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Example.1

For all beams:
DL=40 kN/m
LL=10kN/m

60 mmi

4x3m

Col: 2 IPE 180

200 mm

I I

Beam: 2 IPE 200

Thickness =

Tehran 200 mm

J Soil 11l
X

Expected fy = 280 Mpa
Lower-bound fy = 240 Mpa

Mortar: moderate
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Example.1

Beam centerline | |pE 180 IPE 200

\ 3
N—oif ! | 200 mm

Beam-Column connection
plan view

-

IPE 200

.

e

N

Continuous
beam

L I

Beam-Column connection
side view

Example.1

Let’s assume the bare frame with no infill

Moment diagram under Gravity load Moment diagram under Lateral load

A | N

I

The beams are continuous but get no moment from lateral loads .

J_\T*“—ﬁﬁ«—ﬁ

-

Bare frame would be unstable in th
case of pinned base columns.

Storyd

Seryd

Stoy2

Syl

Base

This can be modeled with a fixed beam-column connection but with a panel zone

with zero flexural stiffness.
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Example.1

This type of column sections are not covered in ASCE 41-13 so we use
Code 360 o
a,

Although the beams would not get moment from
lateral loads, significant moments could be
generated due to the gravity loads as well as the
infill. So plastic hinges are defined at the middle
of the beams and beam ends.

From ETABS, obtain PCL=1070 kN, FIG. 3-1. Generalized Force-Deformation Relation for Steel
Elements or Components

From ETABS gravity analysis most column are force-controlled. Still we would define P-M3
Plastic hinges for columns

Define the behavior for P/PCL = 0.2 and assign the parameters for P/PCL<0.2
Define the behavior for P/PCL = 0.45 and assign the parameters for 0.2<P/PCL<0.5

Define the behavior for P/PCL = 0.5 and assign all parameters zero or very small values

ETABS would automatically interpolate between different P/PCL and also accounts
for P/PCL on moment capacity of the column

Per Code 360, rotation of the khoriini connections with top and bottom angles
should be limited to 0.01 rad and 0.02 rad for LS and CP criteria, respectively.

Example.1

Infill modeling per ASCE 41-13
L/H>1.5 L/H<1.5

f

hﬂL_n_&) h,/3 I
s, \
45 @ E-ﬂ
L/H=5,;3=1.67>1.5 J '

Moderate mortar

. L _ Expected f',, =
f', =8 MPa ‘f@,‘ 2.5 to 2.96 Mpa = 2.7 MPa 1.3x2.7=3.5 MPa

E,, = 400f' =400x3.5=1400 MPa

This is the horizontal component of the
ultimate capacity of both struts

Expected shear capacity: Qce=An. V me_{zero gravity load)=3000(mm)x200(mm)x0.2(Mpa)=200 kN

Should be obtained based on in-situ test: V e (zero gravity oad)=0-2 Mpa (assumed value)
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Example.1

for single-direction lateral loading for positive/negative or cyclic lateral loading

S

Saanyd

Sson2

A A #

Saonn

r—x 2 X _— {\/ =
Compression-only Multilinear plastic Link element m

In this case, effective stiffness of link
elements should be reduced by 50% as

WlW WY

L VL L

{
N XXX

Length of each strut: L=3.5m there are two struts. In nonlinear
Area of each strut: A=(1/2/0.5)x0.2=0.14 m? analysis only one of them would be
For each strut: active so the initial stiffness should not
Initial axial stiffness= EA/L=1400(Mpa)x0.14/3.5=56 kN/mm by reduced.

Ultimate axial strength =QCE/2/cos(8)=200/2/cos(45)=141 kN,

Example.1

Both ASCE 41-13 and Code 360

Table 11-9. Nonlinear Procedure—Simplified Force-Deflection
Relations for Masonry Infill Panels”

Acceptance
Residual —
| Strength
= Vi L. Ratio d - Ls cp
Ve h,, e (%) (%) (o] ™)
= B<07 05 NA 05 NA 04  NA
Vfr=sum (ZMPC/Hs) 10 NA 04 NA 03 NA
20 NA 03 NA 02 NA
07<B<13 05 NA 10 NA 08 NA
” 10 NA 08 NA 06 NA
Consider C=0 20 NA 06 NA 04 NA
pz13 05 NA 15 NA L1 NA
d=f 10 NA 12 NA 09 NA
20 NA 09 NA 07 NA

“Interpolation shall be used between table values. In this table, NA means
not available,

"Drift ratio ¢ is permitted 1o be equal to d.

3
Should be defined in the negative side

141 kN|- - (compression side)
In this example: Vf=0 ] : :
L/H=1.67 - i i
: :
D — ! ! 1 >
Linear elastic with very 25mm  74mm 30mm.

small stiffness (tensionside) ¥ (Diagonal comp. of 0.35% drift) (based on judgment)
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Example.1

Per Code 360
Seismic mass: D+0.2L
Gravity load: 1.1(D+0.25L)
It turned out that the structure is too weak even
for gravity loads

Storyd

T . o ‘ : ‘ :: V Hinge .m“i”- CINY (column)
[ -
- + | i . ‘ . o
i e 4
2 i il ‘
4 ; ‘ : | Story2 o ‘
< » 4 o \J
< ‘ 3
2 ' — Under gravity load, P/PCL =0.85
J;_,,__, & T . 3 L o At roof disp. Of only 8 mm, P/PCL =1
- 4

Example.1

The column failed before infills and the pushover
curve is linear up to the failure

= Base Shear vs Monitored Displacement
120 -
Legend
—— VvaDispl
180 -
L ”
E
r -
a
) 7 Failure
b
L
|~ i
ol s
3 oy
20 - /{
A
= P
= . s
" 4
- A
/
,./
40 - "
SR -
|-
-lﬂ-‘ 1} ] 1 1 1 1 ' 1 I3
40 £ 40 E1 (1] F13 a0 (1] (1] 100 120
Monitored Displacement, mm
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Example.1

So it is decided to improve columns at the lower two stories but it is not intended to
fully retrofit the frame (that is, columns are just moderately improved)

Column section for Stories Other columns
1 agd 2 at the infilled bay

PfsEAzo kN 2 J

P,=1070 kN

2 IPE 180 + 2PL220x15 2 IPE 180

Example.1
/Improved columns

2PE20 2IPE20 2PE20 Story4
+
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Example.1
1* mode period = 0.845 s 2"d mode period = 0.289 s
|_ A L i i ¥ 3 4 1 =

Example.1

We can define the gap between infill and the frame as well.
Considering a small gap (1 to 5mm) is recommended to avoid
unrealistic axial loads on the struts during gravity loading

0
% :
45— % Here agap of 1 mm is /
N considered
.30 - \ /
A5 - \\
X
60 - N\
z X
S N\
E 5 '\_\ ,
£ \
=4 \
90 \.
\ |
105 - X
N
\n
120 - ‘\
\
135 - \\\
-l»-;;ﬁ -“’0 -!;0 44;0 -2';0 «2(;0 -I;O 4;0 -5‘0 00 5‘0

Deformation U1, mm
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Example.1

200

Base Shear (kN)

150

100

(%)
o

0

—No gap
—1 mm gap between the infill and the frame

10 20 30 40 50 60 70
Roof Disp. (mm)

Example.1

Level | Seismic hazard (return period of 475 years or 10%-50 years)

Target disp. = 226 mm

Ts (sec)

The charactenstic pecod of the response spectum. Ts. R is the penod associted
conmtart velocty

ASCE 41-13NSP
push
Ftegrated

005
Defined Function
w2300

W e trirmtion froen conatant accalerstien to

ASCE 41-13 NSP
208 4 Legend
—— Capacty
- — Glren FO
0 Failed to pass LS criteria
14 ‘

Base Shear, KN

' —y- N —r— o ' — —r — v
° E » ™ 100 25 % "”s 00 F2e] 2%
Displacement, mm

Mac (32824249, 161.596568). Win: 0. 0)
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Level Il Seismic hazard (return period of 2500 years or 2%-50 years)
Target disp. =371 mm

¥ Pt Dnlemen ~ ASCE 41-13 NSP
Pt Tyme ASCE 41-13 HSP 30
Load Case puth Lagend
Ll Ty [ Bl A
~  Demand Spectrum
Damping Flatss 0.0 8 e PO
Seectrum Souce
| Furcion Hame __________Ei] -
SF mmiecy 15000 " '|
Ta dsech 1 f . . .
L L . Failed to pass CP criteria
£2Type Dot Vol
Cm Type: Diefaut Walue
» Capacity Curve

Base Shear, kN

T T T T T T T T T
(] 40 " 130 150 200 £ 280 am 10 400

Furetin Hame: Displacement, mm

The defired response spectum function name.

M {30 E24249, 961 SOEREEYL Min: (8, 9)
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