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x<0 x>0
2-dimensional ridges {or valleys with negative H) 2.2 Hyly 3 15 15
2-dimensional escarpments 1.3 Hy/Ly 25 15 4
3-dimensional axi-symmedrical hills 1.6 Hy/Ly 4 15

1 For HyLy > 0.5, assume that Hyly, = 0.5 and substitute 2H, for Ly, in Equation (3).
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1 Table 12.3-1

Yp Reentrant Corner Irregularity: Reentrant cotner
irregularity is defined to exist where bothsplan
projections of the structure beyond a reentrant
corner are greater than 15% of the plan
dimension of the structure in the given direction.
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¥ Riae Table 12.3-1
Amax / A T\‘~“\
[ 4 \‘7 =% Bmin Torsional Irregularity: Torsional irregularity
/ f Amal®A mix is defined to exist where the maximum story

l‘ Amz‘—_ . . . . .
Z : drift, computed-including accidental torsion
2 Bom o012 0l Bl with A = 1.0, at one end of the structure
ﬁ::' >1.4 au kub  transverse to an axis is more than 1.2 times

the average of the story drifts at the two
ends of /'the structure. Extreme torsional

irregularity is defined when ore than 1.4
times the average of the story drifts at the
)l Jm Le)
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12.8.4.3 Amplification of Accidental Torsional Moment

Structures assigned to Seismic Design Category C,;D, E, or F, where Type la or 1b
torsional irregularity exists'as defined in Table 12.3-1 shall have the effects accounted
for.by multiplying M,, at each level byra torsional amplification factor (Ax) as
illustrated in Fig. 12.8-1 and determined from the following equation:
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12.9.5 Horizontal Shear Distribution

The distribution of horizontal shear shall be in accordance with Section 12.8.4 except
that amplification of torsion in accordance with Section 12.8.4.3 is not required where

accidental torsion effects are included in the dynamic analysis model.

Y$9 dsaw This publication or any part thereof must not be repreduced in any form without the written permission

Version: P

”é WebSite: www.M-Alirezaei.com
& Telegram: @AlirezaeiChannel

Eogomme Olyae 4 r,fl).él.l; cols )3 SWEL w545 63,lge o :Pfl)él.;.: 25 (sobial -Y
e 10 Olyae a5 (081865 (s )5 SLSL sl g aib b 1.0 Sl i 545L colus
X Sl Al 5929 gle Slad

T T

1
@ Y ;.l&’ tJS
32 5L
A>0.5 XY

YA~)'J§J~.I

— I — R — — — R e \.L‘j\\a‘
YY - dsaw This publication or any part thereof must not be reproduced in any form without the written permission '

Version: 1.0

Email: M.Alirezaei@iiees.ac.ir 135



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

WebSite: www.M-Alirezaei.com
A Telegram: @AlirezaeiChannel

Slnl o 4 oy cokiinls
b (A @S18LS s Sy sbesdil
\\‘s /”/ bd si5L coluw a5 Ay
4 /’/w\“\ N BD us . coluw 70- 31
] " Al
-~
B

0.5(B x D) < (b d)

YY\ dxaw This publication or any part thereof must not be repreduced in any form without the written permission Version: 140

Z

&' WebSite: www.M-Alirezaei.com
&) Telegram: @AlirezaeiChannel

ASCE7-10
Table 12.3-1

Diaphragm discontinuity irregularity is defined to exist where there is a diaphragm
with an abrupt discontinuity or variation in stiffness, including one having a cutout or
open area(greater than 50% of the gross enclosed diaphragm.area, or a change in
effective diaphragm stiffness of more than 50% from one story to the next.
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Table 12.31
fl UL «ab e
EE Out-of-plane offset irregularity is defined
g to exist where there is a discontinuity'in a
\_i”"“ &> alsed lateral force-resistance path, such.as an
— out-of-plane offset of at least one of the
vertical elements.
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\ Table 12.3-1

Nonparallel system irregularity is defined to
exist where vertical lateral force-resisting
elements are not parallel to the major orthogonal

\ axes of the seismic force-resisting system.
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Table 12.3-2
—‘__ Vertical geometric irregularity is defined to
- exist where the horizontal dimension of the

o

B

seismic force-resisting system in any story is
Ligi 21.5 Ly more than 130% of that in an adjacent story.
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Table 12.3-2
Weight (mass) irregularity is defined to exist
M; >1.5 My, i+1 where the effective. mass of any story is more
L M.  than 150% of the effective mass of an adjacent
story. A roof that is lighter than the fl oor below
M, >1.5 M,_, M )
i-=1 need not be considered.
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In-Plane Discontinuity in Vertical Lateral Force-
Resisting  Element  Irregularity:  In-plane

v v discontinuity,..in ‘vertical lateral force-resisting
Slouls Sr T elements irregularity is defined to exist where
there is an in-plane offset of a vertical seismic
- force-resisting element resulting in overturning

demands on a supporting beam, column, truss, or
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[Gonio 4i] ASCE7-10
Str, <0.8 Str,,, Table 12.3-2
Str.,, Discontinuity in Lateral Strength—Weak Story
i+

Irregularity: Discontinuity in lateral strength—
: weak story irregularity is defined to exist-where
Str, <0.65 Str,,, N the story lateral strength is less than 80% of that
; in the story above. The story lateral strength is
the total lateral strength of all seismic-resisting
elements sharing the story shear for the direction
under consideration. story lateral'strength is less
than 65% of that in the story/above.
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<tloment Capacity No |I_TB l l - Ill l
| Hajor Bending 1114_886 3313440.000 3313440, |l]l]l]
Minor Bending 418096.839 1550880.000 [ ==

SHEAR DESIGH

R T phixun l§tr'éss
Force Capacity Ratio | I‘

Hajor lghean'- 9.897  42336.000 0.000
Minor Shear 2415.188 130636.800 8.618
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= Steel Frame Design Preferences A
Design Code AISC360-05/1EC2008 B -
Frame Type IMF
Seismic D esign Category D
Importance Factor i
System Rho i
System Sds 05
SystemR B
System Omegal) 3 -
System Cd 55
Diesign Provision LRFD
Diesign Analysis Method Direct Analysis
Second Order Method General 2nd Oider
Siffness Reduction Method Taub Fired
PhiBendng] 03 3
PhilCompression] 03 Cancel
Phill ension ieldng] 03 |
Phil ensionFractue] 07
PhilShear) 03 <
PhilShear Rolled 1 i L. & 5= . .
PhilShear-T atsian), 09 o lie 185 ot 35 510
Ignore Seimic Code? Ho
Ignore Spacial Seisrric Load? Mo
I Doubler Plate Plug Welded? Yes
HSS Welding Type ERW
Reduce H5S Thickness? Ho
Consider Deflzction? Yes
Deflestion Check Type Boh
DL Lini, L/ 120,
Super DLALL Lt L/ 120,
Live Load Limt, L / 360,
TotalLmt, L/ 240,
Total-Camber Limi, L/ 20,
DL Lint, abs 0.0254
Super DL+LL Limit, abs 0.0254 ’\\\
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Flexural Check for P-M2-M3 [RLLF = 0.560)
Station D/C Flexural
Location Ratio Combo Pu M2u M3u
Top 0133 Dwial31 149655 637 -E043.758 -9E.231
Bottam 0466 Dwial4e 559525 489 11146533 4595818

Shear Design

Station Rebar Shear Capacity Capacity
Location cm”2/m Combo Pu Mu Yu phi V¢ phi ¥n
Toplegl E.250 DwAL3s 140709232 46125903 26513864 109149.128 172425334
BotLeg 1 E.250 DWwAL3G 160800278  125683.543 26513864 41036.469 154372735

Boundary Element Check
dge Edge Goverming Shiess Stress
Location  Length Combo Pu Mu Comp imit
Left Top 0.000 Dwisl31 149655537 -96.2310 149793883 562455.701
Right Top 0.000 Dwiil33 140815.000 363801611 195385241 GR2465.701
Left Bot 0.000 DwAL36 150234117 1239225520 336117.945. 562455701
Right Bot 0.000 Diwial31  159746.524 7E0.0657 160886622 562455.701
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Design Code AC1 318-08/1BC 2003 »
Seismic Design Category D
Mumber of Interaction Curves 24
MWurnber of Interaction Points 11
Conzider Minimum Eccentricity Yes
Phi [Tenzion Controlled] 0.4
Phi [Compression Contralled Tied) 65
Phi [Compression Contralled Spiral] 075 b
Phi [Shear and/or Torsion) 075
P ey s 0E Seoglio JlE o b polis
Phi [Shear Joint] 0.5
Pattern Live Load Factor 075
Utilization Factor Limit 0.95
Cancel
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Pu | phixPnc phi=Pnt |
Force Capacity Capacity <

Axial Force 7712.0676 7113.936 1131116.‘[1[1 - | —7F

| phi=tn ix*Hn
Ho Capacity LTE
Major Bending 1537 2084324 282 846. 0088

-8ea 56376.000

Minor Bending
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Table 12.3-2

Stiffness-Soft Story Irregularity: Stiffness-soft story
irregularity is defined to exist where there is a story
in which the lateral stiffness is less than 70% of that
in the story.above or less than 80%. of the average
stiffness of the three stories above.

Stiffness-Extreme Soft Story Irregularity: Stiffness- \_éZ
extreme soft story irregularity is” defined to exist ’«Aw
where there is a story in which:the lateralstiffness is
less than 60% of that in the story above or less than
70% of the average stiffness of the three stories Soft iw <0.7 iz
above.

Extreme i

Soft A, Ul
. — . S I I— -g,' ¢ i
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F 10000 k
Koy =—= =191000—&
A 05234 cm
| Point Obiect 3 Stow Level STORYTZ
x 52 Z;
Trars 0.523446 0006362  0.004040
Fotn 0.000000 0.000298 ~  -0.000012
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12.3.3.1 Prohibited Horizontal and Vertical Irregularities. for Seismic Design
Categories D through F

Structures assigned to Seismic Design Category E or.F having horizontal irregularity
Type 1b of Table 12.3-1 or vertical irregularities Type 1b, 5a, or 5b of Table 12.3-2 shall
not be:permitted. Structures.assigned to Seismic Design Category D having vertical
irregularity Type 5b of Table12.3-2 shall not be permitted.

12.3.3.2 Extreme Weak Stories

Structures with a vertical irregularity Type 5bras defined in Table 12.3-2, shall not be )
over two stories or 30 ft (9 m) in structural height. h,. o onm /™, ]’\
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EXCEPTION: The limit does not apply where the “weak” story.is capable of resisting a
total seismic force equal to Q, times the design force prescribed in Section 12.8.
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Scholarly articles for peer strong motion datahase
MGA project strong-motion database - Chiou - Cit
_.. CAV) based on the PEER-NGA strong mot databasef Campneu Cited by 30
An overview of the NGA project - Power - Cited by 228

PEER Strong Motion Database: Intreduction

peer berkeley edu/smcat/ * University of Califorgia, Berkeley =

Relational database providing information about,and access to strong motion
recordings. Available in both java and text versions

Search - PEER NGA Database - Browse - Providers

PEER Strong Motion Database: Search

peer ley edu/smeat/search.html>_UnvemsitgeCaiimia, Berkeley ~
PEER Strong Motion Database. Intioduction - Browse ... ARCHIVED DATABASE
VERSION. Visit the latest version ofthedatabase! 1: Search earthquake or

hetp://peer.berkeley.edu/smcat/search.html
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1612.2 Load Combinations Using Strength Design or Load and Resistance
Factor Design.

1612.2.1 Basic load combinations. Where Load and Resistance Factor Design (Strength Design)
is used, structures and all portions thereof shall resist the most critical effects from the following
combinations of factored loads:

1.4D (12-1)

12D+ 1.6L §™ (L, or S) (12-2)
1.2D + 1.6 (L, ST%+ (f1L or 0.87A (12-3)
1.2D+ 1.3W™GL + 0.5 (L, orpS) (12-4)

1.2D +hLOE + (fiL +/25) (12-5)
0.9D“L) (1.0E |or 1.377) (1246)

Version: 1:0|

Y54 dxawn This publication or any part thereof must not be reproduced in any form without the written permission

"é WebSite: www.M-Alirezaei.com
&) Telegram: @AlirezaeiChannel

1612.3 Load Combinations Using Allowable Stress Design.

1612.3.1 Basic load:combinations. Where allowable stress design (working stress design) is used,
structures and all portions thereof shall resist the most critical effects resulting from the following
combinations of loads:

D €2-7)

D L 4, 91 5) (12-8)

D 4+ (IV B %) (12-9)

0.9D + % (12-10)

Dt 0.75{L 2 e ) (Wor 1—54) (12-11)
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12.2.3.2 Two Stage Analysis Procedure

A two-stage equivalent lateral force procedure is permitted to be used for structures
having a flexible upper portion above a'rigid lower portion, provided the design of the
structure complies with all of the following:

a. The stiffness of the lower portion shall be at least 10 times the stiffness of the upper
portion. b. The period of the entire ‘structure shall not be greater than 1.1 times the
period of the upper portion considered as a separate structure supported at the transition
from the upper to the lower portion. e:The upper portion shall be designed as a separate
structure using the appropriate values of R and p. d. The lower portion shall be designed
as a separate structure using the appropriate values of R and p. The reactions from:the
upper portion shall be those determined from the analysis of the upper portion/amplified
by the ratio of the R/p of the upper portion over R/pof the lower portion. This ratio shall
not be less than 1.0. e. The upper portion is analyzed with the equivalent lateral force or
modal response spectrum procedure, and the lower portion is analyzed with the
equivalent lateral force procedure.
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Table 12.8-1 Coefficient for Upper Limit on Calculated Period

n Design Spectral Resp@siﬁ:celeration Parameter aitiis,;SD1 Coefficient C,
L ) 204 <\ 1.4
e 0.3 at 1.4
7 3 0.2 2 N 1.5
0.15 ~ 1.6
<0.1 1.7
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T omputea < T - T, T,
T, <Tomputea S1.25T,  — T omputed computed
Teomputed = 1.257,, - 1.257, T omputed
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ASCE7-10
12.8.2.1 Approximate Fundamental Period

The approximate fundamental period (7)), in s, shall be determined from the following
equation:

Ta = Cthl);

where 4, is the structural height as defined in Section 11.2/and the coefficients C, andx
are determined from Table 12.8-2:
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Table 12.8-2 Values of Approximate Period -Parameters C,and x

Structure Type C; X

Moment-resisting frame systems in which the frames resist
100% of the required seismic force and are not enclosed:or
adjoined by components that are more rigid and will prevent
the frames from-deflecting where:subjected to seismic forces:

Steel moment-resisting frames 0.028 (0.0724)2 0.8
Concrete moment-resisting frames 0.016 (0.0466)2 0.9

Steel eccentrically braced frames in accordance with Table 0.03 (0.0731)? 0.75
12.2-1 lines B1 or D1

Steel buckling-restrained.braced frames 0.03 (0.0731)2 0.75
All.other structural systems 0.02 (0.0488)2 0.75

2Metric equivalents are shown in parentheses
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Approximate Periods of Vibration Base on 2800 Standard and ASCE7-10

For h,=18 m ASCE7-10 T,=0.0724x1 89%'=0.73sec
For steel moment frames
2800 Standard T, = 0.08x18%™ = 0.7sec

ASCE7-10 T, =0.0466%18% = 0.62sec
For concrete moment frames
2800 Standard T, =0.05x18%° = 0.67sec

For eccentrically moment frames
2800'Standard o = 0.08x18%7=0.7sec
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Stiffness Modfiers

Membrane 111 Modifier
Membrane 122 Modifier
Membrane 12 Modifier

Bendng m11 Modfier
Bendng m22 Modifier
a,m12 Modfier

Property Modifiers
Cross-section (axial) Area

Shear Area in 2 direction
Property Modifiers——

Shear Area in 3 direction
Torsional Constant Cross-section (axial) Area
Shear Area in 2 direction

[
[
[
,W Shear Area in 3 direction
[
[

Moment of Inertia about 2 axis

Moment of Inertia about 3 axis
Mass L oo Constant [
Weight Moment of Inertia about 2 axis 1
| | Moment o Inetia about 3 axis '1—
|1

‘Weight
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kaccounts for Higher Mode Effects

For short period buildings the vertical /
distribution follows generally follows the /
first mode of vibration in which the force

increases linearly with height for evenly /
distributed mass. /

Forlong period buildings the force is

shifted"'upwards to account for the -
whipping action associated-with .
increased flexibility .
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& F3=33.1'ton F6= 64.8ton

V =232ton >V, =0.12A1W =0.12x0:3x1x1410 = 50 ton
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IBC-2000

1617.2.2 Seismic Design Category D, E or F. For struc-
tures in Seismic Design Category'D, E or F (see Section
1616), the redundancy coefficient, p; shall be taken as the

largest of the values of, p;. calculated at each story “7” of

the structure in  accordance , with Equation

16-32 as follows:

Fouss, JAs

Pi ’ ﬁ (Equation 16-32)
max; i

For SI:

pi=2- ik
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/\/ Shear wall height-to-length ratio
= hwaII/LwaII
. StoryLlevel gl pier height-to-length ratio
= th/LWp
. h,ai= height of shear wall
- » hyp.= height of wall pier
hwan L,z = height of shear wall
hyp Ly, = height of wall pier
Story Level

/\/

Lwall

2_Shear Wall and \Vall Pier Height To Lengifl Ratio Determinglion, s, ™
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ASCE2010 (12.3.2.1 Horizontal Trregularity):  me == A=

Extreme Torsional Irregularity: Extreme torsional irregularity.is defined to exist where the maximum
story drift, computed including accidental torsion with A;=.1.0, at one end of the structure transverse

to an axis is more than 1.4 times the average of the story drifts at the two ends of the cr?\ o '
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12.3.4.2 Redundancy Factor, p, for Seismic Design Categories D through F

For structures assigned to Seismic Design Category D, E, or F, p'shall equal 1.3 unless
one of the following two conditions is met, whereby p is permitted to be taken as 1.0:

a. Each story resisting more than.35 percent of the base shear in the direction of
interest/shall comply with Table 12.3-3.

b. Structures that are regular in plan at all levels provided that the seismic force-
resisting’ systems consist of at least two bays of seismic force-resisting perimeter
framing on each side of:the structure in each.orthogonal direction at each story
resisting more than 35 percent of the base. shear.. The number of bays for a shear wall
shall be calculated as the length of shear wall'divided by the story height or two tlmes
the Iength of shear wall'divided by the story helght hSX, for light-frame const

P
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Table 12.3-3 Requirements for Each Story Resisting More than 35% of the Base Shear

Lateral Force-Resisting Element Requirement

Braced frames Removal of an individual brace, or connection thereto, would not result in more than a 33%
reduction in story strength, nor does the resulting system have an extreme torsional
irregularity (horizontal structural irregularity Type 1b).

Moment frames Loss of moment resistance at the beam-to-column connectionsat both ends of a single beam

would not result in more than a 33% reduction in story strength, nor does the resulting
system have an extreme torsional irregularity (horizontal structural irregularity Type 1b).

Shear walls or wall piers with Removal of a shear/wall or wall pier with a height-to-lengthiratio greater than 1.0 within
a height-to-length ratio greater any story, or collector€onnections thereto, would/mot result in more than a 33% reduction
than 1.0 in story strength, nor does the resulting system have an extreme torsional irregularity

(horizontal'struetural irregularity Type 1b). The shear wall and wall pier height-to<length
ratios are determined as shown in Figure 12,3-2.

Cantilever columns Loss of moment resistance at the base connections©f any single cantilever column would
not gesult in more than a 33% reduction in story strength, nor does the resulting system
have an extreme torsional irregularity (horizontal structural irregularity Type 1b).

Other No requirements
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12.4.2 Seismic Load Effect

The seismic load effect, E, shall be determined in accordance with the following:
E=E,+E, (12.4-1)and (12.4-2)

The horizontal seismic load effect; E,, shall b determined.in accordance with Eq.
12.4-3 as follows:

E,=p0, (12.4-3)
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Rho Factor (Reliability Factor based on Redundancy)

—

¢ Do NotInelude Special Seismic Design Data

DL Multiplier=—
" Program Default (0.2)

| & User Defined
| -

Notes-

1 The program calculated Rho Factor is determined
1" based on the method described in Section 1617.

of the 2000 International Building Code.

Lateral Force Resisting System Type:

| " Dual System
@ Other

| 2 The program calculated Rho Factor is repasted a

a part of the Building Output data;

3 The Rho factor and the DL Multiplier are

automatically applied to all program default design
load combinations for the American codes (4CI,
AISC, UBC). These factors must be applied
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Static Nonlinear |

P 4
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‘ Il (" Program Default (3.0)
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n Vi/Vb

tonf
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Story6 Ex Top 0 -34.5088 0.28
Story6 Ex Bottom 0 -34.5088 0.28
Story5 Ex Top 0 -63.9989 0.52
Story5 Ex Bottom 0 -63.9989 0.52
Story4 Ex Top 0 -87.591 0.71
Story4d Ex Bottom 0 -87.591 0.71
Story3 Ex Top 0 -105.285 0.86
Story3 Ex Bottom 0 -105.285 0.86
Story2 Ex Top 0 -117.0811 0.95
Story2 Ex Bottom 0 -117.0811 0.95
Storyl Ex Top 0 -122.9791 1.00
Storyl Ex Bottom -122. 973% OM
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Viase = base shear from EquivalentLateral Force (ELF) analysis

2. —  Remove the Elements (Brace or Moment Frame)

1
3. - Vyield, Removed — (WJVbase
max

V..
3. o if YeldRemoved o330 = 5=10
Viield
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Basic LRFD Load Combinations (ASCE-7):

1.4D

1.2D + 1.6L + 0.5(L, or S or R)

1.2D +1.6(L, or S or R) + (0.5L or 0.8W)
1.2D.+ 1.6W + 0.5L + 0.5(L, or S or R)

0.9D +1.6W
130/ 1.0E + 0.8 0.25 Load Combinations
0.9D + 1.0E Including £

e
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t2D+1.0E+L+0.2S

0.9D+1.0E

Basic Load Combinations

A
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Definition of E foruse in basic load combinations:
For Load Combination: '1.2D + 1.0E + 0.5L + 0.2S
E=pQg+02S,gD
For Load Combination: 0.9D + 1.0E

E=pQE-O'28DSD

. . R — . — — R — ——— gt 4 W 3
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E=pQc+0.2S,3D
\_'_l —

effect of horizontal forces —T L effect of vertical forces
E = the effect of horizontal and vertical earthquake-induced forces
Qg = effect of horizontal earthquake induced forces
Sps = design spectral acceleration at short periods
D = dead load effect

reliability factor
(depends on extent of redundancy in the seismic lateral resisting system;
p varies from 1.0 to 1.2)

©
1
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Substitute E into basic load combinations:
For Load Combination: 1.2D + 1.0E + 0.5L + 0.2S
substitute: E=p Qg+ 0.2S,5D
—> [(1.2+ 0.2 Spg)D + 1.0 p Q¢ + 0.5L +0.2S

Maximum.negative moments (tension on the top) at the face of the supports in the
girders and maximum compressive.forces in columns:

For Load Combination: 0.9D + 1.0E
E=p Qg-0.2Spg D substitute:

—> [(0.9-0.2S,5)D+1.0pQ; |

Maximum positive /moments, (or minimum ‘negative moment) at the face of the

supports of the girders' and maximum tension (or minimum compressmn) in the.

columns. g’ /*\
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(1.2+0.25,5)D+0.5L (0.9-0.25,5)D
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Heavy Gravity + Lateral East Heavy Gravity + Lateral West.
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12.9.1 Number of Modes

An analysis shall be conducted to determine the natural modes of vibration for the
structure. The analysis shall include a sufficient number of modes to obtain a combined
modal mass participation of at least 90 ‘percent of the actual mass.in each of the

orthogonal horizontal directions of response considered by the model. M
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12.9.4.2 Scaling of Drifts

Where the combined response for the modal base shear (Vy)-is less than 0.85CsW, and
where C is determined in accordance with Eq. 12.8-6, drifts shall be multiplied by 0.85
CW/V,

In addition, for structures.located where S, is equal to or greater than 0.6g,.Cs shall not be
less than

C,=0.5S,/(R/T)) (12.8-6)
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FEMA 451 (Federal Emergency Management Agency)
3.1.6.3 Torsion, Orthogonal Loading, and Load Combinations
There are three possible methods for applying the orthogonal loading rule:

1. Run the response-spectrum analysis with 100 percent of the scaled Xispectrum acting in one
direction, concurrent with the application of 30 percent of the scaled. Y spectrum acting in the
orthogonal direction. Use CQC for combining modal maxima. Perform a similar analysis for the
larger seismic forces acting in the Y direction.

2. Run two separate response-spectrum analyses, one in the X direction and one in the Y direction,
with CQC being used for modal combinations in each analysis::Using a direct sum, combine 100
percent of the scaled X-direction results with 30 percent of the scaled Y-direction results. Perform a
similar analysis for the larger loads.acting in the Y direction.

3uRun two separate response-spectrum analyses, one in the X direction and one in the Y-direction,
with

CQC being used for modal combinations in each analysis. Using SRSS, combine 100 percent of the

scaled X-direction results with 100 percent of the scaled Y-direction results

P . V ; . 4
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Scaled Absolute Sum Method

Specify 0 < dirf < | to combine the directional results by the scaled absolate sum
method. Here, the directional results are combined by taking the maximumyover all
directions, of the sum of the absolute values of the response in one direction plus
dirf times the response in the other directions.

For example, if dirf = 0.3, the spectral response, R, for a given displacement, force,
or stress would be:

R=max(R,.R,,R3)
where:
Ry =R; +03(R; +R3)
Ry, =R, +03(R| +R;)
R; =R; +03 (R, +RE)
and R, R,, and R; ar¢ the modal-combination values for each direction.
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Structural displacement, 0, =€, :0,,
where,

0., = Elastic deflection calculated
from design forces

C, ="Deflection amplification factor

— Drift, A = 5, — 0y
5x—1 Jg 5x
4 o 4
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CMi1q Interstory drift in_a building
without torsional irregularity
where the center of mass of a
floor does not.align vertically
with the center of mass of the

floor below.

Vertical projection of CM;,;
on the bottom floor

— . B I . o e £ \F\’.‘;’\ 2 "A"
O+ \ d>aw This publication or any part thereof must not be reproduced in any form without the written permission h Version: 140

Z

&' WebSite: www.M-Alirezaei.com
&) Telegram: @AlirezaeiChannel

ASCE7-10
12.8.6 Story Drift Determination

The design story drift (A) shall be computed as the difference. of the deflections at the
centers of mass at'the top and bottom of the story under consideration. See Fig. 12.8-2.
Where centers of mass do not align.vertically, it is permitted to compute the deflection at
the bottom of the story based on the vertical projection of the center of mass at the top of
the story.:Where allowable stress design is used, A shall be.computed using the strength
level seismic forces specified in Section 12.8 without reduction for allowable stress
design.

For structures assigned to Seismic Design Category C, D, E, or F having horizontal
irregularity Type 1a or/1b of Table 12.3-1, the design story drift, A, shall be computed as
the largest difference of the deflections of vertically aligned points at the top and bottom
of the story under consideration along any of the edges of the structure.
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12.7.3 Structural Modeling

A mathematical model of the structure shall be constructed for the purpose of determining
member forces and structure displacements resulting from applied loads and any imposed
displacements or P-delta effects.

In addition, the model shall comply with the following:

a. Stiffness properties of concrete and masonry elements shall consider the effects of cracked

sections.

b. For steel moment frame systems, the contribution of panel zone deformations to overall

story drift shall be included: j\\ y
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16.2.4.3 Story Drift

The design story drift, A;, obtained from the analyses shall not'exceed 125 percent.of the drift
limit specified in Section 12.12.1.
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16.1.3.1 Two-Dimensional Analysis

Where two-dimensional analyses are:.performed, each ground motion shall consist of.a
horizontal acceleration history, selected ‘from an actual recorded event. Appropriate
acceleration histories shall be btained from records of events having magnitudes, fault
distance, and source mechanisms thatrare consistent with those. that control the maximum
considered earthquake. Where the required number of appropriate recorded ground motion
records are not available, appropriate simulated ground motion records shall be used to make
up the total number required. The /ground motions shall be scaled such that the averagevalue
of the 5 percent damped response spectra for the suite of motions is not less than the design
response spectrum for the site for periods ranging from 0.2T to 1.5T where T is the natural
period of the structure in the fundamental mode for the direction of response being.analyzed.
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16.1.3.2 Three-Dimensional Analysis

Where three-dimensional analyses are performed, ground motions shall consist of pairs of
appropriate horizontal ground motion acceleration components that shall be selected and
scaled from individual recorded events. Appropriate ground motions shall be selected from
events'having magnitudes, fault. distance, and source mechanisms that are consistent with
those that control the maximum' considered earthquake. Where the required number of
recorded ground motion pairs is not available, appropriate simulated ground motion pairs are
permitted to be used to make up the total number required. For each pair of horizontal ground
motion components, a square root of the sum of the squares (SRSS) spectrum shall be
constructed by taking the SRSS of the 5 percent-damped response spectra for the scaled
components (where an identical scale factor is applied to both components of a pair). Each
pair of motions shall be scaled such that in the period range from 0.2T to 1.5T, the average of
the SRSS spectra from all-horizontal com nent pairs does not fall below the corresponding
ordinate of the response spectrum used in the design, determined in accordance with Section
11.4.50r 11.4.7.
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The web-based Pacific Earthquake Engineering Research Center (PEER) ground motion databasé provides tools for searching,
selecting and dewnloading ground motion data.
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Welcome {to the PEER Ground MotionJDatabase

ALL downloaded records are UNSCALED and as-recorded (UNROTATED). The scaling tool availabl@on this site is to be used to
determine the sgale factors to be used in the simulationiplatform. These scale factors can béfound \with the record metadata in tig
downloady(Scaling the traces within this tool wéuldenly cause confusion with file versioning)y

Please note that, due to copyright issues, a strict limit has been imposed on the number of re€ords that can be downloaded with
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will resultin further restrictions.
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SeismaStruct is an award-winning program,developed 4§

assessment of different classes of structuresTsuch &
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Static.and dynamic analysis methods {pushver. incre
to meet the analytical requirements,posed by the modgg
assessment and design philosephy.
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SeismoSignal

SeismoSignal constitutes.a simple, yet
efficient, “package for'the processing of
strong-motion data. Amengst other things, it
allows “for the derivation of elastic and
constant ductility inelastic response spectra,
computation of Fourier amplitude spectra,
filtering of high and low frequency record
content and estimation of other important
seismological parameters, such as the Arias
Intensity.and“the significant and effective
durations.
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16.1.3.2 Three-Dimensional Analysis

“For each pair of horizontal ground motion components a square root of the sum of the
squares (SRSS) spectrum shall be constructed by taking the SRSS of the 5-percent. damped
response spectra for the scaled components (where:an identical scale factor is applied to
both components of a pair). Each pair of motions shall be scaled such that:for each period in
the range from 0.2T to 1.5T, the average of the SRSS spectra from all horizontal component

pairs does not fall below the corresponding ordinate of the design‘response spectrum
determrned in accordance with Section 11.4.50r 11.4.7.
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Suite of Ground Motions Used for Response History Analysis

NGA Magnitude | Site Class Year Component Source/| PGA (g) Record
Record [Epicenter Motion Name (This
Number Distance, Example)

km]
68 6.6 D 1971 San Fernando 090 0.210 AO0O0
[39.5] San-Fernando 180 0.174 A90
169 6.5 D 1972 Imperial Valley 262 0.238 B0OO
[33.7] Imperial Valley 352 0.351 B90
953 6.7 D 1994 Northridge 009 0.416 (6(0]0]
[13.3] Northridge 279 0.516 C90
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Axis 3 A

Face 6: Top (+3 face)

Face 5: Bottom (-3 face)
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*The inside angle‘at each corner must be less than 180°. Best
results for the quadrilateral will be obtained when these angles

are near 90°, or at least in the range of 45° to 135°.

* The'aspect ratio of an element should not be too large. Best
results are obtained for aspect ratios near-unity, or at least less

than four.

E— M&/\%y’\\ .‘
"

0$Y dxaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.0

Email: M.Alirezaei@iiees.ac.ir 281



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

”é WebSite: www.M-Alirezaei.com
(4 Telegram: @AlirezaeiChannel

Axis 3

Axis 2

Face 6: Top (+3 face)

Face 5: Bottom (-3 face)

stress recovery.is poor
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sketch to the left. Bending deformations in shell "a" are
probably insignificant and thus no further 'meshing is
needed. The bending deformations in shell "b" may be
significant and thus you may want to mesh it into addi-
tional shell elements.

R} ? [ ]]
-
S A,

a) b) <)
; left pier becomes. slender. In that As the spandrel becomes
gﬁgﬁ%{:&%ﬁ{;'ﬁ case, bending deformations may be more slender, you may
0od significant in that pier, and thus, itis want to use a frame
9 meshed into two shell'elements element to m%t. 7

: For example, consider the shell elements shown in the

2

— E— S — W,
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1 D Elements (Beam type)

Can be used in 1D, 2D and 2D
2-3 Nodes. A, | etc.

Truss and Beam Elements (1D,2D,3D)

2 D Elements (Plate type)
Can be used in 2D and 3D Model Q D O
3-9 nodes. Thickness

Plane Stress, Plane Strain, Axisymmetric, Plate and Shell Elements (2D,3D)

3 D Elements (Brick type) <\, <
Can be used in 3D Model \ n ”

g
6-20 Nodes. /

R o R R ) Brick Elements /
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General

Total DOF per Node = 3 (or 2)
Total Displacements per Node = 2

Total Rotations per Node = 1 (or 0)
Membranes are modeled for flat surfaces

Application

For Modeling surface elements carrying
in-plane loads

Building Specific Application Membrane

For representing floor slabs for Lateral
Load Analysis.

Model Shear walls, Floor Diaphragm etc

e
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The Shell Element
General

Total DOF per Node = 6 (or 5)
Total Displacements per Node = 3
Total Rotations per Node = 3
Used for curved surfaces

Application

For Modeling surface elements carrying
general loads

Building Specific Application

May be used for modeling of general slabs systems.
But not used generally

Suitable for curved structures

0%V d>aw This publication or any part thereof must not be reproduced in any form without the written permission

Version: 1:0|

29 WabSite: www.M-Alirezaei.com
< Te|egram: @AlirezaeiChannel

General

Total DOF per Node =3

Total Displacements per Node = 1
Total Rotations per Node = 2
Plates are for flat surfaces

Application

For Modeling surface elements carrying
out of plane loads

Building Specific Application

For representing floor slabs for Vertical
Load Analysis

Model slabs

Plate
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0= 0.278x107° 4i = 0.278x10°° x185x50 =2.57x 10>
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kN
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