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. k
Shape of Hill or Escarpment ASpa! o
x<0 x>0
2-dimensional ridges {or valleys with negative H) 2.2 Hyky 3 15 15
2-dimensional escarpments 1.3 Hyly 25 1.5 4
3-dimensional axi-symmedrical hills 1.6 Hyly 4 1.5 1.5
(1} For HyL, > 0.5, assume that Hyly, = 0.5 and substitute 2H, for Ly, in Equation (3). )
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— 1 Table 12.3-1

IYP Reentrant Corner Irregularity: Reentrant corner

‘ irregularity is defined to exist where both plan
o - projections of the structure beyond a reentrant
corner are greater than 15% of the plan

ﬂ ——+ dimension of the structure in the given direction.
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Table 12.3-1

Torsional Irregularity: 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 1.2 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
)‘ 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 by a 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.
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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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A Point Displacements
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' % v 2
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Table 12.3-1
n UL ez g
!E Out-of-plane offset irregularity is defined
to exist where there is a discontinuity in a
_i”b Sb/slse lateral force-resistance path, such as an
out-of-plane offset of at least one of the
I vertical elements.
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A) 2nd story and above shear wall
B) 1st story only shear wall
C) Full height shear wall
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ASCE7-10
\ 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

seismic force-resisting system in any story is
Lig1 >1.5 Ly more than 130% of that in an adjacent story.
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geometric irregularity Does not have a vertical geometricirregularity

(a) Moment Frame (b) Braced Frame
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Table 12.3-2
y Weight (mass) irregularity is defined to exist
M; >1.5 My, i+1_where the effective mass of any story is more
L i M. than 150% of the effective mass of an adjacent
M, >1.5 M,y y story. A roof that is lighter than the fl oor below

i—1 need not be considered.
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Display Design Options Help
M1 Show Undeformed Shape
Show Loads

Choose Tables for Display L B AE BN

F7 Show Deformed Shape...

ﬁ Show Mode Shape...

$=f Show Member Forces/Stress Diagram
¥ Show Energy/Virtual Work Diagram...
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(=)

Show Story Response Plots...
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=[]0 MODEL DEFINITION (0 of 61 tables selected)
& [ Building Data
#-[J Property Definitions
# [ Load Definitions
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& [J Input Desigri-Data
. ®[J Options/Preférences Data
&[0 Miscellaneous Data
=-B ANALYSIS RESULTS (1 of 21 tables selected)
é O Displacements
#-[] Reactions
8:! [ Modal Information
=B Building Output
| &R Building Output
B
o P -0 Table: Story Shears
O Table: Tributary Area and RLLF
O Table: Special Seismic Rho Factor
& [ Frame Output
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&[] Objects and Elements
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[ L Table 12.3-2
oo e - In-Plane Discontinuity in Vertical Lateral Force-
w2 >l Cannis Resisting  Element  Irregularity:  In-plane
L Ly discontinuity in vertical lateral force-resisting
Slouls >Ly @ 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
slab.
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Str, <0.8 Str,,, Table 12.3-2

Str., , Discontinuity in Lateral Strength—Weak Story

Irregularity: Discontinuity in lateral strength—

- weak story irregularity is defined to exist where

Str, <0.65 Str;,, the story lateral strength is less than 80% of that
G it = 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

YA s 4 than 65% of that in the story aboYi g

Y\ 0 4xaw This publication or any part thereof must not be reproduced in any form without the written permission

Version: 2.0

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

H M, (typ)
M (typ)
H IO 010 010 -0

(a) Moment Frame (Story Mechanism) (b) Moment Frame (Beam Mechanism)
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IPB200 > A=78.1cm”>  [=5700cm®  Z,=642cm’ ¢, =15cm  £,=09cm
IPB220 - A=91cm®  [=8090cm®  Z, =828cm’ ,=16cm  ¢,=095cm
IPB240 - A=106cm®  [=11260cm*  Z,=1054cm®  ¢,=17cm  ,=lcm
IPB260 > A=118cm®  [=14920cm*  Z,=1282cm’  ¢,=175cm ¢, =lcm
IPB280 - A=131em®>  1=19270cm* = Z, =1534cm’ ¢, =18cm  7,=1.05cm

I1PB200— V. = F [d -2t )=21.187 ton
f y f
R R

PB220—V, = %Fy (d-2¢,)=24733 ton

IPB240 >V, =—— F (d - 21,)=28527 ton

ﬁ

IPB260 >V, =——F,(d~21,)=31.158 ton

f y

IPB280 >V, ‘T F,ld-21,)=3547910n
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pgo ails by Conglio = 2V;psna0) +Viumsaeo) = 2(24.733 ton)+(31.158 ton) = 80.624 ton
pom Al iy Cangliio = 2V -(m200) +Veipnaao) = 2(21.187 ton)+(28.527 ton) = 70.901 ton
o 983 &) gt Gl 9 Vb )0 e Jake &S (J g0 0 >

Jol aids s o = ( Sursaio) 2 purnaso)) = 43.704 ton

2
pod ik My oslis = 2 2 (22 i) + Z ppae)) = 40.293 ton

(22 (1PB200) +Z (1p3240)) 37.408 ton

Sl > 0 852 = 43 704 ton > 0 8><40 293 ton = 32 23 ig\ i .'"'
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Hu phixtin phistin I I
Homent Capacity No LTB l l - Ill l ‘
Major Bending 1114.886 3313440.000 3313448.0088 =y = . |
Minor Bending 418096.839 1550880.000 ‘. ==
SHEAR DESIGH | =

Uu phi*Un | Stress - |, :
Force Capacity | | Ratio | | L | I ‘

Major Shear 9.897  42336.000 [T -

Minor Shear 2415.188 130636.800 8.618
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s steel Frame Design Preferences ———
Design Gode AI5T.360-05/ 1B 2006 -
Frame T pps IMF
S efsriic D esign Category D
Importance Factor 1
System Rho 7
Syctem Gds 05
Syctem R i
S yctem Dmegall 3 -
System Cd 55
Dssign Provieion LRFD
Dission Analysis Method Disct Analysis
S econd Cider Method Gieneral 2nd Cider
Sifiness Reduction Method Taub Fised
PhiBendia] I i}
PhilCampression) i3 Cancel |
PHT ension vielding] 03 [
FhilT ension Fractue) 07 |
PhiShear) 03
PhifShear Rold 1] 1 Hhr i - =
e Tarc) i) _."“3L°‘ el b ol
Ignore Geismic Code? No
Ianore Specil esriic Load? Ho
1 Doubler Plate Plug Welded? Yes
HS5 Welding Type ERw
Reduce H55 Thickness? Ho
Consider Deflection? Yes
Deflection Check Type Both
DL Limi, L/ 120
Super DLALL Lt L/ 120
Tive Load Linit, L/ 360
Total Limit, L7 20
Total-Carber Limi, L7 20
DL Limt, abs 00254 |
Super DL+LL Lini, abs 00254 5
__ _ _ _ _ _ _ _ I _ e X .“ % <
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Flexural Check for P-M2-M3 [RLLF = 0.560)
i 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 Ve phi ¥n
Toplegl E.250 Dwal3s 140709232 46125903 26513864  109149.128 172425334

BotLeg 1 E.250 DwAL35 160800278  125683.543 26513.864 41096.469 154372735
Boundary Element Check

dge Edge Goverming Shiess Stress C C

Location  Length Combo Pu Mu Comp Limit Depth Limit

Left Top 0.0o0 Dwial 31 1439655537 -96.2310 149793883 562455701 N/C N/C
Right Top 0.000 Dwial 33 140815.000 36380.1611 195385241 562485701 N/C N/C
Left Bat 0.000 Diwial 36 150234.117 -123922.6620  336117.945 562455701 N/C N/C
Right Bot 0.0o0 Dwial 31 159746524 7E0.0ES7 160886.622  562455.701 N/C
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Design Code AC] 318-08/1BC 2009 .
Seizmic Design Category D
MWumber of Interaction Curves 24
Mumber of Interaction Paints 1
Congider Minimum Eccentricity Ve
Phi [Tension Controlled) 0.4
Phi [Compression Controlled Tied) 0.E5 b
Phi [Compression Contralled Spiral) 0.75 -
Phi [Shear and/or Torzion] ]
Phi [Shear Seistic] I3 Cooglile i g b polie
Phi [Shear Jaint] nes
Pattern Live Load Factor 0.75
Utilization Factor Limit 0.95
Cancel
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Pu phi=Pnc phi=Pnt
Force Capacity Capacity ¢
Axial Force F¥12.876 7113 .936 43416. 008 u
phi=tin i=Hn
Home Capacity LTB
Major Bending 2084324 282 840. 008 .(
Minor Bending 56376.000 i £
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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-
extreme soft story irregularity is defined to exist
where there is a story in which the lateral stiffness

is less than 60% of that in the story above or less

stories above.

Extreme 1
Soft A,

than 70% of the average stiffness of the three Soft iw <0.7 iz

1
< 0.6 A;
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Vertical structural irregularities of Types 1la, 1b,

and 2 in Table 12.3-2 do not apply where no story

drift ratio under design lateral seismic force is
greater than 130 percent of the story drift ratio of
the next story above. Torsional effects need not be
considered in the calculation of story drifts. The
story drift ratio relationship for the top two stories
of the structure are not required to be evaluated.
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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 permitied. Structures assigned to Seismic Design Category D having vertical
irregularity Type 5b of Table 12.3-2 shall not be permitted.

12.3.3.2 Extreme Weak Stories

Structures with a vertical irregularity Type 5b as defined in Table 12.3-2, shall not be .
over two stories or 30 ft (9 m) in structural height hy. a4 Q\; 5

YY'$ axio This publication or any part thereof must not be reproduced in any form without the written permission 4 Version: 2.0

Email: M.Alirezaei@iiees.ac.ir 168



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

WebSite: www.M-Alirezaei.com
A | Te|egram: @AlirezaeiChannel

Jsles 29 J.o:zj 4 ol ol o Ls:.ll} 2 s dadb 4 L%).A Cud9isxe ASCE7 éab
..b)lJS J,.?’YA“ ))))9.0 U‘-’-'Ugﬁj‘bw J)LD)J‘AM:lJLsulD LSLQ’).:.:)Jl)JQO

ASCE7-10

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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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 A2:1)

12D+ 1.6L+0.5 (L, or S) (12-2)
1.2D + 1.6 (L or S) + (fiL or 0.8W) (12-3)
12D+ 1.3W+fiL +0.5 (L, or S) (12-4)
1.2DH 1OE + (fiL + f25) (12-5)
0.9D + (1.0E jor 1.377) (12-6)
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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 (5D

D+ L+ (£, 0nS) (12-8)

D+ (W of %) (12-9)

0.9D + % (12-10)

D 0.75[L 3 ot S) + (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. ¢. 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/p of 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. _ Y 4
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12.2.5.5 Special Moment Frames in Structures
Assigned to Seismic Design Categories D through F

For structures assigned to Seismic Design Categories D,
E, or F, a special moment frame that is used but not
required by Table 12.2-1 shall not be discontinued and B
supported by a more rigid system with a lower response i

modification coefficient, R, unless the requirements of

Sections 12.3.3.2 and 12.3.3.4 are met. Where a special @

moment frame is required by Table 12.2-1, the frame
shall be continuous to the base.
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Table 12.8-1 Coefficient for Upper Limit on Calculated Period

Design Spectral Response Acceleration Parameter at 1 s, SD, Coefficient C,
) - 204 g 1.4
- 0.3 1.4
N .02 1.5
N - 0.15 1.6
<0.1 1.7 BN
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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:

T, = Cthr)zc

where £, is the structural height as defined in Section 11.2 and the coefficients C, and x
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 (o 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)2 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

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

For h,=18 m ASCET7-10 T, =0.0724x18"% =0.73sec
For steel moment frames
2800 Standard T,=0.08x 18%75 = 0.7sec

ASCET7-10 T, =0.0466x18% =0.62sec
For concrete moment frames
2800 Standard T, =0.05x18"" = 0.67sec

For eccentrically moment frames
2800 Standard T, =0.08x18%" =0.7sec
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Membrane 11 Modifier
Membrane 122 Modifier
Membrane F12 Modifier
Bendng m11 Modifier

Property Modifiers

Cross-section (axial) Area

Shear Area in 2 direction

Property Modifiers -

Shear Area in 3 direction

Torsional Constant [ Cross-section (axial) Area 1

Moment of Inertia about 2 axis ] Shear Area in 2 direction 1

Moment of Inertia about 3 axis o5~ Shear Area in 3 direction 1

Mass [ Tarsional Constant 1

Weight [T || 1" Momento Inetta about 2 asis [

‘ Moment of Inertia about 3 axis 1

W Mo -
‘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.

k=1

\/ —
For long period buildings the force is ~ |
shifted upwards to account for the v, 4
whipping action associated with / |
increased flexibility /
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\/ — k=g
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IBC-2000

1617.2.2 Seismic Design Category D, E or E. 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:

P = 2 —— .
P Mot ,/I (Equation 16-32)
For SI
=2 6.1
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i b v, Vi (ton) l, (m) V. (ton) l, (m)

\ 164.6 | 15.46 3.05 41.9 12.2
Y 130.6 12.2 3.05 34.11 12.2
Y 94 16.46 3.05 31.43 6.1
f 47.6 8.93 3.05 18.05 6.1
o

San Sl Gl b Eli5 )| g 90 SV

AB Jys | CD 5 C-DE g5
MEESIEGEN
V. L, v.\ L,
\ 164.6 0.094 0.064 0.094
Y 130.6 0.093 0.065 0.093
Y 94 0.175 0.167 0.175
¥ 47.6 0.188 0.190 0.190
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/\/ Shear wall height-to-length ratio
= hwaII/LwaII
__ Storylevel \yg|l pier height-to-length ratio
= hyp/Lyp
e h,.i = height of shear wall
€ _E h,, = height of wall pier
hwan L, = height of shear wall
higs Ly, = height of wall pier
Story Level

LwaII

_Shear Wall and Wall Pier Height-To-Length Ratio Determination . j\,f
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ASCE2010 (12.3.2.1 Horizontal Irregularity): ~ %me ==

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 sjr cty\ o P
\ \Versio
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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 times|

the Iength of shear wall divided by the story helght hSX, for ||ght -frame const % y\/
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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 connections at 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-length ratio greater than 1.0 within
a height-to-length ratio greater any story, or collector connections thereto, would not result in more than a 33% reduction
than 1.0 in story strength, nor does the resulting system have an extreme torsional irregularity

(horizontal structural 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 of any single cantilever column 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).

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)

> N i\ /
& - 3 . L %,
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ASCE7-10

12.12.1.1 Moment Frames in Structures Assigned to Seismic Design Categories D
through F

For seismic force-resisting systems comprised solely of moment frames in structures
assigned to Seismic Design Categories D, E, or F, the design story drift (A) shall not exceed
A,/p for any story. p shall be determined in accordance with Section 12.3.4.2.
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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 strneture e — e ; "}}_' N
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1
L. = Viw=|77—"—W
yield ( D/ C)max base
Viase = base shear from Equivalent Lateral Force (ELF) analysis

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

1
3. - Vyield,Removed = m Vbase
. Vyield Removed
3. o if YeldRemoved 3300 o 5=1.0

Vyield

. _ . _ B— 3 gj\’
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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
1.2D + 1.0E + 05K+ 0.25 Load Combinations
0.9D + 1.0E Including £

¢ — .-s\i\""‘”..
_ _ ——— I . I . ._._._..‘.M\/ ¥ e
0+ 0 4xawo This publication or any part thereof must not be reproduced in any form without the written permission Version: 2.0

”.‘:ﬁ? WebSite: www.M-Alirezaei.com
(A Telegram: @AlirezaeiChannel

$2D+1.0E+L+0.2S

0.9D+1.0E

[HHH

Basic Load Combinations
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Definition of E for use in basic load combinations:
For Load Combination: 1.2D + 1.0E + 0.5L + 0.2S
E=pQg+0.2Sy,gD
For Load Combination: 0.9D + 1.0E

%

- N i\} /
0+ Y 4xaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 2.0
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E=pQgx02S,4D
= —

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
p = reliability factor

(depends on extent of redundancy in the seismic lateral resisting system;
p varies from 1.0 to 1.2)
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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+ 0.2 S,gD
|:{> (1.2+0.2Spg) 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-0.2Sp5 D substitute:

—> [(0.9-0.2S,5)D+1.0p Q |

Maximum positive moments (or minimum negative moment) at the face of the
supports of the girders and maximum tension (or minimum compression). in the

columns o/ —— N
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(1.2+40.25,)D+0.5L (0.9-0.25,5)D
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Heavy Gravity Light Gravity
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Heavy Gravity + Lateral East Heavy Gravity + Lateral West

/ . . \ @

2 / 2
»

Light Gravity + Lateral East

__

. 'V’
Light Gravity + Lateral West ; 5
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& Link Properties...
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Diaphragms...

Section Cuts...

E Response Spectrum Functions...
@ Time History Functions...

B Static Load Cases...
onsefSpectrdm Gases
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Static Nonlinear/Pushover Cases...
Add Seguential Construction Case

DL Load Combinations...
Add Default Design Combos...
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[~ Use for Design

& Include Special Seismic Design Data (" Do Not Include Special Seismic Design Data

Rho Factor (Reliability Factor based on Redundancy), DL Multiplier
" Program Calculated € Program Default (0.2)

& User Defined 1.2 & User Defined
IBC2000 Seisric Design Category . —

 ABoC | 1 The program calculated Rho Factor is determi
| based on the method described in Section 16
@« D.EorF | of the 2000 Intemational Building Code.

- . | 2 The program calculated Rho Factor is reported
Lateral Force Resisting System Type v a part of the Building Output data.

¢ Dual System | 3 The th factor aqd the DL Multiplier are
| automatically applied to all program default des!
& Other load combinations for the American codes (4CI

4 AISC, UBC). These factors must be applied
£ | manually by the user for other combinations.

Omega Factor (System Overstrength Factor)
" Program Default (3.0)
& User Defined
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ASCE7-10 —
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
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ASCET7-10
12.9.4.2 Scaling of Drifts

Where the combined response for the modal base shear (V,) 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/L,) (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 X spectrum 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.

3. 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 SRSS, combine 100 percent of the
scaled X-direction results with 100 percent of the scaled Y-direction results
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Scaled Absolute Sum Method

Specify 0 < dirf < 1 to combine the directional results by the scaled absolute sum
method. Here, the directional results are combined by taking the maximum, over 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,.R5.R3)
where:

Ry =R +03(Ry +R3)

Ry =R, +03 (R +R3)

R3 =R;3 +03 (R +:R3)

and R, R,, and R4 are the modal-combination values for each direction. |
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Elastic deflection calculated
from design forces

C, = Deflection amplification factor

Drift, A = 5, — &, 4
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My 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
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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. }\_
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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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10 0.29 14.00 14.00 21.53 1.35
9 0.92 24.58 10.58 20.18 1.95
8 1.51 34.05 9.47 18.23 2.09
7 2.37 42.70 8.65 16.14 2.44
6 2.96 50.02 7.32 13.71 2.43
5 3.63 56.34 6.32 11.28 2.48
4 3.90 61.18 4.85 8.80 2.28
3 4.62 65.41 4.22 6.52 2.36
2 4.62 67.82 2.41 4.16 2.09
1 4.09 68.65 0.83 2.07 2.07
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9 0.92 25.50 11.21 20.26 1.95
8 1.51 35.57 10.07 18.31 2.10
7 237 45.07 9.50 16.21 2.45
6 296 52.98 7.91 13.76 243
5 3.63 59.97 6.99 11.33 2.49
4 3.90 65.08 511 8.84 2.29
3 462 70.03 4.95 6.55 2.37
2 462 72.44 2.41 4.18 2.10
1 4.09 72.74 0.30 2.08 2.08
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where B is the ratio of shear demand to shear capacity for the story between Levels x and x —
1. This ratio is permitted to be conservatively taken as 1.0.
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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 that are 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 average value
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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GO gle peer strong motion database

Web Videos Images Shopping MNews More= Search toels
— PEER Strong Motion Database
About 107,000 results {0°35 seconds)

Scholarly articles for peer strong motion database
NGA project strong-motion database - Chiou - Cited by 327

... CAV) based on the PEER-NGA strong motion database - Campbell - Cit
Strong motion record processing for the PEER center - Darragh - Cited by 19

PEER Strong Motion Database - University of California
ngawestZ BeTkeley-cdu-= —_ -
Relatienal database providing information about and access to strong motiol
recordings. Available in both java and text versions
Sign in - NGA West 2 - NGA-West2 - PEER

hetp://ngawest2.berkeley.edu/

http://www.consrv.ca.gov/cgs/smip/
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PEER Ground Motion Database

4 :
lllll',l" Pacific Earthquake Engineering Research Center

DOCUMENTATION Herp

FEEDBACK
SIGN_UP OR SIGN_IN

~

The web-based Pacific Earthquake Engineering Research Center (PEER) ground motion database provides tools for searching,
selecting and downloading ground motion data.

Welcome to the PEER Ground Motion Database

ALL downloaded records are UNSCALED and as-recorded (UNROTATED). The scaling tool available on this site is to be used to
determine the scale factors to be used in the simulation platform. These scale factors can be found with the record metadata in t
download (Scaling the traces within this tool would only cause confusion with file versioning).

Please note that, due to copyright issues, a strict limit has been imposed on the number of records that can be downloaded with
a unique time window. The current limit is'set at approximately 200 records every two weeks, 400 every month. Abusive download
will result in further restrictions.

The database and web site are periodically updated and expanded. Comments on the features of this web site are gratefully
welcome; please send emails to: peer_center@berkeley.edu

NGA-West2 -- Shallow Crustal Earthquakes in Active Tectonic Regimes \

The NGA-West2 ground motion database includes a very large set of ground motions recorded in worldwide

shallow crustal earthquakes in active tectonic regimes. The database has one of the most comprehensive sets

of meta-data, including different distance measure, various site characterizations, earthquake source data, etc.
be - database jo similagto the NGA-West? dataj which was used to develop th
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] SEISMOSOFT

EARTHQUAKE ENGINEERING SOFTWARE SOLUTIONS Fome

HOME COMPANY PRODUCTS SERVICES DOWNLOAD SHOP

R 1O

e/ SeismoStructis-an award-winning program developed f§
assessment of different classes of structures. such &
plants. subjected to earthquake strong'mation. It featurg
static.and dynamic analysis methods (pushover. increrg
to'meet the analytical requirements posed by the modgg
assessment and design philosophy:

More Details
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T SeismoSignal
e mUSlIEDQL SeismoSignal constitutes a simple, yet
T efficient, package for the processing of
strong-motion data. Amongst 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,,
dete.rmlned in accordance with Section 11.4.5 or 11.4.7.- — '}:;fg\:; y
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Suite of Ground Motions Used for Response History Analysis

NGA Magnitude Component Source Record
Record [Epicenter Site Class Year P . PGA (g) Name (This
h Motion
Number | Distance, km] Example)
6.6 San Fernando 090 0.210 A0O0
68 [39.5] Q 1971 San Fernando 180 0.174 A90
6.5 Imperial Valley 262 0.238 B0OO
169 [33.7] D 1979 Imperial Valley 352 0.351 B90
6.7 Northridge 009 0.416 coo
953 [13.3] D 1994 Northridge 279 0.516 C90
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San Fernando SRSS: CS1=0.778 x 1.706 =I1.38 :
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12.3.1.2 Rigid Diaphragm Condition
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metal deck with span-to-depth ratios of 3 or less 2O S0

in structures that have no horizontal irregularities w; ,Jw )2 ‘—'J*ﬂ O O'g&f
are permitted to be idealized as rigid.
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ASCE7-10
12.3.1.3 Calculated Flexible Diaphragm Condition

(3 gulnn o3l o)'lel ASCE7 (}b

Diaph t satisfying th diti f Secti = Pfl)élp ot oSG
iaphragms not satisfying the conditions of Sections él s . )

12.3.1.1 or 12.3.1.2 are permitted to be idealized as ? P:I)Bl)) Ls:lg'qb' LS?JL? LSLM)?

flexible where the computed maximum in-plane

deflection of the diaphragm under lateral load is more ol Jg,w Oxed 4 00 YA -

than two times the average story drift of adjoining

vertical elements of the seismic force resisting system

of the associated story under equivalent tributary

lateral load as shown in Fig. 12.3-1. The loadings

used for this calculation shall be those prescribed by

Section 12.8.

03 390 opl gk Mwwﬁbw

o

: N f\ s
%+ Y axawo This publication or any part thereof must not be reproduced in any form without the written permission Version: 2.0

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

De

MAXIMUM DIAPHRAGM
DEFLECTION (MDD)

AVERAGE DRIFT OF VERTICAL ELEMENT
(ADVE)

Note: Diaphragmis flexible if MDD > 2(ADVE).
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Diaphragm displacements for a 10 cm thick slab
T, ; 0.904 0.878 0.904
£ 0.
038
T 0.7
o 0.6
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@20, =—Diaphragm
20_;%)'2 s Displacement X7/
g 0.2
-§ 0.1
a 0 =~ A —=
0 10 20 30 40 50
0.277 + 0.67 distance from Wall'A
ADVE = ——— = 0473 mm b 5SSk 6»_[2.:[9
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Axis 3 A

Axis 1

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.

o
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Axis 3 A

Axis 2

Face 6: Top (+3 face)

Face 5: Bottom (-3 face)

i

stress recovery is poor
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For example, consider the shell elements shown in the

," 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-

a) ) :
tional shell elements.
a) b) ©)

; left pier becomes slender. In that As the spandrel becomes
gﬁgﬁ%{:&%ﬁ{sﬂﬁ case, bending deformations may be = more slender, you.may
good significant in that pier, and thus, itis want to use ‘a frame

meshed into two shell elements element to}\mcyj_\!:_ P
$YY axawo This publication or any part thereof must not be reproduced in any form without the written permission N \Versiun: 20

”2" WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

1 D Elements (Beam type)
Can be used in 1D, 2D and 2D

2-3 Nodes. A, | etc.

y

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

2 D Elements (Plate type)
Can be used in 2D and 3D Model & A Q @

3-9 nodes. Thickness
Plane Stress, Plane Strain, Axisymmetric, Plate and Shell Elements (2D,3D)

3D lomfie ik el
6-20 Nodes. .
K g

Brick Elements
_— -
Version: 2.0
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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

For representing floor slabs for Lateral
Load Analysis.

Model Shear walls, Floor Diaphragm etc

> cY
c
=

Node 1

Membrane

- N f\} /
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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

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

Suitable for curved structures

Building Specific Application

9" 7 Ao Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission ; Version: 2.0

Email: M.Alirezaei@iiees.ac.ir

313



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

= WebSite: www.M-Alirezaei.com

\o Telegram: @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

For representing floor slabs for Vertical
Load Analysis

Model slabs

Building Specific Application

Plate

%
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o 651,365

Constrained

Jointf,\
\

Effective ~
Rigid Links ™l

Constrained
Joint

o W4
Rigid Floor Slab Constra@
/’_ # Joint

o

__ Automatic
Master Joint

__JJoint

AslNls Gt g &) s

ol s 35250 slas 8 plas 0lgs o
Sl s s ol )ged e oo 4 )

b o puals Az s A 4 e 60151

Constrained |

Use of the Diaphragm Constraint to
Model a Rigid Floor Slab

$YA axiwo This publication or any part thereof must not be reproduced in any form without the written permission 4 Version: 2.0

Email: M.Alirezaei@iiees.ac.ir

314



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Email:

”ﬁ WebSite: www.M-Alirezaei.com
6 Telegram: @AlirezaeiChannel Lasl (s dino

7
AV

AN
AN
N\
N

nzipperu

L
L
L

S B Oy 0SB abil S j0 gae g3 0,5 a5 wll (gysb sl i (goide 09
e w0 4 1, Ll 5 olall S Jansgs oo 0,5 gl e & ppme 0 4 i ol NS

)
: — ) — : — : ) — : “A
$Y4 axawo This publication or any part thereof must not be reproduced in any form without the written permission : Version: 2.0

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

Assign Aﬂalyze Display D&sign Options  Help
W | 34 oR o.Cr g | @ @
4 |||r,—\ e | e | DL

Sh eEVArea 5* Wall/Slab/Deck Section...

-

. Opening...
e T E Diaphragms...
Shell/Area Loads y @ Local Axes..
5 Shell Stiffness Modifiers...
“a Group Mames... -
]} Pier Label...
Clear Display of Assi
il gy £ Spandrel Label...
Copy Assigns :
%? Area Springs...
Paste Assigny b aa -
&3 Additional Area Mass..,
Area Object Mesh Options...
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Paint Object 4
b ¥

Story Level STORYE

Trans 7.074977 0.000000 -1.380355
FRotn 0.000000 0.004612 0.000000

z

T

Paint Object 4
X
Trans 5.981515
Ratn 0.000000

Story Level  STORYE

Y Z
0000000 -1.160743
0.003890 0.000000

AutglLine Constraint Options

[Select Options-
" DoNOT Create Line Constraints
" Create Line Constraints around
| IV Walls and Ramg
¥ Floor

[V Apply to Full Structure (not just Selection)

Cancel

kS =
| Auto Line Constraint Options

|
— !
T i

T —

elect Options:
" Do NOT Create Line Constraints

v
IV Floors

[V Apply to Full Structure (not just Selection)

Cancel
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