubler and shear tab plates
[“4F

[4] Llesl slas sas 35 éh,m Slasein ¥ J gl

Yield Ultimate Modulus of
Steel stress stress elasticity
f, (MPa) f,(MPa) Es(MPa)
ASTM
Beam A36 262 406.790 200000
ASTM 296448 530.896 200000

Column As72/50
Table. 3. Steel properties of test specimens [4]

[4] b, lasio £ Jguo

stud distance (mm) Height Section

— — radius
Transverse (in pairs) Longitudinal — (MM) (mm)
101.6 304.8 98 9

Table. 4. Properties of shear studs [4]
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(SP1) (64 503 (6,18, azesiu JU liasine V J g

Drift Beam tip displacement Number
(%) (m) of cycles
0.1 0.003 5
0.25 0.008 2
0.5 0.017 2
0.75 0.027 2

1 0.035 2
1.5 0.053 1.5

Table. 7. Load history of (SP1)

(SP2) (4 yo 5,18,k ey, liaseiin A J g

Drift Beam tip displacement Number
(%) (m) of cycles
0.1 0.003 12
0.25 0.008 3
0.5 0.017 3
0.75 0.027 3

1 0.035 3
15 0.053 3
2 0.071 15

Table. 8. Load history of (SP2)
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Abstract:

Application of composite sections in structures is increasing in recent years. This type of structure utilizes
the strength and ductility of steel as well as strength and low cost of concrete. Composite action is developed
when the two load carrying structural members such as concrete slab and supporting steel beam are
integrally connected and deflect as a single unit. The extent to which composite action is developed depends
on the provisions of shear connectors between steel and concrete. The horizontal shear that develops between
the concrete slab and the steel beam during loading must be resisted so that the slip will be restrained. A
fully composite section will have no slip at the concrete-steel interface. The shear connectors provide the
interaction necessary for the concrete slab and steel beam parallel to the beam.

One of the most important objectives in design and construction of steel moment resisting frames, is the
ability of high energy dissipation due to yieldings and plastic deformations in beams in such a way that
formation of plastic hinges in beams occurs prior to that of the columns. This procedure leads to fulfilling the
strong column-weak beam relation. On the other hand in steel frame structures, it is common to use concrete
slab in order to construct floor diaphragms. However in design codes, specially National Building Code of
Iran, it is not clearly mentioned how to consider the effects of the concrete slab on connection behavior and
the strong column-weak beam relation control.

In this study, the behavior of bare and composite beams in steel moment frames under monotonic and
cyclic loading has been investigated through numerical modeling in ABAQUS finite element software. The
requirements of National Building Code of Iran regarding the ratio of bending moment strength of columns
to beams, a, have been studied. In this regard a direct connection with uniform beam section is simulated.
Rotation of beams and steel columns in different sections for formation of plastic hinges are considered as a
criterion to measure these relations. In order to determine the effect of the number of shear studs
(percentages of composite actions) and their location specially in protected zone within a fixed length of the
girder, reduced beam sections (RBS) are modeled. The results indicated that decreasing the initial distance of
shear studs arrangement from the column face leads to increasing the composite action. Analytical results
also showed that the effective width of concrete slab depends on the load transfer and the force distribution.
Based on the results of this study, it is suggested that in calculation of strength ratio of girders and columns,
the effect of the floor slabs should be taken into account to ensure that the requirement of strong column-
weak beam is fulfilled, otherwise column failure may occur before girder failure. It must also be mentioned
that the relative strength of columns to girders can affect the panel zone behavior in such a way that different
values of o, require different shear strength of panel zone.

Keywords: composite beam, steel moment resisting frame, finite element analysis, cyclic and monotonic
behavior, reduced beam section (RBS).
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