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Structure  Section

Story  Element SME! (cm?) Rebar  Steel
boundary  SW2ECWE  74X40 16020 50
1-2 wall SW 64X30 14220 -
CcwW 426X30  56@10 -
boundary SW&CW 74X30 12@520 IZPZ%
35 wall SW 64X20 10220 -
CcwW 426X20  28@10 -

1 Steel Moment Frame
2 Slit shear Wall
3 Conventional shear Wall

Table.1. RC shear wall section properties of 5-story structure
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Structure Section
Story  Element SME (cm2) Rebar Steel
boundary SW&CW ~ 100X80 48025 LF;%
13 wal SW  925X40 26020 ;
cwW 400X30 54014 5
boundary SW&CW  100X60 22520 '32%
4-6 wal SW  925X30 20220 -
cwW 400X60 40010 -
boundary SW&W 100X40 18014 IZPZ?)
7-10 wall SW 92.5X20 16316 -
cwW 400X20 2610 -

Table.2. RC shear wall section properties of 10-story structure
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Fig. 2. 5- story steel moment-resisting fame with RC slit shear
wall besides P—A column
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Fig. 3. 10- story steel moment-resisting fame with RC slit
shear wall besides P—A column
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Fig. 10. Fiber-section element model for RC shear walls [15]
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Fig. 4. Details of the RC slit shear walls
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Fig. 5. Details of the conventional RC shear walls
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Record Magnitude  PGA Distance
(Ms) (@)  (km)
1 San 6.6 011 317
Fernando
2 Landers 74 0.136 21.7
3 Northridge 6.7 0.163 24
4 Northridge 6.7 0.37 26.7
5 Northridge 6.7 0.036  32.3
6 San 66 0102 374
Fernando
Cape
7 Mendocino 7.1 0.154 44.6
Table.3. Characteristics of earthquake records used for IDA
analysis
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Fig. 12. Beam modeling [15]
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Table.4. Coefficients of Krawinkler relationship
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Base SMF+ SMF+ SMF+ SMF+
shear Case RCSW RCW RCSW RCW
5 5 10 10

Demand 11156 12440 16827 17253

Ve Ca(ﬁ’_f’}sc)"y 17964 13943 21150 17449
(kN) Capacity

o) 19173 20331 28707 21969

Demand 4381 4366 4654 4568

Vy Ca(ﬁ’_i‘sc)“y 4838 3406 5447 4838
(kN) Capacity

) 4900 4560 5887 5112

Table.7. Elastic and yield base shear

36

|u\3|# gi})—
j&y‘)c&lnﬁw 6@&)6‘14 l)/\j\/ Ja_fb) ‘u\.:‘j:.ﬁ
21155 €1l o5 Sl

2
= = (ZNe—2(Ln(T)-0.2)? V)
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S sady JSE et
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Structure Target Roof drift ~ Roof drift
story SME drift ratio ratio
(BSE-1)t  (W-LS)2  (W-CP)?
SW 0.0078 0.0093 0.0098
5
Cw 0.0056 0.0056 0.0077
SW 0.0088 0.0105 0.0131
10
Cw 0.0069 0.0072 0.0091

1 Earthquake hazard level

2 Performance level for walls

Table.5. Roof drift ratio and relevant limit-states

Type CASE T(S) 0, 0,

Demand 0.004 0.0078
SMF"'?CSW Capacity(LS) (58 0.0042 0.0093
Capacity(CP) 0.0043 0.0098
Demand 0.0025 0.0056
SMEEROW Capacitys) 0.43 0.0025 0.0056
Capacity(CP) 0.0026 0.0077
Demand 0.0041 0.0088
SMEFRCOW Capaciys) 1.1 00043 0.0105
Capacity(CP) 0.0049 0.0131
Demand 0.0034 0.0069
SMEROW capacitys) 103 0.0034 0.0072
Capacity(CP) 0.0037 0.0091

Table.6. Ultimate and yield roof drift ratio and relevant

limit-states
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Table.10. Behavior Factor(R) according to pushover
analysis and triple equations
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Table.8. Roof drift ratio and base shear corresponding to
the first plastic hinge formation

(Rs) o slie wslsl oy o S(RU) (6 iy IS5 2alS o (4) Jgir

S8 aw Lals, 5 055300 sy el

R

.
Type Case NI K2 M R,
SME+RCSW Demand 2 21 2 16
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Capacity(CP) 23 24 24 1.7
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Capacity(CP) 2.2 29 27 13
Demand 22 24 26 1.2
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Capacity(CP) 27 3 33 14
SME+RCW Demand 21 22 24 11
10 Capacity(LS) 2.1 23 25 1.1
Capacity(CP) 24 26 3 1.2

1 Newmark and Hall

2 Krawinkler and Nassar

3 Miranda

Table.9. Ductility factor (Rp) and over-strength factor (Rs)
according to push-over analysis and triple equations
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SMF;RCW Capacity(LS) 22 1.8 2
Capacity(CP) 2 15 17
Demand 17 15 14
SMFZECSW Capacity(LS) 16 14 13
Capacity(CP) 18 16 15
Demand 18 17 15
SMEROW Capaciys) 17 16 14

Capacity(CP) 18 16 14

Table.12. Correction factor for degrees of freedom
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Table.11. Ductility factor (Rp) and over-strength factor (Rs)
and behavior factor (R) according to pushover and IDA
methods
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Abstract:

Earthquake loads induce significant damages and cause widespread failures into buildings. Having appropriate
system against seismic loads is a minimum necessary requirement for a structure Moment Resisting Frame
Systems (MRFS) are one of the common seismic resisting systems against lateral seismic loads. Ductility is
the most important properties of these kinds of systems; but increase in ductility leads to decrease stiffness
and increase lateral deflections and hence induces damages to nonstructural components. Although stiffness
can be magnified through increasing section sizes of members, but it would not be economical. To compensate
this deficiency, the combination of these systems with reinforced concrete (RC) shear walls may be useful.
Although in general, this combination (RC shear walls and MRFS) decreases the section size and increase
stiffness; but in low rise structures using this combined system cause decrease in ductility and dissipation of
energy under moderate/strong earthquake This deficiency can be improved by using vertical slits in RC shear
walls of low to moderate height. These slits invert shear behavior of RC shear wall into flexural behavior of
several columns and are able to increase ductility. So, for the first time in this paper, a study was conducted
on introducing behavior factor (R) for Steel Moment Frame (SMF) with reinforced concrete slit shear wall
system at two levels of demand and supply.

In view of existing concerns about precise of behavior factors in seismic design codes, due to developing these
factors based on engineering judgment from observing seismic performance of structures subjected to past
earthquakes besides the lake of these information in current seismic design codes causes the seismic design of
RC slit shear wall system needs more research works. The behavior factors are used to reduce the linear elastic
design spectrum to account for the energy dissipation capacity, over-strength and redundancy of the structure.
The most distinctive feature of this study respecting to similar studies is multi-level definition of behavior
factors and their extraction with respect to seismic intensity, and accepted damage level as expected
performance levels in designing RC slit shear wall structural system. Hence, the demand/supply behavior
factors are determined with a more accurate attitude involving the effective parameters such as ductility, over-
strength, redundancy, seismic hazard level, performance levels, etc.

In this study, to determine the appropriate behavior factor, static pushover analysis along with Incremental
Dynamic Analysis (IDA), are used. The behavior factors in two levels of demand and supply are obtained with
two procedures: At the first, the pushover analysis was applied on case study structures and then (R, £,T)

relationship for SDOF system of Newmark and Hall, Nassar and Krawinkler, and Miranda to evaluate behavior
factor for MDOF structures were used. At the second stage both pushover and incremental dynamic analysis
were used to achieve directly the behavior factor for MDOF structures.

In this paper, two 5 and 10-story steel moment resisting frame with RC slit and ordinary shear wall systems
were designed by ETABS software. These structures were designed in which their behavior factors were the
same values. Then the pushover and IDA were conducted on sample structures using nonlinear analysis
software PERFORM. Results show that, although initial elastic stiffness has not been considerably changed in
slit RC shear wall systems, but they show higher behavior factor relative to regular RC shear wall systems.
Converting the shear behavior of RC ordinary shear wall to ductile flexural behavior of a series of wall pieces
as columns by providing slits in shear wall may be considered as the reason for achieving more ductility and
dissipating high seismic energy in this innovative systems.

Keywords: steel moment frame, reinforced concrete slit shear wall, behavior factor, pushover analysis,
incremental dynamic analysis
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