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Madal Damping

Madity/Show... I
Modifp/Show... I
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 General
Load Caze Mame ( SP15 Design... |
Load Caze Type Fesponze Specm LI Maotes. .. |

Exclude Objects in thiz Group

Sca |le 4-;1‘91 |NotAppIicabIe \

Masz Source | Frevious [MsSrel]
r— Loads Applied Sy
Function r Scale Facté\ | Coordinate System Angle, deg o
4B [4=0.35_5S0IL=3) 9806.65"1/5 Global 15 Add

Delete |
4 4 ¥ Advanced ‘¢ :

r~ Other P. h
Modal Load Case IModaI
Modal Combination Method I cac
[ Include Rigid Responze Rigid Frequency, f1

Rigid Frequency, f2

Ja

i

—

—

Periadic + Rigid Type li
—

[

)

E arthquake Duration, td

Directional Combination Type SRss

Abzolute Directional Combination 5 cale Factor

tModal Damping |Eonstantat 0.05 Modify/Show... |
Diaphragm Eccentric{' |D_059|Diaphragms Modify/Shaw... |

oK Cancel |

[~ General
Load Case Name ‘ SP30 Deszign... |
Load Case Type Response SDBCN ;I Motes... |

Exclude Objects in thiz Group

Sca le 41J‘91 |N0t Applicable \

tass Source |Previous [MsSre1)

r Loads Applied Ny
Function Scale Fach;N Coordinate Systemn Angle, deg o
&7Bla=0.35_50IL=3] 9806.6571/5 Global 30 Add
Delete |

4 4 ¥ Advanced |
= Other P. b

Modal Load Case IMUdaI

Modal Combination Method IEQC

[ Include Rigid Response Rigid Frequency, f1

Rigid Frequency, f2

I

i

]

]

Periadic + Rigid Type [ ]
]

i

]

Earthgquake Duration, td

Directional Combination Type SRSS

Abzolute Directional Combination Scale Factar

Modal Damping | Constant at 0.05 odify/Show... |
Diaphragrn Eccentrit(' | 0_059| Diaphragms M adify/S haw |

0K Cancel |

Yy



www.hoseinzadeh.net Y40/

D dewwloea a1 Sar0d ;S bt Spes Ohial 53 5 gl plazsl P-1-Y
Tyma sglody 25810 50 32 | oloial g8 ol 515y 1 50 dpailone 155 00 IS saboy
ol plasil 2 sasial o &f3l5 gppd b T 85 g g

oy 0 pliiali lagylazsl il

A il )b pylie pisg iz Ly g 90 Aol Jone 12 &5 plg7s 415 -
Slaul 8 51 S ph 48 cigan 58 Ayl Sl 51 LA (g s0may daili 8 jlgn ol 3 3l
Oledig ) adals ooyl widly (g 5590 5k Sepdyls daya Te 5l 2aS 5 990
S S aagoli

ly 53 it ypaiall oo 487 pouslie agly Ty ey 3l (08 Shaial (3B 3 lge 30
Aoy o Lyl olasial o i) Ggpei o pie (g5 cn s g g il wiaf, g0 lov]
G5 P0nr G0 sk lae nl 0 05 S5 1) ol agee Slazal 3 il (6900
g gl o33 o o] 3305 ey T 45 g0kl 5 (Y-TF) it fyge Uit

Gl ol Os 5 (galaBl S ol plo .Sl dy OISGl Calises (gls Sgr 53 35 (g5, Jlesl OISl Salos 5JUT s

:(@)gwo\:gﬁﬁjwrés@;)l,mga&ﬁ\,‘;\:‘tﬂ;é,ﬁw\&umﬁw I35 s, sl

0, 15, 30, 45, 60, 75, 90, 105, 120, 135, 150, 165

Load Case Data [ x] T} Load Case Data

~ Genersl
Load Case Name [FECs | | Design. /’ [ePECiE | | Design.
Load Case Type [Respanse Spectum =] Nate; Load Case To [Resporse Spectrum =] Mates.
Exclude Obiects in this Group [ Mot &pplicable Exclude Obiects in this [ Mot &ppiicable
~ Loads Applied ,, \\ ~ Loads Appied \-v,_ —\\
Function | Scale Factar | Coordinate System § | Angle, deg Y Function | Scale Factor | Cooidinate System . Angle,deg %
035.501L=3) | 980BE51/5 Glabal 0 4dd 035._50IL=3) | 980BE51/5 Glabal 165 add

Delete

7] advanced

[~ Dther Parameters

[~ Dther Parameters

Modsl Load Case [Modal Modal Losd Case [Modal
Modal Combination Method [cac Modal Combination Method [cac
™1 Include Rigid Responss Rigid Frequency, {1 T Include Rigid Respanss Rigid Frequency, i1

Fiiiel Frequency, 2 Fiiiel Frequency, 2

Periodic + Rigid Type Periodic + Rigid Type

Earthquake Duration, td Earthquake Duration, td

Directional Combination Type SRSS Directional Combination Type SRSS

Absolute Directional Combination $cale Factar

LT
LT

Absolute Directional Combination $cale Factar

Madal Damping [Constant at 0.05 Maify/Show e o @ Madal Damping [Constant at 0.05 Madify/5 how
Diaphragm Eccentricity ‘U_DE'D[AHDiaDhlagmg Modify/Show. Diaphragm Eccentricity ‘U_DEIWAHDiaphlagms Modify/Shaw.

ak Cancel ak Cancel

[~ Load Cases Click o

Load Case Mame Load Case Type - Add New Case...
SPECD Response Spectum Add Copy of Case
SPECIE Fespanse §pectrum Modi/Shaw Case..
SPEC30 Response Spectum " Delete Case
SPEC4E ~

Response Spectum

SPECED Fesponse Spectum = “ Show Load Case Tree:
¥

SPECTE Fespanse §pectrum

SFEC30 Response Spectum

SPECT05 Response Spectum (2]
SPEC120 Response Spectrum Cancel
SPEC120 —I

FResponse Spectum

SPECTZS Response Spectrum
SPEC150 Response Spectum
SPEC1ES Response Spectrum
SPECTE0 Fiesponse Spectrum
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UDCON-DYN2-1

1.4D

UDCON-DYN2-2

1.2D+1.6L+1.6 LRED+1.6 LRED0.5+1.6 LPART+0.5S

UDCON-DYN2-3

1.2D+1.6L+1.6LRED+1.6 LRED0.5+1.6 LPART+0.5LROOF

UDCON-DYN2-4

1.2D+L+LRED+LREDO.5+LPART+1.6S

UDCON-DYN2-5

1.2D+L+LRED+LREDO0.5+LPART+1.6LROOF

UDCON-DYN2-6

1.41D+L+LRED+0.5LREDO0.5+LPART+0.2SNOW+ p X SPO+EV

UDCON-DYN2-7

1.41D+Live+LRED+0.5LREDO0.5+LPART+0.2SNOW+ p X SP15+EV

UDCON-DYN2-8

1.41D+Live+ LRED+0.5LREDO0.5+LPART+0.2SNOW+ p X SP30+EV

UDCON-DYN2-9

1.41D+Live+LRED+0.5LREDO0.5+LPART+0.2SNOW+ p X SP45+EV

UDCON-DYN2-10

1.41D+Live+ LRED+0.5LREDO0.5+LPART+0.2SNOW+ p X SP60+EV

UDCON-DYN2-11

1.41D+Live+LRED+0.5LREDO0.5+LPART+0.2SNOW+ p X SP75+EV

UDCON-DYN2-12

1.41D+Live+ LRED+0.5LREDO0.5+LPART+0.2SNOW+ p X SPOO+EV

UDCON-DYN2-13

1.41D+Live+LRED+0.5LREDO0.5+LPART+0.2SNOW+ p X SP105+EV

UDCON-DYN2-14

1.41D+Live+ LRED+0.5LREDO.5+LPART+0.2SNOW+ p X SP120+EV

UDCON-DYN2-15

1.41D+Live+LRED+0.5LRED0.5+LPART+0.2SNOW+ p X SP135+EV

UDCON-DYN2-16

1.41D+Live+LRED+0.5LREDO.5+LPART+0.2SNOW+ p X SP150+EV

UDCON-DYN2-17

1.41D+Live+LRED+0.5LREDO0.5+LPART+0.2SNOW+ p X SP165+EV

UDCON-DYN2-18

0.69D + p x SPO-EV

UDCON-DYN2-19

0.69D + p X SP15-EV

UDCON-DYN2-20

0.69D + p x SP30-EV

UDCON-DYN2-21

0.69D + p X SP45-EV

UDCON-DYN2-22

0.69D + p X SP60-EV

UDCON-DYN2-23

0.69D + p x SP75-EV

UDCON-DYN2-24

0.69D + p X SP90-EV

UDCON-DYN2-25

0.69D + p x SP105-EV

UDCON-DYN2-26

0.69D + p X SP120-EV

UDCON-DYN2-27

0.69D + p x SP135-EV

UDCON-DYN2-28

0.69D + p X SP150-EV

UDCON-DYN2-29

0.69D + p x SP165-EV

Yv
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UDCON-DYN2-1

1.4D

UDCON-DYN2-2

1.2D+1.6L+1.6LRED+1.6 LRED0.5+1.6 LPART+0.5S

UDCON-DYN2-3

1.2D+1.6L+1.6LRED+1.6 LRED0.5+1.6 LPART+0.5LROOF

UDCON-DYN2-4

1.2D+L+LRED+LREDO.5+LPART+1.6S

UDCON-DYN2-5

1.2D+L+LRED+LREDO0.5+LPART+1.6LROOF

UDCON-DYN2-6

1.2D+L+LRED+0.5LREDO0.5+LPART+0.2SNOW+ p X SPO+EV

UDCON-DYN2-7

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ p x SP15+EV

UDCON-DYN2-8

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ p x SP30+EV

UDCON-DYN2-9

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ p x SP45+EV

UDCON-DYN2-10

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ p x SP60+EV

UDCON-DYN2-11

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ p x SP75+EV

UDCON-DYN2-12

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ p x SP90+EV

UDCON-DYN2-13

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ p x SP105+EV

UDCON-DYN2-14

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ p x SP120+EV

UDCON-DYN2-15

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ p x SP135+EV

UDCON-DYN2-16

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ p x SP150+EV

UDCON-DYN2-17

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ p X SP165+EV

UDCON-DYN2-18

0.9D + p x SPO-EV

UDCON-DYN2-19

0.9D + p x SP15-EV

UDCON-DYN2-20

0.9D + p X SP30-EV

UDCON-DYN2-21

0.9D + p X SP45-EV

UDCON-DYN2-22

0.9D + p X SP60-EV

UDCON-DYN2-23

0.9D + p x SP75-EV

UDCON-DYN2-24

0.9D + p X SP90-EV

UDCON-DYN2-25

0.9D + p X SP105-EV

UDCON-DYN2-26

0.9D + p x SP120-EV

UDCON-DYN2-27

0.9D + p x SP135-EV

UDCON-DYN2-28

0.9D + p x SP150-EV

UDCON-DYN2-29

0.9D + p x SP165-EV
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AISC-LRFD-2010 A=0.35 I=1

UDStIS-DYN2-1

1.4D+1.4SD+1.4ANDX+1.4NSDX

UDStIS-DYN2-2

1.4D+1.4SD-1.4NDX-1.4NSDX

UDStIS-DYN2-3

1.4D+1.4SD+1.4NDY+1.4NSDY

UDStIS-DYN2-4

1.4D+1.4SD-1.4NDY-1.4NSDY

1.2D+1.2SD+1.6 L+1.6 LRED+1.6LREDO0.5+1.6 LPART+0.5S+1.2NDX+1.2NSDX+1.6N LX+1.6NLREDX+1.6NLREDO0.5 X+1.6NPARTX+0.5

UDStIS-DYN2-5 NSX
1.2D+1.2SD+1.6L+1.6 LRED+1.6LREDO0.5+1.6 LP ART+0.5S-1.2NDX-1.2NSDX-1.6NLX-1.6NLREDX-1.6NLREDO0.5X-1.6NPARTX-
UDStIS-DYN2-6 0.5NSX
1.2D+1.2SD+1.6L+1.6LRED+1.6LREDO0.5+1.6LP ART+0.5S+1.2NDY+1.2NSDY+1.6NLY+1.6NLREDY+1.6NLREDO.5Y+1.6NPARTY+0.5
UDStIS-DYN2-7 NSY
1.2D+1.2SD+1.6L+1.6 LRED+1.6LREDO0.5+1.6 LP ART+0.5S-1.2NDY-1.2NSDY-1.6NLY-1.6NLREDY-1.6NLREDO0.5Y-1.6NPARTY-
UDStIS-DYN2-8 0.5NSY
1.2D+1.2SD+1.6L+1.6 LRED+1.6LREDO0.5+1.6 LP ART+0.5LROOF+1.2NDX+1.2NSDX+1.6NLX+1.6NLREDX+1.6NLREDO0.5X+1.6NPART
UDStIS-DYN2-9 X+0.5SNLROOFX
1.2D+1.2SD+1.6L+1.6 LRED+1.6LRED0.5+1.6 LPART+0.5LROOF-1.2NDX-1.2NSDX-1.6NLX-1.6NLREDX-1.6NLRED0.5X-1.6NPARTX-
UDStIS-DYN2-10 0.5NLROOFX
1.2D+1.28D+1.6L+1.6 LRED+1.6LREDO0.5+1.6 LP ART+0.5LROOF+1.2NDY+1.2NSDY+1.6NLY+1.6NLREDY+1.6NLREDO.5Y+1.6NPART
UDStIS-DYN2-11 Y+0.SNLROOFY
1.2D+1.2SD+1.6L+1.6 LRED+1.6LREDO0.5+1.6 LPART+0.5LROOF-1.2NDY-1.2NSDY-1.6NLY-1.6NLREDY-1.6NLREDO.5Y-1.6NPARTY-
UDStIS-DYN2-12 0.5SNLROOFY

UDStIS-DYN2-13

1.2D+1.2SD+Live+LRED+LREDO0.5+LPART+1.6SNOW+1.2NDX+1.2NSDX+NLX+NLREDX+NLREDO.5 X+NPARTX+1.6NSX

UDStIS-DYN2-14

1.2D+1.2SD+Live+LRED+LREDO.5+LPART+1.6SNOW-1.2NDX- 1.2NSDX-NLX-NLREDX-NLREDO0.5X-NPARTX-1.6NSX

UDStIS-DYN2-15

1.2D+1.2SD+Live+LRED+LREDO.5+LPART+1.6SNOW+1.2NDY+1.2NSDY+NLY+NLREDY+NLREDOQ.5 Y*NPARTY+1.6NSY

UDStIS-DYN2-16

1.2D+1.2SD+Live+LRED+LREDO.5+LPART+1.6SNOW-1.2NDY-1.2NSDY-NLY-NLREDY-NLREDO.5Y-NPARTY-1.6NSY

UDStIS-DYN2-17

1.2D+1.2SD+Live+LRED+LREDO.5+LPART+1.6LROOF+1.2NDX+1.2NSDX+NLX+NLREDX+NLREDO.5X+NPARTX+1.6NLROOFX

UDStIS-DYN2-18

1.2D+1.2SD+Live+ LRED+LREDO.5+LPART+1.6LROOF-1.2NDX-1.2NSDX-NLX-NLREDX-NLREDO.5X-NPARTX-1.6NLROOFX

UDStIS-DYN2-19

1.2D+1.2SD+Live+LRED+LREDO0.5+LPART+1.6LROOF+1.2NDY+1.2NSDY+NLY+NLREDY+NLREDO.5Y+NPARTY+1.6NLROOFY

UDStIS-DYN2-20

1.2D+1.2SD+Live+LRED+LREDO.5+LPART+1.6LROOF-1.2NDY-1.2NSDY-NLY-NLREDY-NLREDO.5Y-NPARTY-1.6NLROOFY

UDCON-DYN2-21

1.41D+LA+LRED+0.5LREDO0.5+LPART+0.2SNOW+ px SPO+EV

UDCON-DYN2-22

1.41D+Live+ LRED+0.5LREDO0.5+LP ART+0.2SNOW+ px SP15+EV

UDCON-DYN2-23

1.41D+Live+LRED+0.5LREDO.5+LP ART+0.2SNOW+ px SP30+EV

UDCON-DYN2-24

1.41D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ px SP45+EV

UDCON-DYN2-25

1.41D+Live+LRED+0.5LREDO.5+LP ART+0.2SNOW+ px SP60+EV

UDCON-DYNZ2-26

1.41D+Live+LRED+0.5LREDO.5+LP ART+0.2SNOW+ px SP75+EV

UDCON-DYN2-27

1.41D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ px SP9O+EV

UDCON-DYN2-28

1.41D+Live+LRED+0.5LREDOQ.5+LP ART+0.2SNOW+ px SP105+EV

UDCON-DYN2-29

1.41D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ px SP120+EV

UDCON-DYN2-30

1.41D+Live+ LRED+0.5LREDO.5+LPART+0.2SNOW+ px SP135+EV

UDCON-DYN2-31

1.41D+Live+LRED+0.5LREDO.5+LPART+0.2SNOW+ px SP150+EV

UDCON-DYN2-32

1.41D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ px SP165+EV

UDCON-DYN2-33

0.69D + px SPO-EV

UDCON-DYN2-34

0.69D + px SP15-EV

UDCON-DYN2-35

0.69D + px SP30-EV

UDCON-DYN2-36

0.69D + px SP45-EV

UDCON-DYN2-37

0.69D + px SP60-EV

UDCON-DYN2-38

0.69D + px SP75-EV

UDCON-DYNZ2-39

0.69D + px SP90-EV

UDCON-DYNZ2-40

0.69D + px SP105-EV

UDCON-DYN2-41

0.69D + px SP120-EV

UDCON-DYNZ2-42

0.69D + px SP135-EV

UDCON-DYN2-43

0.69D + px SP150-EV

UDCON-DYNZ2-44

0.69D + px SP165-EV
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AISC-LRFD-2010 A<0.35 =1

UDStIS-DYN2-1

1.4D+1.4SD+1.4NDX+1.4NSDX

UDStIS-DYN2-2

1.4D+1.4SD-1.4NDX-1.4NSDX

UDStIS-DYN2-3

1.4D+1.4SD+1.4ANDY+1.4NSDY

UDStIS-DYN2-4

1.4D+1.4SD-1.4NDY-1.4NSDY

1.2D+1.2SD+1.6L+1.6LRED+1.6LREDO0.5+1.6 LP ART+0.5S+1.2NDX+1.2NSDX+1.6NLX+1.6NLREDX+1.6NLREDO0.5X+1.6NPARTX+

UDStIS-DYN2-5 0.5NSX
1.2D+1.2SD+1.6L+1.6 LRED+1.6LREDO.5+1.6 LP ART+0.5S-1.2NDX-1.2NSDX-1.6NLX-1.6NLREDX-1.6NLREDO.5X-1.6NPARTX-
UDStIS-DYN2-6 0.5NSX
1.2D+1.2SD+1.6L+1.6 LRED+1.6LREDO0.5+1.6 LPART+0.5S+1.2NDY+1.2NSDY+1.6NLY+1.6NLREDY+1.6NLREDO0.5Y+1.6NPARTY+
UDStIS-DYN2-7 0.5NSY
1.2D+1.2SD+1.6L+1.6 LRED+1.6LREDO0.5+1.6 LP ART+0.5S-1.2NDY-1.2NSDY-1.6NLY-1.6NLREDY-1.6NLREDO0.5Y-1.6NPARTY-
UDStIS-DYN2-8 0.5NSY
1.2D+1.2SD+1.6L+1.6 LRED+1.6LREDO0.5+1.6 LP ART+0.5LROOF+1.2NDX+1.2NSDX+1.6NLX+1.6NLREDX+1.6NLREDO.5 X+1.6NPA
UDStIS-DYN2-9 RTX+0.5SNLROOFX

UDStIS-DYN2-10

1.2D+1.2SD+1.6L+1.6LRED+1.6LREDO0.5+1.6 LP ART+0.5LROOF-1.2NDX-1.2NSDX-1.6NLX-1.6NLREDX-1.6NLREDO.5X-
1.6NPARTX-0.5NLROOFX

UDStIS-DYN2-11

1.2D+1.2SD+1.6L+1.6LRED+1.6LREDOQ.5+1.6 LPART+0.5LROOF+1.2NDY+1.2NSDY+1.6NLY+1.6NLREDY+1.6NLREDO0.5Y+1.6NPA
RTY+0.5NLROOFY

UDStIS-DYN2-12

1.2D+1.2SD+1.6L+1.6LRED+1.6LREDO0.5+1.6 LPART+0.5LROOF-1.2NDY-1.2NSDY-1.6NLY-1.6NLREDY-1.6NLREDO0.5Y-
1.6NPARTY-0.5SNLROOFY

UDStIS-DYN2-13

1.2D+1.2SD+Live+LRED+LREDO.5+LPART+1.6SNOW+1.2NDX+1.2NSDX+NLX+NLREDX+NLREDO.5 X+NPARTX+1.6NSX

UDStIS-DYN2-14

1.2D+1.2SD+Live+LRED+LREDO.5+LPART+1.6SNOW-1.2NDX-1.2NSDX-NLX-NLREDX-NLREDO0.5X-NPARTX-1.6NSX

UDStIS-DYN2-15

1.2D+1.2SD+Live+ LRED+LREDO.5+LPART+1.6SNOW+1.2NDY+1.2NSDY+NLY+NLREDY+NLREDO.5 Y*NPARTY+1.6NSY

UDStIS-DYN2-16

1.2D+1.2SD+Live+LRED+LREDO0.5+LPART+1.6SNOW-1.2NDY-1.2NSDY-NLY-NLREDY-NLREDO0.5Y-NPARTY-1.6NSY

UDStIS-DYN2-17

1.2D+1.2SD+Live+LRED+LREDO0.5+LPART+1.6LROOF+1.2NDX+1.2NSDX+NLX+NLREDX+NLREDO0.5X+NPARTX+1.6NLROOFX

UDStIS-DYN2-18

1.2D+1.2SD+Live+LRED+LREDO0.5+LPART+1.6LROOF-1.2NDX-1.2NSDX-NLX-NLREDX-NLREDO0.5X-NPARTX-1.6NLROOFX

UDStIS-DYN2-19

1.2D+1.2SD+Live+ LRED+LREDO0.5+LPART+1.6LROOF+1.2NDY+1.2NSDY+NLY+NLREDY+NLREDO.5Y+NPARTY+1.6NLROOFY

UDStIS-DYN2-20

1.2D+1.2SD+Live+ LRED+LREDO.5+LPART+1.6LROOF-1.2NDY-1.2NSDY-NLY-NLREDY-NLREDO.5Y-NPARTY-1.6NLROOFY

UDCON-DYN2-21

1.2D+L+LRED+0.5LREDO0.5+LPART+0.2SNOW+ px SPO+EV

UDCON-DYN2-22

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ px SP15+EV

UDCON-DYN2-23

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ px SP30+EV

UDCON-DYN2-24

1.2D+Live+LRED+0.5SLREDO0.5+LP ART+0.2SNOW+ px SP45+EV

UDCON-DYN2-25

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ px SP60+EV

UDCON-DYN2-26

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ px SP75+EV

UDCON-DYN2-27

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ px SP9O0+EV

UDCON-DYN2-28

1.2D+Live+LRED+0.SLREDO0.5+LP ART+0.2SNOW+ px SP105+EV

UDCON-DYN2-29

1.2D+Live+ LRED+0.5LREDO.5+LP ART+0.2SNOW+ px SP120+EV

UDCON-DYN2-30

1.2D+Live+LRED+0.5LREDO.5+LP ART+0.2SNOW+ px SP135+EV

UDCON-DYN2-31

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ px SP150+EV

UDCON-DYN2-32

1.2D+Live+LRED+0.5LREDO0.5+LP ART+0.2SNOW+ px SP165+EV

UDCON-DYN2-33

0.9D + px SPO-EV

UDCON-DYN2-34

0.9D + px SP15-EV

UDCON-DYN2-35

0.9D + px SP30-EV

UDCON-DYN2-36

0.9D + px SP45-EV

UDCON-DYN2-37

0.9D + px SP60-EV

UDCON-DYN2-38

0.9D + px SP75-EV

UDCON-DYN2-39

0.9D + px SP90-EV

UDCON-DYN2-40

0.9D + px SP105-EV

UDCON-DYN2-41

0.9D + px SP120-EV

UDCON-DYN2-42

0.9D + px SP135-EV

UDCON-DYN2-43

0.9D + px SP150-EV

UDCON-DYN2-44

0.9D + px SP165-EV
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FEMA P-750:

C12.9 MODAL RESPONSE SPECTRUM ANALYSIS

In the modal response spectrum analysis method, the structure is decomposed into a number of single-degree-of-freedom
systems, each having its own mode shape and natural period of vibration. The number of modes available is equal to the
number of mass degrees of freedom of the structure, so the number of modes can be reduced by eliminating mass degrees of
freedom. For example, rigid diaphragm constraints may be used to reduce the number of mass degrees of freedom to one per
story for planar models, and to three per story (two translations and rotation about the vertical axis) for three-dimensional
structures. However, where the vertical elements of the seismic-force-resisting system have significant differences in lateral
stiffness, rigid diaphragm models should be used with caution as relatively small in-plane diaphragm deformations can have a
significant effect on the distribution of forces.

For a given direction of loading, the displacement in each mode is determined from the corresponding spectral acceleration,
modal participation, and mode shape. Because the sign (positive or negative) and the time of occurrence of the maximum
acceleration are lost in creating a response spectrum, there is no way to recombine modal responses exactly. However,
statistical combination of modal responses produces reasonably accurate estimates of displacements and component forces.
The loss of signs for computed quantities leads to problems in interpreting force results where seismic effects are combined
with gravity effects, produces forces that are not in equilibrium, and makes it impossible to plot deflected shapes of the
structure.

C12.9.1 Number of Modes. The key motivation to perform modal response spectrum analysis is to determine how the
actual distribution of mass and stiffness of a structure affects the elastic displacements and component forces. Where at least
90 percent of the model mass participates in the response, the distribution of forces and displacements is sufficient for design.
The scaling required by Section 12.9.4 controls the overall magnitude of design values so that incomplete mass participation
does not produce unconservative results.

The number of modes required to achieve 90 percent modal mass participation is usually a small fraction of the total number
of modes. See Lopez and Cruz (1996) for further discussion of the number of modes to use for modal response spectrum
analysis.

C12.9.2 Modal Response Parameters. The design response spectrum (whether the general spectrum from Section 11.4.5
or a site-specific spectrum determined in accordance with Section 21.2) is representative of linear elastic structures. Division
of the spectral ordinates by R accounts for inelastic behavior, and multiplication of spectral ordinates by / provides the
additional strength needed to improve the performance of important structures. The displacements that are computed using
the response spectrum that has been modified by R and 7 (for strength) must be amplified by C, and reduced by /to produce
the expected inelastic displacements. (See Section C12.8.6.)

C12.9.3 Combined Response Parameters. Most computer programs provide for either the SRSS or the CQC method
(Wilson, et al., 1981) of modal combination. The two methods are identical where applied to planar structures, or where zero
damping is specified for the computation of the cross-modal coefficients in the CQC method. The modal damping specified
in each mode for the CQC method should be equal to the damping level that was used in the development of the response
spectrum. For the spectrum in Section 11.4.5, the damping ratio is 0.05.

The SRSS or CQC method is applied to loading in one direction at a time. Where Section 12.5 requires explicit
consideration of orthogonal loading effects, the results from one direction of loading may be added to 30 percent of the
results from loading in an orthogonal direction. Wilson (2000) suggests that a more accurate approach is to use the SRSS
method to combine 100 percent of the results from each of two orthogonal directions where the individual directional results
have been combined by SRSS or CQC, as appropriate.

FEMA P-1050:

These orthogonal combinations should not be confused with uniaxial modal combination rules, such as the
square root of the sum of the squares (SRSS) or the complete quadratic combination (CQC) method. In
past standards, an acceptable alternative to the above was to use the SRSS method to combine effects of

the two orthogonal directions, where each term computed is assigned the sign that resulted in the most

conservative result. This method 1s no longer in common use. Although both approaches described for
considering orthogonal effects are approximations, it is important to note that they were developed with
consideration of results for a square building.

)
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Guide to the Seismic Load Provisions of ASCE 7-10:

Load Combination Procedures Used in
MRS Analysis

Where the modal response spectrum method of analysis is used, all signs in
the member forces are lost because of the square root of the sum of the
squares (SRSS) or complete quadratic combination (CQC) modal combina-
tions. Additionally, applying accidental torsion as a static load and then
combining this load with the results of the modal analysis is common.
Orthogonal load effects may be handled in one of two manners:

1. Apply 100% of the spectrum in one direction, and run a separate
analysis with 30% of the spectrum in the orthogonal direction.
Member forces and displacements are obtained by SRSS or CQC for
each analysis. Combine the two sets of results by direct addition.

2. Apply 100% of the spectrum independently in each of two orthog-
onal directions. Member forces and displacements are found by
CQC. Combine the two sets of results by taking the SRSS of results
from the two separate analyses.
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.rl Deck Property Data |

~ General Data

Property Mame IComposile
hs te
Type ¢| Solid Slab ~| @

Slab Material ICQE hal (R
Deck Material Mot Applicable
Madeling Type IMembrane -

Solid Slab

tdodifiers [Currently Default) Modifps/S how. .. |
Display Color - Change... |
Property Motes Modifp/S how. .. |

~ Property Data

Slab Depth, to &0 mm
Shear Stud Diameter 9 mmn

Shear Stud Height, hs 70| m
Shear Stud Tensile Strength, Fu 4000 MPa
ok Cancel |
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21 Deck Property Data I

rGeneral Data wit
Property Name ST-Dieck tc

hs hr
Type Filld ~|

st with

Slab Material c25 -l ..
Deck Material 5240 x| ... Filled Deck
Modeling Type Membrane i
Madifiers [Currently D efault] Muodify/Show. ..
Display Color - Change...
Property Notes Modify/Show

—Property Data

Slab Depth, tc IBT.S mm
Rib Depth, hr I75 mm

Ribwidth Top, wit 175 mm
Rib width Bottom, wib 125 mm
Rib Spacing. sr 500 mm
Deck Shear Thickness IW— mm
Deck Unit ‘weight 0,11 kM Am?
Shear Stud Diameter IWEI— mm
Shear Stud Height, hs 150 mm
Shear Stud Tensile Strength, Fu 4000 MPa

0K Cancel

Yy
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Note that the program does not check the design of the metal deck itself.

File  Edit “iew | Define | Draw  Select  Assign  Analyze

D ‘, ”H ‘ E Iaterial Properties.., - Properties — Click tor
R m Model Exp @ Section Propetties o [ e S ¢ Find ‘ThIS Property Import Mew Properties... | .
odel | Dlsp\ayl — 2012 Add New Property ]
o Model ;g% Spring Properties P & Slab Sections.. nz - -
fo : 2014 Add Copy of Property..
Nl Bl Project @ Deck Sections.., 2U1E
[ Structure E I b 2u20 Modify/Shaw Property...
: 4 ifall Sections... E300430
;[rnup:tﬁz‘l EO Pier Labels.., D B3040 Delete Property
- B40:50
Groups (33 Spandrel Labels... '\% Reinfarcing Bar Sizes.. BSOXE0 Delete Multiple Propertes...
+- Loads - BOX30X2
Mamed 0 B3 Link/Support Properties... BO=303002
[ 7+ Group Definitions.., K\’\ PP p pevaentvn Evoat oML Fi
Mamed P X o #port to ile
EE Section Cuts.., .‘IL Frame Monlinear Hinge.., 50
_ = CE0 ~ Filter Properties List
*e Functions |12l Panel Zone.. CA0-20F25
o CIPE Type Al hd
o~ Generalized Displacernents... CIPE14 §
- CIPE1E0 Filter
? [ul]
[ Mass Source., FSECT LI Clear Filter

P&  P-Delta Options...

M Modal Cases.,
Ok Cancel I

Vo
we LoadPatterns..

E:E] Shell Uniform Load Sets..

Load Cases..

Load Combinations..

ﬁ Auto Construction Sequence Case..

Frame

[~ Shape Type
Section Shape IChanna\ ;I

r~ Frequently Used Shape Types

Concrete Steel

Special Steel Composite

b e
(]
Section Designer Honrismatic st Seleet List General

=

o ] [E=]

s 5" 9 1 47 55 o5 Y1

Note that beam sections that are defined in Section Designer are always
treated as general sections. Thus, if you define an I-type or channel-type
section in Section Designer, the program will consider it as a general section,
not an I-shaped or channel-shaped section, and will not allow it to be de-
signed as a composite beam.

5 b a6 e ng'So.sLé.:..wlSectiondesigner 3o Y Sopse 4 o amlS sl a5 w6l S

oS G5l Jolee ST oy g0 0 1y (60585 9 (gl 15 saite L ol 5 5 il 5355 5T S
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LRFD (59) 4 (>15b b jalyly malaid ¥-Y

File  Edit  Miew  Define Draw  Select  fssign  Analyze  Display | Design | Detailing  Options  Help

SO M2 6/ 6 [QAQEA QW[40 T Selfamedesr »

Maodel Explarer - X m |:| LConcrete Frame Design 4
_E Maodel |Display| Tablesl Heportsl Detailingl T  Compaosite Beam Design 3 ﬁ Wiew/Revise Preferences...
=- Model f : P
N 1 Froiect Composite Colurnn Design b T, View/Revise Overarites.
\ - Structure Lapout = Skeel Joist Design v =
F\U - Properties E— I Select Design Groups..
N ) ] . . _
o Structural Objects 7 Owerwrite Frarme Design Procedure.. TU  Select Design Combinations..
T - Groups R
L] : . —
— - Loads E Shear ¥all Design [ = . i
= Lk
:E:i - Mamed Output [tems — L Start Design/Check Shife+F7
[_] - Mamed Plats [E Steel Connection Design T, Interactive Design
6 URE  Live Load Beduction Factors... '?:', Display Design Info..  Ctrl+Shift+F7
]_I |4, et Lateral Displacement Targets.., T Make Auto Select Section Mull...
+ ) .
01s  SetTirne Period Targets.., ?:glI Change Design Section...

I Beset Design Section to Last Analysis

Tur  Werify Analysis ws Design Section..,
?./ Werify &All Members Passed..

T Reset Al Overwrites...

i Delete Design Results...

r~ Itern Dezcription

Beam | Shear Studs I Camber I Deflection I “ibration I Prices I Factors I gg:;f‘;iﬂoolfin;itggaﬁ L-T-SP:S [;Dt[iod;t:gnli’lgged
Itemn Wale to compare stud ratiog for acceptability,
1 Shored Construction? Mo
2 Middle Range, % 7o
3 | Pattern Live Load Factor 0.75
b 4 | Shess Ratio Limit 8]

r~ Explanation of Color Coding for Values —

Blue: Default Yalue

Black: Mot & Default ‘alue

Design Code I."-‘AISE 36010 LI Red:  ‘alue that has chanoed during
the current session
et To Default Yalues ——————————— Reszet To Previous Values
Al ttems Current Tak | Al tems: | Current Takb [ul: Cancel

2! 3 Congliio Y—F—A-Y—)e
25 0° SBge &l Sl s Sl sy0m s o b alate b gies slasl o oS (Jy50 0
de faseie Cuglio auo ) YO @ (0 w5l B B (soVsd guae wois oolitwl so¥ed 5
ok ) Ll slajl g 5 5 039 093 g Jeos ln (BT Ceeglie sl e 4 il
DY) by Sl ab il o ooVoh g ohed Ceoglie 3L (g 51 AL

20,5 sl
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Middle Range:

AARTA

Length in the middle of the beam over which the program checks the effective width on each side of the beam,

expressed as a percentage of the total beam length.

Assume that the effective width of this beam is controlled by the
distance to the centerline of the adjacent beam. Also assume that the program
checks the effective width of the slab over the default middle range (70%) of
Beam A. If the variable labeled x, in the figure is less than or equal to 0.15, the
effective width of the concrete slab on the upper side of Beam A (ie., the side
between Beam A and Beam X) is controlled by the distance between Beam A
and Beam X.

I

Eeam X

length. If the width of the opening, xp * Ly is less than 0.15L,, the program
bases the effective width of the concrete slab on the distance to the adjacent
beams. On the other hand, if xp * Lj exceeds 0.15Lp, the program assumes the
effective concrete slab width for Beam D to be zero; that is, it assumes a
noncomposite beam.

Ly

.
X LD‘

Beam D

e Beam Design Preference

ShearStudsI Eamberl D eflection Vibrationl Pricesl Factorsl

Item Walue
1 Shored Construction™ Mo
2 |Middle Range, % 70
3 |Pattemn Live Load Factor 0.75
P 4 | Stess Ratio Limit R

r ltem Description

Stress ratio limit to be uzed for determining
adequacy of a beam. Thiz ratio iz also used
to compare stud ratios for acceptability.

Blue:

r~ Explanation of Color Coding for Values

Black: Mot a Default Value

Default Value

Design Code IAISE 36010 LI Red:  “alue that has chanoed during
the current session
et To Default Values Reszet To Previous Yalues
All tems: Current Tak | ’7 All tems: | Current Tak ok Cancel

Y4



www.hoseinzadeh.net Y40/

jn Preferences for AISC

r— ltem Description

b aximumn number of shear studs in a single

Beam | Shear Studs | Camber | Deflection | Vibration | Frices | Factors | tow across the beam fange

Item Walue
1 | Minimum PCC, % 28
2 | Maximum PCC, % 100 .
3 |Single Segment? ez ( :
4| Mir. Lang. Spacing, mm 143
5 |Max Long. Spacing, mm 914.4
E  |Min Tranz. Spacing, mm 7E.2
b 7 |Max Studs Per Row q
8 |Position of Shear Studs in Deck Ribs Middle of the Ribs

r~ Explanation of Color Coding for Walues

Blue: Default Value

Black: Mot a Default Yalue

Design Code IAISE 360-10 LI Red:  “alue that has changed during
the current session
et To Default Values ——————— Reset To Previous Values
All tems Current Tab | ’7 All tems: | Current Tab | ok | Cancel |
Toggle for placement of a steel headed stud
Single anchor in a single segment. To place studs
in a single segment with uniform spacing
Segment for Yes/No No .
Studs? throughout the beam, select Yes. This

factor has no effect on checking beams with
user defined studs.

Single Segment for studs:
Toggle to indicate if the shear connector layout pattern is uniformly spaced over the whole beam length. If the value is
Yes, the whole length of the beam is assumed to be a single segment.

End of
slab

<

|_ ________________________ | <€

) Lczs when Beams Frame into Considered Beam

!< Lo \| | d) L cas when Slab Ends in Beam Span

| L
I

- !
- P |

b) L ¢35 for Beam Belween Two Girders

f.
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Beamn | Shear Studs | Camber |Deflecti0n Viblationl Pricesl Factorsl

Ikem Yalue

» 01 | Calculate Camber? Mo
02 |Camber DL, % an
03 | Minirmurn Bearn Depth for Camber, rmm 3429
04 | Minirmurn web Thick. for Camber. mm 6.4
05 | Minirmurn Bearn Span for Camber, m 7.3152
06 | Minirmurn Camber, abs, mm 15
07 | Minirmumn Camber, L/ 300
08 | Camber Abs b ax Limit, mm 50
09 | Camber bax Limit, L/ 300
10| Camber Increment, mm 5
11 | Camber Rounding D own Yes

Design Code

|a15C 36010 -l

r— Item Diescription

Togagle far whether or not beams have a
camber.

rExplanation of Color Coding for Yalues

Blue: Default Yalue

Black: Mot a Default Value

Red: Value that has changed during
the current session

[~ Set To Default Yalues

All kems Current Tab |

Reset To Previous Values

Al ttems |

Current Tab

ok Cancel

Beam I Shear Studs | Camber | Deflection |Vibrati0n| F'ricesl Factorsl

Ikem alue "
» 1 |PreComp DL Limit, L/ 0 I
2 | Super DLsLL Limit, L/ 240 I
3| Live Load Limit, L / 30 I
4 Tatal--Camber Lirmit, L 240
5 | leff Reduction Factor for Comp. Defl 075

Dezign Caode

[a1sC 36010 I~

r— Item Description

Pre-composite dead load deflection
limitation denominator. Inputting a value of
120 means that the deflection limit is L/120.
Inputting zen iz special, since it means no
check has to be made for this item.

rExplanstion of Color Coding for Yaluss

Blue: Lefault “alue
Black: Mot a Defautt Value

Red: “alue that has changed during
the current session

rSet To Default Yalues

Al tems Current Tak |

Reset To Previous Yalues

All tems I

Current Tak

aK Cancel

Al

AARTA
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2.15

Floor Vibration

AARTA
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For AISC 360-10, by default the program performs the floor vibration check in
accordance with AISC Steel Design Guide 11 (DG11). The program calculates
the first natural vibration frequency, estimated peak acceleration (in units of g},
a,/g, and acceleration limit, a,/g, for each beam and reports this information to
determine the adequacy of a composite beam section.

o et g 00k pus 93 5 ailen Jgbo =L
T s g (loyg0 il b = f

= Itern Description

Beam ShearStudsI Eamberl Dieflection | Yibration | F'ric:esl Faclorsl

Ikerm " alue
»1 ibration Criterion W alking
2 Occupancy Category Residential
3 | Acceleration Limit, alsg 0.005
4 | Darping Fatio 003

Occupancy categorny to be congidered in
the design. Selecting thiz item changes the
default parameters for damping ratio [DG11
Table 4.1) and wibrational acceleration limit
az a fraction of acceleration due to gravity
al/g [DG11 Table 4.1). Howewer, the
default parameters can be changed in thiz
tab.

r~ Explanation of Color Coding for Walues

Dezign Code

Blue: Default Value

Black: Mot a Default Value

Red: ‘“alue that has changed during
the current session

=t To Default values

All kems

Current Tak

Reset To Previous ‘alues

All tems Current Tak

14 Cancel

¥y
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File  Edit  ‘iew  Define  Draw  Select  Assign  Analyze  Display | Design | Detailing  Options  Help

D‘fmj ) \=~|/|n] 13 |@@@@la|§r_’ﬂ|3d Pla T  steel Frame Design »

odel Explarer - X Concrete Frame Design »
A Model | Display | Tables | Fieparts | Detaiing | Composite Bearn Design b Tp  WiewRevise Preferences..
E- Model - f —
- Project Compes telco lnplbezion ' ?ID Wiew/Rewise Overntites..,
- Structure Layout Steel Joist Design [
- Properties IE Select Design Groups..,
- Structural Objects Oweraerite Frame Design Procedure.., ?6. Select Design Combinations...
- Groups
- Loads ShearYifall Design b | . .
Named Output Items T, StartDesign/Check Shift+F7
- Mamed Plots Steel Connection Design 3 'f') Interactive Design
Live Load Reduction Factors... ﬁ Display Design Info...  Ctrl+Shift+F7
| Set Lateral Displacernent Targets.., I?_f{ Make Auta Select Section Mull..
+ ) .
01s  set Tirme Period Targets... ?:5-1 Change Design Section...
?\‘) Reset Design Section to Last Analysis

Tor  Werify Analysis ws Design Section..
T, Werify All Members Passed.,

Reset &l Overarites.,,

Dielete Design Results...

Beam O

r~ Item Description

Beam | Bracing [C) I Bracing [5] I Deck I Shear Stud | Deflection I “ibration I ;StgoglszEcltingzg?oanrqisfpth corsidered in 2n
Item Walue

b 01 | Restrict Beam Depth? Mo
02 | Mawimum Depth, mm 11176
03 | Minimum Depth, mm 0
04 | Restrict Beam Width? Mo
05 | Maximum ‘width, mm a
0B | Minimum ‘width, mm a
07 | Shored Construction™ Mo
08 | Beam Fy, kaf/mmé 24.47
09 | Beam Fu, kgf/mmé raric}
10 |Cover Plate Present? Mo
11 | Plate 'Width, mm a
12 |Plate Thickness. mm 1]
13 | Plate Fy, kaffmmé 0
14 | Live Load Reduction Factor 1

r Explanation of Color Coding for Walues

Blue: Al selected items are program
determined

Black: Some selected tems are user
defined

Red:  “alue that has changed during
the current session

et To Default Values —————————— Reset To Previous Yalues

All tems: Current Tab All tems Current Tab ok Cancel

v
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Beam | Bracing [C) Bracing[S]' Deck | Shear Stud | Deflection | Wibration

Itern Walue
1 Ch Factor ]
2 |Bracing Condition Length Specified
3 |Absolute Length? Mo
4 |Unbraced L22, mm Waries
P 5 | Unbraced L22 Ratio Al

r~ Item Description

t awimum unbraced length ratio for buckling
shout the beam local 2 axis for construction
condition.

r~Explanation of Color Coding for Yalues

Blue: Al selected tems are program
determined

Black: Some selected items are user
defined

Red:  “alue that has changed during
the current session

Al fems Currert Tab

[~ Set To Default values ——————]

Reset To Previous Yalues

Al tems Currert Tab

Ok Cancel

Beam | Bracing [C] | Bracing (5] | Deck | Shear Stud | Deflection | Vibration

Unbraced L22 Ratio

Item Walue
1 Ch Factor 1]
2 |Bracing Condition Length Specified
3 |Absolute Length? Mo
4 |Unbraced L22, mm Waries
5

A

r— Itern Description

M aximurn unbraced length ratio for buckling
about the beam local 2 axis for service
condition

r Explanstion of Color Coding for Values —

Blue: Al zelected tems are program
determinedd

Black: Zome selected tems are user
defined

Red:  “alue that has changed during
the current session

Al tems Currert Tak

et To Default Values —————————

Reset To Previous Values

Al kems Current Tak

Ok Cancel

¥
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Beam | Bracing C) | Bracing (5) || Dtk |

Shear Stud | Deflection | Vibration |

Item WValue

b1 |DeckID Left Program Calculsted
2 |Deck Direction Left Perpendicular
3 | beeft left Condition Program Calculsted
4 | beaft left, mm 1350
5 | Deck ID Right Pragram Calculsted
B |Deck Direction Right Perpendicular
7 | beeff right Condition Program Calculated
8 | beaff right, mm 11833

r~ Item Description

Deck |D assigned to left side of beam.

[~ Explanation of Color Coding for Yalues —
Blue: Al selected items are program
determinec
Black: Some selected items are user
defined

Red:  value that has changed during
the current session

[~ Set To Default Values

All ftems Currert Tak

Reset To Previous VYalues

Al tems Current Tab

1.8 Cancel

Beam | Bracing (T} | Eracing (5| Deck | Shear Stud | Deflection | Wibration |

= Itern Descriptian

Shear capacity for a single shear shud
Specifping 0in the overwrites means that

Item Valug this walue iz program calculated.
1 Beam Type Compasite as required
2 | Minimum PCC, % 25
3 | Masimum PCC, % 100
4 | User Pattem? ez
5 | Uriform Spacing, mm 400
€ | Mo Additional Sections o
7 Single Segment? Yes
b |OnkN 100 L
o

rExplanation of Color Coding for Values —
Blue: Al selected items are program
determined
Black: Some selected items are user
defined
Red:  ‘alus that has changed during
the current session

[~ Set To Detault Values

Al kems current Tak

Reszet T Previous Values

All tems Current Tab

OF. Cancel

AARTA
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Beam I Bracing [C]l Bracing [S]I Deck I Shear Gtud | Daflection |Vihlat\on|

r~ Item D escription

Toggle for whether or not ETABS is to
calculate beam camber,

Item Walue

» 01 | Deflection Check Type Riatio
02 | PreComp DL Limit, L / a
03 | Super DL+LL Limit. L/ 240
04 | Live Load Limit, L/ 360
05 | Totak-Camber Limit, L# 240
08 | PreComp DL Lirit, abs, mm a
07 | Super DL+LL Limit, abs, mm 1}
08 | Live Load Limit, abs, mm 0
03 | Totak-Camber Limit, abs, mm 0
10 | Calculate Camber? Mo
11 | Fived Camber, mm i]

determinsd
Black: Some selected tems are user
defined

the current session

Explanation of Color Coding for Yalues —

Blue: A&l selected tems are program

Red: “alue that has changed during

[~ Set To Defautt alues

Al kems I

Current Tab

Reset To Previous Yalues

Al kems Currerit Tak

0K Cancel
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Madel | Cisplay I Tables I Heportsl [Dretailing I
B-Madel
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Structure Layaut

Properties

Structural Objects

Groups
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MHamad Output Itemns

Mamed Plots

Edit  “iew  Define  Draw  Select  Assign

Analyze

Concrete Frame Design
Composite Bearn Design
Composite Column Design

Steel Joist Design

Shear Wall Design

Steel Connection Design

URF  Live Load Reduction Factars...
ﬁ Set Lateral Displacement Targets...
9_1: Set Tirne Period Targets..,

Oweravtite Frame Design Procedure,.,

'?"3 WiewRevise Preferences...

= YiewdRevise Overarites..,

?E: Select Design Groups.,

?C/ Select Design Combinations..,

?_b Start Design/Check Shift+F7 G
'f; Interactive Design

Display Design Info.,  Ctrl+Shift+F7

=) 5l

Make Auto Select Section Mull..,

Change Design Section..

i Reset Design Section to Last Analysis
% Werify Analysis ws Design Section...
%‘v Werify All Mernbers Passed..,

?6 Reset &l Oneerarites,.,

i Delete Design Results.,
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Model IDispIa_l,lI Tablesl Heportsl Detailingl
- Model

; Praject

Structure Layout

Properties

Structural Dbjects

Groups

Loads

Mamed Output [tems

Mamed Plats

X
12
o
Display Composite Beam Design Info n
~ Dizplay:
O Labels [0 Beam Label:
- Design Groups
' Desian Data ¥ Beam Sections
[T ield Stress
[T Shear Stud Layout
[T Camber
[T EndReactions
' Stess Ratios [0 Constuction Load
[0 Final Load
© Deflection Ratios [ Live Load
O Total Load
’TI Cancel

Concrete Frarme Design
Cornposite Bearn Design
Compaosite Colurnn Design

Steel Joist Design
Craeparite Frame Design Procedure..,
Shear Wall Design

Steel Connection Design

WRF  Live Load Reduction Factors.,
1?3‘ Set Lateral Displacernent Targets..,
0_1: Set Time Period Targets...

~ Dizplay:

0 Lahels [ Beam Labek:
[ Dresign Growps

' DesianData [l Beam Section:
[ Vield Stress
[ Shear Shd Lapaut
O Camber
[ End Reactions

® Stress Ratios ! Construction Load
W Final Load

O Deflection Ratios [ Live Load
O Totalload

’TI Cancel

Bl ] A

Wiew Revise Preferences..,
Wiewn/Revise Ovenwrites..

Select Design Groups...

Select Design Combinations..

Start Design/Check Shift+F7

Interactive Design

Display Design Info...  Ctrl +Shift+F7 @

Make Auto Select Section Mull.,
Change Design Section..,

Reset Design Section ta Last Analysis

Werify Analysis ws Design Section..,
Werify &l Members Passed..,
Reset All Owernrites...

Delete Design Results...

~ Display:

© Labels [0 Beam Label:
[ Design Groups

0 Desian Data ¥l EBeam Sections
[ ield Shess
[ Shear St Lagyout
O Camber
[ EndReactions

€ Stress Ratios [ Constiuction Load
[ Final Load

@ Deflection Ratins ¥ Live Load
V! Total Load

’TI Cancel
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rAternate Designs Results for
P Shomr Studs pem—— Rt Beam |BS53 | at Story | Story2 Last Analysis | CIPE200

Percent Comg |1 oo j

Strength Checks

[ unitorm Shear Studs [ Factored Design | Ratio |

Camber IE Shear at Ends (tonf) 12 9658 33.4500 0.385
Construction Bending tonf-m) §.3643 11.7994 o7
Full Comp. Bending (tonf-m} 17.6229 21.2305 0.830

Reset the Akove

r~ Constructabilty and Serviceability Checks

| Adual | Alowshle | Ralio
Shear Studs Distribution 13 17 0763
Pre-composite Defl. tmm) 146 Mo Limit A
Post-composite Defl. (mm) 39 29 017
Live Load Detl. (mm) 39 152 0258
Total Defl. (mm) 185 28 0807
Walking Acceleration apig 0.004146 0.005 0.829

Auto Select List  |NONE vl Specify Section [ Show Group Results ~Tomporary Show Details { 5
Group NOME vl Crverwrites ¥ Show All Sternates Combos. Digrams. | Repiort |
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Mehle, 2014:

Although ACI 318 has no prescriptive minimum thickness, 8 in (200 mm) is a practical lower limit for special structural
walls. Construction and performance generally are improved if wall thickness is at least 12 in (300 mm) where special
boundary elements are used and at least 10 in (250 mm) elsewhere. Walls that incorporate coupling beams require
minimum thickness around 14 in (350 mm) to accommodate reinforcement and required cover and bar spacing, although
16 in (400 mm) is a practical minimum where diagonally reinforced coupling beams are used. Flanges and enlarged
boundary sections are helpful to stabilize boundaries and anchor reinforcement from adjacent members.
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CHAPTER 11—WALLS
11.7—Reinforcement detailing

11.7.4 Lateral support of longitudinal reinforcement

11.7.4.1 If longitudinal reinforcement is required for axial
strength or if 4, exceeds 0.01A4,, longitudinal reinforcement
shall be laterally supported by transverse ties.

F4

t>150 mm
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13.2.6 Wall Reinforcement

Figure 13.12 illustrates typical reinforcement for a rectangular special structural wall. As a minimum,
a wall must have distributed web reinforcement in both horizontal and vertical directions. Commonly,
walls also have vertical reinforcement concentrated at wall boundaries to provide additional
resistance to moment and axial forces. Longitudinal boundary element reinforcement usually is
enclosed in transverse reinforcement to confine the concrete and restrain longitudinal bar buckling. In
some practices, crossties also are used to restrain buckling of web vertical reinforcement.

E Boundary element
Herizontal web reinforcement

I'—fbe—"l / } /— Vertical web reinforcement

- S— T
bW
3 . . . . . - . » - _l—

FIGURE 13.12 Typical reinforcement for rectangular wall.

In U.S. practice, the distributed web reinforcement ratios, p; for vertical reinforcement and p, for
horizontal reinforcement, must be at least 0.0025, exceptp; and p, are permitted to be reduced if

V, <A AJf, - psi (A{.,}L\[j? /12, MPa). See Table 13.1. Reinforcement spacing each way is not to
exceed 18 in (457 mm). At least two curtains (layers) of reinforcement are required if vV, >2 Ac.,/'l\/f,

psi (Aw/l\/ffﬁ, MPa) or h,/I,, > 2.0, in which /,, and [, refer to height and length of the entire wall,

respectively. Reinforcement p, also is to be designed for wall shear forces. Finally, if £,/1,, < 2, p; is
not to be less than the provided p,, ACI 318 has no requirements about which distributed

reinforcement (vertical or horizontal) should be in the outer layer, although lap splices of vertical

reinforcement will perform better if horizontal bars are placed outside the vertical bars as shown in
Figure 13.12.

O
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Wall Pier Labeling
- Wall pier forces are output at the top and bottom of wall pier elements. Also,

wall pier design is only performed at stations located at the top and bottom of

wall pier elements.

whip C;A}Ltﬁkbﬂﬂjgé ‘f“?}fJip ¢gtﬁt9-dﬂ ol LLAﬁ& vﬁ 4 (J;Tmb

RIGDE

STORY6

STORYS

STORY4

STORY3

STORY2

STORY1

GROUND

BASE

RIGDE

STORY6

STORYS

STORY4

STORY3

STORY2

STORY1

GROUND

J

)Ll

\ BASE

L eSSl
aly oS 3

- Because the wall piers are associated with story levels, wall pier labels can
repeat at different levels, as shown in the figure.

Wall Spandrel Labeling

Wall spandrel forces are output at the left and right ends of wall spandrel elements.
Also, wall spandrel design is only performed at stations located at the left and right

ends of wall spandrel elements.
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CHAPTER 11 — SHEAR AND TORSION

11.9 — Provisions for walls

11.9.8 — Where V,, is less than 0.5¢V,, reinforcement
shall be provided in accordance with 11.9.9 or in
accordance with Chapter 14. Where V, exceeds
0.5¢V,, wall reinforcement for resisting shear shall be
provided in accordance with 11.9.9.

)19 5y o509 Ll 15-18-9

1 Lylge Y-17-10-4

11.9.9.2 — Ratio of horizontal shear reinforcement et
area to gross concrete area of vertical section, p;, el oY Gy sl b azl OV xan Ve asiliz b g 40 1-¥-15-18-8
shall not be less than 0.0025.

11.9.9 — Design of shear reinforcement for walls

1550 50 )8 oo dralies Y1F-V0-0 00 balgs bl s 505 0550 (i jaila)] polis’

)
o
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10.10.4.1 — It shall be permitted to use the following
properties for the members in the structure:
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When the extreme fiber compressive stress, b, exceeds(.2 £, boundary
elements are required (ACI 21.9.6.3), or when the neutral axial depth
calculated from the factored axial force and nominal moment strength are
consistent with design displacement, ,, and exceed the following limit:

c> (1— (ACI21.9.6.2)

600(0, /1,)
boundary elements are required (ACI 21.9.6.2).

21.9.6.3 — Structural walls not designed to the ¢ boundary elements are required, the program calculates the minimum

provisions of 21 '9-6_'2 shall have special bm_mdary required length of the boundary zone at each end of the wall, Lgz which is
elements at boundaries and edges around openings of  _,cylated as follows:

structural walls where the maximum extreme fiber
compressive siress, cormresponding to load combinations Lgz= max{¢/2,c-0.1L,}. (ACI21.9.6.4(a)
including earthquake effects, E, exceeds 0.2f;. The
special boundary element shall be permitited to be
discontinued where the calculated compressive stress
is less than 0.15f;. Stresses shall be calculated for the
factored forces using a linearly elastic model and gross
section properties. For walls with flanges, an effective
flange width as defined in 21.9.5.2 shall be used.
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7.4.1 Analysis of Frame-Only Structure for 25 Percent of Lateral Load

Where a dual system is utilized, Standard Section 12.2.5.1 requires that the moment frames themselves
are designed to resist at least 25 percent of the total base shear. This provision ensures that the dual
system has sufficient redundancy to justify the increase from R = 6 for a special reinforced concrete

structural wall to R = 7 for a dual system (see Standard Table 12-2). This 25 percent analysis was carried
out using the ETABS program with the mathematical model of the building being identical to the
previous version except that the panels of the structural walls were removed. The boundary elements of
the walls were retained in the model so that behavior of the interior frames (Frames 3, 4, 5 and 6) would
be analyzed in a rational way. (It could be argued that keeping the boundary columns in the 25 percent
model violates the intent of the provision since they are an integral part of the shear walls. However, in
this condition, the columns are needed for the moment frames adjacent to the walls and those in
longitudinal direction (which resist a small amount of torsion). Since these eight boundary columns resist
only a small portion (just over 15 percent) the total base shear for the 25 percent model, the intent of the
dual system requirements is judged to be satisfied. It should be noted that it is not the intent of the
Standard to allow dual systems of co-planar and integral moment frames and shear walls.)

The seismic demands for this frame-only analysis were scaled such that the spectra base shear is equal to
25 percent of the design base shear for the dual system. In this case, the response spectrum was scaled
such that the frame-only base shear is equal to (0.25)(0.85)Vg,~. While this may not result in story forces
exactly equal to 25 percent of the story forces from the MRSA of the dual system, the method used is
assumed to meet the intent of this provision of the Standard.

4%
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Moehle, 2014:

In the past, demand for open space in the first story led to many older buildings in which walls
from upper stories were discontinued in the first story, creating a weak first story (Figure 13.4a).
These have performed poorly in past earthquakes (Figure 13.5). This configuration, classified by
ASCE 7 as an Extreme Weak Story Irregularity, is no longer permitted in new buildings assigned to
Seismic Design Categories D, E, and F.

(a) Weak story (b) Discontinuous (c) Interruption of
wall wall section

FIGURE 13.4 Wall vertical irregularities.

FIGURE 13.5 Permanent offset of weak first story due to discontinued wall, Olive View Hospital, 1971 San Fernando earthquake.
(Photograph by K. Steinbrugge, used with permission from the National Information Service for Earthquake Engineering,
University of California, Berkeley.)

Walls extending from the foundation and discontinued at some intermediate level (Figure 13.45)
are permitted by most codes, but the design may be penalized by increased seismic design forces. It is

preferred to have more gradual reduction in wall section (length, thickness, or both), as illustrated by
Figure 13.4c¢. Such transitions in wall length or thickness may require details to enable the flow of
forces near the transition. See Section 13.6.3.
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Joint Label: 1

Story: Story15s

U= 0135308 m
Uy =-6.191E-09 m
Uz = 0.009335m
Rx = -0.000008 rad
Ry = 0002029 rad
Rz = -2.338E-09 rad

+

Joint Label: 1

Story: Story15

Ux = 0078390 m
Uy = -6.323E-11m
Uz = 0.000614 m
Rx = -0.000005 rad
Ry = 0000533 rad
Rz = 4.752E-11 rad
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G0 Ol 518 50 by g9 A Sdd Ko Hlgo #-F
Horizontal web reinforcement, A,

Confined
core

2 edh or fd,

<150 mr'“ \ as appropriate
(a)

Option with standard hooks or headed reinforcement

Boundary element Horizontal web
reinforcement, Ag, reinforcement, A,

2 {4 of the horizontal
<150mm./ e reinforcement
(b)

Option with straight developed reinforcement

Fig. R18.10.6.4.1 Development of wall horizontal rein-
forcement in confined boundary element.
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7.7.1 — Cast-in-place concrete (nonprestressed)
The following minimum concrete cover shall be pro-

vided for reinforcement, but shall not be less than
required by 7.7.5 and 7.7.7:

(c) Concrete not exposed to weather
or in contact with ground:

Slabs, walls, joists:

Minimum No. 43 and No. 57 bars .........c.ccooooeeeee.. 40
cover,mm No. 36 bar and smaller
(a) Concrete cast against and Beams. columns-
permanently exposed to earth .........cccoceecevrconnnnns 75 Primary reinforcement, ties,
(b) Concrete exposed to earth or weather: stirrups, spirals 40
Shells, folded plate members:
No. 19 through No. 57 Dars.......c.oeeeeeeeen. 50 Ne. 19 bar and larger..
No. 16 bar, MW 200 or MD 200 wire, No. 16 bar, MW 200 or MD 200 wire,
and smaller 40 and smaller 13
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ACI-318-2014:

CHAPTER 8—TWO-WAY SLABS

8.6—Reinforcement limits
8.6.1 Minimum flexural reinforcement in nonprestressed
slabs

8.6.1.1 A minimum area of flexural reinforcement, A i,
shall be provided near the tension face in the direction of the
span under consideration in accordance with Table 8.6.1.1.

Table 8.6.1.1—A; mi» for nonprestressed two-way
slabs

140/

R8.6—Reinforcement limits

R8.6.1 Minimum flexural reinforcement in nonprestressed
slabs

R8.6.1.1 The required area of deformed or welded wire
reinforcement used as minimum flexural reinforcement is
the same as that required for shrinkage and temperature in
24 .4 3 2. However, whereas shrinkage and temperature rein-
forcement is permitted to be distributed between the two
faces of the slab as deemed appropriate for specific condi-

tions, minimum flexural reinforcement should be placed as
close as practicable to the face of the concrete in tension due
to applied loads.

Figure R8.6.1.1 illustrates the arrangement of minimum
reinforcement required near the top of a two-way slab

Reinforcement
type f,MPa Aq iy mm? supporting uniform gravity load. The bar cutoff points are
Deformedbars | <420 0.00204, based on the requirements shown in Fig. 8.7.4.1.3a.
To improve crack control and to intercept potential
];eiozﬁ:g:la:: > 420 Greater of: M‘% punching shear cracks with tension reinforcement, the
reinforcement B | ’ licensed design professional should consider specifying
0.00144, continuous reinforcement in each direction near both faces
of thick two-way slabs, such as transfer slabs, podium slabs,
and mat foundations. Also refer to R8.7.4.1.3.
Moehle (2014):

Design of an isolated spread footing for moment strength considers the footing as a one-way
flexural member first in one principal direction and then in the orthogonal direction. The critical
section for concrete columns is at the face of the column, while for steel columns the critical section
is halfway between the face of the column and the edge of the base plate (Figure 16.9¢). In U.S.
practice, for footings of uniform thickness, 4,,,;,, in each principal direction should result in a ratio of

smin
reinforcement area to gross concrete area of at least

(a) 0.0018 where Grade 60 (420) reinforcement is used, or

0.0018 x 60,000 0.0018 x 420 (16.5)

fy fy

strength reinforcement is used

(b) , MPa

, psi

where higher

At critical sections where flexural yielding is considered to be likely, additional reinforcement may
be preferred to ensure that flexural strength is at least equal to the cracking strength. Some specify M,

> 1.2M_, for this case. A more conservative approach, which is not generally applied, is to satisfy the

minimum steel area as required for beams, that is

_3\[ﬁbd>zoo
£

0 25
S T == b“_,d, PSl \/— b i> I b d Mpd

}J

A (16.6)
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CHAPTER 18—EARTHQUAKE-RESISTANT
STRUCTURES

18.13—Foundations

18.13.2 Footings, foundation mats, and pile caps

18.13.2.2 Columns designed assuming fixed-end condi-
tions at the foundation shall comply with 18.13.2.1 and,
if hooks are required, longitudinal reinforcement resisting
flexure shall have 90-degree hooks near the bottom of the
foundation with the free end of the bars oriented toward the
center of the column.

18.13.2.3 Columns or boundary elements of special struc-
tural walls that have an edge within one-half the footing
depth from an edge of the footing shall have transverse
reinforcement in accordance with 18.7.5.2 through 18.7.5.4
provided below the top of the footing. This reinforcement
shall extend into the footing, mat, or pile cap a length equal
to the development length, calculated for f, in tension, of
the column or boundary element longitudinal reinforcement.

Column or boundary Column or boundary

Wall boundary element not near element near edge of
edge of footing footing or other support
element extends " A
>305 mm (12 in) - -
«— < h/2
I=—F )
2l or Ly, for = _T_
fyor1.25f, -1 ] T

- Required hook orientation
for column with fixed
boundary

FIGURE 16.10 Required extensions of column and boundary element reinforcement into footings, mat foundations, and pile caps.
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Extended Question: When we import a section of our ETABS model into SAFE using the Floor Loads and Loads
Above option, the "Col_Stiff" category automatically appears under Slab Properties. The effect on punching-shear
results is significant. What is "Col_Stiff" and why does it appear?

Answer: In real structures, there is an extremely stiff region within the connections which join columns and walls to
slabs. The "Col_Stiff" elements are stiff area elements in which the software amplifies moment of inertia by 100 times
to capture the increased stiffness of these connections.

The effects associated with modeling these increased stiffness properties within connections include the following:

Deflections are more realistic and less conservative in magnitude.
Rebar design is also less conservative since reinforcement is designed according to response at the face of the
column, and not at the centerline of the support.
Punching-shear results will change since the stiffness of the areas around the punching-shear perimeter change.
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Table 6.6.3.1.1(a)—Moment of inertia and cross-
sectional area permitted for elastic analysis at
factored load level

Moment of Cross-sectional
Member and condition Inertia area
Columns 0.707,
Uncracked 0.707,
Walls
Cracked 0351, 1.04,
Beams 0357,
Flat plates and flat slabs 0.251,
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e Jack Mochle:
Slab shear reinforcement can be provided around the columns to improve shear strength and lateral
displacement capacity. Shear reinforcement can be in the form of stud rails shearbands, stirrups, or
shear heads.

ACI-318-14:
CHAPTER 8—TWO-WAY SLABS /gdb (75 mm min.)
8.7—Reinforcement detailing

8.7.6 Shear reinforcement — stirrups 45 deg max

8.7.6.1 Single-leg, simple-U, multiple-U, and closed stir-
rups shall be permitted as shear reinforcement.

8.7.6.2 Stirrup anchorage and geometry shall be in accor- E
dance with 25.7.1. See 25.3
(a) single-leg stirrup or bar
8.7.6.3 If stirrups are provided, location and spacing shall 212d,
be in accordance with Table 8.7.6.3.
Table 8.7.6.3—First stirrup location and spacing <2d
limits
Maximum
Direction of Description of distance or
measurement measurement spacing, mm
. Distance from column ?_I
If’:crgendlcular to column face to first stirrup dr L_i
Spacing between stirrups dr See 26.3 See 25.3
i i Itiple-leg sti
Parallel to column face Spacing l‘)etwem vertical 2d (b) multiple-leg stirrup or bar
legs of stirrups

s

(c) closed stirrups

Fig. R8.7.6(a)-(c)—Single- or multiple-leg stirrup-type slab
shear reinforcement.
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Fig.R8.7.6d—Arrangement of stirrup shear reinforcement,
interior column.
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Fig. R8.7.6e—Arrangement of stirrup shear reinforcement,
edge column.
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ACI-421.2R-10:

AR

Prepare data: DR,
DR_must be less or equal 0.025.

Calculate maximum
shear stress, v,, at 42
from column face.

M, and V.

= ultimate story drift ratio at peak strength (in
experiments), or design story drift ratio of a
flat plate-column connection

= ultimate shear force transferred between the
slab and the column, 1b (N}

= ultimate unbalanced moment, at peak
strength, transferred between the slab and the
column at shear-critical section centroid, in.-
Ib (N'mm); this definition applies where
capacity is considered. Where demand is
considered, M, is factored unbalanced
moment in design

= nominal punching shear capacity of a flat
plate-column connection with no shear
reinforcement, 1b (N)

No

(no shear
reinforcement)

No

v O <10,/ f pst
<> J7 MPa?

Yes

ts{v, /)

> pnominal
shear strength of
concrele without
shear reinfor-
cement?

No Yes

Design shear reinforcement
and ensure that the
minimum is provided.

is

DR, £ 0.0150)——2

Provide Yes

minitnum shear
reinforcement.

END
{no shear
reinforcement)

Fig. 7.1—Steps for punching shear design of earthquake-resistant flat plate-column

connections.
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ACI-318-2014:

18.14—Members not designated as part of the
seismic-force-resisting system

18.14.5 Slab-column connections

18.14.5.1 For slab-column connections of two-way slabs
without beams, slab shear reinforcement satisfying the
requirements of 8.7.6 or 8.7.7 shall be provided at any slab
critical section defined in 22.6.4.1 if A/h., > 0.035 — (1/20)
(vug/dv.). Required slab shear reinforcement shall provide
v > 0.29J7; at the slab critical section and shall extend at
least four times the slab thickness from the face of the support
adjacent to the slab critical section. The shear reinforcement
requirements of this provision shall not apply if A,/h,, <0.005.

The value of (A,/hs,) shall be taken as the greater of the
values of the adjacent stories above and below the slab-
column connection. v, shall be calculated in accordance
with 22.6.5. v, is the factored shear stress on the slab crit-
ical section for two-way action due to gravity loads without
moment transfer.

140/

R18.14.5 Slab-column connections

R18.14.5.1 Provisions for shear reinforcement at slab-
column connections are intended to reduce the likelihood
of slab punching shear failure if the design story drift ratio
exceeds the value specified.

No calculation of induced moments is required, based on
research (Megally and Ghali 2002; Mochle 1996) that iden-
tifies the likelihood of punching shear failure considering the
story drift ratio and shear stress due to gravity loads without
moment about the slab critical section. Figure R18.14.5.1
illustrates the requirement. The requirement can be satisfied
by adding slab shear reinforcement, increasing slab thick-
ness, changing the design to reduce the design story drift
ratio, or a combination of these.

If column capitals, drop panels, shear caps, or other
changes in slab thickness are used, the requirements of
18.14.5 are evaluated at all potential critical sections, as
required by 22.6.5.1.

0.03

sﬁ
X
2
o 002
E=]
E Shear reinforcement Shear reinforcement
:E not required required
2 001
7
[=
2
[7]
a

0.00

0.0 0.1 0.2 0.3 0.4 0.5 06 0.7
Vug/ v,

Fig. R18.14.5.1Illustration of the criterion of 18.14.5.1.

1G5 Gk gl sl B Sl 5T e

vs > 0.29,/f/ = 0.29v21 = 1.33 MPa
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Jack Moehle:
If the slab has shear reinforcement or appropriately detailed flexural reinforcement, the failure may be

localized at the punched connection. Otherwise, vertical movement at the punched connection can
result in load being redistributed to adjacent connections, with the possibility of additional punching
failures and even complete progressive collapse. The following discussion illustrates some of these
aspects of behavior for a slab-column frame tested.

Note slab
: suspended by
. e - bottom bar
v = through column
(a) Interior connection viewed from top at angle (b) Exterior connection viewed from exterior

FIGURE 10.3 Punchmg shear failures at (a) mterior and (b) exterior connections. (After Hwang and Moehle, 2000a.)

Although the connections were heavily cracked and had displaced noticeably downward, the structural
integrity reinforcement enabled them to maintain gravity load support.
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