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Example.1

Steel frame with Khorjini Connection and Masonry i

< >
€ >

5m 5m 5m

A
v

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

60 mmi

Col: 2 IPE 180

200 mm

Il

Beam: 2 IPE 200

4x3m

Expected fv = 280 Mpa

Thickness= | = T wA T STV SRR

Tehran 200 mm f'masonry unit = 8 Mpa
4 xSOiI ] 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

‘L ‘k Saaryd Sloryd

I

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.

Seryd

Stoy2

Syl

Base

J_\T*“—ﬁﬁ«—ﬁ

-

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

Civil808.com : 4L
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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)

Civil808.com : 4L
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Example.1
for single-direction lateral loading for positive/negative or cyclic lateral loading

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)

Civil808.com : 4L
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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“‘”- CINY (column)
| -
k3 | | - [ - -
i e 4
2 i il ‘
4 ; ‘ : | Story2 o ‘
< » 4 o \J
x| i
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
{ - 7
ol s
3 oy
2. A
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
1 agd 2 at the infilled bay

2 IPE 180 + 2PL220x15

Other columns

-

" P,=1070 kN

2 IPE 180

Example.1
/Improved columns

2PE20

21PE20

Story4

2PE18

2PE20

2IPE20
+

2PE1B
2IPE18

+

21PE20

2IPE18

i Story3

2PE18

22PE20

4

2IPE18
2PE18

2PE20
+

2iIPE20

2PE18

Story2

2PE18

PETE

2IPE20

2
T

2
T
2
¥

B
Bt
BE
B
B

Civil808.com : 4L
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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

5 \ Here a gap of 1l mm is /
N considered

30 : \\ /

Axial Force, kN
/

<105 -

120 - N\

135 - \

-150 ' ' . ' ' ‘ ' ' ‘
450 400 -350 -30.0 -250 -200 -150 -10.0 50 00 50

Deformation U1, mm

Civil808.com : 4L
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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)

Civil808.com : 4L
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Example.1

Level Il Seismic hazard (return period of 2500 years or 2%-50 years)
Target disp. =371 mm

* Plot Definition ~ ASCE 41-13 NSP

Piot Tyme ASCE 43-13 NSF 304

Load Case push Legend

Lisgeed Typa Ftagrated Bl (PR
~  Demand Spectrum

Dismpng Flatis 0.0 1 L.

Seedtram Soure

| Furciion hame ________ E3el ~

SF fnmsecy 15000 o _...ll

Ta fmch 1 f . . -

S N | Failed to pass CP criteria

£2Type Dot Vol

Cm Type: Diefaut Walue

Capacity Curve

Base Shear, kN

. M M = 180 e 2a 210 P 0 P
Displacement, mm

Furction Hame
The defired response spectum function name.

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

Example.1

[02]
o

[=)]
o

E
E
%
R4
v - - -
[re.
8 ==Story 4
= --Story 3
LS criteria (0.25% drift) “O-Story 2
5 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

Civil808.com : 4L
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Example.1

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

T g
~ Plok Delinition
Pict Type ASCE 4113 NSF
Load Case: push
Legend Type Ftegrated
+  Domand Spectnm
Diamping Rac: (1]
Spectum Soure Diebred Funcsen
Function Mame. 20
SF mmseecy 1500
T
elude 551 (™
C2Tyee Dt Ve
Cm Type Detouk Vakse
» Capacity Curve

Ta fsec)

sponse specium, T
wth the fzanstion from constant scosleration to constant velocty

Base Shear, kN
E 4

ASCE 41-13 NSP

] 10 0

Mac (M ZRETE, 164.056688) e (0. 0}

- @ P
Displacement, mm

Example.1

80 -

60 -

40

Roof disp. (mm)

20

0
-0.01

-0.005

0

0.005
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

Civil808.com : 4L
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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

Sxlmy

AN

400 mm thick RC
shear wall

Civil808.com : 4L
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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 O o ®10 @ 150mm 0.75m
V.

@10 @ 100mm

04m

Example 2

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

e o B 5 o

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 .

Civil808.com : 4L
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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

. A .
< - ~
1 4 » b
I I . | { :
“ ! 4 x )

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 : I l J ,
! . i '
2 » A A A » 2 4 .x . »

Civil808.com : 4L
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Example 2

-

i- )

E._| e
e _FF___,_,-F""H-FF
T Pushover curve is case 1
- / 'lul'rnax-lﬁun Id'-.l

17 s ARCE 47,71 MER

Pushover curve is case 2
Vmax= 1000 kN

= . ) Cispiscemens. mm
r-'ﬁ".i-':'.. e w1 e

Example 2

Under Seismic hazard |
roof. Disp.= 63mm

~ sk Duiekion - E=k MAFCE 4117 N3P
il Top SECE @150 WSF 18
Lowd Lonw o ’ Legerd
gl o Pl Eapaaty
~  [omard Spacies
e 117 (1] - — Pl
Spvciem Cmrem Doplimged P pcien
e ) AL
o] Lty e
P 3
(=3 Dol ikt
Cm Trper [l Viakar s
v Capasciy Cures
¢ Wl b e r— e

=
-3

Bade Shaw, kW
-
2

L
Lk
L
an
e " ' - ' ' ' ' ' ' '
] - L 1= (L3 E da e ir E ] -
e bech Disples sre2nt, mm

T chascinesie: pored o i swarsr mecie . Iy llﬂm’imﬂ
s s NWHICSE S DO SCCEANIOE T DN 5
Hma (LN DD ST AMTNG R 00,0
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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

e N

4 & & P N A 2

10 to LS hinges BtoC

The structure satisfied the LS criteria under
Seismic hazard level |

Civil808.com : 4L
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Example 2

Under Seismic hazard Il
roof. Disp.= 128Bmm

o Pl Cefirdos (L1
Pt T ASTE LI HEF 5:_ ASCE 4113 .
Lot pnm s = Lagend
Lagar Trs reagrmad - - Cpaiy
e Fn:qmw . — D
it e Dol Pt
PFurmizon R o
5F ipow 150
e 1§}
ks 15 o
4 Trose il
Cm Tt IR s
0 oty Ciavs
e Vo Diaplecaeand Cuarss
= Tl Dl Pt illic

Tu lnach
B e LR ] = L FLE TP

Example 2

Under Seismic hazard 1|
roof. Disp.= 128mm

~

»

X A & &

.
10 to LS hinges BtoC

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

Civil808.com : 4L
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Example 2

Wall plastic hinge
A Pier Hinee Mespenee  WINT (Aute Fiber .3} || e A SV T e S Ve
|

e Seismic hazard | i - Seismic hazard |l
; e : ‘ g -
g Rotation = 0.0055 rad " AT ‘
ia-- Rotation = 0.0125 rad

;. ~ 5 a3 *;- ‘-.'. ".";. "- ". ". an &8 e o - s e 'l:.. '.:l A - - ko

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

Paasic Mnge Rotason Strengn
irettars) Ratio Pertormance Level
Congiscm . o c L] Ls cr
& Shear walls and wall segments
(A ~A)f 4P \ Conflined Bowsdery” ams
e 'y V,v'.
s o You amo a0 075 oS nos a0

Example 2

Seismic hazard Il = Step 17

The most critical compressive concrete fiber

Lo Came v Fler Fiber Response - WiH1 (Auto Fiber P-M3| - Fiber 1
Losd Cass pash ag-
wr Currenk Pk Deis " r
ot S -
+ Himga idonification
o Hinays Reagains: Ciaree A .
b Backbons Curve
B 4 7 5
e oo This fiber is confined so
B = \ -
- o max strength =30 MPa
208
g
Fiber Fumber
Thafter nuntar for whice meedis o shose. e
121 "
b
-ME il 9 " il 1 il i " ' il
4 ek -0 -ME 21k - %A =g A9 L] =9 MAE3
Ll - & ——— i 58 B B8 i‘h‘llrl,rlrlfrlrl'l
= 2
Mo (1 0MHCE, 2407 Rackbors, Pont 14] Wn D000 24 41T Backiorw, Pond B
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Example 2

(69 ,5kos (>1b @olr 0590

Seismic hazard Il = Step 17

The most critical compressive rebar fiber

s E-d

w  Lead Case ared Fber Fiber Response - WiH1 (Auto Fiber P-M3) - Fiber 4
Lo Cme push =0 -
T s
= Curerd Fber Dlala
[a— o - —
I -t - z
 lenge deredizalion, I
o+ Hirsge Fewporms Curee - |
+ Mackhors Cirss
b Logend
= il Sap Data i -
W b
-
]
& .- |
300 -
Filey' Ml
The frer rurvber b svhach mits avn e
=0 - \ o
e - -'.___---"'-__
1
TH 5 1 1 1 ' ' J
Fl B =18 TR 50 5 &8 &= L] ] m
" —— Srain, mm!mim

Mo (006, E30TNG | Beckbors, Font5f W -0 30 320G [Secibans, Poit 1]

Example 2

Seismic hazard Il = Step 17

The most critical tensile rebar fiber

15 E]

i Fiber Respanse - W1H1 [Auto Fiber P-M3) - Fiber 19
L = . spa A L]
1 w
v Cumenl Fiter Dula
braa o e
whinal - '|I
.?-: - %
+ Hings ideriificalion
. Hinge Fesonse Cuve 180 -
+ [Bmchbone Curve
¢ Logend
» Cumend Sisp Ouln T
o Gty =
® 0
2
ﬁ 15 -
g L
Fiser Mumbs: Y |
T Mheey rewiney B wshioh, reswbe: oo shase ! -
451 - = -
e .____,——'__'_-
14
b=t 1 1 1 1 1 1
F i 25 108 5 £ 25 a F-l 5 ™ 168
TR TR S e

Strain, mm/mm
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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" Tables which are
based on plastic rotations. But in the case of well detailed flexural walls the results

are rather in agreement.

Example 2

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

400

[
=

Roof displacement (mm)
=A (]
= =

—Story 1

—Story 2
Story 3|

|—Story 4/

CP limit

LS limit

ﬂ 1 2
0.14 0.12 -0.1 -0.08 -0.06 -0.04 -0.02 0

Panel zone (Khorjini connection) rotation (rad)

Example 2

Roof displacement (mm)

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

L Lp = min (0.5 L, story height)
H LP=15m

[ M, i _
.y Lp 8, =I~}-;_}J|l" mm = 0.0025 rad
Roof disp.(m) = 0.01+10.58p(rad)

300 |
200

100

0
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035
Rotation of RC wall (rad)- both elastic and plastic rotation

Civil808.com : 4L
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Example 2

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

At 5E‘i5|‘|"lif. hararl:l I- roof diSP. =53 mm At seismic ha:ard - mﬂf diEP- =128 mm

iy
by

o
=

i
i

. | _
A A ) { 4 ¢
::E = 3 W -

=

Pt = 1547 kN Pc=1972 kM
Pt= 1404 kN Pc = 1836 kM ) ‘

Civil808.com : 4L
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Yool s o dae ool )

bl Jogel (iS5 5 lid slauglio ] (5)Lad 5 (2iS slaoilos Jo Y

Vs ) shs o o0iS g 6 lad slanu)loe 55 e SV Cumds Y
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el pbmlr s (o > JLal Olygs Jloges F

Pl 2brlr cam 6,08 5 (2225 slaon e (5)97e JSD i Jloges Y

p9o 9 Jgl il ;o 0 lee j3lme lagiw ()97 (598 Jloges 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

NP1

UNP1

:

L p— NP1

NP1
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Example 3

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

Example 3

Table B.4.1 (AISC 360-05) Table D.1.1 (AISC 341-10)

e 112/, 180, T7F,

rpg
9
=

assETE" 064 JETF,"

compact ij
erzzz Highly Moderately
noncompact ductile ductile
member member

TR B

“Secton compactness: Acceplance critena applies %o brace sections that are concrele-filled or seismically compart accarding %o Tahle D11 of AISC M1 for
Righly ductile members, Where the brace section is noncomgort according o Tabie B4.1 of AISC 360, the acoeptance crteria shall e mukipbed by 0.5, Fe
atermedinte compactaess conditions, fe acceptance criena shall be multiplied by a value determined by linear ssterpolation between the seismacally compoct
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

2 ‘ 834313

‘_
-51 766(&% 806161

-178 5527

[‘.I

z
1 X ! . | |45y 295 E S ' .3391301

Axial load = 2866 kN
Axial lower-bound capacity = PCL=2520 kN

Example 3

Pushover curve
This frame can sustain only 30% of level | seismic hazard. i.e. an earthguaks with a
return period of about 10 years

v Mok Do [£53 ASCE 4T3 N5P
Pt Ty AT dHIRT P Lo
Lot i - [
L'l T bded &
Ol e — T
gy P (1] (LB
T ok Definad Prction .
P s [ o
B - - -
= i o A -
e 3 - <" Column
2 T Dwted Vs - L -
O Tyom Dwtai Vs o
1 Capaciy Curvs: s | d fa”ure
o i | Cusrrse
= Ll Cisparemerd Hendin
wl v z am
o Cabcuiid Pt oy 3
g £l
2
B s
EEE
i a3
aw
Ll T T T T T T T T T .
e Ll ne ua el L.l -y aa - -y -
s Caaplicemment,
e a3 e s B e e
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Example 3

Let’s consider weaker braces
2UNPL00 for 1% story and 2UNPE0 for other stories

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

Example 3

Seismic hazard I
Target disp. =92 mm

I [ MECE 41-73 NP
ot P REE 4 T ]
o Cone - Lagend
il roepan r—
D Syt - (e
S Hl s 2 "
Spac S Db Pumccn :
ey v s
[y ™ P
rctecs 53 w
=" Dtk
o T [ am
sy D
Db Forcs-Dischacomort Curve:
e ——
= e
v Caluiaed Parmsstan
g as
i.
am
am
an
am
a " = = = = " [ = - =
et Displacemant, mm
- Ta b

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

Seismic hazard 11
Target disp. = 149 mm

1Pk D, (=)
= o el ASCE £1-11 NEF
<l D [T ] iy
gl T e J—
o Meemard Speriam e, W P
i— o ad - o
Spscm S O Furtan
Srdan e =
F ey ke
1
Tt 15 ol
o Ty Il e
[ = Bt W
¢ Capariy Curen
‘Braa Fors Dapbemma Curse

[
Bane Shear, kN

Example 3

Seismic hazard 11
Target disp. = 149 mm

The frame cannot satisfy CP criteria....if failed at roof disp. of 95 num

T
i L |
] ]
’ \ e 1
e P
| S — _.} " > “‘, — — 7_4“
|
S A
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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 kN, And
expected to specified vield strength is 1.1, then the expected tensile strength would
be S00x1.1/0.9=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 vield displacement in the Table of the plastic hinge
definition

Example 3

Defined nlastic hinge for 2UNP100
-'
‘e
-~
[[] Symmetric
If you are using auto hinge,
always check the generated
C Ca B PeimE + < + .
7% ;’":z”"’ 24573 hinges. Sometimes sign of the
L) Drops Yo Zero 3 .
e values on the table would not
® I Extrapomed
correctly generated.
Scalag %or Force snd Dep a
Paxtun Negatre
[ Use Yiekd Feeen Fores 55 {78 | s W
Ovsevedsy  omsr  [a1 INTH ‘
(Steel Objects Ondy)
Apceptance Criteria (Pastic DispdSF)
Pasive Negatwe
M irvvedete Ocospancy [os | s
W L sty s | [+
B cCompse Pravertion I | [

[] Shew Acceptasce Criers on Pot
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Example 3

(69 ,5kos (>1b @olr 0590

o= L Cis sl EHOF B3 Hinge Response - DIHZ (brace-2unpso)
L Cane ) NS -
FHirge DOF "
- [T PR
 — ..
et Tyre L]
Faras Tipse nce
Hemor Labed e
(1 D2 T iraeces-Tarme O ATS - N
Hnga Trns B —— 1
= | \
ke e ama - i L
Lirs Ty Sald II
Lina Wth ﬁ\uﬁ |
Lo (T
— z - |
[rvsh Yau ) L
L Ty S
L Wth 1 Pl IE A
[ =" e
= L 1
Legend Troe Uone .
w Cursnt Sisp Dein LR
Pl 1 am . -
Pl LT b
[
= e ¥
am.
A4 -, ' n " ' ' ' ' '
HEA 4T M0 -EED (1] 1= 450 s TSR BB
Plaatic Dafarmation, mm

Example 3

Roof disp. (mm)

D | 1 |
-50 40  -30 20

0

Story 1- Tensile brace
Al Story 2- Tensile brace
Story 3- Tensile brace
Story 4= Tensile brace
H=Story |- Compressive brace
£E Story 2- Compressive brace |
O Story 3- Compressive brace
Story 4- Cmnprcsgh‘c brace

10 20 30 40

Plastic axial deformation of braces (mm)
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Example 3

100 -

]
)
o 80 1 t
5 60 |
& B —_
%’4 OStory 1
¥ £Story 2
Y g #Story 3
+Sto;y 4
0 : : : : L
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 o
2] o0
" ™
-
-84.5464| -88.745b
N
b
]
i I
-169.2061 177.374
.254.45 -265113]
T3]
2
™
@
.339.932 % 7 .352.720

Axial load = 2320 kN
Axial lower-bound capacity = PCL=2520 kN
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bl loged ¢ ches Cwglin [ g b pf s
Yo o ola,s o

Vo) sk o laggin o Sl g Yyl Condy

Clapse g e ¥
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Example.4

Vo) jhs o doe obxl>

Old RC Moment Frame

DL=40kN/m LL=10kN/m

5m 5m

o
L 'J
E

f'e-enpected

E
" = 24 MPa
W
L
t'c-nominal
£ =16 MPa
[14]
L
~
£ fy -expected
m = 483 MPa
L
~ 3
fy =nominal
E = 420 MPa
1)

Site: Tehran, Soil Il
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Example.4

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

\ 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 Conrectvey Corstrants  Restrants  Appled Loads  Loadng Phases

4 Cakoulate Target Dsplacement (if checked, an egenvalue analysis vl run prior to the pushov

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

Control Direction (X

Performance Levels| Seismic Action

Performance Levels Select one or more 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)
S0/ S0 years Oa Ce Oc (Y
Earthquake Hazard ~ PSE1E(20%/50 [l O Oy Cin
L BSE-2E (5%/50 years) [ (mE] Mk (=]
BSE-2M (2%/50 years) [ m (' o Ep
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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
a little, especially during longer periods

Ferformance Levels Selmic Action

Spectin Azcewton

SL0 (TRA36)  SL (TRASH)
'l 480 ;| 0280

Roughly equal to Level Il

SV (TRed?3] S.C(TR=27S)
rt wo 1| [
BWEL DS $5E2 50
a0 2 0@

2561, S BS54, 59
{;.m ] feme = 3

1 " .
Cevpong (N 3 /

B

5 "
2 Roughly equal to Level |

Sed Oess
[ B ]
Lang: przd Trassten (wec)
Bom | :

Example.4

Concrete

150 fibers for column section

N ] nuﬂ

T TRy 150 fibers for beam section
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Examp

-9
=]
=]

300 \-’\

200

Base shear (kN)

100

0 0.1 0.2 0.3 0.4 0.5
Roof disp. (mm)

Example.4

Level I target disp. = 293 mm Level Il target disp. = 446 mm
Jactcemery Sam e

- oo 1T

Lo

-

-

o

- - ——

= 2

- K2 rerwsor 0w

- -~ o B}

= - <
i.‘ (b
:‘ ' Lrowarcet As D3N »

L2

" Y - et D 1

- f MmN

s /s A i ¥ -

- ,l"

wllf

]

=
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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 LS

Civil808.com : 4L
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Example.4

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

.447

.419

More than CP

Example.4

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

350

300
’é" 250
7z
) 200 = =
+= 1580 v b
g —Col-1 1
2 100 —Col-2 "‘
= - Col-3 \
- o0 —Caol4 '

CI i i i i i L

0 0.01 002 003 004 005 006 007 008

Rotation (rad)
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Example.

~ 0.06
wT v
= F
¥ = 0.05
&=
o =
- = 0.04
¥ ©
= 0
:.2003
= T
== 002
- ™~
£ B
§§0.01
Re o
- 0 0.1 0.2 0.3 0.4 0.5

O Roof disp. (nﬂ

Example.4
0.06
0.04

0.02

Bt L T ——r—

Rotation at the lower end
of the middle beams{rad)

0.1 0.2 0.3 0.4 0.5
I Roof disp. (m)
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Example.5

Old RC Moment Frame with FRP

Everything is 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.5

Properties of the wrapped CFRP

() ho FRF wraoping
() Gedect o 8 List
() i bsay e Vihees

cﬂiﬁi\'m
=3
'IAFEI

et
HEXCEL
ERAKDLL
TR ED

Cwred Lanvinaite or vy Properties [design vahees)
Ficar Thickrmes {m=)
Tanuls Strangsh {MPa)
Teresde Fgdubes (MR}
Blangation (%)

Trpe
&) Carbzn Piber Fenforoed Polymar, OFRP

) Armmid Pisar -Fainforced Polymar, APRP
) Clams Fisar Rasinforcsd-Folymar, GRRP
1 Bamalt Fber Senforoed -Folymar, BFRF
) il Fiber -Eenforoed Polymar, SPRE

[T R —— L HE
Fiber Qrieraation
[ e

Proposa FRP systam e Saismaosolt

] Lomsinabe Properpes

inwinomanssl COrenson ERCEO Tor GETrend enposure Condtions (NTC-DHINTC- 18 onky)

I':llw-v-lmt
17 Curtoen

=l

W [rernal
T Extemal

Pumber of lavers 1 [

Factor s 005 =

Fedhs of Foundig Comers @ (40 [=] ow

Example.5

CFRP would improve confinement and shear capacity of the section

Shear Strength

A Usw Valus to Carry out Shear Capacity Checks

Confinemant Factors
of Confin

Cakad

Faciors
WS that 2]

Zarry out shear y checks n

urrect section (Performance Criteria Module)

E4] Automati: Calaiaton of Shear Capaaty

meumw:—c—-m

Along avis 221
Abong axis 3-3:

the _UE0OVES o o o
1 1.528 1

1 confined
! 1.528 {0

- -

512776/ ! Previous value =1

572776 1

unce they

y » -— N
NOTE: The shear menmn vahues wov-n-bme e only Previous value = 217 kN
reinforcement and (Mtv«e e actual smv menmn of the

member may vary during the analyiis, depending un other factors

Sudch 34 anidl 1occe level and the

Further, no safety facton have been conudered to dnnn the

values above,

Elastic Section Propartics

EA () 3654000.000

E32 {ehm3) 40120.000

£13 feim3) 45120.000

G3 (em3) 34%%0.334
Section Mass and Waight

Secton Seif Maza (tonne )

Secuon Se Weght Bm)

[CIstrruos dosed st 135

0.408
4.005
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Example.5

500
5400 e 1
= 300
“
-
< 200
E —with CFRP (this Example)

100 =-without CFRP (Example 4)

0 £ L . i 1 J
0 0.1 0.2 0.3 04 0.5

Roof disp. (m)

Example.5

Level I target disp. = 295 mm Level II target disp. = 449 mm
s Ociaere e S
- foams oo
- o m -

- | o -~
: oxm 14
-

-

-

k3 Eaac Ll

Ed | - naxs
x e ans
- - Lol
1= Y aam
!: Hiow 0

.n B L
-
= Terpe! Devieceme:

e e 35 FEr
:: Cobious Fraveson 04 A ewiant
AL
3

I 08 O 080 O Of 212 110 0% 0% 0 OXF 6 13 02 03 0X O £ 1% 64 4@ 0w O e 05
Caclecerar
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Example.5

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

Civil808.com : 4L
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Everything 1s Exactly similar to Example 4 except that a 3m RC shear wall with
thickness of 400 mm 15 added,
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[he added BC wall is similar to that nsed in I"."-Ji-l[l]]:l]{.‘ 2 for the stee] frame with Hlmiilli

COMNECTIONS

Confined Longitudinal ratio: p; = 0.5% Transverse ratio: p, = 0.25%
boundar-,.- Transverse ratio in the boundary zone: p, = 0.38%
'”5 m 0W0@10mm  075m

Modeled section in 55truct

300 fibers

1** mode period = 0.208 s

Civil808.com : 4L
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Level I target disp. = 29 mm Level II target disp. = 62 mm

Cmacat e T
A oo ™
1% Y Ll
10 [T »a
L wia
150
150
1.0
150 L Ca
. e LA
10 o iz w
3 1A ~ Ok
g . *r a3
3 o -
e W Limttrend doen Brew % 013
No
wo Thogee: Dapacamert
=5 L Sadety (101 R e o
Calput ot (380 0062400
o
b
»n
w

Level II target disp. = 62 mm

The short beams failed in shear (shear capacity check)
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Level I target disp. =29 mm

All elements are less than LS

B g 4lad 4 5 i § Jlp ly Jea
age ) 5
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Example 7

Old High-rise RC Moment Frame

4 i DL = 40 kN/m Gravity load=
LL = 10 kN/m 1.1 (D+0.25L)=46.75kN/m
12 @300mm
- c40 N d" . tﬂlﬁlmlﬂm $10@200mm
&
4 E - ||
C60 I
E c50 E
C40
i g s 41 E
L ) 3
- -~ G50 ‘ + > v - > € >
600 mm S00 mm 400 mm
1
| 12@200mm
—? f'c = 27.6 Mpa
Ec= 25 GPa
wh g d 300 mm fye = 455 Mpa
© 35m fy= 420 MPa
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ample 7

Uncracked Periods
All beams and columns are FB elements with stress recovery

* mod iod= 2.47 .
AT - 2" mode period=1.02 s 3"%mode period= 0.58 s

—t

Example 7

As this is a high-rise building, we prefer to run an adaptive pushover
analysis

Different pushover

analyses

Conventional pushover
Omnly first mode without variation
of lateral load distribution
(the procedure used in codes)

Modal pushover

Higher mode effects
without variation of lateral
load distribution

Adaptive pushover

Variation of lateral load
distribution + higher mode effects
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As Sstruct spectrum is based on ASCE 41 (similar to ASCE 7), its shape a little differs
from Standard 2800 spectrum, especially in longer periods. 5o the target spectrum in
Sstruct should be defined such that 5a near the effective period of the building

match with that in Standard 2800

Pasformonor Ll BHaTE Acise
I [T
—— e

i v

DTS RO T T
i i i My

TR
|
Sy TR S (TaseE) . II
iy L HEH L [}
LN IIII
e

Emi e & T

W1 el X | 1
n = ¥ )

iMe ] w1 o o

i e |

fers - 1

] . i

Sodl oo

Sa value in Te should mateh with
standard 2800

Example 7

In this example we would manually define rotational capacities of beams because
automatic calculation of Sstruct is based on column tables even for beams

For beams and columns from the equation (4.29) of D.Biskinis (2007):
Eleff=0.3x56250=16875 kN.m*

M,
0, = = h;‘]["" El=56250 kM.m?
e My=210 kN.m (from Sstruct element result)
For beams: LS =0.5L=2.5 m
" By=0.0104 rad
Shear capacity = 150 kN Also it can be seen by
Demand = 2Mp/L+V(gravity)=2x220/5+46x5/2=203 kN a preliminary analysis
Beams are controlled by shear and check sheat
From ASCE 41's Tahle 10-7 (or Code 360): capacities
Condition ii (shear dominate Total rotation-
$=250>d/2 { }Bp-L5=0.0L‘I'5 L:-D tr;;;:::nuus—u 015 rad
6p-CP=0.01 ’ ’ '
Total rotation-

CP=0.0104+0.01=0.02 rad

Sstruct abtained rotational capacity of beam similar to columns which is not conservative: per
Sstruct: total rot-L5=0.04 rad and total rot-CP=0.048 rad

Civil808.com : 4L
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Example 7

600 .
.-"p—' "-‘-H--'ﬁ.
500 . —
—_
._E,, 400
-
S 300
=
[
% 200 ==S5truct- Adaptive Pushover
2] =-ETARBS- Uniform Load Distribution

—ETABS- First Mode Load Distribution

0 100 200 300 400 500 600 700 800 900
Roof Disp. (mm)

Example 7

The difference between ETABS and Sstruct is due to the different estimated period.

From Sstruct T1=2.47s but from ETABS T1=3.96s. Period from Sstruct is more

Se

Bapr Thaar

B EEW B EE N B RERNE

AENER

s MAERR

accurate as it accounts for reinforcements effects on stiflfness.

ismic hazard I target disp. = 887 mm  Seismic hazard I target disp. = 1275 mm
From hand caleulation = 854 mm From hand calculation = 1280mm
From ETABS =1193 mm From ETABS =1604 mm
T = =
-\-\-\_\-\_\-\"'-\-\.,_\_\_1--
| :’u’hﬂ'«ﬂhlﬁ‘m\ :.:-'
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Example 7

Seismic hazard I, At roof disp. = 887 mm

Actually only flexure failures should be considered as effect of shear is already
_ considered in rotational capacity

-

-

.-

e

g -
o’y
O O S L kR
Beyond LS criterion Where shear demands exceeds shear
(shear and flexure) capacity

Example 7

Seismic hazard I, At roof disp. = 887 mm

If you uncheck stress recovery

“““ _. If stress recovery is unchecked, shear
demands would be smaller than reality

and designer might decide to use flexure
control acceptance criteria. So you need

0. 743 . . .
Ml to use stress recovery to capture shean
' : failure...at least at the preliminary

analysis.

Mo shear demand exceeds shear
capacity..!

Beyond LS criterion
(shear and flexure)

All beams failed in
flexure (not shear)

Civil808.com : 4L
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In addition to structural eriteria, non-structural criteria should also be satisfied

For example at level I target disp., inter-story drift of many stories arve guite high.
Per ASCE 41-13, to satisfy LS performance for non-isolated masonry partition walls, inter-
story drift should be less than 1%,

i

- Story drift =2.77%
‘Emm Story drift =3.57%

s

- Story drift =4%

‘ Story drift =4.03%
- Story drift =3.77%

il
‘ Story drift =3.27% S0 virtually in all stories LS
'“‘ o criterion for non-isolated
‘ Story drift =2.37% masonry partition walls is not

) Siory drift =1.07% satisfied.

Example 7

Per Code 360, LS drift for different non-structural components are as follows,
Non-isolated heavy masonry partition wall: 1%
Non-isolated light masonry partition wall: 1.5%
MNon-isolated precast panels wall: 2%
Non-isolated exterior masonry wall: 0.8%
Adhered veneer: 2%

- Light masonry partition wall failure

'
i
1
1
1
1

L}
1
1
J

- Adhered veneer failure

10

Story No.

O = bl e~ G0

3 4 5
Inter-story drift (%)

=
- |
M
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ample 7

Cl E I —story |
. ===3tory 2
- -!-Il.1r:t'.'\
-y
== story 5
shory i
- alary T
—===3lry B
oy 4
wary [0
= =spory 11
—stary 12
= =smry 137
—story 14
— Ty 15

0.6

0.4}

L E———————————— LSl

0.2

Roof disp. (mm)

0 0.5 1 1.5 2 25 3 3.5 4 45
Inter-story drift (%e)

Civil808.com : &L



Y sl A & 55dkos o> gl o9

A+ A cwdido g‘u_lug_n‘l-o.u.:_wgg
6o glee caa S5 gladijgol

oy Yo b Cughs [V e ladd ainb 10 G LA
Lold Jsbo 3 Koo g yia +/F (AlS 10 O Job @y (B Jlond o oDl ¥ olets aiges
a9 >

Yool s o dae ool )

Vb e Sl gle s 0 e Vg Cunsy Y

Vokhs o Gl glagsie 50 e Yy Consy Y

ol Hlogas ¥

Sk 2,55 2bmlr O

Pl el ca S e o ies Y Jloges

5 red cpl jo 2lS g 5 lnd glag s Al 00 S AST xads 93 (S5, 2 s )led A5 Gy, Y

g <>

Example 8

Old High-rise RC Moment Frame with RC Shear Wall

Similar to Example 7 but with an
additional RC shear wall

stress recovery is on in this example

300 fibers

1y

750 mm $10@200mm
L

R ¢10@100m£:

$10&100mm
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Example 8

1** mode 2™ mode
T1=1.14s T1=2.47 s T2=0.25s 12=1.02 s
; " S ; :
: | . . :
WithRCwall  Without RC wall WithRCwall  Without RC wall

Example 8

Target spectra should be adjusted to match with ST 2800 in

prfarmarne vty SRR Ao

FHE

S0 (TR=3 3 {TR=3) 18
g f

LY (TReATY) R {TReST] 18
o 2 x

L

[
T
[
-

gy (5
L]

s rin

e Tiiratad [a)
o ]

T=1.15 s (roughly)

1
i

3
Pard [he
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Example 8

Is the foundation able to support the increased base shear and the related axial
loads at the wall boundaries?!

2500
— 2000
=
=
5 1500/ _ :
v =Fram with Shear Wall
=
: 1000 | == Frame withour Shear Wall
g
@ 500, e e et e .

0
0 200 400 600 800 1000

Roof disp. (mm)

Example 8

Hazard |: target disp.= 341 mm Hazard Il: target disp.= 492 mm

Mmsend Suser

B Sam Vew
onmo o
X P
0.5 N
0. s

i

EESRUSHENER

C e
ot 1IN
e cam
3 1
L o
3, * e
310
190 ok wwabroT: ¢ %
10
0
> Twpet Dingle e
bond o Lavty (3<) Py
)
Cobacme Emeveramn 1504
-
@0
an
=0
=0
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Example 8
Hazard I: target disp.= 341 mm Are the beams still shear control?
yes

Where shear capacity is
smaller than shear demand

Example 8

Hazard |: target disp.= 341 mm Hazard |I: target disp.= 492 mm

Beams with rotations Beams with rotations
higher than LS higher than CP
rotational capacity rotational capacity
(0.015 rad) (0.02 rad)

We should consider only flexural
failures not shear failures as we
considered shear failures by reducing
rotational capacities of shear-
dominate beams

Civil808.com : 4L
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Example 8

For shear walls, it is better to check chord rotations by hand calculations as Sstruct
gives story-by-story chord rotation....chord rotation of each element not the whole
wall

Total Chord
rotation

Total Chord rotation capacity-L5=0.0089 rad
Total Chord rotation capacity-CP=0.018 rad

Total chord rotation =roof disp./wall height
Hazard |I: total chord rotation = 0.341/(3x14+1.5)=0.0078 OK.

Hazard I: total chord rotation = 0.492/({3x14+1.5)=0.0113 OK.

Civil808.com : 4L
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Example 9

Old High-rise RC Moment Frame with RC Shear Wall

Similar to Example 8 but with additional
rigid concrete infill panels at the last three
ories (to act as a outrigger)

Strong precast concrete panel
(Remain elastic)
I'hickness= 200 mm

"e= 25 Mpa
Ec=20 Gpa
Shear strength =8 MPa

Civil808.com : 4L
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Example 9

1** mode 274 mode

T1=1.14s T1=1.01s

-

With RC wall With RC wall + With RC wall With RC \?Ial'l +
concrete infills [ concrete infills

Example 9

Hazard |: target disp.= 320 mm Hazard II: target disp.= 474 mm
' , e
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Example 9

Hazard |: target disp.= 320 mm

All elements

¥

satisfied LS criteria

Example 9

»>
S -

(69 ,5kos (>1b @olr 0590

Where
shear
demand
exceeds
shear
capacity

This does not

, mean failure.

™Failures should be
- checked based on

flexural rotations
even for shear-
controlled
elements

At roof disp. Of 380 mm

So adding outrigger is a good
technique for high-rise
buildings provided that

additional demands can be
supported by columns

Axial failure of the column

Civil808.com : 4L
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http://civil808.com/landing/pbdcourse
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