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A Comparison Study of Equivalent Strut Models for Seismic

Performance Evaluation of Masonry-Infilled Frame
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/] ABSTRACT /

Masonry-infilled walls have been used in reinforced concrete(RC) frame structures as interior and exterior partition walls. Since
these walls are considered as nonstructural elements, they were only considered as additional mass. However, infill walls tend
to interact with the structure’s overall strength, rigidity, and energy dissipation. Infill walls have been analyzed by finite element
method or transposed as equivalent strut model. The equivalent strut model is a typical method to evaluate masonry-infilled
structure to avoid the burden of complex finite element model. This study compares different strut models to identify their
properties and applicability with regard to the characteristics of the structure and various material models.
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Table 1. Equations for compressive strength of masonry f,

Code or researcher Equation

Lee WH et al.[12] [ =0.46f,;, +0.16f, ., —2.64

f/m = A(2758+ Bfln'ick)
A1, B : type of mortar
(0.25 for type S&M, 0.2 for type N)

ACI 530-05[14]

— 0.7 0.3
f m Kf 3 i

brick J mortar

Eurocode 6[15
el K :0.55 for concrete masonry

FEMA 356[16] 2.07~6.205 MPa depend on masonry condition

Table 2. Proposed equations for E,

Code or researcher Equation

E =88f " < 95 5 MP
Lee WH et al.[12] {Em (< 25.50P)

) =172f (f,, >25.5MPa)

Kim HC et al.[13] E, =100f,
UBC[17] E_=T750f,, (Xl 20.5 GPa)
FEMA 356[16] E, =550f
Table 3. Proposed equations for f’,,
Code or researcher Equation
Paulay and " "
=0.03
Priestley[2] T T
Lee WH et al.[12] f g =0.084f" +0.515
Masonry Designers’ , 7
=1
Guide[18] Fa SV
P,
’ 0.75(0.750,, + %)
fdf, Ve = 1.5
P masonry wall normal load
A, : total area of mortar
v,,. average bad-joint shear strength
FEMA 356[16] v
_ test
Ute = 4, —Ppiy
V,.,: - testload at first movement of a masonry unit
A, : sum of net mortared area of bed joints
Py, : stress due to gravity loads
0.09~0.19 MPa depend on masonry condition




Table 4. Differences between proposals (f,,,.. = 10.-45MPa,f, ... = 10.02)1Pa)
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(a) Bed-joint Sliding
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(c) Corner Compression

Fig. 1. Failure mode of infilled frame

R=0.818

(a) Concentric strut model

Fig. 2. Stafford Smith[4] model
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Table 5. Bertoldi et al. parameter K, K,
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Fig. 4. Specimen configurations

Table 6. Properties of specimen

. 2 —_ shear reinforcing bar &
Section (mm?) |main reinforcement )
stirrup
Column 400 x 400 8-D22 D10@300
Beam 600 x 600 10-D29 D13@100
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Table 7. Material properties of masonry (MPa)

case o f E,
1 FEMA 356[16] FEMA 356[16] FEMA 356[16]
8.067 0.26 4436.58
, FEMA 356[16] FEMA 356[16] | Lee WH etal[12]
8.067 0.26 709.85
, Eurocode 6[15] E::Latfe?[’z(; FEMA 356[16]
12.49 0.37 6869.5
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Table 8. Analysis cases

Masonry
case

case | Strut models w (mm) R (kN) z (mm)

Concentric Strut Models

C1-1 FEMA 356 Case 1 515.2 248.62 -

C1-2 FEMA 356 Case 2 618.8 248.62 -

C1-3 FEMA 356 Case 3 493.13 353.81 -

C2-1 g:rf;ﬂ:') Case 1 1066 | 321.06 -
c2-2 éﬁfgﬂ:'} Case2 | 20571 | 61954 -
c2-3 g’:ﬁt}:'} Case3 | 960.85 | 411.82 -
C3-1 (%;'as;;‘::') Case1 | 5152 | 155.16 -
Cc3-2 (CS;':;;‘i!') Case2 | 6188 | 186.36 -
C3-3 é;':;::g') Case3 | 49313 | 21135 -

Eccentric Strut Models

E1-1 FEMA 356 Case 1 515.2 248.62 619.2

E1-2 FEMA 356 Case 2 618.8 248.62 7281

E1-3 FEMA 356 Case 3 493.13 353.81 595.3

Crisafulli
E21 | ooy | Casel 1066 | 321.06 | 739.8
Epp | Crisaful Case2 | 20571 | 61954 | 1169.75
(Bertoldi)
Crisafull
E2-3 ) Case3 | 960.85 | 411.82 | 663.2
(Bertoldi)
E3-1 Crisafull Case 1 5152 | 15516 | 739.8
(Stafford) ' ' '
g3 | Crisaul Case2 | 6188 | 186.36 | 1169.75
(Stafford) ' ' '
g3 | Crisafull Case3 | 49313 | 21135 | 6632
(Stafford) ' ' '
Q e
Q, d

IE

Drift ratio, eff

Fig. 5. Plastic hinge model
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Table 9. Maximum shear strength and displacement and comparison with BF

case St,\rﬂei)gEU(TN ) ratio to BF dispi;cneiTent ratio to BF case Stl\r/:)gﬁu(TN ) ratio to BF dispzz:rir)nent ratio to BF
C1-1 469 1.68 27 0.82 E1-1 199 0.71 45 0.14
C1-2 477 1.70 345 1.05 E1-2 270 0.96 13.5 0.41
C1-3 552 1.97 27 0.82 E1-3 165 0.59 3 0.09
C2-1 526 1.88 27 0.82 E2-1 461 1.65 18 0.55
C2-2 760 2.7 255 0.77 E2-2 589 2.10 16.5 0.50
C2-3 483 1.73 135 0.41 E2-3 472 1.69 135 0.41
C3-1 403 1.44 345 1.05 E3-1 360 1.29 19.5 0.59
C3-2 428 1.53 345 1.05 E3-2 354 1.26 18 0.55
C3-3 447 1.60 345 1.05 E3-3 402 1.44 19.5 0.59

85



EXTSeE =2 | 182 25 (S H963) | March 2014

= u|wahH, A= o] FEMA 356[16]¢1 4 7z =4 W
sfstA] gFAIut H—J SNz 3] 71t BAITE ok

2EBE] A5 Eo] = e & 4= Aok SHAIRE, Crisafulli[6] ] 7
w417} Bertoldi et al.[21]9] HEAEA1S ARG AL Mol 7o) =
AR H W=7 271814 =, Crisafulli[6]2] 73 =41} Stafford
Smith[4]0] FEALIA12 A8 A9 HAPA= 9 Wit A2 G4t
egAe] Gl flae & = AUtk Crisafulli[6] 9] Z=4]3} Bertoldi
etal.[21]2] &A ) A1S AR5 H= 7> Table 80| 4] & 4= §)50] AEE]
o] 77} 3jo] 2 Holt] o] A (13)04 AEIe] u|g T2fsl] v
Ao Helrk

Table 10-2 7} s ol A AR 242 2H H20| g 9 apyj i
EO]“‘% I LEXR= 7“PEH7}‘%EP*—H\] oH H ATAES FASHAL )

o AESOl A, o me 4995 /15 Bk ek

Table 10. Failure sequence of strut models

case 1* yielding pushover Failure pushover
step step
Concentric Strut Models
C1-1 strut axial yielding 3 strut axial failure 19

c1-2 strutaxial yielding | 13 | (enSion column shear& |, ,
flexural failure

C1-3 strut axial yielding 3 strut axial failure 19
C2-1 strut axial yielding 2 strut axial failure 19
C2-2 strut axial yielding 10 strut axial failure 18
C2-3 strut axial yielding 2 strut axial failure 10

C3-1 strut axial yielding o | tension column shear& |,
flexural failure

32 strutaxial yielding | 10 | (enSion column shear& |, ,
flexural failure

C3-3 strut axial yielding 2 tension columq shear & 24
flexural failure

Eccentric Strut Models

tension column shear

E1-1 i failure 4
E1-2 ) tension cc?lumn shear 4
failure
E13 i tension cc?lumn shear 4
failure
E2-1 strut axial yielding p | tension & compression |,
column flexural failure
tension & compression tension & compression
E2-2 . 6 ) 12
column flexural yielding column flexural failure
E2-3 strut axial yielding 2 strut axial failure 10
E3-1 strut axial yielding 2 compression lcolumn 14
flexural failure
tension & compression tension & compression
E3-2 . 7 . 13
column flexural yielding column flexural failure
E3-3 strut axial yielding p | tension & compression |,
column flexural failure
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