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Example.1
Steel frame with Khorjini Connection and Masonry infills

For all beams: 60 mmi
DL=40 kN/m
LL=10 kN/m
Col: 2 IPE 180
E 200 mm
Q >
v I I
Beam: 2 IPE 200
Expected fy = 280 Mpa
Thickness = Lower-bound fy = 240 Mpa
Tehrn 200 mm f’masonry unit = 8 Mpa
Soil lll Mortar: moderate
=) X 2]
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Example.1

Beam centerline | 7|pg 180 IPE 200

S—if \ | 200 mm

Beam-Column connection

plan view IPE 200

|k

%

Continuous
beam

r

4 L

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

“L “k L Stonyd

SSSNEEsE

| e

Slory2

Base
El -

. Base
A -] = &

The beams are continuous but get no moment from lateral loads .
This can be modeled with a fixed beam-column connection but with a panel zone
with zero flexural stiffness.

Bare frame would be unstable in the
case of pinned base columns.
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Example.1

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

o

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

mI‘_h,&, h,/3 I

al X

Iu-:
ay &
L/H=5/3=1.67>1.5 /

Moderate mortar

L " Expected ',
f, =8 Mpo IR, = 2.5 to 2.9 Mpa =2.7 Mo D 5057 0

E,, = 400f’,,=400x3.5=1400 MPa

Pa

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 ye (zer0 gravity loady=0-2 Mpa (assumed value)



A+ A cwdido g‘iiJJg:JTmutmg.;
GJleso g ylpes casi slaujgol

Example.1

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

=

Saaiyd Storyd

SN2

A A #

Saayn

T—x : x B {\/ =
Compression-only Multilinear plastic Link element m

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

WYY

¢
N X X X

L VR

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 Paneis”

Acceptance

Residual Criie
: Strength
8 Ve Lo Ratio P ¢ Ls cp
Vi B e [ T I B
—3 ﬁ <07 0s NA 0s NA 04 NA
Vfr=sum (ZMPCIHs) 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
p=z13 05 NA 15 NA Ll 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 to be equal to d.

A

Should be defined in the negative side

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

small stiffness (tension side) ¥ (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

Story4
T - MHinge Response - CIMNY (column)

+t
5
3

.
+ Story3
T i .
T + -+ +
1 1 | ; . . o
Y - (v 4
- i |
i T + Story2
T + 4 i1 t .- \ |
T t ae
.‘.‘» - N
N wa
I T Story1 B P P s L T
o+ 4 + <k s Plastic Rotation, rad
+ »

— Under gravity load, P/PCL =0.85
e x L e At roof disp. Of only 8 mm, P/PCL =1

Example.1

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

= Base Shear vs Monitored Displacement
120 -
Legend

| ——

B
bt
Bhe

N

' ' ] ’ ) ! ! .
0 £0 40 20 (1] 0 40 (1] (1] "wo 7o
Meonitored Displacement, mim
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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 | |

.

P.,=1070 kN

—

2 IPE 180 + 2PL220x15 21PE 180

Example.1
/Improved columns

2PE20 2PE20 2PE20 Story4
@ © 4 ® ®
e o 8w b
[ Qo W [ o
- & X & 8
2PE20 20E20 2APE20 | stons
® ® X ®
w w o [ w w
a o P W [ [
& & ~ A & &
2PE20 20E20 2IPE20 | stony2

2PE18
\
2PE 18.4mproved
W
2\?5:28:.:-:0\&9
\
2PE18

: y
2PE20 2RE20 2PE20 | sty

APETE
4

2APE1Bamproved
I\ >,

24PE 18.improved
2PE18

x
B+
B¥
Bt
[y
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Example.1
1 mode period = 0.845 s 2" mode period =0.289 s
i A i i =" L A .’ ~_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

7

4= \ Here agap of 1 mm is K
= \\ considered

Axial Force, kN
>
>
e t——

2 \
\. ’
<105 - N\

120 - N

135 -

150 o ' \ ' ' ' ' . . ‘
450 400 350 -30.0 -250 -200 -150 -10.0 50 20 50

Deformation U1, mm
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Example.1

200
—No gap
— 1 mm gap between the infill and the frame
150
g
©
2 100
7]
o
v
@ 50
-10 0 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

ASCE 41-13 NSP

Pict Type ASCE 4113 NSP 209 -

Load Case ush Legend

Legend Type Integrated s Capacity
v Demand Spectnam

Dumpiy Pt 005 189 4 — Blen FO

Spectrum Source Detined Function

Function Neme w2300

SE fmm/sech 10000 ~\ . . .

T — m| M\ Failed to pass LS criteria

Incude SSI Mo f \

C2 Type Defat Vahe 1

Cn Type Defot Voo 188 I
» Capacity Curve

Blinear Force-Displacement Curve

Base Shear, kN

— —r— -~ —r- — —r- '

0 2 @ 5 100 125 10 s 200 22 2%
Ts (sec) Displacement, mm

The charactenstic pecod of the response spectum. Ts. & is the penod assockted

Wi e trarmtion from conatant acoslerstion to conatart velocty

Max (32824249, 161.596668). M (0. 0)
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Example.1

Level Il Seismic hazard (return period of 2500 years or 2%-50 years)

Target disp. = 371 mm
¥ e . ASCE 41-13 NSP
Pict Type ASCE 41-13H5F 0
Lusd/ Cam PLsh Legend
Lingwee] Tyow Ttngrated Nl
v Demand Spectrum
Dameng Aatn o0 " — Bl FD
Soactrum Source Defined Funcson
T — 0 s
SF frenvec) 15000 o =
Ts fsech 1 | - - -
ST . . Failed to pass CP criteria
G2 Tyme Defauk Ve (R
Cm Type Defat Vaue e |
» Capacty Curve

Base Shear, kN
g

T T T T T
L] 4 0 120 1&0 200 24 280
Furciion Hame

; v
k-] 0 400
Displacement, mm

The defired response spectrum function name.

Mae (32 824249, 961 505888 M 0, 8)

Example.1

co
o

T i
E 6074
a
A
v = - |
i
8 -%Story 4
=
—-Story 3
LS criteria (0.25% drift) O-Story 2
3¢ Story 1
0.5 1 15 2

Inter-story drift (%)

After roof disp. Of about 30 mm , significant deviation has occurred between drift of
the first story and that of other stories indicating that a soft story mechanism would
occur once the frame experience a roof displacement of more than about 30 mm
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Example.1

This frame can only sustain (in LS limit) an earthquake 6.5 times smaller than the

design earthquake

b [ - s i
v Pt Dafindtion ASCE 41-13 NSP
Pt Ty ASCE 41-11 N5F
Load Case: push Lagand
Legend Type Ibegrated Capacy
+ Dhomard Spectnam B o
Damong Rabe: 0os
Specium Soue Diedined Funciion
Funetion Nasa #2900
SF imeaec) 1500 — %
Ta inex 1
Include 551 N LY
C2 Trew Diedauskt Vi
m Tioe Dt Ve
+ Capacity Curve '-\
. Bilesear Ferce Displacement Curve
~ Target Deeplacemert Ffemits
1 = £ B
/ 4
!
e o /
Sa n
: 2
- \
Ay -'l._
\‘.
r 3\
\
T
(] it » 3 & 54 ] m 8 -] i
T e} Displacement, mm
The charachesaiic pesed of the seaponse specium, Ta. | ia ihe perind associsied
rath tha t-gnption from congtant scrslerstion tn constant velnoty
i (31226572, 164.056854); Wi (D, 0}

Example.1

Roof disp. (mm)

60 -
407

20

0
-0.01

-0.005

—story 1
—story 2
—story 3
==story 4|

0.01

0 0.005

0.015.

Panel zone rotation (rad)

Panel zone rotation of this kind of Khorijini
connection should be less than 0.01 rad for LS and
0.02 rad for CP criteria

el =
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Example 2

Steel frame with Khorjini Connection and Shear Wall

Exactly similar to Example 1 (improved columns) but masonry infill is replaced by a RC
shear wall

f'. =30 Mpa, E= 25 Gpa, y=24 kN/m?
f,= 400 Mpa, f_= 450 MPa

o Ty

'-TP 400 mm thick RC
m shear wall
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The beam is fully
encased In the wall
(strain compatibility)

Although ETABS failed to show correctly, but this
beam is continues

Confined Longitudinal ratio: p, = 0.5% Transverse ratio: p, = 0.25%
boundary Transverse ratio in the boundary zone: p, = 0.38%

208, P Ol o ®10 @ 150mm 0.75 m
y.

@10 @ 100mm

04m

Example 2

Uncracked Wall- T=0.312 s Cracked Wall (0.5 factor)- T=0.404 s

L A A - = A i

Plastic hinge assigned Wall- T=0.31 s

In this case,
reinforcement details
would affect stiffness

and period of the
structure

Once you define a fiber

plastic hinge for the wall,
ETABS would use the
defined fiber section and
consider uncracked

section, regardless of the

modified stiffness you {

have previously defined s ‘A4 .
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Example 2

Very important: Plastic hinges can be developed in any section along
the beam length, especially in the case of unconventional structures
like the one we are considering

We consider two case:
Case 1 (wrong assumption): plastic hinges can be developed only at
beam ends

Case 2 (rational assumption): plastic hinges can be developed not only
at the ends but also at the middle of the beam and just before wall-
beam connection

Example 2

Case 1: 2 plastic hinge at beam ends

First beam yield First column yield
roof disp. =55 mm roof disp. =170 mm

. _ : !
* . - »
. ; i “x . BT - | |

Final damage
roof disp. =187mm

First wall yield
roof disp. =39 mm

Case 2: 5 plastic hinges at each beam

First beam yield First wall yield First middle beam yield Final damage
roof disp. =19 mm roof disp. =39 mm roof disp. =104 mm roof disp. =350mm

J ' : I l ' 1 '
‘ . i '
» A A 2 » 2 : .x . .



A+ A cwdido géJJg-OTMi.Lug.E
6Jlexo g ylpec RS sladunjgol

Example 2

B R
i

ARCE &7 T HEF

-

e

Pushover curve is case 1
Vmax=2500 kM

F b= b - [ .
s piscsmam, mm

ARCE AP T RER

Pushover curve is case 2
Vmax= 1000 kN

Example 2

Pk Dliriion
Ml Tt BRCE d -0 AP
S T st
gl "o el

= Domard Tpecinee
— 173
Secin Tty D] o pacecn
S b BN
¥ ey Ly
P (™
T Dtk et
Lo Trper [ET

1 Capaciy Cures

© Bl by el el L

Te kel
Thp chapaciorioe gt =¥ frp s poins. Tn b st pored Jeeomniid
S T W S SO ORI T A ety

Under Seismic hazard |
roof. Disp.= 63mm

(£
L]

(1]

1]

s

-
=

Base Gham, WM
-
=

-
E]

-

1]

an

W (1N DN, W SN W 030

ASCE #1717 NGP
Lagard
[
— L]
(] E: ] 1‘- E ) i N
Displessn2nt, mm
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Example 2

So wrong plastic hinge placement can lead to significantly
misleading results

Hereafter, let’s consider only the true model (case 2 with
distributed plasticity along the beams)

Example 2

Under Seismic hazard |
roof. Disp.= 63mm

These hinges are
below 10

[

.

10 to LS hinges

BtoC

The structure satisfied the LS criteria under
Seismic hazard level |
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Example 2

Under Seismic hazard Il

roof. Disp.= 128Bmm

o ol Defirdos.
Pt T MR LIRS
[E .
Lagard Tred el

= il Sy
Darpes; P 0
it e Dol Pt
PFurmizon R o
5F ipow 150
e 1§}
(e i
4 Trose il
Cm Tt IR s

o Copsmtly Cures

e Vo Diaplecaeand Cuarss

= Tl Dl Pt illic

T foach

B e LR ] = L FLE TP

(5]
19 -

ASCHE 40-77 NS#

Example 2

& & A A
10 to LS hinges

Under Seismic hazard Il

roof. Disp.= 128mm

The structure satisfied not only the CP but also
the LS criteria under Seismic hazard level Il

b
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Example 2

Wall plastic hinge
T P Minee Mespenee < WIHY (Aute Filer #.0M3) || e AR S ey e e B
{
I " |
1o Seismic hazard | i - Seismic hazard Il
i- j Rotation = 0,0055 rad 1 :
8o 84« Rotation = 0.0125 rad
A ; A
B8 e 408 Sas ,.-'. ..,.';, a0 D) e ah o8 Me MHE ME s e --:'.'.-;- ae . .. s

ASCE 41-13’s Table 10-19 for flexural RC shear walls

Paatic Mnge Rotason Strengts
1rettars) Ratio Parformance Lewsl
Conarsons . L e 0 s cr
L Shear walls and wall segments
(A <A 4P \ Confined Bowndery” oS
tLr ) V,r"
0 <4 You amo 000 075 [EEL S nols 00

Example 2

Seismic hazard Il = Step 17

The most critical compressive concrete fiber

Lo Came o Flber Fiber Response - WiH1 {futa Fiber P-M3] - Fiber 1
e L [l ]
» Casrmnk Fiber Dais " r
.. I
=l S
¢ Himge identficalion
o Mg Aeaganis Tiares A8
¢ Backbons farvs L1
v gl 4 M "
e o This fiber is confined so
- = \ -
- i 3 max strength =30 MPa
A
g
Fiber Fumber
Tha fitar i for whics s e shoevs e
A0 "
hT 3
HE~ il 9 " il il il N " W i
F A -0 -He 1 -2 =153 =102 A na =2 MaE-3
Ll " & b EF B BE ‘trl|rl, T
= 2
e (B 0EIIOE, 24T [Rackborm, Pont 14] Mn RO, -24 421747} PBackborw, Pant 5]
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Example 2

Seismic hazard Il = Step 17

The most critical compressive rebar fiber

% Load Case and Fbor
Lo G pish ™=
[T =
= Cumend Fier Data
f— e -
B -
¢ Hings ideridication
+ Hinge Rewperms Curee G-
© Mackbores Cires
5 Logerad
w Gl Shap Dl i - -
w b
L3
=
ﬂ-lm-
B
Filmn' Muswdws
Tha s ruwber o svbech mats 2w s
=1 -
o -
1%
TS
7 o
™ "R THhE] -

M (008, 830 T8C1] Packkors, Fant B Wi 008 220 33T ) [Badibans, Poit 1]

Example 2

Fiber Response - WiH1 (Aufo Fiber P-M3) - Fiber 4

' '
5 g &5

Sirain, mmdmim

Seismic hazard Il = Step 17

The most critical tensile rebar fiber

Fiber Response - WiH1 [Auto Fiker P-M3) - Fiber 19

v [Load Case and Fiter
[ pesh -
(E] -
w  Cumend Ficer el
wa -
45 -
| ringe ideridicalion
»  Hings Fesponss Cave 8 -
b Bachbors Qe
» Logend
v Cumend Sep Gualn 2 -
in =
. & 4
g
B -
3 -
Fibsor Mumbsar
T Mheey rwiney b wsbhioh reduby oo shases r o
-
14
T -,
F i
s w ———n w

-5 a -]

Strain, mm/mm

[
168

1% E
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Example 2

ETABS use strain based criteria to define 10, LS, and CP criteria
The results are not necessarily the same as ASCE 41's or Code 360's Tables which are
based on plastic rotations. But in the case of well detailed flexural walls the results
are rather in agreement.

Example 2

So Khorjini connections cannot sustain the imposed rotations. However, these
connections are secondary component and their failure doe not mean lateral
instability. However, stability under gravity loads should be assessed.

400 T 1
—Story 1

3 —Stary 2
£ Story 3| |
':300 —Story 4
£ [ |
E CP limit
8 200 . _
= LS limit
Lu]
2
§ 100
[

ﬂ 1 by
-0.14 -0.12 0.1 -0.08 -0.06 -0.04 -0.02 0
Panel zone (Khorjini connection) rotation (rad)

| D5.€:111) 1] [

Roof disp. = ByH/3+8p(H-0.5Lp)

L Lp = min (0.5 L, story height)
H LP=1.5m

[ M, i _
b Lp 8, =I\EJH" mm = 0.0025 rad
Roof disp.(m) = 0.01+10.58p(rad)

400

300

200

100

Roof displacement (mm)

u]
0 0.005 0.m 0.015 0.02 0.025 0.03 0.035
Rotation of RC wall (rad)- both elastic and plastic rotation
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Example 2

Axial demands on the piles at the two edges of the wall
55/ is not considered in this example. If 551 was considered, these demands would be
different, probably smaller.

At seismic hazard I- roof diSFI-. =63 mm At seismic h_a:ard Il- roof 'd_iSP- =128 mm
: i
-
£ 15 | ?l ¢{ ?

Pt = 1547 kN Pc=1972 kN
Pt = 1404 kN Pc = 1836 kN i ‘

Example 3

The column failed after only roof disp. Of 40 mm

3
-
=3
~

89.4313

1 766(5% -S06161

-51

A785527]

253,470

-339 1301

B—N7
¥
>
2 2
x
b
b
(o
o

Axial load = 2866 kN
Axial lower-bound capacity = PCL=2520 kN
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el bl s 5 lad 5 (225 laan Lo (5570 SO st Hl0g00

v
-
I
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\
p9> 5 Jol Dl )5 ailee jslome sbapysin (555700 (S5, 50505 A

Example 3

Steel frame with Khorjini Connection and Cross Bracing

Exactly similar to Example 1 (improved columns) but masonry infill is replaced by a X-
shape Braces

-
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Example 3

Exactly similar to Example 1 (improved columns) but masonry infill is repiaced by a X-
shape Braces

Example 3

Table B.4.1 (AISC 360-05) Table D.1.1 (AISC 341-10)
e 11257, 10, T7F, i
& ot |
compact E 0ss,E7F" 084 JETF, -
u::x_nj Highly Moderately
nencompact ductile ductile
member member

R

"Section compactness: Acceplance criveen applies %o hrace sections that are concrele-filled or seismically compoct acconding % Table D1LI of AISC 31 for
highly ductile members, Where the brace section is neacomgaxt according to Tabl B4 1 of AISC 360, e acceptance critenia shall bz mukiphed by 0.5, Foe
stermediate compactaess conditons, fhe acceptaece crikena shall be multiplied by a value determined by linear isterpolation between the seismically compact
and the soncompect cuses.

If b/t < highly ductile
compactness

If b/t > compact - Multiply the above criteria by 0.5

For b/t in between above limits - Use interpolation

For poorly detailed gusset plates, acceptance criteria should be multiplied by 0.8

- Use the defined acceptance criteria in the ASCE 41 Table
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Example 3

The celumn failed after only roof disp. Of 40 mm

894313

-1785527]

Axial load = 2866 kN

51 7665 20 6161

Axial lower-bound capacity = PCL=2520 kN

Example 3

Fushover curve

This frame can sustain only 30% of level | seismic hazard. i.e. an earthguake with a

Pt Ty AEEAHIRT
il Shir =3
gl T el
el
Drpry, Faim s
S S Dt Py
Pszen Rarse [
p ]
T i 1
Irerhad Ha
2 Ty Cbp ik Vs
Cm Trom Dl Yol
1+ Coapacty Carve
O | Lawwe

return period of about 10 years

E-}
[

Basa Shear, BN
B

:

ot r
L] ne "y

Iigmd
‘Column
failure
!rl? 1::! 'H“#
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Example 3

Let’s consider weaker braces
2UNP100 for 1% story and 2UNPE0 for other stories

Mow, the columns can sustain additional axial demands and would fail after the
braces

Example 3

Seismic hazard I
Target disp. =92 mm

i B3 AECE 41-13 NP
il Fope BAE £1 TN 3
e Lo ok Lagand
g g - Cagmary
Dl Splnam -
Sarapng a0 s "
Epacium Smrn Defngd Bmctom
Eanczn b i
B e umi i o =
inclec 53 a
=5 Dot Volas
o T Evad kem am
¢ Sy Curen
¢ B v
< Tt Dot el
v Calubsed Farsstarn
l.
5.
am
am
an
Ll
1 " = = = = i = = - =

T iy
i bttt ot o e i it T 1 Bk i i

Example 3

Seismic hazard 1
Target disp. =92 mm
Some of column and braces cannot satisfv LS criteria
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Example 3

ot T ASLEELIIHE
teaet Dl s
gl T viegale=l
= Ve Fpocinm.
Do P ol
ST et Qe Fursni
Fmlins il
L] e
1
rodecn 75 e
[=3,"4 N Y
[= [ e
¢ Gty Coren
B Tocn-Daplscomant Curss
= Mgl Dl s Fesili
—
o Cabokad Paramamory
Ta
R e i e T

Seismic hazard II
Target disp. = 149 mm

b ASCE 4111 NEP
el o
Ly
[
A - Wil w

Example 3

Seismic hazard 11
Target disp. = 149 mm

The frame cannot satisfy CP criteria.. .. f failed at roof disp. of 95 nm
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Example 3

Brace plastic hinges are user-defined

1. Obtained tensile and compressive strength of the braces (from design capability
of the program). Consider unbraced length modifications.

2. Increase obtained strength due to expected yield strength as well as unit strength
reduction factor. For example, if the tensile strength from design is 500 kKN, And
expected to specified yield strength is 1.1, then the expected tensile strength would
be 500x1.1/0.9=611 kN (0.9 is the reduction factor)

3. Obtain axial stiffness of the brace (EA/L)
4. Obtain tensile and compressive yield displacement

5. Input the strength and yvield displacement in the Table of the plastic hinge
definition

Example 3

Defined plastjc hinge for 2UNP100
-'
‘s
If you are using auto hinge,
always check the generated
C Ca, B P E + - 4 M

“"_’ I 2“"’ 2 hinges. Sometimes sign of the

L Dreps Yo Zero . q

s Bt values on the table would not

correctly generated.
Scalng %ar Force snd Dep =
Pextun Negatne
) Use Yietd Feeen Fores 5 758 | sy W
Ousevedsosy  ossr  [a1 ] e L
(Sheel Objects Only)
Apceptance Crieria (Plastic DispSF)
Pasive Negatve

I reedete Occspancy log | [os

I Lo satey e | o

B Comozse pravertion (11 | (9

[ ] Show Acceptasce Criers on Pt
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Example 3

Plastic hinge of the 2" story brace (2UNP80)

Lt e
Hirge DOF "
- ko il el
Horrd
Derec Type Frama
P Tops =
Bewror: Labeed o
L D2H2 racs-Sone DI
Hirimran |l e
= Fings Masponss Cisvae
eidler wea
Lrw T S
Lima ik 1 Pesla
Lo Cgstr [ T
Mkl Ciren E
e Taa )
L Typee St
Lra Wb 1 Freed iyl E
L Codor [ ™
(U T— ;
Lege—d Troe Sorsy -
= Casverd Seep Deis
- A
Fis T
L
BLahs

—_
=
=]

B3
A0 -

TS -

8

Hinge Response - D2H2 (brace-2unps0]

. ' . ' '
~ER L A%d M 450 (20

Plantic Deformation, mm

=2} =]
= =

Roof disp. (mm)
S

-40  -30

-20

-10

Story |- Tensile brace
A Story 2- Tensile brace
Story 3- Tensile brace
Story 4= Tensile brace
*Story |- Compressive brace
£¥ Story 2- Compressive brace|
O Story 3- Compressive brace
Story 4- {Jmnprcsgi\-'-: brace

20 30 40

0 10

Plastic axial deformation of braces (mm)
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Example 3
100
]
5]
e 80 1 ‘
5 60 o
: ! ——
:é'_, OStOI'y 1
"g 9 £ Story 2
o = Story 3
+Stonfy 4 _
0 4 4 L 1 1 1 !
0 0.005 0.01 0.015 0.02 0.025

Panel zone (Khorjini conenction) rotation (rad)

Example 3

Seismic hazard 1
Target disp. =92 mm (Final step of the analysis)

L ©
2] o
0 ™
-
-84.5464) -88.748b
N
b
2]
i rI
-169.2061 -177.374
.254.45 .265. 113]
T3]
2
™
o
.339.932 X -352.7204

Axial load = 2320 kN
Axial lower-bound capacity = PCL=2520 kN
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Example.4

Old RC Moment Frame

DL=40kN/m LL=10kN/m ¢1ug zmmpﬂ'

L

5m 5m 5m

)
w
E i
w
E
'\l

£ f'c-expected
m =24 MPa

400 mm

12¢:18

f'c-nominal
=16 MPa 400 mm

$10@1 Mm"?_'”“"mr.' Section

h

L

fy -expected

N\
E
" = 483 MPa £ A
W L
[ q
fy =nominal §
18
£ = 420 MPa 8
" W
M ‘ “Z50mm *

Site: Tehran, Soil Il Beam Section
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Example.4

1% mode period = 0.87 s Moment diagram under 1.1(D+0.25L)

i a

Example.4

Seismic hazard in ASCE 41-13 differs with that in Code 360. To comply with Code 360,
BSE-2E should be defined to be equal to the Level | hazard (10%-50 years).

Matensls  Sectiors Dlerent Clagses  Nodes  Dement Conmectivey Corstramts  Restrants  Appled Loads  Loadng Phaoes

& Cakulate Target Dsplacement (if checked, an egenvakie analysis vl run prior to the pushov

Code Employed n the Target Dsplacement Calculations
Control Node 22 v E
ASCE41-13 v

Contro! Direction %

Performance Levels | Seismic Action

Performance Levels Select one or mode performance levels to be used in the

ASCE 41-13. Table C2-2: Rehabiitation Objectives

Target Bullding Performance Levels
(1-A) (1-8) (3-c} (5-0)
S50/ S0 years DOa Ce Oc O
Earthquake Hazard BSE-1E(209%/50 [De O Og Ch
Level BSE-2E (5%/50 years) [ (mE o k (]

BSE-20 (2%/50 years) [ m Cna Jo Hp




A+ A cwdido g‘iing:JTmutmgg
6Jlexo g ylpec RS sladunjgol

Example.4

Note that these curves are from ASCE 41 which are similar to ASCE 7. target spectra in Code
360 is similar to that in Standard 2800. the target spectra of Standard 2800 and ASCE 7 differs

Ferfarmance Levels Sekmic Action

Spectin Azcewton

SLO (TR=3§)  SLD (TR=58)

[e.e0e :| 0.2

0V (TRea?s) SC(TR=273)

lr”“ 7] [eaee

WEL DS 562, 50

a0 2 new 2

BEEL DS BS54, 50 s

{i.llt :] 5720 z

brtend ] | s
L |

Covprng (N -
)

s

Sed Oess

D

laeg-perod Trasmten [wec)

aom

a little, especially during longer periods

Roughly equal to Level Il

Roughly equal to Level |

Example.4

>

Concrete

150 fibers for column section

NS ] uvA

e So6e ehee wAos D00, S, L emos omer oaeh omn 150 fibers for beam section
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B
=2
=

300
200

100

evel I target disp. = 293 mm

AEREE RN |

Example.4

0.2 0.3 0.4
Roof disp. (mm)

Example.4

Level Il target disp. = 446

e

T ot D 2

N ety 1)

Tukopns P (WO

mim

Same ew

040

0.5
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Example.4

At roof disp. = 201 mm

First LS failed

Example.4

At level I target (roof disp. = 291 mm)

More than L

S
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Example.4

At level II target (roof disp. = 446 mm)

.447

L4198

More than CP

Example.4

Col-1' Col-2 Col-3 Col-4

350
300
’é‘ 250
Fd
) 200 - =
= 150 " '
g = nl-1
E 100 —Col-2 ']
= - Col-3 '
= b —Col-4 \
CI i i i i i i L
0 0.01 0.02 003 004 005 006 007 008

Rotation (rad)
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Example.5

Old RC Moment Frame with FRP

Everything s Exactly sumlar to Example 4 except that the columns at the first story are
wrapped with 3 layers of CFRP

CFRP wrapped column
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Example.S

Properties of the wrapped CFRP

Cred Lansinate oF Dvy Froperties [design walues)

FAFPShest S~
] Pibar Thickrmes {nm) L.0000
()b FRF wrapping =
lf-jiﬂnctt:r-am T T T— Bma
] Lisey ~hefned Walees Tansde Modukes (MPa) ‘szoo0.0

e — Blngation (%) e

=VFE
'IA.FEI

e
HEXCEL
ERAKDLL
Juakeidirap

Ty
{8 Carton Fiber -Fisinforomd-Polyma—r, OFRP

17 Aramid Piar -Fsinforoed-Polymar, AFRS
) Glama Fisar Fosinforced-Folymar, GFRE
(71 Bazalt Piber-Reinforced -Polymer, BFRF
1) Stmml Piber Fmnforced Polymar, SPRP
Fiber rieraation

) -

Propose FRP systam to Saismosoft [iasnate Froperties

TWADATRENAE DOFTeErE ERChor e GTerand e e Lol Bons (MTC-0ESITC- 18 andy)

&) frdwrnal ) Agugremsies smvarcmant Fector ra [DLES =
2 Estemal () Cusstom
Pumber ol lapers [ = Fuadus of Flounding Comers . 3.0 = om

Example.S

CFRP would improve confinement and shear capacity of the section

Shear Strangth Confineamant Factors

A Use Valus to Carry ocut Shear Capacity Checks A Automan: Cekideson of Corfnement Factors
Zorry out shear capadity checks in alements that empioy the  _uggogivgd o o o

wrrect secticn (Performance Criteria Module) 1 1.5281

1
2] Automati: Calcuiation of Shase Canaaty g i
[ schude Concrets and Assl Porce Contritons e
Along anss 2-21 572.776 : Previous value =1

|
Aong s 3'3' $72.776 f

) - - N
NOTE: The shear suengm values mo«n-bov-e e only Previous value = 217 kN
mnce they only
reinforcement and (omre(e The actual smv suenmn of the

member may vary during the analyuia, depending on other factors
SUdh 35 anidl 1occe level and the audtihny

Further, no safety factorn have been conudered to derive the
values above,

I strruos dosed at 135

Elastic Section Propartics

nNOTE
A 000 3653000.000 The slaxSc sechion properSes shown here are computed
£32 fdam3) $9120.0c0 w:m&:’uha:z?-mm
£33 fem3) 49120.000
G n2) 34500.334

Section Mass and Waight
Secton Seif Masa (tonnefm) 0,408
Secuon Sef Waght Onim) 4.005
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Example.5

500

£ 400 S —— oy 1
= 300
]
:
7 200 —with CFRP (this Example)
=
100 | --without CFRP (Example 4)
0 L 3. . i 1 - |
0 0.1 0.2 0.3 0.4 0.5

Roof disp. (m)

Example.5

Level I target disp. = 295 mm Level II target disp. = 449 mm

Ocicace e
e Joa
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| o R4
et ok
R nas
o “ns
s Lo
H B o "
£ " ]
=

odecnt v Orwit 14

Tarpet Delecemers:
e (35 L0
Lodaous brevw sar 1444 At

cUARRTG R RHUSUNIEEEAESRRERD

I 08 00 0N O Of 212 140 0% 0% 03 OXF 6 135 02 03 OX O £ 13 04 4@ OM OM ta OS5
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Example.S

Under level I earthquake (roof disp.= 292 mm)

All elements are less than LS

Example.5

Under level II earthquake (roof disp.= 449 mm)

All elements are less than CP
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Everything 1s Exactly sumilar to Example 4 except that a 3m RC shear wall with
thickness of 400 mm is added.
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The added RC wall 1s sinalar to that used i Example 2 for the steel frame with khorjim
connections

Confined Longitudinal ratio: p, = 0.5% Transverse ratio: p, = 0,25%
boundary Transverse ratio in the boundary zone: p, = 0.38%

zor, " 0.75 m ; @10 @ 150mm 0.75m
. £ 0w

) Im

Modeled section in 55truct

300 fibers

1* mode period =0.208 s
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Level I target disp. =29 mm

Pone Ehear

o

o

Level II target disp. = 62 mm

The short beams failed in shear (shear capacity check)

Level I target disp. = 62 mm

Senshand Car vm
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& 0o Ex
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et LN
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Limtoiurend domm B 1% 0113

Twope Dapacamert
Ui Selety (2C1 LR e b
St Wt ion (34 0.00240N
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Level I target disp. =29 mm

All elements are less than LS

Byl 4 5 ia § sy Jua Gy
e
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