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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Design Steel Your Way Il

Efficient Analysis for Steel Design

using the
2005 AISC Specification

@ There's always a solution in steel 1

Design Steel Your Way Il

* Part | — What you have to consider!
— Introduction
— Structural analysis
— Second-order effects

* Part || — How you go about doing it!
— Determination of required strength
— Applications
— Examples

@ There's always a solution in steel 2
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2005 AISC Specification

Part | — What you have to consider!

Design Basis

Analysis myths and the AISC Specification
Types of analysis

Second-order analysis

Stability

Geometric imperfections

Residual stresses

B There's always a solution in steel

Design Basis

» The unifying factors
— The same limit states must be considered for all
design philosophies
— The nominal strength is the same for all design
philosophies
— There can be a direct relationship between resistance

factors and safety factors

There's always a solution in steel

American Institute of Steel Construction
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2005 AISC Specification
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Design Basis

There is no longer
ASD vs. LRFD

@ There's always a solution in steel 15

Design Basis

* Important Definitions

— Required Strength, R,
« ASD, R,
* LRFD, R,

— Nominal Strength, R,

— Available Strength, R,
* Allowable Strength, R /Q
* Design Strength, ¢R,

ANSVAISC 360-05

There's always a solution in steel 16
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2005 AISC Specification

Design Basis

B3.3 For LRFD, design shall be
performed in accordance with:

R <OR
B3.4 For ASD, design shall be
performed in accordance with:

5[:\‘ There's always a solution in steel

Safety Factors

e Calibration of LRFD with ASD leads to

E

This relationship is used throughout the
Specification

4 E There's always a solution in steel

American Institute of Steel Construction
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5 2005 AISC Specification
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P

P

: Design Basis
B

D Analysis vs. Design
: R <R

A A A A A A B A A A 28 2 A AR A AR AR A B B ALC B AR A

Required strength < Available Strength

The two sides of this equation must be balanced

One side should not be determined with more
precision than the other

There's always a solution in steel I

Compatibility of Analysis and
Design
* Must be properly matched

» Must assure adequate level of safety
» Must provide an efficient process

SD There's always a solution in steel 110
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Myth about AISC Specifications

» Past AISC Specifications have never said
anything about analysis!

i There's always a solution in steel

-1

Fact

1989 ASD

« A5.3. Structural Analysis

“Selection of the method of analysis is the
prerogative of the responsible engineer.”

- B4.Stability

“General stability shall be provided for the
structure as a whole and for each
compression element.”

There's always a solution in steel

-12
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2005 AISC Specification

Fact

1989 ASD

* C1. General

“In addition to meeting the requirements of
member strength and stiffness, frames and
other continuous structures shall be designed
to provide the needed deformation capacity
and to assure over-all frame stability.”

@ There's always a solution in steei 113

o

Fact

1999 LRFD

AS5. Design Basis

“The required strength of structural members and
connections shall be determined by structural
analysis for the appropriate factored load
combinations as stipulated...”

“Design by either elastic or plastic analysis is
permitted,...”

v’

There's always a solution in steel "
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Efficient Analysis for Steel Design Using the

2005 AISC Specification

Fact

1999 LRFD
C1. Second Order Effects
“Second order effects shall be considered in
the design of frames”
C1.2 Design by Elastic Analysis
“In structures designed on the basis of elastic

analysis, M, for beam-columns, connections,
and connected members shall be determined
from a second-order elastic analysis...”

B There's always a solution in steel 115

P
¢ 415 There's always a solution in steel

Fact

AISC 360-05 (the 2005 Specification)
B3.1 Required Strength

“The required strength of structural members and
connections shall be determined by structural
analysis for the appropriate load combinations as
stipulated...”

“Design by elastic, inelastic or plastic analysis is
permitted.”

B3.5 Design for Stability

“Stability of the structure and its elements shall be
determined in accordance with Chapter C.”

1-16

American Institute of Steel Construction
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2005 AISC Specification

Fact

AISC 360-05 (the 2005 Specification)

C1.1 Stability Design Requirements

“Stability shall be provided for the structyre.as a
whole and for each of its eIementsiAny method

that considers the influence of second-order
effects, flexural, shear and axial deformations,
geometric imperfections, and member stiffness
reduction due to residual stresses on the stability
of the structure and its elements is permitted.”

@ There's always a solution in steel 117

Fact

AISC 360-05 (the 2005 Specification)

“The methods prescribed in this chapter and
Appendix 7, Direct Analysis Method, satisfy
these requirements.”

t There's always a solution in steel

18
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Analysis Methods in AISC 360

C2.2a. Design by Second-Order Analysis
C2.2b. Design by First-Order Analysis
Appendix 7. Direct Analysis Method

or

Any method that gets the correct answer.

@ There's always a solution in steel 119

Analysis

e Process used to determine how a
structure responds to specific loads or
actions

« Measured by establishing forces and
deformations throughout the structure

1-20

i There's always a solution in steel

American Institute of Steel Construction I-10
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2005 AISC Specification

Analysis

* A mathematical model used to predict
behavior of a real structure based on:
— Engineering mechanics theory
— Laboratory research
—~ Model and field experimentation
-~ Experience
— Engineering judgment

* In the end, the results must satisfy
equilibrium

RS

E # There's always a solution in steel

1-21

Analysis

* Determinate vs. Indeterminate
» Linear vs. Nonlinear

Small vs. Large Displacement
15t Order vs. 2™ Order

There's always a solution in steel 122

American Institute of Steel Construction
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Determinate vs. Indeterminate

e Determinate
— Number of unknowns = number of equations
» Equations of equilibrium
« Condition equations
— Force and moments independent of member
properties
* Indeterminate
— Number of unknowns > number of equations
+ Equilibrium, condition, other equations
— Forces and moments dependent on relative member
properties

@ There's always a solution in steel 123

Linear vs. Non-linear

* Linear
— Effects of load proportional to load
— Elastic material
— Superposition applicable

* Non-linear
- Effects of load not proportional to load
— Geometric
— Elastic-plastic material
- Inelastic material
— Superposition not valid

Linear

Non-linear

Load

Load Effect

} There's always a solution in steel 24

American Institute of Steel Construction -12



®

P Efficient Analysis for Steel Design Using the

o 2005 AISC Specification
P
P
D i
~ Small Deflection vs. Large
o Deflection
P
> > Small = i
D — 1st order L/ 0
) -sin6=tan6 =0 g
P - Large
: - 2"‘3l order |,_AH_.,
4 -sinf#tanB620 | T
— Cable structures e /.,
@ There's always a solution in steel 125

A A AR A AR A Al . 2 2 2 2 2 & 2 AR AT

1st Order vs. 2" Order

» 1t order
— Equilibrium formulated about undeformed
geometry
— Beam-column ignores impact of axial load on
moment
» 2" order
— Equilibrium formulated about final displaced
geometry

— Beam-column includes impact of axial load on
moment

There's always a solution in steel 126

American Institute of Steel Construction
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Structural Engineering

“The art of modeling materials that we do
not wholly understand, into shapes that we
cannot precisely analyze, so as to
withstand forces we cannot really assess,
in such a way that the community at large
has no reason to suspect the extent of our
ignorance!”

. R. Dyflees, |StructE

) There's always a solution in steel 127

) Structural Engineering
) X
R ,:\ (\J “Is the exact analysis of an approximate
E N 7 model good enough to qualify as an
Y N approximate analysis of the exact
"{ structure?”
SN
N M. Sozen
3
There's always a solution in steel 128
American Institute of Steel Construction I-14
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Categories of Analysis

First-Order Elastic Analysis
Linear Buckling Analysis
Second-Order Elastic Analysis
First-Order Plastic Hinge Analysis
Second-Order Inelastic Analysis

@ There's always a solution in steel 126

First-Order Elastic Analysis

* Linear
— Elastic Materials
- Equilibrium about original
geometry
» Typical Methods
— Moment Distribution
— Slope Deflection
— Stiffness (Matrix) Method

— Most Commercial Computer Load Effect, 5
Programs

Load

There's always a solution in steet 130
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

« Bifurcation Analysis

— From no displacement to an
infinite displacement

— Eigenvalue analysis

» Typical Column Analysis
— Column Effective Length

» Linear-Elastic

cr

D) There's always a solution in steel

Linear Buckling Analysis

P

-31

» Linear-Elastic Material

 Equilibrium about displaced
configuration
- PA
- P&
* Exact, Iterative or
Approximate Solution P,
» Accounts for Stability

. Approaches Buckling Load

Second-Order Elastic Analysis

-32

American Institute of Steel Construction
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First-Order Plastic Hinge
Analysis

* Plastic hinges form

— Elastic/Fully Plastic

— M, followed by M,

* Redistribution of Forces

 Methods
— Rigid-Plastic
— Elastic-Plastic

@ There's always a solution in steel 133

Load

< A_,
— Fn
"foz

A,

-

Second-Order Inelastic Analysis

* Accounts for Material
Yielding
* Plastic-hinged based

— One beam-column element
for each member

— Zero-Length Plastic Hinges

— Efficient analysis of large-
scale buildings

- Still only approximate

Load

AR
4‘5E There's always a solution in steel

AR dRdR A A A A A A A A A2 22 2 2 A 2 A R AN K
-
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Second-Order Inelastic Analysis

 Plastic-Zone Analysis
— Distributed plasticity
— Discretized members
— Many finite elements
— Most complex method

Load

@ There's always a solution in steel 135

Comparison of Analysis Results

First-Order Elastic Analysis

Load Elastic Buckling Load
d-Order Elastic Analysis
First-Order Plastic Mechanism Load
First-Order Elastic-Plastic Analysis

<z Second-Order Inelastic Analysis

Deflection, A

There's always a solution in steel

American Institute of Steel Construction
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2005 AISC Specification

AISC 360

B3.1 Required Strength

“The required strength of structural members and
connections shall be determined by structural
analysis for the appropriate load combinations as
stipulated...”

“Design by elastic, inelastic or plastic analysis is
permitted.”

Elastic analysis is the most common approach in practice.

@ There's always a solution in steel 137

AISC 360

C1.1 Stability Design Requirements

“Stability shall be provided for the structure as a
whole and for each of its elements. Any method
that considers the influence of:

1. second-order effects,

2. flexural, shear and axial deformations

3. geometric imperfections, and

4. member stiffness reduction due to residual stresses

on the stability of the structure and its elements
is permitted.”

1-38

l\ There's always a solution in steel
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2005 AISC Specification

Elastic Analysis
« Member Slope Deflection Equations

4E] 2ET 6E]
MA _TGA +—L'—OB __L-E—AAB +FEMAB

B =

Flexural deformations only

A

@ There's always a solution in steel 139

Elastic Analysis

« Slope Deflection in Matrix Form

[12EI —6EI 12EI —6EI|
L3 L2 L3 L2 _
Vil | 6EI 4EI —6EI 2EI

.’5%

MA _ LZ L L2 L GA
v, || 12B1 -6E1 12EI —6EI|s,,
M Oy

L I? L I?
B 6EI 2EI —-6EI 4EI
I? L I’ L |

includes only flexural deformations

1-40

American Institute of Steel Construction 1-20
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Elastic Analysis

 Member Stiffness Matrix

(B4 g o EH 4 o]
L L
12E1 —6EI 12E1 —6EI
2 - | X
v —6E1 4El . —6El 2EI 8.
M, _ L L I L |9
RITIEL oy Bty 1o
VB L L 8B2
My} | o 1221 SEL 1261 =651 ||,
L L L I
o EL 2EI  -6EI 4EI
L L Z I

Includes axial and flexural deformations

7 &
‘LHE[; There's always a solution in steel

1-41
Elastic Analysis
* Member Stiffness Matrix
LL’i 0 0 EL’i 0 0
0 12E1 —6E] 0 12E1 —6E1
P, r(1+,) L(1+8,) L(1+8,) £(1+8,) |(s,
v, 0 ~6EI  4EI{4+P,) 0 —6E1  2EI(2-B,) |5,
M| T0+B) TI(1+B) C(+B,) “L(1+B) |e,
N E 0 0 k4 0 0 8y,
VB L L 632
12E1 —6E7 12E71 —6E1
0 Fem om0 T0em) Ty |0 p <120
o _SEl  2EI(2-B,) 6l  4EI(4+B,) s T GA?
r(1+8,) L(1+B,) L(1+p,) L(1+B,) ]
- Includes axial, flexural, and shearing deformations
IED There's always a solution in steel 142

' American Institute of Steel Construction
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Includes axial, flexural, and torsional deformations
@ There's always a solution in steel

Elastic Analysis
 Member Stiffness Matrix — 3-Dimensional
——ELL"— 0 0 0 0 0 ]
o 2L o o o BEL
F r L )
P o o 2B, 6B, 5
Fj L r 5;
F[T|o o 0 -G-Li o o0 ||,
F 8
_____ Ff S 0 0 6_;;:21‘— 0 %l— 8‘ ij
0 % o 0 0 4—51:’—' """""

1-43
Elastic Analysis
600 kips W27x178 W36x300
— e wap
15t % A § §
600 kips{ g W27x178 W36x300
b
g 8 2
15 ft X X 8
g g g
N \\ N\ SN SN
'I: 40 ft J|= 40 ft 4
AjIex+axiaI hear) — 2.94 in" Aﬂex'+wria1 =2.42 m.,
W A =2241in, A, cmS=1.79 in.
D There's always a solution in steel 4

American Institute of Steel Construction %\
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2005 AISC Specification

Elastic Analysis
600 kips W27x178 W36x300
g
\ 2 8
15 ft % A 3 §
600 kip: = W27x178 § W36x300
-
w0 [=] (=}
g g
T e D
I 0 y

With pin supports A, .. o, =7.11 0.

=2.94 in. with fixed supports

flex,axial ,shear

__compared to A

i) There's always a solution in steel 145

Elastic Analysis

» What approach does your software use?

[: There's always a solution in steel

’ American Institute of Steel Construction
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2005 AISC Specification

/

/\
Q(\(y

/

Elastic Analysis

What approach does your software use?

Includes axial deformations
Includes flexural deformations
Includes shearing deformations
Includes torsional deformations

Includes component deformations
a. panel zone
b. connection components

o wbd-=

@ There's always a solution in steel 147

AISC 360

C1.1 Stability Design Requirements

“Stability shall be provided for the structure as a
whole and for each of its elements. Any method
that considers the influence of:

1. second-order effects

2. flexural, shear and axial deformations,

3. geometric imperfections, and

4. member stiffness reduction due to residual stresses

on the stability of the structure and its elements
is permitted.”

There's always a solution in steel 148

American Institute of Steel Construction
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Second-Order Elastic Analysis
VS.
First-Order Elastic Analysis

A

0.01P 10.0 ft

JE.
& 20.0ft

< All members W8x24

There's always a solution in stee! 148

Second Order Analysis Results

Load (kips)

o 4 8 12 18 o

Lateral Displacement (in.)

"""-': .:'\".
V1l i} There's always a solution in steel

I-50
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Second-Order Analysis

 Impact of second-order effects
— Moments in beams and columns
— Shear and axial forces in beams and columns
— Forces on connections and foundations

» Second-order moments may have a
different distribution than first-order
moments

« Superposition does not apply

@ There's always a solution in steel 151

Second-Order Analysis

- Approximate step-by-step second-order

analysis
g\
%

« 3 examples
A

There's always a solution in steel

1-52

American institute of Steel Construction I-26



P
) Efficient Analysis for Steel Design Using the

2005 AISC Specification

400 kips

200 ft kips / | \

20

W12x96

-

200 ft klps

400 kips

Second-Order Analysis A

First Iteration on member effect

_MP _ 200(20)*(1728)

o = =0.715in
8EI  8(29000)(833)

(4000.715)) _ 5 o ft-kips

M, =
M, =200+23.8 =224 fi-kips

224
Amplification Factor = (——l =1.12
200

@ There's aiways a solution in steel 163

400 kips

200 ft kips / I ¢

20ft

W12x96 _J
200 ft klps

400 kips

Second-Order Analysis A

First Iteration on member effect

First-order moment = 200 ft-kips

Using the rectangular moment
diagram will yield more deflection
than actually there.

; [: There's always a solution in steel

First cycle second-order moment = 224 ft-kips

T T T T T T T T T e e e eUwUwUwUUUwOoOUweOUTwweowovwowoeoweowweweweoee

' American Institute of Steel Construction
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Second-Order Analysis A
Second iteration on member effect (Approximation)
400 kips
2 2
200 ftkips. /1-\ 5, = Mi _ 23.8(20)°(1728) — 0.0851 in.
8EI  8(29000)(833)
M,, = (4_0(@_51_)) = 2.84 ft-kips
8 20t 12
Wi2x36 M, =200+23.8+2.84 =227 fikips
200 ft ki
. Amplification Factor = @ =1.14
\-I/ 200
400 kips

[This might be expected to over estimate the amplification l

@ There's always a solution in steel 155

Second-Order Analysis B

Beam with axial force
w = 4 kips/ft

400 ki i
00 I|IIIIIIIII|III|IIIIII| 400 kips

201t W12x96

—+ M =200 ft-kips
....A-

ZR

4 5”5[: There's always a solution in steel 156

American Institute of Steel Construction
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400 kips

400 kips

Second-Order Analysis B

First Iteration on member effect

_ 5wi*_5(4.0)(20)" (1728) _

o = = =0.59 in
384E]  384(29000)(833)
00(0.
M, =ﬁ—_(1‘)2ﬁ‘)_) ~19.9 fi-kips

M, =200+19.9 =220 fi-kips
(220)

Amplification Factor =~——~==1.10
200

I-57

400 kips

w = 4 kips/ft

W12x96

o

400 kips

There's always a solution in steel

Second-Order Analysis B

First Iteration on member effect

First-order moment = 200 ft-kips

The moment diagram shape for the
second cycle is very similar to that
for the first cycle

First cycle second-order moment = 220 fi-kips

1-58

~—

) American Institute of Steel Construction
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2005 AISC Specification

Second-Order Analysis B
Second Iteration on member effect (Approximation)
400 kips
2 5(19.9)(20)" (1728
| L o3P S(99)(20) (1728) _ o554,
48EI 48(29000)(833)
e u,, =A00O009)) _, 5 xips
12
W12x396 .
M, =200+19.9 +1.98 =222 fi-kips
222
Amplification Factor = (—-—) =1.11
I 200.
400 kips l This can be expected to accurately estimate the amplification J

i There's always a solution in steel

1-59

Second-Order Analysis ¢
First lteration on sidesway effect
400 kips Bra A, = HE = 10(20)°(1728) =1.91in
H ¥ 3EI 3(29000)(833) '
—— 10 KipS aemp-
M,, = 1.91in. 5;00 kips) —63.7 fikips
20 ft
M, = 10(20)+63.7 =264 ft-kips
W12x96

264
Amplification Factor = (264) =1.32
200

ED There's always a solution in steel 160

American Institute of Steel Construction
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Second-Order Analysis c

First lteration on sidesway effect

20 ft
W12x96
i

Includes only the sidesway effect

7

First-order moment = 200 ft-kips

First cycle second-order moment = 264 ft-kips

@ There's always a solution in steel 161

A1 st

400 kipsl |

20 ft

W12x96

—

Second-Order Analysis c

Second iteration on sidesway effect (Approximation)

63.7

H,=——-=3.19 kips
270 p

_HP _3.19(20)°(1728)

A, = =0.608 in.
3EI  3(29000)(833)

M,, = 0.608 in.](2400 kips) =20.3 fi-kips

M, =200+63.7+20.3 =284 ft-kips

(284)

Amplification Factor =~—~*=1.42
200

This might be expected to under estimate the ampliﬁcation—l

@ED There's always a solution in steel

1-62

)
' American Institute of Steel Construction
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Efficient Analysis for Steel Design Using the

2005 AISC Specification
Second-Order Analysis -
» Exact Theoretical Solution
L2 400( 20 )—0.488
A 29000) 3) &
M,,, =M, secu=M, sec(0.488)=1.13M,
_Mr (2(1—005}1)] _M 2(1-cos(0.488)) 1 11M,,L2
8EI | picosp ) 8EI |(0488) cos(0.488)) ~ 8EI
ICompared to 1.14 |
@ There's always a solution in steel 163

Second-Order Analysis

» Exact Theoretical Solution
Commentary Benchmark Problem Case 1. 7
{ 400(20 ) 144 ies
4E1 29000 833

_L[ (secn- n] wv[isecx_eiw_-l)}:,.nzé

MAX 8

K 8 (0.488)" 8

“x " 384Kl | su’ 384E1 5(0.488)"

| Compared to 1.1ﬂ

There's always a solution in steel

Sl [12(%&”_”:_2)}: st []2(25&(0.488)—(0.488)2—2):|=] |

swl!
384E]

American Institute of Steel Construction
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Second-Order Analysis c

» Exact Theoretical Solution
Commentary Benchmark Problem Case 2. H

f I’ 400(20)
(0 (144) =0.977
El 29000(833)

tan (0.977
My = HL(ta;aJ = HL[—n(——)J =1.52HL

0.977
_HP(3(tana—a))_ HE( 3(tan(0.977)-0.977) 16 HE
MAX T 3ET o’ 3E] (0.977)’ T\ 3EI
| Compared to 1.5’
There's always a solution in steel 165

Rigorous Second-Order Analysis |

» Beam-column approach using modified
slope-deflection equations (Stability
Functions)

» Finite Element approach based on energy
theorems

* Pseudo load approach using fictitious
loads.

* And others

}l There's always a solution in steel 166

American Institute of Steel Construction
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Rigorous Second-Order Analysis

» Modified Slope-Deflection Equations

EI A
M, =T[s,,.6A +5,0, —(s,.,. +s,.j)—L’ﬁ}

MB=£LI-[sy6A+sﬂBB—(sﬁ+sﬁ)AL"i]
» Stability Functions
_ kLsinkl—(kl)’ coskL
#7092 _2coskL—kLsinkL P
e (kL) - kLsin kL F=NE
v/ 2-2coskL—kLsinkL

B There's always a solution in steel

1-67

Rigorous Second-Order Analysis

« Advantages of modified slope-deflection
equations

— In addition to P-A, the P-0 effects are exactly
represented for small deformations

— Accounts for inclusion of axial forces on fixed
end forces

— Approximate yet “rigorous” analysis

There's always a solution in steel 168

American Institute of Steel Construction
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* Finite Element Method
— Geometric Stiffness

displacements

displacements

@ There's always a solution in steel

— Uses an incremental stiffness matrix
k=k,+k,

Rigorous Second-Order Analysis

— Assumes small strains, large rotations, large

— Based on a cubic polynomial of transverse

1-69

Rigorous Second-Order Analysis

p=El or Small-

L Displacement
Stiffness Matrix

3
ey oD
L L
o & 5y
L L ]

A A 1

7 0 0 -7 0 01 0 o0 0 0 0]
o 2 6 4 12 64 g8 L 5 8 L
Elastic Stiffness Geometric

Stiffness Matrix

U 00 0

S Ly 8 L
5 10 510
L ' L 2
1030 10 FJ

170

‘ American Institute of Steel Construction
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Rigorous Second-Order Analysis

[ 4 4

7 0 0 -7 0 0 fo 0 0 0 0 O
2 6 2 6 6 L 6 L

< 2 L. 0o 2 £ o -2 =

0 7 7 ¢ &7 1 510 5 10

2 2
o &8 4 o & , o L 2L 4, L L
i EL L L LB 10015 10 30
Ll A o o A o ol L0 0 000 o
7 1 0 6 L, 6 _L
o 12 6 , 126 5 10 5 10
L rooL o L I L 28

0o & o -8 10 30 10 15

L L

@ There's always a solution in steel 171

Rigorous Second-Order Analysis

 Finite Element Method advantages

— One function in each matrix element for
tension or compression

— More easily extended to three dimensional
analysis

— Very general approach

There's always a solution in steel

1-72
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®

®

B

. Rigorous Second-Order Analysis
i _

B * Pseudo Load Approach

%) — This is intended to refer to all other methods
) that might be used where loads are added to
B account for second-order effects.

D — The main advantage is that the stiffness

) matrix is only evaluated once.

) — As with the other approaches, it is still an

) iterative method.

b

D @ There's always a solution in steel 173

Rigorous Second-Order Analysis

» What approach does your software use?

A
D There's always a solution in steel

174

American Institute of Steel Construction 1-37
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Rigorous Second-Order Analysis

« What approach does your software use?
1. What method
2. Reference \

3. Does it include second-order effects
a P-6
b. P-A

@ There's always a solution in steel 175

First-Order vs. Second-Order

« Compare the results of a first-order
analysis with those of a second-order
analysis for:

— Gravity load only
— Gravity plus lateral

I There's always a solution in steel 176

American Institute of Steel Construction |-38
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2
D
D
: Symmetric Portal Frame
®
D * First-Order Analysis
P P
P | 4 |
D
P
D I I I I
b w2 W2
3] D == E e -
t e ten 1, t»,
UM U M
@ There's always a solution in steel 77

Symmetric Portal Frame

« Second-Order Analysis

I I I I
W w,
== = Cme—? et
t P tre te, { .,
No Change UMaZ U My,
There's always a solution in steel Results change

178

American Institute of Steel Construction -39
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First-Order Analysis

Symmetric Frame with
Leaning Column

1-79

First-Order Analysis
w 1”

J;Q

#C

There's always a solution in steel

Q

1

I

wi2

E:h

U, U, ¥

Leaning Column and Lateral
Load

Leaning column
has no influence
under a first-
order analysis

1-80

American Institute of Steel Construction
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Load

Second-Order Analysis

Pa2 PZ
U, i

There's always a solution in steel

[N

2

Leaning Column and Lateral

w 11’ J;Q
Leaning column
has influence
under a second-
1 1 order analysis
W W, w

-81

zo—J c‘ |
| |
l 20 ft
All Members
W12x136 fo= Phem
t t t
10 ft.

Rigorous Second-Order Analysis

Consider a simple
example structure

1-82

)
’ American Institute of Steel Construction
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Rigorous Second-Order Analysis
200 200 600 2?0
" _J( c& {' 200 'ZT_* © 200 fi-kips
First-Order Analysis ' 20t
All Members l
W12x136 g0 Phet® °le—10
160f 240f 600f Moment
240
Of A =174 in.
@ There's always a solution in steel 183

Rigorous Second-Order Analysis

200 200 600 263
20 _’T—C‘t—! s { — 12.7
|
|
i

Second-Order Analysis 20 f
All Members
W12x136 POLLALS DIl N ol e 127
t et et !
137 263 600 | Moment
263
10 ft. .
A, =279 in.
Neglects P-6
i There's always a solution in steel 84

American Institute of Steel Construction
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P
B
P
D . .
> Rigorous Second-Order Analysis
B
) 200 200 600 23
' 20 —»‘ c‘ ‘I —
» [
D Second-Order Analysis |
. All Members
W12x136 8‘1-4'30 <270 4T
D 1;;7f 263 soof | Moment
) 263
) 10f A =2.79in.
Modeled with nodes at third points of columns
There's always a solution in steel 185

Second-Order Analysis by
Amplified First-Order Analysis

 The Goal:

Develop a relationship between the first- order
moment and the second-order moment that
will permit a simple amplification of the results
of a first-order analysis to determine the
results of a second-order analysis

There's always a solution in steel 1-86

American Institute of Steel Construction
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Second-Order Analysis by
Amplified First-Order Analysis

Pll . age . . .
" fi'\ Write the equilibrium equation at mid-

height
¥ My, =M, +PS

8 Define the amplification factor

AF (M,)=M,,, =M, +P3

Solve for AF B Mu + Pu 5

MII
\J/ AF
P, M,
@ There's always a solution in steel 187

Second-Order Analysis by
Amplified First-Order Analysis

« Add to the denominator and simplify

(R3-PY)
M +P0o 1
AF = — 0=
M,+(R8-F8) |__ KO

—Mu+PuS

There's always a solution in steel 188

American Institute of Steel Construction
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B

B

B .

5 Second-Order Analysis by
J Amplified First-Order Analysis
>

®  Simplifying Assumptions s ny

D 5 5. v”w"ﬂ

b M,+P8 M, M

P v

> el

M, 8EI TEI

u ==

o L L ¢

* Substituting into the equation for AF

@ There's always a solution in steel 189

Second-Order Analysis by
Amplified First-Order Analysis

» The ampilification factor for the “member
effect” is thus

1-90

American Institute of Steel Construction
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A,

Pll
>
L
¥y

o

Second-Order Analysis by
Amplified First-Order Analysis

 For a first-order analysis

M =HL

1 —_—

@ There's always a solution in steel

HI’
3EI

1-81

AZ
Pu

‘it

b~

U

L

Second-Order Analysis by
Ampllfled First-Order Analysis

2
‘ H+P"A
—

» For second-order analysis

assume these two models
are equal

(H+PA,)L
27 3EI
HP (. PA,
= 1+
3E] HL
PAA,
HL

A, =A+

1-82

American Institute of Steel Construction
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Second-Order Analysis by
Amplified First-Order Analysis
A

._’.l P, L_.' * Solve for A,
Ha PA,

’ A = 1-21 A
(-5,
* Thus,
= A= B (4F)A
2 ( R,AIJ 1
HL
Y @ * So for the “sway effect”
1
HL+PA, AF = PA
-1
There s always a solution in steel HL

1-93

Second-Order Analysis by
Amplified First-Order Analysis

» Amplification for member effect

AF = 2
| —2
E
» Ampilification for sway effect
1
AF = “BA,
HL

’2”5[: There's aiways a solution in steel

1-94
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Amplified First-Order Analysis

» C2.1a. Second-Order Analysis by
Amplified First-Order Elastic Analysis

Any second-order analysis method that considers
both P-A and P-0 effects may be used.

The Amplified First-Order Elastic Analysis Method
defined in Section C2.1b is an accepted method
for second-order elastic analysis of braced,
moment, and combined framing systems.

I There's always a solution in steel 195

Amplified First-Order Analysis
» Required second/grder flexural and axial

strength
M, =BM,+B,M, (C2-1a)

P=P,+BF,  (C2-1b)

P
H e .
= & Artificial = Negative
Restraint Artificial
Restraint

No translation Lateral translation

There's always a solution in steel

American Institute of Steel Construction
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Amplified First-Order Analysis

« Common design office approximation
M,, = gravity load moments
M, =lateral load moments

P H

[1

No translation ? Lateral translation
There's always a solution in steel 197

Amplified First-Order Analysis

* Membereffect p__Cn 51 (cay

0P
1__ r

P

f\"\\ el

$ ~_ Gn= 0.6-0.4(M,/M,) (C2-4)
v B =P, +P,
P, =1.6P, or P,
2
= —R—E-LZ- (C2-5)
(K\L)

There's always a solution in steel

|-98

| American Institute of Steel Construction
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Amplified First-Order Analysis
» The constant o (1.0 for LRFD and 1.6 for ASD)
Second-Order vs. First Order Analys's ——’l 1 Y
|
e \“/ w".=16(1\M;$. | ¥
~\Bx=1(n M-=§)\ \l_:=]w' M=246
3 1"
‘? ® F=100 M,=103 Use o to be sure that the analysis
< captures the nonlinear aspects at
: the ultimate strength
‘\:\’ 0 W0 :_‘m": 0 0
{ @ There's aiways a solution in steel 198
N
M
Q
h
N
N

Amplified First-Order Analysis

Second-Order vs. First-Order Analysis

200
B=298/96=3.10
/ \/’apa =160

150 7/ P : P, =150
T B=246/90=2.73
Z 0 | ~ o P=100
g N

B=103/60=1.72
50
[} u v
0 100 200 300 400 500

Moment (in.-kips) M
B= -MZ—"" =amplification factor

There's always a solution in steel Ist

-100

American Institute of Steel Construction
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Amplified First-Order Analysis

« Sway effect

1
—_—— > -
B, _aZPm—l (C2-3)

1
XF,
P, =R, ZHL (C2-6b)
ZSI{

R, =0.85 for moment frames
=1.0 for braced frames

i There's always a solution in steel

101

Amplified First-Order Analysis

* Application (LRFD)

§ 7= 500 kips } Q.= 500 kips

C; ‘\T
g b
2 S
T W14x132 1
S I=1530in* ~
2
W14x132
1=1530 in.4 747 —
11’,, = 500 kips 1 g
0, = 500 kips
H

4

E There's always a solution in steel

M, =500 fi-k

1-102

American Institute of Steel Construction
]
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Amplified First-Order Analysis

« No translation
§ P =500 kips } Q, =500 kips
R

— 18.75 kipg]
O— o
5 4
- s M=703 ftk
< )
§= =~
WA14x132
[=1530 in.4 797 —
$..= 500 ips # M, =125 fik

1Q,,, = 500 kips
H

@ There's always a solution in steel 1103

Amplified First-Order Analysis

e Translation M,= M, + M,=125+375=500 ft-kips

18.75 kips
» Tﬁ JT
=
[=]
(o\]
1
=~
W14x132
1=1530 in.4 797 —
Tp“ = 0 kips Z M, =375 ft-k
H

There's always a solution in steel 1104

o

American Institute of Steel Construction
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» Summary of analysis:

M,, =125 ft-kips

M, =375 ft-kips
P, =500 kips
B, =0 kips

L A A B N N N N N N N N NN

@ There's always a solution in steel

Amplified First-Order Analysis

» Member Amplification

Cm
B1=1—aPr >]
P

el

C, =1.0 (transverse load)
oP. =500+0=500 kips

Amplified First-Order Analysis

2 2 1
TEl T (29,000)( 530) = 7,600 kips

KL (20012))

f”g[ﬁ There's always a solution in steel

American Institute of Steel Construction
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Amplified First-Order Analysis

« Member Amplification

c, 10 _
B‘_l_aPr — 55 1.0721
P, 7,600

There's always a solution in steel 1107

i

Amplified First-Order Analysis

« Sway Amplification

1
= >
B, l_aEP,,, 21

2P,

0ZP, =0, P+Q)=1.0(500+500)=1,000 kips
_HD _ 1.0(20)’(1,728)
" 3EI 3(29,000)(1530)

1.0(20(12
sp =k ZHL _0gs-2002) _; och yips
A 0.104

[4
H

=0.104 in.

There's always a solution in steel

-108
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Amplified First-Order Analysis

» Sway Amplification

11
_eZp, 1,000 "
2P, 1,960

B, =

1

@ There's always a solution in steel
1-109

Amplified First-Order Analysis

» Second-order results
M, =BM, +B,M, =1.07(125) +2.04(375) = 899 ft-kips
P. =P, +B,P, =500+ 2.04(0) = 500 kips

» If there had been no load on the leaning
column

-110

' American Institute of Steel Construction
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Example 1 (LRFD)

Determine the 2"d-order P, =408 kips
forces and moments for _ .

a W14x120 in a moment F, =98 kips .
frame when the results of M, =47.3 fi-kips

a 1st-order elastic M . =94.5 fi-kips

analysis yields: " .
M,,=171.5 fikips
M,, =155 ft-kips

Load Case=1.2D+0.5L+1.6W

@ There's always a solution in steel 1111

Example 1 (LRFD)

Determine the member effect amplification:
No translation, M,

C, =0.6-0.4(M,/M,)
C =0.6-0.4(47.3/94.5)=0.4

. There's always a solution in steel 1112

American Institute of Steel Construction I-56
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Efficient Analysis for Steel Design Using the

2005 AISC Specification

p _ 7(29,000)(1,380)

Example 1 (LRFD)

n’El
(K.L)

el

-~ =17,600 kips
(1.0(12.5)(12))

@ There's always a solution in steel 113

W

Example 1 (LRFD)

C
B =1_&P, >1.0
£,
0.4
=0.4141.0.. B =1.0
(408+98) g '
17,600

There's always a solution in steel 1114

American Institute of Steel Construction

I-57



Efficient Analysis for Steel Design Using the
2005 AISC Specification

Example 1 (LRFD)

Determine the translation amplification
factors

Translation, M,,,

Assume the frame deflection will be
limited, in the final design, to

Ay =Y400

ERINY There's atways a solution in steel

-115

Example 1 (LRFD)

For the entire frame at this story
Y. H =150 kips (service load to cause drift limit)

>. P, =2,450 kips (total gravity load)
thus,

HL

XP, =0.85

e

= 0.85(150)(400) = 51,000 kips

H

This is a measure of the frame stiffness

There's always a solution in steel

-116

American Institute of Steel Construction 1-568
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Example 1 (LRFD)

« Sway amplification factor

1

Bzzl_aZP,,, >1.0
XF,

B, = : =1.05

L _10(2,450)
51,000

@ There's always a solution in steel 1117

Example 1 (LRFD)

Second-order force

I)r = I)nt + BZBt

P = (408)+1.05(98) =511 kips
Second-order moment

M, =BM, +B,M,

M, =1.0(94.5)+1.05(155) = 257 fi-kips

" D There's always a solution in steel 1118
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Example 1 (ASD)

Determine the 2nd-order P, =378 kips
forces and moments for a P =46 ki
W14x120 in a moment n = F0 XIPS
frame when the results ofa M, , =43.9 ft-kips
1st-order elastic analysis _ .
yields: M, , =87.8 ft-kips
M, =36.0 ft-Kips

M,, =72.0 ft-kips

@ Load Case=D+0.75L+0.75W

There's always a solution in steel 1119

Example 1 (ASD)

Determine the amplification factors for the
no translation, M,, member effect;

C, =0.6-0.4(M,/M,)
C =0.6—0.4(43.9/87.8)=0.4

¢ D There's always a solution in steel 1120

American Institute of Steel Construction I-60
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Example 1 (ASD)

nEl

= 2
(K.L)

el

_ (29,000)(1,380)
(1.0(12.5)(12))’

@ There's always a solution in steel

£,

=17,600 kips

1-121

Example 1 (ASD)

0.4

B = =0.42#1.0..

|_L16(378+46)
17,600

{EE There's always a solution in steel

1-122
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Example 1 (ASD)

Determine the amplification factors for
translation, M,, the sway effect;

Assume the frame deflection will be
limited, in the final design, to

A, = I/
H 400
@ There's always a solution in steel 1123

Example 1 (ASD)

For the entire frame at this story
> H =150 kips (service load to cause drift limit)
> P, =2,270 kips (total gravity load)

thus,

XHL

TP, =0.85="= = 0.85(150)(400) = 51,000 Kips

H

Il There's always a solution in steel

1-124

American Institute of Steel Construction
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D
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9
P
P
P
P
P
b
P
B
D
[
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b
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)
)
)
)
)

Example 1 (ASD)

» Sway amplification factor

B, =1_;_EP£ >1.0
2F,
B, = : =1.08
? 1_1.6(2,270)
51,000

@ There's aiways a solution in steel

1-125

Example 1 (ASD)

Second-order force
P = Pm + Bth
P = (378) +1.08(46.0) =428 kips

Second-order moment
Mr = Ble + BZMlt

M, =1.0(87.8)+1.08(72.0) =166 fi-kips

i D There's always a solution in steel

1-126
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Second-Order Analysis for the
Design Office

X « Exact solutions
— Limited to fairly simple problems/elements.
X+ Rigorous Analysis 'y
— Many methods implemented in the wide
variety of software packages available.

« Amplified 15t-Order Analysis

— Equally acceptable and advantageous in —~__
some applications.

m There's always a solution in steel
— 1-127

~

AISC 360

. Stability

B3.5 Design for Stability

“Stability of the structure and its elements shall be
determined in accordance with Chapter C.”

C1.1 Stability Design Requirements

“Stability shall be provided for the structure as a
whole and for each of its elements.

@ There's always a solution in steel 1128

American Institute of Steel Construction
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Stability

* Stable Equilibrium: ...“within certain limits,
any slight change of the loading condition
does not produce disproportionate
increase of the stresses or the elastic
distortions of the system.”

Ft. Bleich

W Buckling Strength of Metal Structures

i There's always a solution in steel 1126

Stability

* Unstable Equilibrium:...“disproportionately
large increases, indeterminate as to
maghnitude, to which deformations and
stresses are subject at slight increases in
load.”

F€. Bleich
Buckling Strength of Metal Structures

i E There's always a solution in steel

1-130

American Institute of Steel Construction
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Stability

« Bifurcation: “Upon reaching the critical
load there are two equilibrium positions
possible, the straight form and a deflected
form infinitesimally near it, both under the
same axial load.

P FE. Bleich

Buckling Strength of Metal Structures

There's always a solution in steel 5 1131
Stability
« Determine the elastic buckling load for a
colull:nn. *Assumptions

1 Perfectly elastic
*Perfectly straight
«Constant cross section

L *Pin ends
l" Equilibrium at a point on a free body
in the displaced configuration
IP Mx = Py

@ There's always a solution in steel 1132

American Institute of Steel Construction 1-66
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Stability

* Determine the elastic buckling load for a

CO|iJmn- *From the principles of mechanics

using small displacement theory
d’y M

L &?)  El
”‘ *Combining and rearranging terms
t d’y P

+—y=0
@ There's always a solution in steel 1133

ax®>  EI

Stability

* Determine the elastic buckling load for a
column. o efine
1 k2 =£
EI

*The result is the differential equation

”‘ of the column

2
I flx{+k2y=0

f t There's always a solution in steel

1-134
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Stability
« Determine the elastic buckling load for a
co'l'lmn' *Solution
y = Asinkx+ Bcos kx
L *From boundary conditions
X B=0
AsinkL =0

@ There's always a solution in steel
1-135

Stability
» Determine the elastic buckling load for a
column.  rp .
! sinkL =0
and
. kL =nr
J"_ *The shape of the deflected column is
= Asin nmx
| 4 L

@ There's always a solution in steel 1136

American Institute of Steel Construction I-68
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Stability

 Determine the elastic buckiing load for a
column.

|

*Remembering that
p=L and kL =nn
EI

thus,

J‘ P = P _ n’'r’
1 EI I

@ There's always a solution in steel 1137

Stability

 Determine the elastic buckling load for a

column. *The solution for this differential

l equation is
2.2
P=P = n TczE]
L L
”‘ which has a minimum value
when
I n= 1

)| There's always a solution in steel

1-138
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Stability

» Determine the elastic buckling load for a

column. *Thus, we have the well known
1 Euler Equation for the elastic
buckling load:
L _ TEI

x P
J—- cr Lz
There's always a solution in steel 1139

Elastic Buckling Load
» The Perfect Column - The Euler Buckling
Equation:
quation ) CE]
e L2

» The real column, as part of a structure and with
imperfections, efc.:

P, = P, x (reduction factor)

There's always a solution in steel

1-140
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B
P
P
]
B
2
P
b
P
P
D
|
|
J
b
P
)
b
J
b
J
J
b
)
)
)
)
)
)
)
)
)

2005 AISC Specification

Definition of Effective Length
Factor

» The reduction factor is defined as:

reduction factor = >

exact

 Thus, the elastic buckling load for a real
column is given by:
2
P = nEl :
(K raerl)

xact
@ There's always a solution in steel

-141

Effective Length Factor

 Every approach proposed for determination of
the effective length factor, K, is an attempt to
determine the exact effective length factor,

K, acr SUch that the exact critical buckling load

may be determined, without the need to resort
to an elastic buckling analysis.

\) There's always a solution in steel

1-142
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Elastic Buckling Analysis

 Eigenvalue Analysis
— General form of the eigenvalue problem

([&,]+A[ K, ){A}=0
[K,] =linear stiffness matrix

[ K, | = geometric stiffness matrix

@ There's always a solution in steel 1143

Elastic Buckling Analysis

 Eigenvalue Analysis
— Reduction to standard form

[H|{Y}=0iY}

{1} =eigenvector
o= eigenvalue

A= l =load ratio
0

There's always a solution in steel L
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Elastic Buckling Analysis

* Eigenvalue Analysis

— Solution techniques
* Polynomial expansion
* Power method
* Iteration

@ There's always a solution in steel 1145

Elastic Buckling Analysis

0.01P

v
20.0 ft A

A

- -------v-vvvvvvvvvwwvwwmwg@@@

All members W8x24

1-146
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Second Order Analysis Results

Load {kips)
g amn

o 4 L 12 18 a

Lateral Displacement (in.)

1-147

4'5[: ] There's always a solution in steel

Elastic Buckling Analysis

All members W8x24

P l P I,=82.7int
l 10.0 ft Elastic Buckling
y P_. =232 Kips
-4 200t |
o i

00(82.
k= [EL__=x_ |29.000(827) _, ¢
I\2, 1002V 232

AR

1-148
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Elastic Buckling Analysis

All members W8x24

P 1,=82.7in*

10.0 ft Elastic Buckling
A I P., =460 kips

_r EI 29, 000 82. 7
P, 10(12) 460
There's always a solution in steel

—1.89

1-149

Elastic Buckling Analysis

Sidesway Prevented

(HSD There's always a solution in steel

=] P
L v All members W8x24
i} I,=82.7in*
10.0 ft
4
A 20.0 ft = _
< P..= 1378 kips

1-150
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Elastic Buckling Analysis

P 1 P
v S
P l P 10.0 ft
' Y
All members 10.0 ft
Ws8x24
A . U
_ 200w | Pu=140Kps

Sidesway Permitted

D il There's aiways a solution in steel

1-151

P P
\4 v __
10.0 ft
v
All members 10.0 ft
W8x24
1‘ 2&.___JL___
< 200 jI P, = 242 Kips

Sidesway Permitted

There's always a solution in steel

1-162
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Elastic Buckling Analysis

Sidesway Permitted
@ There's always a solution in steel

-4
P P | 10.0ft
Y v
Al vn\;gn;t;ers [ 10.0 ft
" 2 2001t A ——
< : P, = 290 kips

1-153

 Goal

e ddhdhd el A A A A A A A R A AR B N N N N NN N N X

There's always a solution in steel

Effective Length Factor

— Develop equations that may be used to
determine the effective length of columns in
moment frames or braced frames without
requiring an elastic buckling analysis.

1-154

American Institute of Steel Construction
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Effective Length Factor

e Assumptions:

Behavior is purely elastic.

All members have a constant cross section.
All joints are rigid.

In sidesway inhibited frames (braced frames),
rotations at opposite ends of beams are equal
producing single curvature.

rPON =

There's always a solution in steel 1156

Effective Length Factor

e Assumptions:

5. In sidesway permitted frames (moment frames),
rotations at opposite ends of restraining beams are
equal producing reverse curvature

6. Stiffness parameter L,/P/ EI of all columns is
equal

7. Joint restraint is distributed to column above and
below in proportion to I/L

8. All columns buckle simultaneously
No significant axial force in girders

1-156

American Institute of Steel Construction
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Effective

Length - p -
Nomograph or u %;3’9 i
30.0— —-50 —30.0
Alignment Chart 207 T 200
for Moment Frame prs T Frg
6.0 + 6.0
8.0~ -+ —6.0
40 20 40
30 I 30
_X(I/L), — 20— _::-1 5 20
E(I/L)g — 0, 10 T 1o
4 oo—: :—1.0 :—o.o

@ There's always a sg:utlon in steel 1157

AR A A A el A A A A R R X R R R N N NN X |

Effective
Length - « a
Nomograph or "g’féf- _-EO:B ;g
Alignment Chart 20 1 [ 20
for Braced Frame - -:0-8 g
2(1/L) o.a—: 1 ::oa
) G= Z(I/L)g 02+ —+-06 o2
) 0.1 T —0.1
' | 0.0- —J—05 —0.0
é ‘5[: There's always a soluti:n in steel 1158
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Effective Length Factor

» Sidesway Inhibited (Braced Frames)

GGy (R/K)2+(G”2GB)(1—tn/K )+2(tan1t/2K

4 ann/K n/K )=1

« Sidesway Permitted (Moment Frames)

G,G,(m/K)’ =36 _ m/K
6(G,+Gy) tan 7t/ K

@ There's always a solution in steel
I-159

Buckling vs. Nomograph

29,000(82.7
k=T |E__* J (827) 566 +
L\P, 10(12) 232
|° %
4 Nomograph
10.0 ft K=263 +«—
—_
2 20.0 1t K
«— ( The structure and loading are
close to satisfying the
All members derivation assumptions. Thus,
W8x24 the results are close.

I1-160

American Institute of Steel Construction
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Buckling vs. Nomograph

0 .
kK, =T El _ = J29, OO(827)=1'89 -
L\P, 10(12) 460

&

20.0ft

j .

10.0 ft

<
€

All members
W8x24

@ There's always a solution in steel

Nomograph

K=263 +—

The structure and loading are

far from satisfying the

derivation assumptions. Thus,
the results are quite different.

161

Buckling of two story frame

All members
W8x24

LP

P

P 10.0 ft

8

-

20.0 ft

.

10.0 ft

€

Sidesway Prevented

There's always a solution in steel

Pcr = 1378 kips

1-162

American Institute of Steel Construction
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All members W8 x 24

20.0 ft

<€

@ There's always a solution in steel

10.0 ft

R BR——

All members

W8x24

Buckling of two story frame

Nomograph
K ypper = 0.88
Kigwer = 0.95
Elastic Buckling

Ko, =1.09

upper

Kiower = 0.77

1-163

P

Buckling of two story frame

4

[: There's always a solution in steel

Sidesway Permitted

P 10.0 ft
Y R
ﬂ\
10.0 ft
All members
W8x24 —_—
] ]
, 200t P..= 140 kips

1-164
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Buckling of two story frame

—
10.0 ft

All members
W8x24 g

20.0 ft

10.0 ft
a—
P, = 242 kips

-
<€

There's always a solution in steel

R
1

1-165

Buckling of two story frame

A

P 10.0 ft

All members
W8x24

20.0 ft

10.0 ft

a—r

P, = 290 kips

A ddh dh e A A A A A A A A A A A A N N N N NN NN

-166
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Buckling of two story frame

All members W8 x 24

7 Nomograph

10.0 ft

Kiper = 1.79

upper

100ft 1<lower=3'18
8___!___

All members
W8x24

@ There's always a solution in steel
1-167

bo

20.0ft

1\

Buckling of two story frame

» Elastic Buckling compared to Nomograph

— From Elastic Buckling, each load pattern
results in a different critical buckling load.

— Both stories loaded,

Kupper =3.43, Klower =242 Nomograph
— Upper story loaded,
PP Yy Kupper =1.79
Kupp,Br =2.61, K, yer = 2.61
— Lower story loaded, Kiower =3.18
Kupper = ?’ Klower =238
There's always a solution in steel 1168
American Institute of Steel Construction -84
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®
P
P
® Buckling with Leaning Columns
P
P
P
P
Qo
:  —
D ggls‘:rrra‘:lr:ng Leaning Column
' YN I —
: 2
b === ==
t e t P2 10
(qlgt There's always a solution in steel L1660

Buckling with Leaning Columns

1-170
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Buckling with Leaning Columns
0 A p

I v NV
Dj*%Z
—J_quw I—’
P 0

Using the same model as that used for developing the nomographs

Pra——
"o

C o

3
1
H
7
N\

'I
o !)
\

~,
S —

[
L

There's always a solution in steel -

Buckling with Leaning Columns

“Nomograph” type equation for sidesway uninhibited including leaning columns

GAGB(n/K)2—36(1+_Q)_ n/K (]+g)+ 6tan(r/ 2K) (g)+(g)=0
6(G,+G,) | P) tan(m/K)\' P) (G, +GsXn/2K)\P) \P

O represents the sum of the load on all of the
leaning columns attributed to the frame

P represents the sum of the load on all of the
restraining columns attributed to the frame

0 -
g 4

t There's always a solution in steel 11472
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Buckling with Leaning Columns

No load on leaning column
0=0,K=20

«
Q

Equal loads on restraining and
leaning column
gP=1,K=27

Other combinations
O/P=2,K=325

)

o/P=10,K=6.07
te $0
What would you do if there
were no load P?

@ There's always a solution in steel 1173

Buckling with Leaning Columns

(P+Q)

wszzzoT,

A A A A A A . A A A & B B A ARG DY@

(P+Q)

(h—b

M=PA+QA

-174
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eezzo T,

(P+Q)

Buckling with Leaning Columns

Design this column for the load (P+(Q))
using the nomograph effective length

factor, K.

nEl
(KLY

o

(P+0)=

I-175

M =PA

There's always a solution in steel

Or, design this column for the load P using
the modified nomograph effective length

factor, K,,.

wEl

I-176

American Institute of Steel Construction
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Buckling with Leaning Columns

» Solve both equations for ”;E]

n’El n’El
5 =K}(P+Q) and K:P

2 By

* Set equal and solve for K,

K=K, 22k [1+£
P P

There's always a solution in steel 1177

Effective Length Factor

* Problems with nomograph

— Real structures rarely satisfy assumptions
* Leaning columns
« Stiffness parameters not usually the same
* All columns don't buckle simultaneously
* Different end conditions means //L is not a good
measure of stiffness at a joint
* Columns may not behave elastically

There's always a solution in steel 1178

American Institute of Steel Construction
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Stability

» What approach does your software use?

i There's always a solution in steel

1-179

Stability

« What approach does your software use?
— Calculates the elastic buckling load

— Calculates K based on the alignment chart
equations

— Requires K as an input variable for each
column

— Assumes a K based on a default
—Assumes all K=1.0

1-180

il (HED }| There's always a solution in steel

American Institute of Steel Construction
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AISC 360

C1.1 Stability Design Requirements

“Stability shall be provided for the structure as a
whole and for each of its elements. Any method
that considers the influence of:

1. second-order effects,

2. flexural, shear and axial deformations,

3. geometric imperfections, and

4. member stiffness reduction due to residual stresses

on the stability of the structure and its elements
is permitted.”

D Y There's always a solution in steel 1181

Geometric Imperfections

 Out-Of-Straightness ASTM A6

e L Tolerance:

e =1/1000

e Out-Of-Plumbness e

F—1 Code of Standard Practice
i Tolerance:

e =L/500

~

There's alw ion i
ere's always a solution in steel _L 1182
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Geometric Imperfections

« Column Strength Equations

5

F, =(0.658)" F, 7
Fo \
Out-of-straightness is

F,=0.877F,
included in column
strength equations for
both regions

Inelastic Elastic

’E
47 7 "
There's always a solution in steel

1-183

Geometric Imperfections

e Out-Of-Plumbness

€ =0.002L e =0.002L
H P, |'_'l P, + P,

— ——— <=
0.002P, 0.002(P, + P,)
L L
— — —— r
0.002P, I 0.002(P,+ P))
P,I P, + P,
Level 1, Top Level 2, Next level down

1-184

American Institute of Steel Construction
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Geometric Imperfections

e Out-Of-Plumbness

e =0.002L
-

o —
0.002P,

Combine two levels e =0.002L

0.002P,

_

— —
I 0.002(P, + P,)

P, + P,
There's always a solution in steel 1185

Geometric Imperfections

e Out-Of-Plumbness

 /
0.002P,

Notional Loads L

—_—
0.002P,

—

4 0. —P_+
popf O00AP*P)

t There's always a solution in steel 1186
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Geometric Imperfections

¢ Modeling Out-Of-Plumbness

— The structure may be modeled in its out-of-
plumb position directly.

or

— Notional loads may be used as a way to
include the effect of the out of plumbness on a
perfectly plumb structure.

@ There's always a solution in steel 1187

Geometric Imperfections
* Out-Of-Plumbness

048 in. H P=100 kips 11) =100 kips
Top lateral

- 10.0 ft

displacement :"
A=0.105 in. .
024in. P=100 kips P=100 kips
r
1
Support Moment |
M =324 in-kips

h

10.0 ft

4

T

’ All members W8x24
First-Order Analysis

1-188
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Efficient Analysis for Steel Design Using the
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Geometric Imperfections

o Out-Of-Plumbness

Top lateral  0.40 kips
displacement

A=0.105 in.

|
Support Moment 1
M = 32.4 in-kips

1 P=100 kips

=

[10.0
P=100 kips

10.0 ft

aa—Y—

All members W8x24
First-Order Analysis

1-189

Geometric Imperfections

» What approach does your software use?

There's always a solution in steel

1-190

American Institute of Steel Construction
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Geometric Imperfections

« What approach does your software use?
— Permits modeling of the out-of-plumb
geometry

— Automatically calculates and applies notional
loads

— Has no mechanism to include geometric
imperfections

@ There's always a solution in steel 1191

AISC 360

C1.1 Stability Design Requirements
“Stability shall be provided for the structure as a
whole and for each of its elements. Any method
that considers the influence of:
1. second-order effects,
2. flexural, shear and axial deformations,
3. geometric imperfections, and
4. member stiffness reduction due to residual stresses
on the stability of the structure and its elements
is permitted.”

AT

‘HED There's always a solution in steel 1162

American Institute of Steel Construction
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Residual Stress

» Source
— Cooling during the production process

@ There's always a solution in steel P

Residual Stress

* Source
— Cooling during the production process

* Influence
— Member behaves inelastically at lower load
than otherwise expected
* Influences strength
— Member deformation is greater than that
predicted by elastic analysis
* Influences second-order-effects

IS[: There's always a solution in steel

1-194
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F

Influence of residual
stresses included in
column strength

region only

cr

equations in the inelastic

L2

F, =(0.658)" F,

Inelastic

BN

Residual Stress

« Column Strength Equations

F, = 0.8777

Elastic

i There's always a solution in steel

4.71 £
F,

1-185

Residual Stress

stress

« Second-Order Effects
— Stress-strain relationship no longer linear
— Use the Tangent Modulus of Elasticity

Er

There's always a solution in steel

strain

-186

American Institute of Steel Construction
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for effective length nomograph

EL:T(‘

E

1,=1.0 for 5s0.39
P

y

@ There's always a solution in steel

-2.724 —PL In 5 for —PL>O.39
B )\ F,

100 <
\\\
0.0 X
\
o0& v
T\
040 a A
\\\
020 3
N\
000

Residual Stress

- Stiffness Reduction Factor (Commentary)

0.00 020 0.40 e 0.00 1.00 1.20

PJP,

-197

_=‘rb

E

1, =1.0 for gPiSO.S
P
y

ol oP aP
=4 —L|1-—L for —
A P,

@ There's always a solution in steel

A s A A A A A A A A A R E RN NE XX

120

100

0.80

040

0.20

000

Residual Stress

* Stiffness Reduction Factor (Appendix 7)

o 020 040 Lo 080 1.00 120

P/P

>0.5 wy

1-198
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Residual Stress

« What approach does your software use?

}) There's always a solution in steel

1-198

Residual Stress

« What approach does your software use?
— Automatically included in column strength
equations
— Impact on second-order effects included
« Through use of R, in calculationof B,
» Through use of T, in a rigorous analysis___
» Through use of additional notionalload
e User defined values _______

o

LHED There's always a solution in steel

1-200
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AISC 360

C1.1 Stability Design Requirements

“Stability shall be provided for the structure as a
whole and for each of its elements. Any method
that considers the influence of:

1. second-order effects,

2. flexural, shear and axial deformations,

3. geometric imperfections, and

4. member stiffness reduction due to residual stresses

on the stability of the structure and its elements
is permitted.”

[:\' There's always a solution in steel 1201

AISC 360

C1.1 Stability Design Requirements

“The methods prescribed in this chapter and
Appendix 7, Direct Analysis Method, satisfy these

requirements.”

T T T Y T v T T e e e 9weoUUwOoeUOoewwewUwouwuouoweowoweeow

p—

There's always a solution in steel 1202

s
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

AISC 360

C2.2a. Design by Second-Order Analysis
C2.2b. Design by First-Order Analysis
Appendix 7. Direct Analysis Method

or

Any method that gets the correct answer.

F il There's always a solution in steel 1-203

AISC 360

Summary

« What new considerations as a result of
AISC 360-05;

— Account for out-of-plumbness.

— Account for impact of member second-order
effects on sway second-order effects.

— New opportunity to eliminate need to calculate
the effective length factor.

ZARER

¢ 4|5E There's always a solution in steel 1-204

American Institute of Steel Construction
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Design for Combined Forces

Chapter H addresses members subject to axial
force and flexure about one or both axes, with
or without torsion, and to members subject to
torsion only.

H1.Doubly- and Singly-Symmetric Members
Subject to Flexure and Axial Force

H2.Unsymmetric and Other Members Subject to
Flexure and Axial Force

H3.Members under Torsion and Combined
Torsion, Flexure, Shear, and/or Axial Force

@ There's always a solution in steel 1205

Design for Combined Forces

» 1989 ASD - 3 equations:
for Cuhee . Culy
F, s o
(“F,;JF”* [‘“é;JF”

v/ + Q‘-+ L”’- <10
0'61;; F;x F;y

when f, /F,<0.15

£+&+ﬁs1.o
F, F, F,

<1.0

a

There's always a solution in steel

1-206

' American Institute of Steel Construction
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Design for Combined Forces

* 1999 LRFD - 2 equations:

M
For £, /¢F, 202 I P P
0P, 9\ oM, oM

P M M
For P /¢P, <0.2 —+ o+ 2 |<1.0
/ 2P, [%Mm oM

@ There's always a solution in steel 1207

Design for Combined Forces

2005 - Doubly and Singly Symmetric
Members — 2 equations:

(H1-1a)

(H1-1b)

1-208

American Institute of Steel Construction -104
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5 Efficient Analysis for Steel Design Using the
2005 AISC Specification

Beam-Columns

* Definitions (ASD)

P, = required compressive strength (ASD)

P, =P, /Q_ = allowable compressive strength
M_ = required flexural strength (ASD)
M =M,/Q, = allowable flexural strength
Q_=1.67
Q, =1.67

I Determine required strengths by Chapter C ﬂ

There's always a solution in steel

1-209

Beam-Columns

* Definitions (LRFD)
P, = required compressive strength (LRFD)
P =¢ P, = design compressive strength
M, = required flexural strength (LRFD)
M, =¢,M, = design flexural strength
¢, = 0.90

¢, = 0.90

l Determine required strengths by Chapter C ]

There's always a solution in steel

1-210

American Institute of Steel Construction
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Design for Combined Forces

H

3

Ratio of axial load to axial strength
H

I-211

Design for Combined Forces

» |n addition
— H1.2 Double and Singly Symmetric Members in
Flexure and Tension

— H1.3 Doubly Symmetric Members in Single Axis
Flexure and Compression

— H2 Unsymmetric and Other Members Subject to
Flexure and Axial Force

There's always a solution in steel

1212

American Institute of Steel Construction

1-106
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B Efficient Analysis for Steel Design Using the

2005 AISC Specification

Design for Combined Forces

« Beam Column Design using Manual
Tables

— Part 6 of the Manual contains tables to assist
in the design of members for combined forces

— Available for W-shapes only

— Entries included for all W-shapes

* Could actually be used to design for pure bending,
pure compression, and pure tension if desired.

There's always a solution in steel 1213

Design for Combined Forces

Interaction Equations For % >0.2
H1-1a and H1-1b ¢

M
£+§ M'i+—'y <1.0
P 9 M, M,

For 5 <0.2
P

c

M
i + M'*+ 2 1<1.0
2P M, M@

D There's always a solution in steel 1214

' American Institute of Steel Construction
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Design for Combined Forces

« These may be rewritten as

pP.+b M, +bM,  <1.0 (H1-1a)
and

9
0.5pP. +§(bem +b,M,,)S1.0  (H1i-1b)

respectively

@ There's aiways a solution in steel 1215

Design for Combined Forces

where 1
p= 7):
b = 8
M,
by = 8
9Mcy

and units are 1/kips and 1/ft-kips

4|5t There's always a solution in steel

1-216

American Institute of Steel Construction
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2005 AISC Specification

Design for Combined Forces

 For checking a specific section,
— includes effective length for buckling
— Includes unbraced length for bending

e Tables also include values for

— tension yield and
— tension rupture

i} There's always a solution in steel

1-217

Table 6-1 (continued)
I Combined Axial
and Bending
Wi W Shapes

Wi

19/

q* aa lm
740} o 4z

186

" Shepe 40w vk Paeet coenpact It o1 Bears W £, = 50 b
@ DUILLIVIL I dDleet

1-218

] American Institute of Steel Construction
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Example 2 (LRFD)

» Check the adequacy of an
ASTM A992 W14x90 column
subjected to an axial force of
500 kips, an x-axis bendin
moment of 253 ft-kips, and a y-
axis bending moment of 30.0 ft-
kips, from a second-order
Direct Analysis (Appendix 7).

The column is 14 ft long, is bendin
about both axes, has a length of 14 ft
about the x- and y-axis and an unbraced
length of the compression flange of 14 ft.

@ There's always a solution in steel
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Example 2(LRFD)

Determine which equation to use:
PP, =0.976x107(500) = 0.49 > 0.2
therefore use H1-1a
ph+bM, +bM, <10
0.976x107(500) +1.55x107(253)+3.26x10™ (30.0) = 0.98 <1.0
thus, the W14x90 is adequate

@ There's always a solution in steel 1221

Example 2 (ASD)

* Check the adequacy of an
ASTM A992 W14x90 column
subjected to an axial force of
333 kips, an x-axis bendin
moment of 169 ft-kips, and a y-
axis bending moment of 20 ft-
Kips, from a second-order
Direct Analysis (Appendix 7).

The column is 14 ft long, is bendin
about both axes, has a length of 14 ft
about the x- and y-axis and an unbraced
length of the compression flange of 14 ft.

1-222

4[5[: There's always a solution in steel

American Institute of Steel Construction
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1
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1-223

Example 2 (ASD)

Determine which equation to use:

PP, =1.47x107(333)=0.49>0.2
therefore use H1-1a

PP +b M, +bM, <10

1.47x107(333) +2.33x107°(169) +4.90x107(20.0) = 0.98 < 1.0
thus, the W14x90 is adequate

} There's always a solution in steel

1-224
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2005 AISC Specification

Effective Length vs. Actual Length

* 1960 AISC Specification introduced
“effective length.”

* 1963 AISC Specification introduced
“effective length factor,” X.

2005 AISC Specification introduced the
concept of using K = 1 for moment frames.

@ There's always a solution in steel 1225

Effective Length vs. Actual Length

Second-Order Analysis _,l 1 .
250
¢P nl. U
“lop EI EA I l
nkKL
= 150
= i *
1 EFY, k4 For the effective length
ELN‘Im DA method use £/ and AE
and ¢P,,, OM,.
5 K . 2.66/ ¢ nKlL ¢
. oM, For the direct analysis
1000 2000 000 000 5000 00 7000 method, use a reduced
Horert fnips) stiffness E/* and E4* and
¢P nl> ¢A'ln

) There' lution in steel
There's always a solution in stee 1-226
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2005 AISC Specification

@ There's always a solution in steel

Thank You

American Institute of Steel Construction
One East Wacker Drive
Chicago, IL 60601

1-227
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, Efficient Analysis for Steel Design Using the :Z [5C -~

2005 AISC Specification

Cen T Fleb T

Part Il — How you go about doing it!
LA b

bor 2

e’

Direct Analysis Method
Effective Length Method « - <+ ©
First-order Analysis Method
Simplified Methods

Building Examples
— Warehouse
— 4-story Commercial

D There's always a solution in steel

Stability Analysis and Design

* Determination of required strength

— Three approaches are available in the
specification
* Appendix 7: Direct Analysis
— This is the foundation for the other approaches presented

 Section C2.2a: Second-order Analysis
— This is called the Effective Length Method

 Section C2.2b: First-order Analysis
— This is the simplest approach if applicable

There's always a solution in steel 2

American Institute of Steel Construction
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Direct Analysis

« Appendix 7
— Applicable to all types of structures
— Does not distinguish between systems
* Braced frames
* Moment frames

* Shear wall systems
« Any combination of systems

— A powerful method with no K-factors: The
future is here

8 There's always a solution in steel 3
‘M 4, -,

Direct Analysis

« Second-order analysis
— Use any second-order elastic analysis that
considers P-A and P-$ effects
— Options:
» Any general second-order analysis method
* Amplified first-order analysis (B,-B,)

Remember that the B,

im There's always a solution in steel
4 -4

— B, method is a second-order analysis |

DT

American Institute of Steel Construction -2



Efficient Analysis for Steel Design Using the
2005 AISC Specification

Direct Analysis

* Use a reduced flexural and axial stiffness

EI' =0.87,EI
EA" =0.8EA

to account for influence of inelasticity on
second-order effects and to permit use of

K=1.0. /\/ Lonk T Lt T

Ly ()‘ ( ’;’*»9}
b } There's always a solution in steel ) 5
Q ¢4 -

Direct Analysis

* Inelastic response

— Depends on the level of axial stress in the
member

when o, <0.5P,; 1,=1.0

when o, >0.5P,; 1, =4[ap’ [1— OLRH

P P

y y

0.=1.0 (LRFD) 0.=1.6 (ASD)

There's always a solution in steel I8
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2005 AISC Specification

Direct Analysis

* Apply notional loads, N, where
N, =0.002Y,
Y, = the total gravity load on that story

This accounts for an initial out-of-plumbness at

the maximum of 1/500 as defined in the COSP.

If a lesser out-of-plumbness is known, N, can be
__reduced.

[:1 There's aiways a solution in steel w7

Direct Analysis

N, =0.002Y,

@ There's always a solution in steel I8

American Institute of Steel Construction -4
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2005 AISC Specification

el Design Using the

Direct Analysis

* |f the second-order effects are limited,

Bz — A2nd—order S 1.5

A

1st—order

these notional loads can be treated as a
minimum, otherwise they are added to all
load cases.

m There's always a solution in steel o

Loy

Direct Analysis

» Design members using the provisions for
individual members
—~Chapters E, F, G, H, |

» For compression members, Chapter E

- use K = 1.0 for determining compressive
strength

@ There's always a solution in steel
nwe” 1I-10

American Institute of Steel Construction
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2005 AISC Specification

Direct Analysis

 Analysis/Designh process summary
— Apply notional loads, N,= 0.002Y;

* As a minimum lateral load if B, <1.5
* As an additional lateral load if B, >1.5

— Perform second-order analysis
* Use nominal geometry
» Use reduced stiffness, EI* and E4*

— Design members using K=1 for compression

m There's always a solution in steel 11

Example 3 (LRFD) oLw

» Design by Direct Analysis

200 kips 200 kips PD =75.0 klpS
R — } P =220kips
W =12.5 Kips

W14x90 15

Column A Column B

1.2D+0.5L +1.6W

! X There's always a solution in steel e

American Institute of Steel Construction -6



Efficient Analysis for Steel Design Using the
2005 AISC Specification

Example 3 (LRFD)  ow

* Design by Direct Analysis
— Notional load
¥, =(200+200) = 400 kips
N, =0.002(400) = 0.8 kips
— Assume
B,<1.5

— Therefore, since notional load is less than
applied lateral load, there is no need to add

= hotional load
There's always a solution in steel 13

- Example 3 (LRFD) oW

* First-order elastic analysis with reduced stiffness

200 kips 200 kips })m - 200 klpS
20 kips —b‘ e ‘ P, =0 kips
M, =0 ft-kips
" M, =300 ft-kips
Column A ColumnB K. =10 <=m
K, =1.0
PP 20(15)°(1728) L=t
A, = = =1.68 in. C, =1.67
3E] 3(0.8&9, 000)(999)
( There's always a solution in steel

I-14

American Institute of Steel Construction
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

P, (50 ksi)(26.5in.?)

y

Thus

4

Et‘i There's always a solution in steel

« Stiffness reduction 1, =1.0 for
¥y
L B
o - 1.0(200) =0.15<0.5

Example 3 (LRFD)

oF, <05

-3

DA
DLW

oP,

>0.5

y

T b= 1 O No need to recalculate A

1i-15

» Design by Direct Analysis

@ There's always a solution in steel

Example 3 (LRFD)

C, =0.6—0.4(0/300) =0.6

- Amplify first-order analysis; member effect

DA
DLW

lI-16

American Institute of Steel Construction

11-8



Efficient Analysis for Steel Design Using the
2005 AISC Specification

Example 3 (LRFD)  ow

* Design by Direct Analysis
— Amplify first-order analysis; member effect

T El
Pel = =
(K.L)
2(0.8)(29,000)(999
p, = (0-8)¢ JO%) _ 7,060 kips

(1.0(15.0)(12))’

There's always a solution in steel
LB, i-17

Example 3 (LRFD)  ow

 Design by Direct Analysis
— Amplify first-order analysis; member effect
Cm
aP

1_ r
P

el

B = >1.0

0.6
_ (1.0)(200)
7,060

B, =

=0.6241.0.. B =1.0

{ ‘} There's always a solution in steel 18
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2005 AISC Specification

Example 3 (LRFD)  ow

« Design by Direct Analysis
— Amplify first-order analysis; structure effect

1
B =————2>1.0
2 oXP, _
] —— 2P, =400 kips
2P, _
¢ — > H =20 kips

Must be matched .
L A, =1.68in.

W iy,
m There's always a solution in steel e

L

Example 3 (LRFD) o

* Design by Direct Analysis
— Amplify first-order analysis; structure effect

HL _ o o (20)(15.0(12))

>P, =0.85

e

=1,830 kips

H

There's always a solution in steel 1120
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2005 AISC Specification

Example 3 (LRFD) oW

» Design by Direct Analysis

— Amplify first-order analysis; structure effect
1
5 _1 (1.0)(400) =128

1,830

When using the reduced stiffness, the limit on B,
for application of notional loads as minimum loads
may be taken as{1.7 rather than 1.5. J

There are no restrictions on this method

[: There's always a solution in steel

i1-21

Example 3 (LRFD) oLw

Second-order moment
M =BM_ +B,M, (C2-1a)
M, =1.0(0.0)+1.28(300) =384 ft-kips

Second-order force
P =P,+B,P, (C2-1b)

P, =(200)+1.28(0.0) = 200 Kips

There's always a solution in steel 122

American Institute of Steel Construction 11-11
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2005 AISC Specification

Example 3 (LRFD) oLw

» Determine member strength

K,L=150 ft 6,2, =1000 kips | p=0.998x107
K,L=15.0 ft
L,=150ft o,M, =573 ft-kips | b, =1.55x107

* Interaction Eq. H1-1a

200 81384} 0796<1.0 - ok
1,000 9\ 573

0.998x107 (200)+1.55%10 (384) =0.795< 1.0 ... ok

SN
[: 5 There's always a solution in steel 123

Example 3 (ASD) oLw

 Design by Direct Analysis

240 kips 240 kips PD = 75'0 kips
9.38 kips —>‘ — ! PL =220 klpS
W =12.5 kips
W14x90 15
Column A Column B
D+0.75L +0.75W
m There's always a solution in steel 124

American Institute of Steel Construction
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2005 AISC Specification

Example 3 (ASD) oLw

 Design by Direct Analysis
— Notional load
Y, = (240 +240) = 480 kips
N, =0.002(480) = 0.960 kips

- Assume
B, <15

— Therefore, since notional load is less than
applied lateral load, there is no need to add
notional load.

; There's always a solution in steel

11-25

Example 3 (ASD) oLw

« First-order elastic analysis with reduced stiffness

240 kips 240idps Pm — 240 k|ps
938 Lips =% rigid element Pll = O k|ps
M, =0 ftkips
W14x90 15 .
M, =141 ft-kips
Column Am Column B K\— — 1'0 _
4
K,=1.0
3 3 L =151t
A, = Pl - 9.38(15)"(1,728) ~0786 .
_ 3EI 3(0.8) g9, 000)(999) C, =1.67
@ There's always a solution in steel 126
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Example 3 (ASD) oLw

« Stiffness reduction <, =1.0 for Ol‘fr <0.5

y

4| %8 -9 | for 5 505
P P, P

y

y

of 1.6(240) =0.29<0.5

P, (50 ksi)(26.5 in.?)

y

Thus
T b= 1 O No need to recalculate A

@ There's always a solution in steel
e 1-27

Example 3 (ASD) oLw

 Design by Direct Analysis
— Amplify first-order analysis; member effect

C
Bl = :ﬁ > 10
£,
C, =0.6-0.4(0/141)=0.6

There's always a solution in steel -

American Institute of Steel Construction 11-14
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Example 3 (ASD) DLW

* Design by Direct Analysis
— Amplify first-order analysis; member effect
(KLY

el

p - 7’ (0.8)(29, 000)(9299) — 7,060 kips
(1.0(15.0)(12))

T
@3 There's always a solution in steel 129

Qe

Example 3 (ASD) DLW

« Design by Direct Analysis
— Amplify first-order analysis; member effect

B = C&P >1.0
1_ r
P

el

0.6
Bi= | (1.6)(240)
7,060

=0.6341.0.. B =1.0

i There's always a solution in steel

11-30
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Example 3 (ASD) oLw

 Design by Direct Analysis
~ Amplify first-order analysis; structure effect

1
B =——7+2>10
— .
1—F 2P, =480 kips
¢2 ——> H =9.38 kips

Must be matched .
A, =0.787 in.

T
@ There's always a solution in steel
BV 1i-31

Example 3 (ASD) oLw

» Design by Direct Analysis
— Amplify first-order analysis; structure effect

HL _ o o (9.38)(15.0(12))

TP, =0.85
A, 0.786

e

=1,830 kips

There's always a solution in steel 32
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2005 AISC Specification

Example 3 (ASD) oLw

» Design by Direct Analysis

- Amplify first-order analysis; structure effect
1
5= (1.6)(480) =17

1,830

When using the reduced stiffness, the limit on B,
for application of notional loads as minimum loads
may be taken as 1.7 rather than 1.5. This exceeds

1.7 so we must go back and include the notional

load.

LT
i@ There's always a solution in steel
Y, 1I-33

Lomy

Example 3 (ASD) oLw

* First-order elastic analysis with reduced stiffness

240 kips 240 kips P, =240 kips

(9.38+0.960) kips == B, =0 kips

rigid element M, =0 fips
W14x90 15 M,, =155 ft-kips
Column A Column B K, =1.0 qum
= K,=1.0
L =151t
C, =1.67

3 3
. P __938015)'(L728) oo 0o
~3E] 3(0.8)%9,000)(999)

' [: There's always a solution in steel

Could modify A but don’t need to.
11-34
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2005 AISC Specification

Example 3 (ASD)

Second-order moment

Mr = B]Mnt +B2Mlt

Second-order force
F, =P, +B,F,

[: i There's always a solution in steel

DA
DLW

(C2-1a)

M, =1.0(0.0)+1.72(155) = 267 ft-kips

(C2-1b)

P, =(240)+1.72(0.0) = 240 kips

11-35

Example 3 (ASD)

* Determine member strength

DA
DLW

K L=150ft g};—"=667 kips p=1.50x10"
K,L=150ft
M . 3
L =15.0ft Q—"=382 ft-kips | b, =2.33x10
(4

* Interaction Eq. H1-1a

240 8(267j=0.981<1.0 - ok

667 9\ 382

1.50x107* (240)+2.33x107° (267) =0.982<1.0 .. ok

There's always a solution in steel

1I-36
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I1-18



Efficient Analysis for Steel Design Using the
2005 AISC Specification

LRFD — ASD Comparison 3 &

» Differences
— Load Combinations

LRFD ASD
1.2D+0.5L+1.6W  D+0.75L+0.75W
P, =200 kips P, =240 kips
— Structure Amplification
a=1.0 a=1.6
B,=1.28 B,=1.73

@ There's always a solution in steel 137

Example 4 (LRFD) B

» Design by Direct Analysis

442 kips 442 kips PD =750 klpS
rigid element ‘ })L = 220 kips
W =12.5 kips
W14x90 15
Column A Column B
Ve
1.2D+1.6L

{ .\ There's always a solution in steel
R~ 11-38
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Example 4 (LRFD) oL

» Design by Direct Analysis
~ Notional load

Y, = (442 +442) =884 kips
N, =0.002(884) =1.77 kips

~ Since there is no lateral load, the notional
load must be applied.

@ There's always a solution in steel 39

Example 4 (LRFD) A

* First-order elastic analysis with reduced stiffness
442 kips 442 kips P, =442 Kips
1.77 kips —_—>‘ ‘ £, =0 kips
rigid element M, =0 ft-kips
W14x80 s M,, =1.77(15) = 26.6 ft-Kips

K,=1.0 <mmm
K,=1.0
L=151ft

3 3 C, =1.67
P 1.77(15)°(1,728) ~0.148 in.

¥ 3EI 3(0.8) %9, 000)(999)

*
} There's always a solution in steel

Column A Column B

I-40

American Institute of Steel Construction 11-20
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Example 4 (LRFD) %

: : oP
» Stiffness reduction t, =1.0 for 5-<0.5

y

=4{ap’ (l—ap'ﬂfor ok >0.5
B B)| B
oP 1.0(442)

L= =0.33<0.5
P, (50 ksi)(26.5in?)

y

Thus
T p = 1 O No need to recalculate A

@ There's always a solution in stee! 141

Example 4 (LRFD) %

« Design by Direct Analysis
~ Amplify first-order analysis; member effect

C
B1 = 1—-—(’;’:— > 10
£,
C,=0.6-0.4(0/26.6)=0.6

There's always a solution in steel 142

American Institute of Steel Construction
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Example 4 (LRFD) oL

 Design by Direct Analysis
- Amplify first-order analysis; member effect
(K.L)

el

7* (0.8)(29,000)(999
P,= (08)( X )=7,06O kips

(1.0(15.0)(12))’

i@h There's always a solution in steel 143

Example 4 (LRFD) oL

» Design by Direct Analysis
—~ Amplify first-order analysis; member effect

B = C&P >1.0
1_ r
P

el

0.6
| (1L0)(442)
7,060

There's always a solution in steel 144

B, =

=0.64#1.0.. B =1.0

American Institute of Steel Construction 11-22
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Example 4 (LRFD) bl

» Design by Direct Analysis
~ Amplify first-order analysis; structure effect

1

B, =————21.0
a2P
l_fpi XP, =884 kips
2 —— Y H =1.77 kips
Must be matched

L. A, =0.148 in.

ﬁm} There's always a solution in steel
BV -45

Example 4 (LRFD) L

 Design by Direct Analysis
— Amplify first-order analysis; structure effect

1.77)(15.0(12
ZP2=0.85£H-£=0.85( )(150(12))

e

1,830 kips

A, 0.148 /

No change from DLW
load combination

D There's always a solution in steel 146

American Institute of Steel Construction 1-23
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Example 4 (LRFD) oL

* Design by Direct Analysis

— Amplify first-order analysis; structure effect

1
B =————=193
? . (1.0)(884)

1,830
When using the reduced stiffness, the limit on B, for application of

notional loads as minimum loads and the requirement to use the Direct
Analysis Method is 1.7 rather than 1.5.

We have already included the notional load.

3%

AT
’ 5[: There's always a solution in steel
(Bl 1i-47

Example 4 (LRFD) DL

Second-order moment
M, =BM, +BM, (C2-1a)
M, =1.0(0.0)+1.93(26.6) =51.3 ft-kips

Second-order force
Pr = Pnt + BZEt (C2-1b)

P, =(442)+1.93(0.0) = 442 kips

There's always a solution in steel 148

American Institute of Steel Construction 1-24
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* Determine member strength

Example 4 (LRFD) DL

K,L=15.0 ft 0,P,=1,000 kips | p=0.998x10"
K,L=150 ft
L,=15.0 ft 0,M,, =573 ft-kips | b, =1.55x10"

* Interaction Eq. H1-1a

442 8(513) _1s2<10 - ok
573

1,000 9

| 0.998x10(442)+1.55x10°(51.3)=0.52< 1.0 ... ok

@ There's always a solution in steel

There's always a solution in steel

11-49

DA

Example 4 (ASD) oL

* Design by Direct Analysis
295 kips 295 kips PD = 750 k'ps
._ P, =220 kips
i W =12.5 kips
W14x90 15
D+ L

11-50

American Institute of Steel Construction
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Example 4 (ASD) &

 Design by Direct Analysis
— Notional load
Y, =(295+295) =590 kips
N, =0.002(590) =1.18 kips

— Since there is no lateral load, the notional
load must be applied.

A

4

5[: There's always a solution in steel

1-51

Example 4 (ASD) oL

* First-order elastic analysis with reduced stiffness
B, =295 kips
P, =0 kips
—
rigid element M, =0 ft-kips
M, =1.18(15)=17.7 ft-kips

K,=10 <mmm

Column A Column B
K,=10

295 kips 295 kips

1.18 kips ==pp

W14x90 15

L,=15 ft
C,=1.67

= — =0.0989 in.
_3EI'  3(0.8)(29,000)(999)

¥ There's always a solution in steel

_ PP 1.18(15)°(1,728)

I-52
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Example 4 (ASD)

y

of, _ 1.6(295) =0.36<0.5

P, (50 ksi)(26.5in?)

y

Thus
T, =1.0

: 4|5D §) There's always a solution in steet

« Stiffness reduction 7, =1.0 for Ofr <0.5

=4ocP,1_ocP, forouD
U BB

y

r

DA
DL

>0.5

No need to recalculate A

1I-53

Example 4 (ASD)

» Design by Direct Analysis

m

There's always a solution in steel

C, =0.6—0.4(0/17.7)= 0.6

— Amplify first-order analysis; member effect

DA
DL

11-54

American Institute of Steel Construction
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Example 4 (ASD) o

 Design by Direct Analysis
— Amplify first-order analysis; member effect

_ TWEl
el (KIL)Z
2(0.8)(29,000
P, =Tt (0 )( 9,0 )(999)=7,060 Kips

(1.0(15.0)(12))°

There's always a solution in steel

11-55

Example 4 (ASD) %

 Design by Direct Analysis
— Amplify first-order analysis; member effect

B = C&P >1.0
1_ r
P

el

_ 0.6
L ,_ (1.6)(295)
7,060

=0.6441.0.. B =1.0

D There's always a solution in steel

11-56
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Example 4 (ASD) bL

* Design by Direct Analysis
— Amplify first-order analysis; structure effect

1
B,=————>10
oXP
1- —Z—P?Ji ZPm =590 klpS
¢2 ——Y H =1.18 kips
Must be matched

. A, =0.0989 in.

@ There's always a solution in steel 157

Example 4 (ASD) A

» Design by Direct Analysis
— Amplify first-order analysis; structure effect

1.18)(15.0(12

A, 0.0989 /

No change from DLW
load combination

There's always a solution in steel I1-58

3P, =0.85

4

American Institute of Steel Construction 11-29
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DA

Example 4 (ASD) DL

 Design by Direct Analysis

— Amplify first-order analysis; structure effect
1
B, = —6)(590) - 2.07

1,830

When using the reduced stiffness, the limit on B, for application of
notional loads as minimum loads and the requirement to use the Direct
Analysis Method is 1.7 rather than 1.5.

We have already included the notional load.

Ty,
{@5' There's always a solution in steel 159

Lewny

DA

Example 4 (ASD) oL

Second-order moment
M, =BM, +BM, (C2-1a)
M, =1.0(0.0)+2.07(17.7) = 36.6 ft-kips

Second-order force

Pr = Pnt + szlt (C2-1b)
P, =(295)+2.07(0.0) = 295 kips
@:‘5[: There's always a solution in steel 11-60

American Institute of Steel Construction 11-30
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Example 4 (ASD) oL

* Determine member strength

K.L=150ft —g'—=667 kips | p=1.50x10"
K,L=1501t
M . s
1, =15.0 ft =382 fikips | 6, =233x10
b

* Interaction Eqg. H1-1a

295+—8— 36.6 =0.527<1.0 .. ok
667 9\ 382

1.50x10(295) +2.33x107 (36.6) = 0.528 < 1.0 . ok

il There's always a solution in steel 161

LRFD — ASD Comparison 4 o

e Differences
— Load Combinations

LRFD ASD
1.2D+1.6L D+L
P =442 kips P, =295 kips
— Structure Amplification
a=1.0 a=1.6
B, =1.93 B, =2.07

f@ There's always a solution in steel
LY I-62
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Example 5

* Consider a similar structure but one that
has been designed so that the lateral drift
under the service wind load,

W = 12.5 kips, is limited to

L _ 15(12) =0.45in.
400 400

N2
[: There's always a solution in steel 163

Example 5

* Thus,
P 12.5(15)(1,728)
3EA  3(29,000)(0.45)

» Select

=1,860 in.*
W14x159
I=1,900in* 4=46.7 in?

i There's always a solution in steel
By 11-64

American Institute of Steel Construction
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DA
Example 5 (LRFD) o
(

» Design by Direct Analysis
442 kips 442 kips PD =75.0 klpS
! P, =220 kips

rigid element
W =125 kips
W14x159 15
1.2D+1.6L
There's always a solution in stee! 65

Example 5 (LRFD) oL

Stiff

 Design by Direct Analysis
— Notional load

Y, = (442+442) = 884 kips
N, =0.002(884) =1.77 kips

— Since there is no lateral load, the notional
load must be applied.

There's always a solution in steel

11-66
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DA
Example 5 (LRFD) DL
Stiff
* First-order elastic analysis with reduced stiffness
442 kips 442 kips ‘P'" =442 klps
) B, =0 kips
1.77 kips ==pp-
rigid element me =0 ﬂ-klps
W14x159 s M, =1.77(15)=26.6 ft-kips
K =10
Column A Column B K =10
y
L =15t
PP 1.7715)*(1, 728 Co =167
A, = = 7745) (1,728) =0.0781 in.
" 3EI' 3(0.8)(29,000)1,900) Because of increased
L stiffness, deflection is
) There's always a solution in steel reduced. 67

Example 5 (LRFD) &

Stiff

» Stiffness reduction 1, =1.0 for ‘ffr <0.5

y

=4[°‘P' (1—“‘1)’}}or o 05
BB )7 R
oP 1.0(442)

L= =0.19<0.5
P, (50 ksi)(46.7 in.?)

¥

Thus
T p = 1 O No need to recalculate A

There's always a solution in steel 68
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Example 5 (LRFD) DL

Stiff

 Design by Direct Analysis
~ Amplify first-order analysis; member effect

C
B =1_&P, >1.0
£,
C, =0.6—0.4(0/26.6)=0.6

T
@ There's always a solution in steel 11-69
S -

Example 5 (LRFD) oL

Stiff
* Design by Direct Analysis
— Amplify first-order analysis; member effect
2 *
n°El
F,= T2
(K\L)

_ 7* (0.8)(29,000)(1,900)
(1.0(15.0)(12))°

There's always a solution in steel 170

=13,400 kips

American Institute of Steel Construction 1-35
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Example 5 (LRFD) DL

Stiff

* Design by Direct Analysis
~ Amplify first-order analysis; member effect

C

1
=_.—_>
B, s, >1.0

ZF,

Must be matched

) There's always a solution in steel

* Design by Direct Analysis
~ Amplify first-order analysis; structure effect

2P, =884 kips
—> H =1.77 kips

. A, =0.0781in.

B, :1_&1’, >1.0
£y
0.6 o
B, = 0 (@) =0.6241.0.. B =1.0
13,400
There's always a solution in steel 171
DA
Example 5 (LRFD) o
i

-72

American Institute of Steel Construction
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Example 5 (LRFD) =
 Design by Direct Analysis
— Amplify first-order analysis; structure effect

1.77)(15.0(12
zgz=0.852HL=0.85( )(150(12))
Ay 0.0781

= 3,470 Kkips

Note that the value has increased due to
the increase in stiffness of the structure.
Was 1,830 kips.

S
5@ There's always a solution in steel 173

Loma

Example 5 (LRFD) bL

Stiff

» Design by Direct Analysis

— Amplify first-order analysis; structure effect
1
5= (1.0)(884) =134

3,470

When using the reduced stiffness, the limit on B, for application of
notional loads as minimum loads and the requirement to use the Direct
Analysis Method is 1.7 rather than 1.5.

We have already included the notional load.

@ There's always a solution in steel
Y 74

American Institute of Steel Construction 11-37
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Second-order moment

Mr - Bant +B2Mlt

Second-order force
F =PF,+B,F,

There's always a solution in steel
b

Example 5 (LRFD)

DA
DL

Stiff

(C2-1a)

M, =1.0(0.0)+1.34(26.6) = 35.6 ft-Kips

(C2-1b)

P, =(442)+1.34(0.0) = 442 Kips

I-75

* Determine member strength

K,L=150ft ¢.P, =1,810 kips
K,L=150 ft
L,=150ft 0,M, =1,080 ft-kips

* Interaction Eq. H1-1a

442 8 ( 35.6
+

——+—| —— [=0.27<1.0 .. ok
1,810 911,080

Example 5 (LRFD)

DA
DL
Stiff

p=0.551x10"

b, =0.826x10°

10.551x10 (442) +0.826x10°(35.6) =0.27<1.0 ... ok

@ There's always a solution in steel

-76

American Institute of Steel Construction
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Example 5 (ASD) oL

Stiff
 Design by Direct Analysis
295 kips 295 kips PD = 750 klpS
P, =220 kips
rigid element
W =12.5 Kips
W14x159 15
Column A Column B
D+ L

i@ There's always a solution in steel
V. N-77

Example 5 (ASD) DL

Stiff

» Design by Direct Analysis
— Notional load
Y; =(295+295) =590 kips
N, =0.002(590) =1.18 kips

— Since there is no lateral load, the notional
load must be applied.

There's always a solution in steel

I-78
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Example 5 (ASD) oL

Stiff

* First-order elastic analysis with reduced stiffness

295 kips 295 kips P, =295 kips
1.18 kips _>‘ { P, =0 kips
rigid element ! M, =0 ft-kips
W14x159 5 M, =1.18(15)=17.7 ft-kips
E K. =10
Column A Column B K,=1.0
L =15t

3 3 C, =167
P 118(5'(L728) o eng i

Ay =—=
“' 3EI'  3(0.8)(29,000)(1,900) Because of increased

There's ahw \ution in steel stiffness, defiection is
uy ere's always a solution in stee reduced. 179

Example 5 (ASD) oL

Stiff

: , oP,
« Stiffness reduction t, =1.0 for P' <0.5

y

24{“13(1_0‘13J}0r oF, >0.5
F, P, F,

o L0 _20<05
P, (50 ksi)(46.7 in.?)
Thus

T p = 1 O No need to recalculate A

There's always a solution in steel 11-80

American Institute of Steel Construction
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Example 5 (ASD) oL

» Design by Direct Analysis
— Amplify first-order analysis; member effect
Cm
B = - _(_X‘___Pr_ >1.0
£,
C, =0.6-0.4(0/17.7)=0.6

There's always a solution in steel 181

Example 5 (ASD) S

 Design by Direct Analysis
— Amplify first-order analysis; member effect

*

T El

F,= 2
K.L)

el —

~

_ 7’ (0.8)(29,000)(1,900)
T (10(15.0)12))

=13,400 kips

i D There's always a solution in steel

11-82

American Institute of Steel Construction
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Example 5 (ASD) o
 Design by Direct Analysis
— Amplify first-order analysis; member effect

B = C&P >1.0

1— r

el

0.6

Bi= | (1:6)(295)
13,400

@' There's always a solution in steel
eV 11-83

=0.6241.0.. B =1.0

Example 5 (ASD) o
 Design by Direct Analysis
— Amplify first-order analysis; structure effect

1
B =——7F—2>10
2 oXP, ,
] ——" 2P, =590 kips
P, :
—>. H =1.18 kips

Must be matched .
— A, =0.0520 in.

There's always a solution in steel -84
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Example 5 (ASD) oL

Stiff

* Design by Direct Analysis
- Amplify first-order analysis; structure effect

SHL _ o o (1.18)(15.0(12))

3P, =0.85
A, 0.0520

e

= 3,470 kips

Note that the value has increased due to
the increase in stiffness of the structure.
Was 1,830 kips.

5@% There's always a solution in steel
1174 11-85

Lo

Example 5 (ASD) oL

Stiff

 Design by Direct Analysis

— Amplify first-order analysis; structure effect
1
EPIED

3,470

When using the reduced stiffness, the limit on B, for application of
notional loads as minimum loads and the requirement to use the Direct
Analysis Method is 1.7 rather than 1.5.

We have already included the notional load.

im There's always a solution in steel
- 11-86
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Example 5 (ASD) oL

Stiff
Second-order moment
M, =BM, +B,M, (C2-1a)
M, =1.0(0.0)+1.37(17.7) = 24.2 ft-kips
Second-order force
P =P +B,P, (C2-1b)
P = (295)+1.37(0.0) =295 Kips

Ly
‘l@g There's always a solution in steel 187

Lo

Example 5 (ASD) oL

Stiff

» Determine member strength

K. L=15.0ft —g’—=1,210 kips p=0.829x10>
K,L=15.0ft
M, . o
L =150 1t -5"—=716 ft-kips | &4, =1.25%10
b

* Interaction Eq. H1-1a
295 8(24.2

1,210 9\ 716

) =0.274<1.0 . ok

0.829x107 (295)+1.25x107° (24.2) =0.275<1.0 ... ok

D There's always a solution in steel se

American Institute of Steel Construction 11-44
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o DA
LRFD — ASD Comparison 5 o
]
» Differences
— Load Combinations
LRFD ASD
1.2D+1.6L D+ L
P, =442 Kips P, =295 kips
— Structure Amplification
a=1.0 oa=1.6
_ B, =132 B, =137
i There's always a solution in steel 1189
Direct Analysis

» This approach may be used in ALL cases

A
It must be used when B, = —2xd=order 15

1st—order

: A
Other options when B, = —2zd=erder <1 5

Lst—order

C2.2a Design by Second-order analysis
C2.2b Design by First-order analysis

m There's always a solution in steel
N -90

American Institute of Steel Construction 11-45
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Direct Analysis
 This approach may be used in ALL cases

A
It must be used when B, = 2= 17

1st—order

If using
EI* and

. A
Other options when B, = —2d-oder <17 | EA*

Lst—order

C2.2a Design by Second-order analysis
C2.2b Design by First-order analysis

There's always a solution in steel 91

Applicable Approaches

* We can calculate B,, even before the
structure is designed, to determine which
approaches may be used in the design.

B=———>10

@ There's always a solution in steel 192
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Applicable Approaches

* We normally know the total gravity load for
each load combination:

o2.P

nt

* We can determine a measure of lateral
stiffness based on our design drift limit.
_ L
B drift index

AIED ) There's always a solution in steel Los

Applicable Approaches

* Thus,

R, XH (drift index)

A L

Remember that the load and the drift limit must be
matched and your final design must confirm that you
have at least met the drift limit. It is recommended that
the wind drift limit be set for the 10-year wind.

| (HED There's always a solution in steel 04

American Institute of Steel Construction {1-47



Efficient Analysis for Steel Design Using the
2005 AISC Specification

Applicable Approaches

* The second-order amplification can then
be determined for every gravity load
combination. Or, the worst case
amplification can be determined using the

greatest total gravity load.
B, = ! 21.0
?~_ total gravity load =
R, ZH (drift index)

D' There's always a solution in steel s

Applicable Approaches

* For now we will assume that we are
permitted to use the other approved
methods.

— Design by Second-order Analysis (Effective
Length Method)

— Design by First-order Analysis

@ There's always a solution in steel 196
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Effective Length Method

» C2.2a Design by second-order elastic
analysis
— Apply notional loads, N; =0.002Y;in gravity only load
cases

— Perform a second-order elastic analysis
» Use nominal geometry
* Use nominal stiffness

— Determine K from a sidesway buckling analysis

If A2na'-—order/[Slst—order <1.1 then K=1.0

5@} There's always a solution in steel L.e7

Effective Length Method

» C2.2a Design by second-order elastic
analysis
— How does this differ from Direct Analysis?
* Do not use the reduced stiffness, E/* and EA*
* Must determine K.

— How does this differ from what you should have been
doing all along?
« Must consider notional loads.

m There's always a solution in steel
N 1-98
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Example 6 (LRFD) o

* Design by Second-Order Analysis
P, =75.0 Kkips
P, =220 kips

20 kips =>J ‘
rigid element .
W =12.5 Kips
W14x80 15
Column A Column B

1.2D+0.5L+1.6W

W i
m There's always a solution in steel
% 11-99

Dy’

200 kips 200 kips

Example 6 (LRFD) oL

» Design by Second-Order Analysis
— Notional load
¥, =(200+200) = 400 kips
N, =0.002(400) = 0.8 kips

— Since there is a lateral load, there is no need
to add a notional load

We are assuming that B, < 1.5.
If it was not, we could not use this method

[: There's always a solution in stee!
: 1100
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2005 AISC Specification
ELM
Example 6 (LRFD) DLW
* First-order elastic analysis P, =200 kips
200 kips 200 kips Plt = 0 kips
20 kips —bJ — J Mm:x = 0 ﬁ-kips
rigid element
M, =300 ft-kips
W14x90 15 K, =20 -
Column A Column B Ky = 1'0
Ve L =151t
C, =1.67

3 3
=55 300009 Mg

@ There's always a solution in steel
SEM 11-101

Example 6 (LRFD)  ow

» Design by Second-Order Analysis
-~ Amplify first-order analysis, member effect

11-102
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Example 6 (LRFD)  ow

* Design by Second-Order Analysis
_ 7El
(KLY

P

el

2
p o (29000)(9992 _ 8,830 kips
(1.0(15.0)(12))

D 5l There's always a solution in steel

11-103

Example 6 (LRFD) oo

* Design by Second-Order Analysis
— Amplify first-order analysis; member effect

B=—25210
1_ I
P

el

0.6
B, T T0Ew) =0.61#1.0.. B =1.0

8,830

There's always a solution in steel

11-104
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Example 6 (LRFD)  ow

* Design by Second-Order Analysis
— Amplify first-order analysis; structure effect

E— 2P, =400 kips
Z])ez nt . p
— > H =20 kips
—— A, =1.34in.

Must be matched

4‘5[: | There's always a solution in steel
: 1-105

Example 6 (LRFD) &4

* Design by Second-Order Analysis
— Amplify first-order analysis; structure effect

20)(15.0(12
2112=0.852HL=0.85( )(150(12))

B 1.

= 2,280 kips

There's always a solution in steel

#-108
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Example 6 (LRFD)  ow

1 A
B, = =121=—24 <15
2 (1.0)(400) <

2,280

1st

Thus, this method is applicable

o
There's always a solution in steel
By I-107

Example 6 (LRFD)  ow

Second-order moment
M,=BM,  +BM, (C2-1a)
M, =1.0(0.0)+1.21(300) =363 ft-kips

Second-order force
Pr = Pnt + B2Plt (C2-1b)

P, =(200)+1.21(0.0) = 200 kips

There's always a solution in stee! 11108
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Example 6 (LRFD)  ow

* Determine the effective length, including
the leaning column

K, =2.0 (for a cantilever column)
* To include the leaning column

K, =K, 1+—Q—
P

K, =2.o,/1+-2—@ =2.83
200

See earlier development

\":
i There's always a solution in steel
_D Y 11-109

Example 6 (LRFD)  ow

* Determine member strength

K,L=283(150 ft)=42.5t  ¢.P, =721 kips
K,L=150ft
L,=150 ft 0,M,, =573 fi-kips

* Interaction Eq. H1-1a

200 81363 ) .840<1.0 - ok
721 9\ 573

There's always a solution in steel

1110
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Example 6 (ASD) LW

* Design by Second-Order Analysis

240 kips 240 kips PD = 75.0 kipS
738 dps _" rigid element ‘ })L - 220 kips
W =12.5 Kkips
W14x80 15
Column A Column B
Ve
D+0.75L+0.75W

@ There's always a solution in steel 1111

Example 6 (ASD) oLW

* Design by Second-Order Analysis
— Notional load
¥, =(240+240) = 480 kips
N, =0.002(480) = 0.960 kips

— Since there is a lateral load, there is no need
to add a notional load

We are assuming that B, < 1.5.
If it was not, we could not use this method

) There's always a solution in steel 112
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Example 6 (ASD) oLw

* First-order elastic analysis

240 kips 240 kips P, =240 Kips
938 kips -J e } P, =0 kips
M, =0 ft-kips
W0 " M, =141 ft-kips
Column A Column B K. =20 <=m
K,=10

3 ; L=151ft
_PP_93805°0728) 0. C -167

" 3EI T 3(29000)(999) ([

(I,
m There's always a solution in steel 1113

)

Example 6 (ASD) oLw

* Design by Second-Order Analysis
~ Amplify first-order analysis, member effect

1i-114
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Example 6 (ASD) oLw

* Design by Second-Order Analysis
_ mEI

P, = 2
(KiL)

el

2
p o (29000)(9992 _ 8,830 kips
(1.0(15.0)(12))

There's always a solution in steel

1I-118

Example 6 (ASD) oLw

 Design by Second-Order Analysis
— Amplify first-order analysis; member effect
Cm

-2k
£

B = >1.0

0.6
= 0. 0. B =1.
—(6)2%) 0.63#1.0. B, =1.0

8,830

There's always a solution in steel
2.

B, =

-116
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Example 6 (ASD) pLW

* Design by Second-Order Analysis
— Amplify first-order analysis; structure effect

B,=——F1—21.0
“ XP, =480 kips
Z_Pez nt -r)
——> H =9.38 kips
Must be matched .
L. A, =0.629 in.

5@‘3 There's always a solution in steel P

Example 6 (ASD) oL

* Design by Second-Order Analysis
— Amplify first-order analysis; structure effect

9.38)(15.0(12
2112=o.85—ZHL=o.85( )(150012)
A, 0.629

= 2,280 kips

{ [: There's always a solution in steel 1118
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Example 6 (ASD) oLw

1 A
B, = =1.5="22 15
* = (1.6)(480) A,
2,280

Thus, this method is applicable

There's always a solution in steel 119

Example 6 (ASD) oLW

Second-order moment
M, =BM, +BM, (C2-1a)
M, =1.0(0.0)+1.50(141) =212 ft-kips

Second-order force
P =P, +B,P, (C2-1b)

P, =(240)+1.50(0.0) = 240 kips

i C There's always a solution in steel

11-120
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Example 6 (ASD) oLw

» Determine the effective length, including
the leaning column

K. =2.0 (for a cantilever column)
¢ To include the leaning column

K, =K, 1+—Q—
P
K, =2.0, /1 1280 583
240
R0 See earlier development
%@} There's always a solution in steel 1124

Example 6 (ASD) oLW

« Determine member strength
K.L=283(15.0 ft)=42.5 ft g =481 kips

c

KL=1501f
L, =150 ft M, _ 382 fi-kips
Qb

* Interaction Eqg. H1-1a

240 81212 _ 199210 - ok
481 9\ 382

D )i There's always a solution in steel

11-122
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LRFD — ASD Comparison 6 oiw

» Differences

— Load Combinations
LRFD ASD
1.2D+0.5L+1.6W D+0.75L+0.75W

P, =200 kips P, =240 kips
— Structure Amplification
a=1.0 a=1.6
B, =121 B,=15

Cr 2
@? There's always a solution in steel 11123

Issues with Effective Length
Method

» Accuracy of our determination of effective
length

* Difference between these two methods is
really the calibration ——

20
P,
00
Effective Length

¢P nkL

R

Direct Analysis

Load (ki

100

0
0 1000 200 00 00 5000 0o 7000

\‘ There's always a solution in steel po——

i1-124
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First-Order Analysis Method

» C2.2b Design by First-order analysis
— Limitations
» Same as for Effective Length Method

B,<1.5
* In addition to Effective Length Method

P, <0.5P,

) There's alw lution in steel
[: Th ays a solution ee 1125

First-Order Analysis Method

« C2.2b Design by First-order analysis
— Apply additional notional loads,

Ni = 2'1(A1st-—order /L)K 2 0'0042Y1

~ Perform a first-order analysis
* Use nominal geometry
* Use nominal stiffness

— Apply B, multiplier to moment in beam-columns
— Use K=1.0 in beam-column design

D There's always a solution in steel
: 11-126
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First-Order Analysis Method

« C2.2b Design by First-order analysis

» How does this differ from Direct Analysis?

* Does not use the reduced stiffness, EI* and E4*.
* Notional load always applied

* Don'’t need to do a second-order analysis except
for B,.

D i There's always a solution in steel
b 127

First-Order Analysis Method

» C2.2b Design by First-order analysis

* How does this differ from Effective Length
Method?

* Notional load always applied

» Don’t need to do a second-order analysis except
for B,.

There's always a solution in steel 1128
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FOA
Example V4 (LRFD) DLW
 Design by First-Order Analysis
2°°f*’* sz'“ P, =175.0 Kips
20kips =+ ngd dement P, =220 kips
W10 5 W =12.5 kips
1.2D+0.5L+1.6W
D There's always a solution in steel 1120
FOA
Example 7 (LRFD) DLW

« Design by First-Order Analysis
— Limitations
» From our earlier calculations B, <1.5
* Load magnitude
oP. =200 kips
0.5P, =0.5(50.0)(26.5) = 663 kips
thus,
b, <0.5P,

Design by First-Order Analysis may be used

(m There's always a solution in steel

11-130
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Example 7 (LRFD)  ow

 First-order elastic analysis P, =200 kips

zooidps Zooidps M - = 300 ﬁ-klpS
200 kips = rigid element Kx = 1‘0
W14x90 15 Ky =10
Column A Column B Lb = 15 ft
C, =1.67

3 3
A, = Pl _ 2005)"(728) —134in
3EI  3(29000)(999)

@ There's always a solution in steel 1131

Example 7 (LRFD)  ow

» Design by First-Order Analysis
— Notional load
Y, =(200+200) = 400 kips

N, = 2.1[%)}',. >0.0042Y

1.34
= 2.1(mj(400) >0.0042(400)

=6.25 kips 21.68 kips
= 6.25 kips

There's always a solution in steel
wy 1t-132
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Example 7 (LRFD) oW

 First-order elastic analysis with notional load

2Miips 200 fps Pu =200 klpS
2625 kips =b rigid element Mux = 394 ﬁ-kips
W14x90 15 Kx =10 \
Only change
Column A Column B Ky - 1 .O
7 e L=15f
C, =1.67

' ‘”5[: There's always a solution in steel 11

Example 7 (LRFD)  ow

 Design by First-Order Analysis
~ Amplify first-order analysis, member effect

C
Bl = 1_#1)" > 10
£,
C, =0.6—0.4(0/394)=0.6

‘ 's alw ion in
There's always a solution in steel 134
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Example 7 (LRFD) oW

 Design by First-Order Analysis
_ 7°EI

F,= 2
(KiL)

el

2
p o (29000)(9992 ~ 8,830 kips
(1.0(15.0)(12))

[:\ There's always a solution in steel

1I-135

Example 7 (LRFD)  ow

 Design by First-Order Analysis
— Amplify first-order analysis; member effect

B = C;P >1.0
1_ r
P

el

0.6
= 0. U0 B= .
—(.0)200) 0.6141.0- B, =1.0

8,830

B, =

{ D There's always a solution in steel

11-136
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Example 7 (LRFD)  ow

Design moment
M, =BM,
M. =1.0(394) =394 ft-kips

Design force
P =P =200 Kips

R
D There's always a solution in steel

1-137

Example 7 (LRFD)  ow

* Determine member strength

K, L=150ft o, P, =1000 kips
K,L=15.0ft
L, =150 ft o,M, =573 ft-kips

* Interaction Eqg. H1-1a

200 8394} _e11<1.0 - ok
1000 91573

m There's always a solution in steel
- 11-138
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value of 1.5.

Analysis Method.

[: There's always a solution in steel

First-Order Analysis Method

This approach assumes that the drift
amplification is at its maximum permitted

When permitted it is clearly the simplest.

The amplification is accounted for through
the use of the larger notional load.

This has been calibrated to the Direct

1-138

Stability Analysis and Design

Table 2-1

Summary Comparison of Methods
for Stability Analysis and Design

Diract Anatysis Entective Langth " First-Order Analysls
Msthod Mathod Hethod
BpyA S 15
Umitations on Use' None Bpgdys13 5‘,1/;?05 ]
Secor-order st First-onder elastic
Geometry of Al trves methods uss tha tndetamed geometry n the anatysis.
Stucure
Mizsmum of . H
Knimons®; 0.2% Minknur; 0.2% Addiive; o least
e e ofthe skory ol tre story 042% ol tha
n the Anah gravty ioed gradty load : story gravity load
Meruber Stffnesoes ’
beimfa Reducad SA and 8 Nominal €4 and
K=1tor braced framoss. For |
Design of Cotumns K= % for 3 frames moment tames, determine & K= 1 tor of tramen®
from sidesway buckling analysis?
Specifiation
Retersnce for Appendx 7 Saction C2.28 ‘Section C2.2b
Method

using LRFD load combinations or a muftiple o 1.6 timet ASD kad

1 A'./A s the ratic of secorch-arder diit to {irst-order rifL which can be laken b be equal b 5, calcusisted per Secon C2.15. AguD
i dsarmond combirafions:

Section £2.1b} can be used.
3 This nolional load s e0d2ive 144 3, 3.5
4 K= i penmitted for moment frames when 4,8,

2 ERfwr 3 goneral secad-ondor analysis method or second firsi-order i3 the 5,5, mathod”

5 Mwwﬂmhmm% s roquired for columea in momant frarmes.

il There's always a solution in steel

il-140
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{tumey

Basic Design Values

Analysis and Design

Smpl Perform first-order analyss. Use 0.2% of total story gravaty Joad as minsmum lateral load in alt load combinarions.
! step2, Establish the design story dnfl Lt and deteroure the laseral toad required w0 prodoce it.
Step 3. Determune the ratio of the total story gravity load 10 the iateral load determined m Step 1. For ASD, multiply by 1.6.

Step 4. Muluply frsiondesresults by the tabular vaboe. K=1, cept o momest frames when the btz valoe 1 geeare 0 1 1.

Copyriglt © 2009 by AISC

%
-?_Ei’wﬁ‘J E-mﬁldi
| e S

Eﬂodhelmgm wethod ’etnnd\ord«mh'mm
0.2% of toral story gravity load 2s minimum lateral Joad

ﬂmﬂ!ﬂ‘ﬂmmﬂ-

‘-H

Forc

Effective L

£=1 ef:ﬁq"h From malysis
with Asrdig > 1.1

From analysis

(see Nose 3}

-.E-" bt

By 1S i

Direct analysis method — second-order anstyais with
notioal Isteral foad and reduced £1 and A (see Note 3)

K= 1 for alf franses | From analysis

{see Note 3)

Nooe Appendx 7

Notes:

1. Derived from the effecave length method, using the B-3; appronimation with 3; taken equal to B; Ru=0385

2. Anadditonal amplification for member curvature effects is requived for columns in moment Frames.

3. TheB,B;:ppmmanon(SmCZlb)mbemedwmmphsham-«d«m!ymmmhmﬂnmhw <15,
Also, B, and B can be takes equal 10 the munlsiplier tabulased for the sitphified method above.

4. Axs'Ayis the satio of second-order deddt 10 first-order drifi, ‘which 13 alss represented by 8.

5@ There's always a solution in steel

11-141

Stability Analysis and Design

Direct Effective First-Order
Analysis Length Analysis

Specification Appendix 7 Section C.2.2a | Section C.2.2b
Reference
Limits on No Yes Yes
Appilicability?
Type of analysis | Second-Order | Second-Order First-Order
Member Reduced Ei & Nominal Ei& Nominai El &
stiffness EA EA EA
Notionai iateral Yes, Yes, Yes, always
load sometimes sometimes
Column K=1 Caiculate K K=1
effective length

There's always a solution in steel

11-142
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Comparison of Results

» Three approaches
Method | Example { Loading LRFD ASD
B, B, Int. Eq. B, B, Int. Eq.
D+L+W 1.00 1.280 0.796 1.00 1.730 0.983
D+L 1.00 1.930 0.520 1.00 2.070 0.527
D+L+W 1.00 1.210 0.840 1.00 1.508 0.992
D+L B>15 B>15
7 D+L+W 1.00 1.280 0.811 B>15
D+L B>1.5 B>1.5

9 There's always a solution in steel

11-143

Simplified Approaches

e There are two simplified approaches that
may be used, particularly for preliminary
design. The first is based on “Design by
Second-Order Analysis” and the second is
based on “Design by First-Order Analysis.”

* Look first at simplifying the calculation of
the amplification factors.

There's always a solution in steel

11-144
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Second-Order Analysis

* For the amplified first-order analysis

Mr :Bant +B2Mlt
B =F, +B,F,

{@5 There's always a solution in steel 1145

Second-Order Analysis
 Simplifying Assumption
M,=BM, +B,M, =B, (Mm +M, ) =B,M,
b, =F,+B,b, =B, (Pnt +Plt)=B2Pu

This is applicable as long as B, 2 B,

With this approach, there is no need to do separate
“no translation” and “translation” analyses.

£
There's always a solution in steel 1146
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Second-Order Analysis

« Simplifying Assumption
— When should we be concerned that B, <5,
* Very stiff lateral system — produces low B,
* High axial loads — produces high B,
» Single curvature bending — produces high B,

i@ There's always a solution in steel 147

e

Second-Order Analysis

 Now look closely at B,

Bz =——TXIF210

nt

ZF,

 The measure of lateral stiffness is

5P, =R, XHL

. AH
There's always a solution in steel
b 1148
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Second-Order Analysis

* If we set our drift limit at the beginning of
the design, and confirm that limit has not
been exceeded when we are finished,

then ) I
= drift index

and
2P, =R, ZHL _ R,/ ZH (drift index)
H
: 4!5[; i There's always a solution in steel 11149

Second-Order Analysis

* Substituting back into B,,
1

B, =
1_(0(22}’,,,) 1
XH )\ R, (drift index)

Note that this is now a function of the ratio of
gravity load to lateral load and the drift index.

=1.0

; 5 There's always a solution in steel
eV, 1-150
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Basic Design Values

Analysis and Design Copynghs© 2009 by AISC

Simplitied Method {see Hote 1)

Stept. Puﬁmﬁm«d«mdvss.veeo‘bﬁofwulmmwylod:smmmlmnlhadnaﬂbadmbmm
Step 3. Estabhsh the design atory drift Bmit and d
Step 3. mmemmfmmmymeymdwwlmwmmmmsmzrum maitiply by 1.5,

Step 4. Multiply first-crder resulis by the tabuler value, X1, exceps for moment frames whea the tsbutar value is greater than 1.1,

Design Story from 3 1.6 .0

Drift Limit [] s 10 20 30 40 50 60 80 100 120
HN00 BT e Fﬁllzﬁ e I E] 15
H200 AT N s E A ) 13 14 i
1 15
i
1

H/300 | 1malal FIE EZY B I )
TasEl 12 2 113 i4 15
| ; 2] .2 12 1.3 4

imitations,

AnfBi S LS Secuon
Axsal load Himited [ordvi

omenta

From anatvss

| captured from effects of addifioml tateral load
Effective length method - secand-order analysis with
0.2% of total story gravity koad as minimum Latesal load frames
i afl load combinatioas (see Note 3) veith & Bz > 1.1
Direct analysis method ~ second-order analysis with

norional lsteral oad and reduced T and 4 (see Nope 3) | K= 1 forall fames

From anafysis

{see Noz2 3)

From anabvsis
(see Note 3)

DsudBimS 15

Noae Appendix 7

Notes:
. Desived from the effective length method. using the B:-B: approximation with B, taken equal to 5;. Ry =085
. An additional amplification for mmmmammmmmm‘

i second-order

. é.,..
&
?
20
g
§
?
Eks
B
]
§
E

1151

Basic Design Values

« Although this approach has its foundation
in Design by Second-Order Analysis, that
is only because of the K values shown in
the table.

* The table could be used to determine the
sway amplification for any set of drift limits
and load ratio.

There's always a solution in steel
LBy, I-152
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Simplified Method

* Step 1: Perform a first-order elastic analysis.
Gravity load cases must include a minimum
lateral load at each story equal to 0.002 times
the story gravity load.

— Reference: Specification C2.2a(3).

 Step 2: Establish the design story drift limit and
determine the lateral load that produces that
drift.

— Reference: Specification C2.1b - Equation C2-6b

[: 8 There's always a solution in steel 1153

Simplified Method

« Step 3: Determine the ratio of the total story
gravity load to the lateral determined in step 2.
For ASD, a =1.6.

— Reference: Specification C2.2a(2)

SHL _ 1
IP,=R, 192_-~—-1 aTP >1.0
! P,

@ There's always a solution in steel .
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Simplified Method

« Step 4: Multiply all of the forces and moments
from the first-order analysis by the value (B,)
obtained from the Table.

— Reference: Specification C2.1b - user notes and
Equation C2-3.

gm There's always a solution in steel 1155

Simplified Method

- Step 5: For all cases where the multiplier (B,) is
1.1 or less, the effective length may be taken as
the member length, K=1.0. Otherwise,
determine XK .

— Reference: Specification C2.2a(4).

» Step 6: Ensure that the drift limit set in Step 2 is
not exceeded and revise design as needed.

There's always a solution in steel
¥ 1156
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Example 8 (LRFD) %W

Check the column of Example 6 using
the approach from the Basic Design

Value cards
1. Results of a first-order analysis
P =200 kips
M, =300 ft-kips

2. Design story drift
W=20kips A__=134in.= =8

@ There's always a solution in steel
< I-157

Svawes’

Example 8 (LRFD) 5w
3. Ratio of story gravity to lateral load from
step 2

(200+200)
=20.0
20

4. Enter table with 20 and H/100

{ There's always a solution in steel
Y II-158
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Example 8 (LRFD) %

Analysis and Deslign Copyright € 2009 by AISC

Simplified Method (see Note 1}

Swep 1. Perform Girst-order analysis. Ure 0.2% of iotal story graviry Joad as minmmum Lateral Joad in all l0ad combmanans.
Step 2. Establnh the design story drift limit snd determne the latera] load requzred to produce it.

Step 3. Mmmﬁemaf&gﬁdmquhadmkhualbﬁdﬂxmmd.nﬂtp} For ASD, nultiply by 1.6
Saep4 Multiply first-ordet results by the tabular value. K=1, mhmtﬂmwﬁuﬁemmnmmmn

| AnfAws

(sce Nete 2) Axisl Joad limired
Effective leagth merhod - second-order analysis with X= 1, except for
0.2% of total story gravity load as minzoum lateral load mioment frames {sce Note 3) Bddsns 15
1 all load combmations (see Note 3) with AnfAp> 1.1 -
Direct analysis method — second-ocder analysis with From malysis .
muﬁhammum,«z(mmu) K= 1 forall frames | "o o 3) Noae Agpendix 7

Notes:
Derived from the effective length method, using the By-B; spproximation with B; taken equal to 31, Re =085
frames.

1
2. Anadditonal ampfificanon for member curvature effects is required for columns in moment
3. The Br-8: approcuraation (Section C2.1b) can be tsed 10 acoomplish 2 second-osder analysis within the Kmitanon that B; < 1.5,

Also. B, and B, ¢an be taken equal to the multiplies tabulated for the simplified method above.
£ AsdAlyis the ratio of second-order drift 10 firss-ocder drifi. which is also represented by 5.

5[: # There's always a solution in steel 1159

Example 8 (LRFD)  %w

« Amplified load and moment

260 kips
390 ft-Kips

P, =1.3(200)
M, =1.3(300)

» Still need to determine K as before.

i@ There's always a solution in steel .

American Institute of Steel Construction
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Example 8 (ASD) iw’

Check the column of Example 6 using
the approach from the Basic Design
Value cards

1. Results of a first-order analysis
P =240 kips
M, =141 ft-kips
2. Design story drift -
w=938kips A =0629in.=—
286

F”E[: There's always a solution in stee! e

Example 8 (ASD) Diw

3. Ratio of story gravity to lateral load from
step 2

1.6
(240+240) ~81.9
9.38

4. Enter table with 80.0 and H/200

) There jon n steel
There's always a solution in steel a2
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Example 8 (ASD)  %w

Analysls and Design

Sunplidicd NMethod (s

Step 1. Perform first-order

Step 2. Establish the dessgn story dnft Lunit 2nd determine the Lateral load required to produce it.

Step 3. Determine the raho of the total stary gravaty load to the Jateral load determined in Step 2. For ASD, amltiply by 1.6,

S:ep4 Multiply first-order results by the tabular valne. K=1, except for moment frames when the tatmior value is greater than 11
p 5D 2

Cepynght & 2009 by AISC

Use 0.2% of total story gravity load as minimum fateral Joad in af} ioad combinations.

from effects addnmalhlu:lloﬁ

Effective lenglh method - secq second-order analysis with . Fi alsais

0.2% of total story gravity load as minimum latera} foad franaes (’::;‘:hr’;)

| in all joad comtirations {sex Note 3) with Asyd p > 1.1

Direct analysis method ~ second-order analysis with = From analysis 2, "
nosionsl ttera!load and reduced Ef and AE (see Nore 3) | K= 1 forall fames | "o i) one Appendix 7

e P L ) 6 ]
-i-‘?ﬁ!}.‘im_
= T8 B B

Naotes:

1. Detwedﬁmm:ﬂ':mwlugtmrﬁod uang the B)-8; approximation with B; taken equal to By Re=085

2 for member effects is required for columms in tmoment frames.

3. TbeBrB:apwmmn(Secmczlb)cmbnmdmmmphshsncond«duuzlymmthml&hmhmﬁ:w,qj
Also, B; 2nd B, can'be taken equal o the mudtiplicr tabulated for the simplified nwthod above.

4. AzrApy ts the ratio of second-order drift to first-order drift, which i alvo represented by B:.

[: § There's always a solution in steel 1163

e Conclusion

Example 8 (ASD)  %w

— This simplified approach may not be used for
this ASD problem.

— This is Example 6 (ASD) and the amplification
in that example was right at the limit of 1.5.

— The conservative nature of the simplification
pushes us over the boundary.

i@ There's always a solution in steel
R . 11164

American Institute of Steel Construction
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Basic Design Values

Anslysis and Design Copyngit © 2009 by AISC

Simplitied Method {see Mole 1)

Step 1. Perfoon first-order analysis. Use 0.2%% of wtal stary gravity load as runimum Laterad load in all load combinations
Step 2. Establich dhe design story drift limit 2nd deterymme the Lateral load requared 1o produce 1t

Step 3. Deternune the rato of die mnlmyp:m,ladwazlmwbddammmdmsup . For ASD, amltply by 1.6.
Shrpl Multiply first-order results by the tabular valne. X=1, uapt&(mmuﬁm!swhm&chbdxvahxwmdnnll

Design Story —]
Drift Lionit
HA R EOE) T I S ]
H200 Sy ] )
B30 ]
. : :

Note that as the gravity load increases, for the same lateral
stiffness, the second order amplification increases.

12 | 13 | 14 ]

This is always the case, not just for the simplified approach
presented here.

B8 There's always a solution in steel 11165

Simplified Approaches

* The second simplified approach is based
on Design by First-Order Analysis

D) e on
here's always a solution in steel 1166
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First-Order Analysis Method

» C2.2b Design by First-order analysis
— Consider the notional load requirement
N, =2.1(Ay, o /L)Y, 2 0.0042Y,

which came from the commentary equation
N, = (-—Bﬁ-—jéy,. > (-Bz—j(o.oozy,.) (C-A-7-3-1)
1-0.2B, ) L 1-0.2B,
with
B, =1.5 and a drift ratio of 0.002

{m There's always a solution in steel 11167

Modified First-Order Method

* B, as a function of drift index and gravity to
lateral load ratio (similar to Basic Design Value Cards)

Amplified First-Order Analysis Multipiier, B2
Dritt Gravity to Lateral Load Ratio
Index 0 5 10 20 30 40 50 60
100 1.00 1.08 113 131 1.55 1.89 243 340
160 1.00 1.04 1.09 1.19 1.31 1.48 185 1.89
200 1.00 1.03 1.08 1.13 1.21 1.31 142 1.55 1.89 243 3.40
250 1.00 1.02 1.08 1.10 1.18 123 1.31 138 160 1.89 230
300 1.00 1.02 1.04 1.09 113 118 124 1.31 1.48 188 1.88
350 1.00 1.02 1.03 1.07 1.11 1.16 1.20 125 1.37 151 168
400 1.00 1.01 1.03 1.08 1.10 1.13 1147 121 1.31 1.42 1.55
450 1.00 1.01 1.03 1.08 1.09 1.12 115 1.1¢ 1.26 1.35 148
500 1.00 1.01 1.02 1.05 1.08 1.10 113 1.16 123 131 139
1
R =0.85 B, = 210
\ m . R i- (X.ZP", ] 1
4 There's always a solution in steel =H )\ R, (drift index) 1168
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Modified First-Order Method

* Using the same format, the notional load
multiplier,y, becomes

Notionat Load Multiplier

Drift Gravity to Lateral Load Ratio

Index 0 5 10 20 30 40 50 60 80| 100 120
100 | 0.0125 | 0.0135 | 0.0147 | 0.0177 |36102245} 0,03043| 1 00472 |10 7
160 | 0.0083 | 0.0088 | 0.0092 | 00104 | 0.0118 | 0.0137 [l0.076a"| 00202 | n3eat] 042501 -opaT2
200 | 0.0083 | 0.0085 | 0.0087 | 0.0073 | 0.0080 | 0.0089 | 0.0089 |00¥Z | 0152 | 00238 00631
260 | 0.0050 | 0.0052 | 0.0053 | 0.0057 | 0.0061 | 0.0085 | 0.0071 | 0.0077 |EBGES4E Goi2e 00170
300 | 0.0042 | 0.0043 | 0.0044 | 0.0046 | 0.0049 | 0.0052 | 0.005s | 0.00s9 | 0.0080 FEGE2IL §
350 | 0.0038 | 0.0035 | 0.0037 | 0.0039 | 0.0041 | 0.0043 | 0.0045 | 0.0048 | 0.0054 {0 D.00T:
400 | 0.0031 | 0.0032 | 0.0032 | 0.0034 | 0.0035 | 0.0037 | 0.0038 | 0.0040 | 0.0044 | 0.0045 250856
460 | 0.0028 | 0.0028 | 0.0020 | 0.0030 | 0.0031 | 0.0032 | 0.0033 | 0.0035 | 0.0038 | 0.0041 | 0.0046
500 | 0.0025 | 0.0025 | 0.0026 | 0.0027 | 0.0027 | 0.0028 | 0.0020 | 0.0030 | 0.0033 | 0.0035 [ 0.0038

B A
@ There's always a solution in steel N, = : =Y =vY
EV, 1-0.2B, )L I-169

1.

» Application of the modified method

Modified First-Order Method

Determine the drift index corresponding to
the largest story drift that will be permitted
for all load combinations.

Determine the largest ratio of gravity load to
the lateral load that determined the drift limit.
For ASD multiply by 1.6

Enter the table and select the notional load

multiplier,Y.

1i-170

American Institute of Steel Construction
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Modified First-Order Method

* Application of the modified method

4. Apply the notional load as an additional load
in all load combinations.

5. Carry out a First-Order Analysis

6. For each beam-column amplify moment
with B,

7. Design all beam-columns with K = 1.0.

8. Design all components, including

connections, for the determined moments
and forces.

IR
@3 There's always a solution in steel
B 11-171

Modified First-Order Method

« Example of this approach

~ Consider the frame of Example 5, the
stiffened column.

— Consider D+L+W

1N s aiw .
‘ There's always a solution in steel 1172
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Example 9 (LRFD)  chn

DLW

 Design by First-Order Analysis

2°°f"’ 2°°f"‘ P, =75.0 kips
20 Kps =+ rigid element I)L = 220 kips
Wiaxiso s W =12.5 kips

Column A Column B

1.2D+0.5L+1.6W

CE
m There's always a solution in steel 1173

Example 9 (LRFD)  crn

DLw

 Design by First-Order Analysis
— Limitations
* From the chart we will show that B, <1.5
* Load magnitude
oP. =200 kips
0.5P, =0.5(50.0)(46.7) =1170 kips

thus,
0P = ZOOSO.SPy =11J_Q,,_

Design by First-Order Analysis may be used

[: There's always a solution in steel

1174

| American Institute of Steel Construction 11-87
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Example 9 (LRFD)  cmn

DLW

» Lateral displacement under service load

3
Ao 12.5(15) (1,728) _044lin
3(29,000)(1900)
 Drift ratio
A_ 0441 H

=0.00245 —» —
15(12) 408

There's always a solution in steel 1175

Example 9 (LRFD)  cun

DLW

* Determine the load ratio

) Y (200 + 200)
ratio = =
lateral 12.5

* Enter table with drift index and load ratio

t | There's always a solution in steel 1178
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Example 9 (LRFD)  cmn

» The notional load multiplier,y, becomes

Notional Load Multiplier
Drift Gravity to Lateral Load Ratio
Index 0 5 10 20
100 | 0.0125 | 00135 | 0.0147 | 0.0177 |E0.02243] 00304 0 G:
150 | 0.0083 | 0.0088 | 0.0092 | 0.0104
200 | 0.0083 | 0.0065 | 0.0087 | 0.0073 ] 0.0080 | 0.0089 | 0.0089 {10
250 | 0.0050 | 0.0052 | 0.0053 | 0.0057 | 0.0081 | 0.0085 | 0.0071 | 0.0077 |}
300 | 0.0042 | 0.0043 | 0.0044 | 0.0046 | 0.0049 | 0.0052 | 0.0055 | 0.00s8
350 | 0.0036 | 0.0038 | 0.0037 | 0.0039 ] 0.0041 | 0.0043 | 0.0045 | 0.0048
400 | 0.0031 | 0.0032 | 0.0032 | 0.0034 | 0.0035 | 0.0037 || 0.0038 | 0.0040 0058
450 | 0.0028 | 0.0028 | 0.0029 | 0.0030 | 0.0031 | 0.0032 | 0.0033 | 0.0035 | 0.0038 | 0.0041 | 0.0046
500 | 0.0025 | 0.0025 | 0.0026 | 0.0027 | 0.0027 | 0.0028 | 0.0029 | 0.0030 | 0.0033 | 0.0035 | 0.0039

" [1—0.232

§ There's aiways a solution in steel

B, A Interpolate for
= ¥=0.00354

177

FOA
Example 9 (LRFD)  char
* Design by First-Order Analysis
— Notional load
Y = (200+200) =400 kips
N, =0.00354Y, = 0.00354(400) =1.42 Kips
There's always a solution in steel 1178
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el Design Using the

Example 9 (LRFD)  chan

* First-order elastic analysis P, =200 kips

FOA

DLW

ZOOiips 2ooiips Mux =321 ft—klps
21.42 kips w=—pp Eid clement Kx = 1 .O
W14x159 15 Ky =1.0
Column A Column B Lb = 15 ft
e C, =1.67

I
There's always a solution in steel

H-17¢9

Example 9 (LRFD)  cran

 Design by First-Order Analysis
— Amplify first-order analysis, member effect

C
B, =1_;R >1.0
£,
C, =0.6—0.4(0/321)=0.6

i@ There's always a solution in steel

FOA

DLW

11-180
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Example 9 (LRFD)  crn

DLW

 Design by First-Order Analysis
2
F, =_£"Elz
(K\L)

P - 7% (29000)(1900)
(1.0(15.0)(12))’

@ There's always a solution in steel e

=16,800 kips

Example 9 (LRFD)  cmn
* Design by First-Order Analysis
— Amplify first-order analysis; member effect

B=—Sn>10
-2k
P

el

B _ 0.6
b . (1.0)(200)
16,800

There's always a solution in steel
b 11182

=0.6141.0.. B =1.0
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Example 9 (LRFD)  cwn

DLW

Desigh moment
M =BM,
M. =1.0(321) =321 ft-kips

Design force
P =P =200 kips

[:l: There's always a solution in steel 183

Example 9 (LRFD)  chn

DLW

« Determine member strength

K,L=15.0ft 0.2, =1,810 kips | p=0.551x10"
K,L=150 ft
I,=15.0 ft 0,M, =1,080 ft-Kips | b, = 0.826x10™

* |nteraction Eq. H1-1b

200 321
+
2(1,810) (1,080

j =0.352<1.0 .. ok

:q 5[: There's always a solution in steel

11-184
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FOA
Example 10 (LRFD)  cuan
» Consider the gravity only load case
a42kips 4421 P, =75.0 kips
— P, =220 kips
0 W =12.5 kips
W14x159 15
1.2D+1.6L

[: There's always a solution in steel 1185

FOA

Example 10 (LRFD)  cuan

* For this load case, the column load has
increased. Thus,

af, =442 Kips <0.5P, =1170 kips
Y, =(442+442) =884 kips

* The load ratio is then
884 71

12.5

@ There's always a solution in steel

11-188
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Example 10 (LRFD)  cnn

DL
» The notional load multiplier,Y, becomes

Notional Load Muitiplier
orif Gravity to Lateral Load Ratio
Index 0 5 10 20 30 40 50 60 80 100 120
100 | 0.0125 | 0.0135 | 0.0147 | 0.0177 |[F0.0224" | :0'0384:} 60

150 | 0.0083 | 0.0088 | 0.0002 | 0.0104 | 0.0118 | 0.0137
200 | 0.0063 | 0.0065 | 0.0087 | 0.0073 | 0.0080 | 0.0089 | 0.0089 6. 1
250 | 0.0050 | 0.0052 | 0.0053 | 0.0057 | 0.0081 | 0.0085 | 0.0071 | 0.0077 20.0121"

300 | 0.0042 | 0.0043 | 0.0044 | 0.0046 | 0.0049 | 0.0052 | 0.0055 | 0.0050 | o0.0089 | i ED

350 | 0.0038 | 0.0036 | 0.0037 | 0.0039 | 0.0041 | 0.0043 | 0.0045 | 0.0048 | 0.0054 D072}
400 | 0.0031 | 0.0032 | 0.0032 | 0.0034 | 0.0035 | 0.0037 | 0.0038 | 0.0040 | 0.0044 | 0.0049 |Ei0iGGS8E
450 | 0.0028 | 0.0028 | 0.0020 | 0.0030 | 0.0031 | 0.0032 | 0.0033 | 0.0035 | 0.0038 | 0.0041 | o0.0046
600 | 0.0025 | 0.0025 | 0.0026 | 0.0027 | 0.0027 | 0.0026 | 0.0020 | 0.0030 | 0.0033 | 0.0035 | o0.0030

B A Interpolate for
N, = : —Y =vY, -
; [I—O.ZBJL L=, ¥=10.00422

4'5[: i) There's always a solution in steel

11-187

FOA
Example 10 (LRFD)  cuun
 Design by First-Order Analysis
— Notional load
Y = (442+442) =884 kips
N, =0.00422Y, = 0.00422(884) =3.73 kips
. There's always a solution in steel 1188
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Example 10 (LRFD)  cwn

DOL

* First-order elastic analysis P, =442 kips

442 kips 442fps Mux = 560 ft—kIpS
3.73 kips =g rigid element [ KX = 1 '0
W14x159 15 Ky =1.0
Column A Column B Lb = 15 ﬂ
C, =1.67

There's always a solution in steel 1189

Example 10 (LRFD)  cmn

DL

* Design by First-Order Analysis
— Amplify first-order analysis, member effect

C
Bl = 1__;1—): >1.0
F,
C, =0.6—0.4(0/56.0) = 0.6

There's always a solution in steel 1190
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Example 10 (LRFD)  crn

 Design by First-Order Analysis
7’ El

P ="
(kL)

e

p _ 7(29000)(1900)
(1.0(15.0)(12))’

=16,800 Kips

D" There's always a solution in steel

11-191

Example 10 (LRFD)  cwn

DL

 Design by First-Order Analysis
— Amplify first-order analysis; member effect
Cm
aP

1_ r
P

el

>1.0

B =

0.6
| (1L.0)(442)
16,800

B, = =0.6241.0.. B =1.0

{ [: i| There's always a solution in steel

11-192
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Example 10 (LRFD)  cwn
Desigh moment
M, =BM,
M =1.0(56.0)=56.0 ft-kips

Design force
P =P =442 Kkips

T
There's always a solution in steel 11193

Example 10 (LRFD)  cnn

DL

« Determine member strength

K,L=15.0 ft 0P, =1,810kips | p=0.551x10"
K,L=15.0 ft
I,=15.0ft 0,M, =1,080 ft-kips | b, = 0.826x10~

* Interaction Eqg. H1-1a

442 (81299 ) _0290<1.0 - ok
1,810 \ 9/ 1,080

| e's alwa tion in steel
{: There's always a solu ee 194
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Building Example 1 ELM
Warehouse o

Design the 360 ft by 360 ft warehouse structure shown.
Design by Second-Order Analysis (Effective Length
Method). Eave height = 40 ft
Nominal Loads: ——
Dead load = 20 psf
Roofing = 5 psf
Deck = 2 psf
Structure = 4 psf
Mechanical = 5 psf
Collateral = 4 psf
Roof snow load = 30 psf
Precast Walls = 100 psf
Wind pressure = 20 psf
Mean Wind Uplift = 10 psf

S
e N}
m There's aiways a solution in steel 195

360 ft

Building Example 1 ELM
Warehouse e

 Design using ASD Load Combinations:
-D+S
-D+W
-D+0.75(S+W)
 Structural system
— Flexible roof diaphragm
— Open web steel joists and Joist Girders
— One bay X-bracing in each exterior frame

* Walls

— Tilt-up non-load bearing 8 in. precast concrete

There's always a solution in steel 1196
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Building Example 1 ELM
Warehouse e

» Roof deck design:

— Use Type 22 wide rib deck spanning 6 ft.

— Minimum of 2 — side lap screw per 6 ft span
with other fastening to be selected to satisfy
diaphragm requirements

* Roof Structure:
- Joists at 6 ft on center

— Joist Girders at 60 ft
@ There's always a solution in steel

11-197

Building Example 1 ELM
Warehouse e

— Gravity only Columns (40 ft long, pinned ends):
« Tributary area to interior columns = 60x60=3600 ft?

* Column load = (20 + 30)(3600)/1000 = 180 kips
» Select an HSS section for economy

* From the AISC Manual with K =1.0 and L = 40 ft,

select an HSS 12X12X3/8 (Wt. = 58 plf), P,/Q =
220 kips

i@) There's always a solution in steel
o~

11-198
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Building Example 1 ELM
Warehouse P

» Serviceability criteria

— For non-load bearing concrete walls, use a
drift criteria of H/100 = (40)(12)/100 = 4.8 in.

for a 10 year wind. This is approximately 6.8
in. for a 50 year wind based on ASCE 7.

— To determine if serviceability criteria is
satisfied, use a first-order analysis.

Iy
{@? There's always a solution in steel 199

Building Example 1 ELM
Warehouse e

 Serviceability criteria

— Determine the in-plane deflection of the
flexible diaphragm
* Beam shear

7)) <20 £2)(22)- 2000 s
2 2 2 2

 Shear per foot along edge of diaphragm at wall

L,V _ 72,000
L 360

{ [: ij There's always a solution in steel

=200 lbs/ft

11-200
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Building Example 1 ELM

ASD
Warehouse
 Serviceability criteria
— Determine the in-plane deflection of the
flexible diaphragm
— From the 3rd Edition of the SDI “Diaphragm Design
Manual”:

* The allowable shear for Type 22, wide rib deck, with a 36/4 weld
pattern and 2 s.l.s. = 255 Ibs./ft and G’ = 13,500 Ibs./in.

¢ Deck deflection from wind (neglecting flexural deflection):

A _ WL _20(40/2)(360)"
“* " 8DG" 8(360)(13,500)

@ There's always a solution in steel 1201

LA

=1.33in.

Building Example 1 ELM
Warehouse e

*Determine tension only brace force

Brace Force =72 kips(762(')1ftﬂ) = 86.5 Kips

72 kips
[—————e

*Select double angles

Use A36 steel P _
2L's 4x4x5/16, A= 4.8 in 2, o =103 kips

40 ft

Assume yielding controls

le
There's always a solution in steel
BV, il-202

American Institute of Steel Construction {1-101



Efficient Analysis for Steel Design Using the
2005 AISC Specification

Warehouse

* Determine braced frame drift
— Elongation of brace

AL="=
N\

72.1ft

;@ There's always a solution in steel
o 0‘

Building Example 1

pL _86.5(72.1(12))
AE~ 4.8(29,000)

ELM
ASD

=0.538 in.

Drift =———(0.538 in.) = 0.646 in.
60.0 ft

11-203

Warehouse
* Check total drift

Total drift =0.65+1.33

Building Example 1

Drift in frame Drift in diaphragm

ELM
ASD

=198 in.<6.8in. .. OK

Wind

i@ There's always a solution in steel S

11-204
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Building Example 1 ELM
Warehouse e

» Calculate Column loads in braced frame
— Dead load
P, =(20)(60)(30)/1000 =36 kips
— Snow Load
P, =(30)(60)(30)/1000 = 54 kips
— Wind uplift

P, =(-10)(60)(30)/1000 = -18 kips

‘7. ' ' . .
L There's always a solution in steel 11205

Building Example 1 ELM
ASD
Warehouse
* Design the columns at the braced bays.

—For (D + S):.
P, =36+54=90 kips

—For (D + W):
P = 36—-18+(72)(40/60) = 66.0 kips
—For (D +0.75(S + W)):
P, =36+0.75(54-18)+0.75(72)(40/60)=99.0 kips

! There's always a solution in steel
y 11-206
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Building Example 1 ELM
Warehouse o

» Select column ,
With the Effective Length Method,
K=1.0 you need to determine K.
Since this is a braced frame, K=1.0
H=40ft

P =99 kips
* Use

HSS 10x10x5/16, A=11.1in?, P, /Q=112 kips

) There! ion in I
D There's always a solution in stee 11-207

Building Example 1 ELM
ASD
Warehouse
» To this point, all calculations have been
carried out with a first-order analysis

» Now consider the amplified first-order
analysis results.

* Since there are no moments, there is no
need to calculate B,. P =P,+B,/P,

Mr = Bant +B2Mlt

¥
‘\ There's always a solution in steel
¥ 1-208
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2005 AISC Specification
Building Example 1 ELm
ASD
Warehouse
» Sway amplification _ 1
B, " ey >1.0

2F,

o=1.0 (LRFD) a=1.6 (ASD)
2P, = Total gravity load supported by story
3P, = R,SHL/A,
R, =1.0 (Braced Frame)
XH =lateral force causing A,

[: 3 There's always a solution in steel 11209

Building Example 1 ELM
ASD
Warehouse
» Calculate the gravity load for each load
case.
Load Case m’ kIpS
L (20)(360)(3 )/1000 = 2590 kips
Precast Walls | (100) (40)(360)(4)/1000 = 5760 kips
S (30)(360)(360)/1000 = 3890 kips
W (—10)(360)(360)/1000 = ~1300 kips
There's always a solution in steel 210
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2005 AISC Specification

Building Example 1 ELM
Warehouse e

* Determine horizontal force
XH =2(72) =144 Kips
* Determine the drift

Drift = average diaphragm deflection + braced frame drift

A, =0.67(1.33)+0.650=1.54 in.

\ Average for parabolic displacement of diaphragm

m There's always a solution in steel
V., I-211

L

Building Example 1 ELM
Warehouse P

* Determine frame stiffness
XHL
AH
144(40)(12)

=1.0 = 44,900 kips
1.54

ZR:Z =Rm

There's always a solution in steel 1212
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2005 AISC Specification

Building Example 1 ELM
Warehouse o

* Including the precast walls

— Assume the walls parallel to the wind resist
overturning directly by their own stiffness

— Assume that the weight of the windward and
leeward walls is applied at their mid-height

— Walls move through only % of the drift

~ To account for these, use only % of the wall
weight.

There's always a solution in steel 1213

Building Example 1 ELM

ASD
Warehouse
* Calculation of B,
Load B =

inati oXP, =1.62P A
Combination nt nt 1 44,900
DrPrecast+S || 5(2590+1440-+3890) =12,700 1.39<15
D+Precast*W | 6(2590+1440+ (-1300)) = 4,370 1.11<1.5
D+Precast |1 6(2590+1440+0.75(3890~1300)) =9,560 | 1.27<1.5

+0.75(S+W)

@ There's always a solution in steel
LBV 11-214

American Institute of Steel Construction 11-107
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2005 AISC Specification

Building Example 1 ELM
ASD
Warehouse
» Calculation of B,
— Since all B, values are less than 1.5, the
effective length method may be used.
5 There's always a solution in steel 1215
Building Example 1 ELM
ASD
Warehouse
* Determine the notional loads
Load Wind load
Combination Ni = 0002Y,
D+Precast+S N=O.OO2(121’ 7600) ~15.9 kips >0 kips
D+Precast+W | 0.002(4,13670) _ 5.46 kips <144 Kips
D+Precast _ 9,560 ) _ . <0.75(144)
+0.75(S+W) N= 0'002(_1.6 )- 12.0 kips =108 kips
There's always a solution in steel 1216

American Institute of Steel Construction

11-108
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Building Example 1 ELM
ASD
Warehouse
« Since the wind load is greater than the
notional loads, there is no need to add

notional loads to the combinations that
include wind.

* The notional load must be added to the
D+Precast+S combination.

’@} There's always a solution in steel k217

Building Example 1 ELM
Warehouse e

* Notional Loads

— Force in Brace
15.9/2 )
——(86.5)=9.55 kips
72.0 ( ) P

— Force in Column
15.9/2(

40

— |=5.30 kips
60} P

[: There's always a solution in steel
: 11-218
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2005 AISC Specification
Building Example 1 ELM
ASD
Warehouse
e Diaphragm
(D+Precast+W)

Daiphragm Shear = B, (200)
=1.11(200) =222 plf <255 plf

Thus, the diaphragm shear strength is adequate
including second-order effects.

i

ED There's aiways a solution in steel

oy

1I-219

Building Example 1 ELM
Warehouse o
» Brace
(D+Precast+S+N)
B, (Brace) =1.39(9.55)=13.3 kips
(D+Precast+W)
B, (Brace)=1.11(86.5)=96.0 kips*

(D+Precast+0.75(W+S))
B, (Brace)=1.27(64.9) =82.4 kips

There's always a solution in steel

11-220
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2005 AISC Specification
Building Example 1 ELM
ASD
Warehouse
» Column
(D+Precast+S+N)
B, (Column) =90.0+1.39(5.30) = 97.4 kips
(D+Precast+W)

B, (Column)=18.0+1.11(48.0) = 71.3 kips

(D+Precast+0.75(W+S)) S
B, (Column) =63.0+1.27(36) =109 kips

@ There's always a solution in steel
1l-221

Building Example 1 ELM
Warehouse P

* Brace 2L's 4x4x5/16
% — 103 Kips > 96.0 Kips

* Column HSS 10x10x5/16

%= 112 kips > 109 kips

m There's always a solution in steel
Ny -222

American Institute of Steel Construction H-111
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2005 AISC Specification

Building Example 1 ELM
Warehouse e

* Conclusions

— ELM is appropriate since no need to calculate
K, by definition.

— Different load combinations control design of
different elements.

— Each load combination has its own B,.

— Even though it is a braced frame, second-
order amplification is significant.

There's always a solution in steel
gl H-223

Building Example 2 DA

. SD
4-Story Commercial
» From the Companion CD to the 13t edition Manual
Carry out the analysis m-‘ @P @n@cw@ ©®
and design of the G A [
members of the moment 2
frame and braced frame  ®x
for the given 4-story oL . S
commercial building 2 e A
using the Direct Analysis (a

method. W"«"rﬁ‘/

@ There's always a solution in steel 1224
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Building Example 2 DA
4-Story Commercial

* From the Companion CD to the 13t" edition Manual

Roof Load rmrrE@ @ ¢ n@«@ﬁ@ ®®©
Snow + Rain 25 psf (@5 |
Dead 20 psf 2

®

Floor @§ NP i N
Live 80 psf 2 e e
Dead 75 psf (&) =
Cladding varies T

There's always a solution in steel 1225

Building Example 2 DA
4-Story Commercial

Full Building Model

There's always a solution in steel
LY. 1-226
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2005 AISC Specification
Building Example 2 DA
. ASD
4-Story Commercial
* Moment Frame (resists forces in X direction)
@ @ ® ® ® ® @ ®
(rYP @ ROOF)
ARG AR
TG R
§§ £ Waanss
(WP GFLR}
mnm nmm mm mnr i mim
- FRAME LAYOUT (GRID A & F)
{ Ji/ There's always a solution in steel 227

Building Example 2 DA
4-Story Commercial ~ *

W18x35

* Braced Frame

(resists forces in Y direction)
W18x40

W12x53

W12x53

W18x40

W18x40

i} There's always a solution in steel
y 11-228
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Building Example 2
4-Story Commercial

Lateral Load Resisting System

e . R
CED
@ There's always a solution in steel
%

1I-229

Building Example 2
4-Story Commercial

DA
ASD

[
f

|
1

1l

SEET

Y
@HED) There's always a solution in steel

2" Floor Framing

11-230

American Institute of Steel Construction
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Building Example 2 DA
. ASD
4-Story Commercial
© !
(- ; 4
@,EE} There's always a solution in steel 3 and 4" Floor Framing 231
Building Example 2 DA
. ASD
4-Story Commercial
>’ Th;re‘s alwa);s a soluti;)n in steel Roof Framing 1232

American Institute of Steel Construction l-116
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2005 AISC Specification

Building Example 2
4-Story Commercial

* Load Cases
— Dead (1)
— Live (1)
— Roof Live (Snow+Rain) (1)
- Wind (12)
— Seismic (4)

{m There's always a solution in steel
b1

Loy

DA
ASD

11-233

Building Example 2
4-Story Commercial

 ASD Load Combinations

D

D+L

D+S

D+0.75(S+L)

D+W

D+0.7E
D+0.75W+0.75L+0.75S
D+0.525E+0.75L+0.75S
. 0.6D+W

10. 0.6D+0.7E

There's always a solution in steel

CRXNDAH LN =

DA
ASD

11-234

American Institute of Steel Construction
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Building Example 2 DA
. ASD
4-Story Commercial
* Load Combinations for Analysis

— 160 total load combinations
— 12 of these as a result of the notional loads

D+N (4) D+0.75(L+W) (24)
D+L+N (4) D+0.75(S+W) (24)
D+S+N (4) 0.6D+W (24)
D+0.75(L+S)+N (4)  D+0.7E (8)

D+W (24) D+0.75L+.525E (8)

D+0.75(L+S+W) (24) 0.6D+0.7E (8)

2
m There's always a solution in steel 1235

Building Example 2 DA
4-Story Commercial ~ *

* Could use a Planar Model (2D)
— Requires some thought on modeling.
— Can use forced symmetry.
— May reduce number of load combinations.
— Use of notional loads easily accommodated.
— Be sure to account for “leaning columns.”

There's always a solution in steel

11-236
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2005 AISC Specification

Building Example 2 DA
4-Story Commercial

* Determine Notional Loads

— Notional loads are determined for each gravity
load case.

— Notional loads are distributed according to the
gravity load distribution.

N, =0.002Y

. ‘”5[: B There's always a solution in steel
/ 11-237

Building Example 2 DA
4-Story Commercial ~ *°

Gravity load at each level, ¥,
Level D (kips) | S (kips) | L (kips)
Roof 785 638
4 2244 817
3 2244 817
2 2127 766
Total 7400 638 2400

There's always a solution in steel 1238
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2005 AISC Specification

Building Example 2 DA
4-Story Commercial ™

Notional load at each level, N,
Level | D (kips) | S (kips) | L (kips)
Roof 1.57 1.28

4 4.49 1.63

3 4.49 1.63

2 4.25 1.54

Total 14.8 1.28 4.80
N, =0.002Y,

m There's always a solution in steel 1-239

L

Building Example 2 DA
4-Story Commercial
» Determine amplification factors for
amplified first-order analysis.

« Sway amplification is determined for each
story, each direction, and each load
combination.

« Member ampilification will need to be
determined for each member individually.

{ There's always a solution in steel
A 1-240
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

Moment Frame

Building Example 2
4-Story Commercial

Braced Frame

Wind Load
H, (ips)| XH, |H, (kips)| XH,
Roof 1968 19.68 33.94| 33.94
4 36.84| 56.52 63.77| 97.71
3 33.48 90.00 58.38 156.09
2 31.43| 12143 55.24| 211.33
Total { 121.43 211.33

DA

Note the relative magnitude of these wind loads and the notional loads.

R
There's always a solution in steel

11-241

Building Example 2
4-Story Commercial

Moment Frame Braced Frame

Wind Drift
Total X| A, X |TotalY| A,Y
(in.) (in.) (in.) (in.)
Roof | 0.7325| 0.0895| 0.4846| 0.0893
4 0.6430| 0.1690| 0.3953| 0.1370
3 0.4740| 0.2516| 0.2583| 0.1313
2 0.2224| 0.2224) 0.1270] 0.1270

Drift based on reduced stiffness, 0.8t,E/and 0.8£4 and T, =1.0

There's always a solution in steel

DA

11-242

American Institute of Steel Construction
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2005 AISC Specification

Building Example 2 DA
4-Story Commercial

Moment Frame

ASD

Braced Frame

2P, =

R, =0.85 R =1.0
Roof 32,500 66,100

4 46,100 116,000

3 49,300 193,000

2 75,200 270,000

90(13.5)(12
Rmﬂ=0.85 (13.5)(12) = 49,300
A 0.2516

H

There's always a solution in steel

11-243

Building Example 2 DA
4-Story Commercial

ASD

Moment Braced

[: There's always a solution in ste

Dead + Live Frame Frame
(D+L) | 1.6(D+L) B2 X 32 Y
Roof 785 1256 1.04 1.02
4 3846 6154 1.15 1.06
3 6907 11051 1.29 1.06
2 9800 15680 1.26 1.06
1 1
B, = = =1.29
> _O0ZB, | 11,051
TP, 49,300

el

11-244

American Institute of Steel Construction
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2005 AISC Specification

Building Example 2 DA
4-Story Commercial =

NMoment Braced

Dead + 0.75(Live+Snow) Frame  Frame
D+0.75(L+S) | 1.6(D+0.75(L+S))| B, X B, Y
Roof 1264 2022 1.07 1.03
4 4120 6592 1.17 1.06
3 6977 11163 1.29 1.06
2 9679 15486 1.26 1.06
1 1
= = = 2
B, ,_OZP, ;11163 1.29
3P, 49,300

i@ 5[; There's always a solution in steel 245

Building Example 2 DA
4-Story Commercial

» Check treatment of notional loads

» Amplification will be greatest for the
largest gravity loads.
~ Since drift was based on reduced stiffness

~In all cases
B,<1.7
— Thus, notional loads may be treated as
minimum.

There's always a solution in steel . P
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Building Example 2 DA
4-Story Commerecial =

11-247

Building Example 2 DA
4-Story Commercial

American Institute of Steel Construction 11-124
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Building Example 2 DA
4-Story Commercial P

 Member check
Mr = Ble +B2Mlt
F, =P, +B,Fk,

Assume
M, ,P, come from gravity load analysis
M,,F, come from a lateral load analysis

W 125
m There's always a solution in steel
1% 11-249

Building Example 2 DA
4-Story Commercial
* Column in Braced Frame, #3, W12x53
— Controlling load combination

D+0.75L—-0.525E4
— Analysis results by load case

D =168 kips
L =52.7 Kips
E4 =-146 Kkips

There's always a solution in steel 1250

American Institute of Steel Construction -125



Efficient Analysis for Steel Design Using the
2005 AISC Specification

Building Example 2 DA
4-Story Commercial ™

e Column in Braced Frame, #3, W12x53
— Sway amplification
B, =1.07
— Member amplification
* No ampilification since no moments
— Member force
P =P, +0.75P, - B,(0.525P,,)

P, =168+0.75(52.7)—1.07(0.525)(—146) = 290 kips

@ There's always a solution in steel
aE 11-251

Building Example 2 DA
4-Story Commercial ™

* Column in Braced Frame, #3, W12x53

— Determine member strength
K =1
L=13.5ft

i;;_ = 431 Kips > 290 kips

— W12x53 is adequate

There's always a solution in steel
N~ 1I-252
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Building Example 2 DA
. ASD
4-Story Commercial
* Brace in Braced Frame, #1, HSS 6x6x1/2
~ Controlling load combination

D-0.7E4
— Analysis results by load case

D =13.0 kips
E4=-121 kips

m There's always a solution in steel
%Y 11-2563

Lae

Building Example 2 DA
4-Story Commercial ™

» Brace in Braced Frame, #1, HSS 6x6x1/2
-~ Sway amplification
B, =1.05
— Member ampilification
* No amplification since no moments

— Member force
P =P, -0.7P,

P, =13.0-1.05(0.7)(-121) =102 kips

M) o o
There's always a solution in steel 1254
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2005 AISC Specification

Building Example 2 DA
4-Story Commercial o

* Brace in Braced Frame, #1, HSS 6x6x1/2
— Determine member strength
K=1
L=20.18 ft
%=121 kips >102 kips

— HSS 6x6x1/2 is adequate

=Ty
!@

There's always lution in steet
ys a solu 1-255

Building Example 2 DA
. ASD
4-Story Commercial
* Column in Moment Frame, #11, W14x99
— Controlling load combination

D—-0.7E2
— Analysis results by load case

D P=226 kips M, =3.75 ft-kips M, =-1.86 ft-kips
E2 P=0Kkips M, =-105 ft-kips M, =216 ft-Kips

11-256

t There's always a solution in steel

q
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Building Example 2 DA
4-Story Commerecial e
* Column in Moment Frame, #11, W14x99
- Sway amplification
B, =1.19
— Member ampilification

C, =0.6- 0.4(ﬁ) =0.40
C 3.75
B=— 7 oP, =1.6(226+0) =362 kips
1——= 2
P, p T, 000)(1,21 19) _ 15 100 kips
(13.5(12)) :

11-257

Building Example 2 DA
4-Story Commercial ™

* Column in Moment Frame, #11, W14x99
— Member amplification

C, _ 04 _ _
Bl_l_aP’_l_ 362 =1.03(0.4)=0.41<1.0
P, 12,100
- Member force

P, =F,-B, (O'7PE2)
P =226-1.19(0.7)(0) = 226 kips

@H There's always a solution in steel

11-258
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2005 AISC Specification

Building Example 2 DA
4-Story Commercial P

e Column in Moment Frame, #11, W14x99
— Member moment

M,=BM,-B,(0.7M,,)
M, =1.0(-1.86)—-1.19(0.7)(216) =182 ft-kips
— Determine member strength

K=1.0, L=13.5 ft, %=759 Kips

i@ There's alwa ion i
ys a solution in steel
Y 11-259

Building Example 2 DA
. ASD
4-Story Commercial
* Column in Moment Frame, #11, W14x99
— Determine member strength

L =135, 2x=430 ftkips
Q

— Interaction
2§+_8_ 1—8?1 =0.30+0.38=0.68<1.0
759 91430

- W14x99 is adequate

: . . There's always a solution in steel 1260
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Building Example 2 DA
4-Story Commercial ™

« Beam in Moment Frame, #69, W24x55
— Controlling load combination

D+0.75L+0.525E2
— Analysis results by load case

D M, =-136 ft-kips M, =-139 ft-kips
L  M,=-827ft-kips M, =-83.8 ft-kips
E2 M, =133 ft-kips M, =-133 ft-kips

D There's always a solution in steel

11-261

Building Example 2 DA
. ASD
4-Story Commercial
 Beam in Moment Frame, #69, W24x55
— Sway ampilification

B, =1.26
— Member amplification

* No amplification since no axial load
— Member moment

M, =B (M, +0.75L)++B,(0.525M,)
M, =1.0(~139+0.75(~83.8)) +1.26(0.525(~133)) = —290 ft-kips

7t

‘4'5[: There's always a solution in steel

11-262
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2005 AISC Specification

Building Example 2 DA
4-Story Commercial

 Beam in Moment Frame, #69, W24x55
— Member strength

Aé" =334 ft-kips < 290 ft-kips

— W24x55 is adequate

ey,
5@ There's always a solution in steel
1 11-263

Building Example 2 DA
4-Story Commercial ™

@ There's always a solution in steel 11264

American Institute of Steel Construction
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2005 AISC Specification

Building Example 2 DA
4-Story Commercial P

B There's always a solution in steel
4 e 4 11-265

Building Example 2 DA
4-Story Commercial P

* Conclusions

— Superposition is appropriate since ampilified
first-order analysis is used for 2nd order effects.
— There is no need to analyze for 1.6 times the

ASD load combinations since only a first-order
analysis is carried out.

— The sway amplification, B,, may be different for
each load combination, at each level, and in
each direction.

) There's always a solution in steel
, y 11-266
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2005 AISC Specification

Building Example 2 DA
4-Story Commercial

» Conclusions
— Using Direct Analysis means that K = 1.0 in
the moment frame (X).

— Direct Analysis provides no advantage in the
braced frame direction (Y) since K = 1.0 is
already acceptable.

—Y direction amplification is a bit higher than if
ET and EA had been used. (from 1.05 to 1.06)

There's always a solution in steel -

The Future is Now

» The 2005 AISC Specification (ANSI/AISC
360-05) is adopted by IBC 2006.

» ANSI/AISC 360-05 provides 3 approaches
for determining the required strength of
members.

» The Direct Analysis method provides an
approach for eliminating the need to

determine K.

.

There's always a solution in steel
y ° 11-268
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Efficient Analysis for Steel Design Using the
2005 AISC Specification

The Future is Now

* The Effective Length method provides an
approach quite close to the approach
generally used in today’s practice.

» The Design by First-Order Analysis
method gives an opportunity to account for
second-order effects through notional
loads.

im There's always a solution in steel 1269

The Future is Now

* Conclusion

— Each method can be used for an efficient
analysis and can lead to an economical
design. You decide which best fits your
needs.

Design Steel Your Way!

(4|ED There's always a solution in steel
11270
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2005 AISC Specification

Thank You

American Institute of Steel Construction
One East Wacker Drive
Chicago, iL 60601

@ There's always a solution in steel
A n-271

Swean

Please give us your feedback!
www.aisc.org/cesurvey

American Institute of Steel Construction
One East Wacker Drive
Chicago, IL 60601

There's always a solution in steel 1272
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Building Example 2

4-story Commercial

Selected slides and computer output

The RAM Structural System website is:
http://www.bentley.com/en-US/Products/RAM+Structural+System/

For questions on RAM contact:
Allen Adams, S.E.
Chief Structural Engineer
RAM International / Bentley
Allen.Adams@bentley.com
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Full Building Model
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AISC 360 Direct Analysis Validation Report

/|

‘ RAM Frame v13.0

RAM ss10 aisc

NENIONGE  DataBase: 8810 AISC 02/11/09 10:09:39

DESIGN CODE
AISC 360-05 ASD

SECOND-ORDER ANALYSIS
P-Delta analysis was not performed

B1 Factors:
B1 factors were calculated and applied to gravity load case moments.

B2 Factors:
B2 factors were applied to lateral load case moments and axial loads.
RMX =0.850
RMY = 1.000

Maximum B2 = 1.303 on Level 3rd at an angle of 0.00 degrees.
Load Combination : 1.000 D +0.750 Lp + 0.750 Sp - 0.750 W10.

NOTIONAL LOADS
Fraction of gravity loads used for Notional Loads:
Global X-axis : 0.0020
Global Y-axis : 0.0020

Generated Load Combinations:
Number of Selected Load Combinations = 160
Notional Loads were included with gravity combinations only.

REDUCED STIFFNESS
Flexural Stiffness:
The flexural stiffnesses were reduced.

Number of members with required tb<1.0=4
Smallest required tb = 0.972
Column #: 4 on Level: 2nd
Load Combination: 1.000 D + 0.750 Lp + 0.525 E4

b used in Analysis : 1.000
Analysis Invalid. Either specify larger notional loads (0.003Y1i) or specify a smaller tb value.

Axial Stiffness:
The axial stiffnesses were reduced.
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4-Story Commercial

Lateral Load Resisting System

im There's always a solution in steel
LY. 454
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” V Frame Model Data
i RAM Frame v13.0

8810 AISC
NERATONAL - DataBase: 8810 AISC 02/19/09 09:27:05
STORY DATA:
Level  Story Label Layout Type Height
ft
4 Roof Roof 14.50
3 4th 3rd/4th 13.50
2 3rd 3rd/4th 13.50
1 2nd 2nd 13.50
FRAME MEMBERS
Frame #0:
Level: Roof
Steel Brace:
#  Level X Y Fix Fy Section BRB T-O
ft ft xyt ksi
1 Roof 210.000 60.000 PPP 46 HSS6X6X1/4 N N
4th 210.000 45.000 PPP
2  Roof 210.000 60.000 PPP 46 HSS6X6X1/4 N N
4th 210.000 75.000 PPP
3 Roof 0.000 60.000 PPP 46 HSS6X6X1/4 N N
4th 0.000 45.000 PPP
4  Roof 0.000 60.000 PPP 46 HSS6X6X1/4 N N
4th 0.000 75.000 PPP
Level: 4th
Frame #1:
Level: Roof
Steel Column:
# X Y ZOffset RigMaj RigMin Fixity Fy Section
ft ft ft in in xyt ksi
6 0.000 120.000 0.000 10.40 0.00 FFF 50 WI12X58
11.80 0.00 FFF
10 30.000  120.000 0.000 10.40 0.00 FFF 50 WI14X99
11.80 0.00 FFF
14 60.000 120.000 0.000 10.35 0.00 FFF 50 W14X99
11.80 0.00 FFF
18 90.000  120.000 0.000 10.35 0.00 FFF 50 WI14X99
11.80 0.00 FFF
22 120.000 120.000 0.000 10.35 0.00 FFF 50 W14X99
11.80 0.00 FFF
26 150.000 120.000 0.000 10.35 0.00 FFF 50 WI14X99
11.80 0.00 FFF
30 180.000 120.000 0.000 10.40 0.00 FFF 50 W14X99

11.80 0.00 FFF
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8810 AISC
NENTONA]  DataBase: 8810 AISC 02/19/09 09:27:05
# X Y ZOffset RigMaj RigMin Fixity Fy Section
36 210.000  120.000 0.000 10.40 0.00 FFF 50 WI12X58

11.80 0.00 FFF

Steel Beam / Horiz Brace:

# X Y ZOffset RigEnd Fixity Fy Section T-0
ft ft ft in xyt ksi

9 0.000  120.000 0.000 6.10 FFF 50 W21X50 -
30.000  120.000 0.000 7.10 FFF

28 30.000  120.000 0.000 7.10 FFF 50 W21X44 ---
60.000  120.000 0.000 7.10 FFF

48 60.000  120.000 0.000 7.10 FFF 50 W21X44 -
90.000  120.000 0.000 7.10 FFF

67 90.000  120.000 0.000 7.10 FFF 50 W21X44 ---
120.000  120.000 0.000 7.10 FFF

88 120.000  120.000 0.000 7.10 FFF 50 W21X44
150.000  120.000 0.000 7.10 FFF

107 150.000  120.000 0.000 7.10 FFF 50 W21X44
180.000  120.000 0.000 7.10 FFF

127 180.000  120.000 0.000 7.10 FFF 50 W21X50 ---
210.000  120.000 0.000 6.10 FFF

Level: 4th

Steel Column:

# X Y ZOffset RigMaj RigMin Fixity Fy Section
ft ft ft in in xyt ksi

6 0.000  120.000 0.000 11.80 0.00 FFF 50 WI12X58
11.80 0.00 FFF

10 30.000  120.000 0.000 11.80 0.00 FFF 50 WI14X99
11.80 0.00 FFF

14 60.000  120.000 0.000 11.80 0.00 FFF 50 WI14X99
11.80 0.00 FFF

18 90.000  120.000 0.000 11.80 0.00 FFF 50 W14X99
11.80 0.00 FFF

22 120.000  120.000 0.000 11.80 0.00 FFF 50 WI14X99
11.80 0.00 FFF

26 150.000  120.000 0.000 11.80 0.00 FFF 50 W14X99
11.80 0.00 FFF

30 180.000  120.000 0.000 11.80 0.00 FFF 50 WI14X99
11.80 0.00 FFF

36 210.000  120.000 0.000 11.80 0.00 FFF 50 WI12X58

11.80 0.00 FFF

Steel Beam / Horiz Brace:
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8810 AISC
NERvAIoNALL DiataBase: 8810 AISC
# X Y
ft ft
10 0.000 120.000
30.000 120.000
23 30.000 120.000
60.000 120.000
36 60.000 120.000
90.000 120.000
49 90.000 120.000
120.000 120.000
63 120.000 120.000
150.000 120.000
76 150.000 120.000
180.000 120.000
89 180.000 120.000
210.000 120.000
Level: 3rd
Steel Column:
# X Y
ft ft
6 0.000 120.000
10 30.000 120.000
14 60.000 120.000
18 90.000 120.000
22 120.000 120.000
26 150.000 120.000
30 180.000 120.000
36 210.000 120.000
Steel Beam / Horiz Brace:

# X Y
ft ft
10 0.000 120.000
30.000 120.000
23 30.000 120.000
60.000 120.000
36 60.000 120.000

Z Offset
ft
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Z Offset
ft

0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000

Z Offset
ft

0.000
0.000
0.000
0.000
0.000

RigEnd
in
6.10
7.10
7.10
7.10
7.10
7.10
7.10
7.10
7.10
7.10
7.10
7.10
7.10
6.10

RigMaj
in
11.80
11.80
11.80
11.80
11.80
11.80
11.80
11.80
11.80
11.80
11.80
11.80
11.80
11.80
11.80
11.80

RigEnd
in

6.10
7.10
7.10
7.10
7.10

Fixity

RigMin
in
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Fixity

ksi
50

50

50

50
50
50

50

Fixity
xyt

Section

W24X5

W24X35

wW24X5

W24X5

W24X5

W24X5

Ww24X5

ksi
50

50

50

50

50

50

50

50

Section

W24X5

W24X5

W24X5

5

5

5

5

5

5

5

Section

W12X58

W14X99

W14X99

W14X99

W14X99

W14X99

W14X99

WI12X58

5

5

5

T-O
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8810 AISC

nienaona - PataBase: 8810 AISC 02/19/09 09:27:05

# X Y ZOffset RigEnd Fixity Fy Section T-0
90.000  120.000 0.000 7.10 FFF

49 90.000  120.000 0.000 7.10 FFF 50 W24X55 ---
120.000  120.000 0.000 7.10 FFF

63 120.000  120.000 0.000 7.10 FFF 50 W24X55 ---
150.000  120.000 0.000 7.10 FFF

76 150.000  120.000 0.000 7.10 FFF 50 W24X55 ---
180.000  120.000 0.000 7.10 FFF

89 180.000  120.000 0.000 7.10 FFF 50 W24X55 -
210.000  120.000 0.000 6.10 FFF

Level: 2nd

Steel Column:

# X Y ZOffset RigMaj RigMin Fixity Fy Section
ft ft ft in in xyt ksi

6 0.000  120.000 0.000 11.80 0.00 FFF 50 WI12X58
0.00 0.00 FFF

10 30.000  120.000 0.000 11.80 0.00 FFF 50 W14X99
0.00 0.00 FFF

14 60.000  120.000 0.000 11.80 0.00 FFF 50 WI14X99
0.00 0.00 FFF

18 90.000  120.000 0.000 11.80 0.00 FFF 50 WI14X99
0.00 0.00 FFF

22 120.000  120.000 0.000 11.80 0.00 FFF 50 WI14X99
0.00 0.00 FFF

26 150.000  120.000 0.000 11.80 0.00 FFF 50 W14X99
0.00 0.00 FFF

30 180.000  120.000 0.000 11.80 0.00 FFF 50 WI14X99
0.00 0.00 FFF

36 210.000  120.000 0.000 11.80 0.00 FFF 50 WI12X58

0.00 0.00 FFF

Steel Beam / Horiz Brace:
# X Y ZOffset RigEnd Fixity Fy Section T-O
ft ft ft in xyt Kksi

10 0.000  120.000 0.000 6.10 FFF 50 W24X55 ---
30.000  120.000 0.000 7.10 FFF

23 30.000  120.000 0.000 7.10 FFF 50 W24X55 ---
60.000  120.000 0.000 7.10 FFF

36 60.000  120.000 0.000 7.10 FFF 50 W24X55 ---
90.000  120.000 0.000 7.10 FFF

49 90.000  120.000 0.000 7.10 FFF 50 W24X55 ---
120.000  120.000 0.000 7.10 FFF _

61 120.000  120.000 0.000 7.10 FFF 50 W24X55 ---
150.000  120.000 0.000 7.10 FFF

74 150.000  120.000 0.000 7.10 FFF 50 W24X55 -
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8810 AISC
'WWDNN DataBase: 8810 AISC 02/19/09 09:27:05
# X Y ZOffset RigEnd Fixity Fy Section T-O
180.000  120.000 0.000 7.10 FFF
87 180.000  120.000 0.000 7.10 FFF 50 W24X55 -
210.000  120.000 0.000 6.10 FFF
Frame #2:
Level: Roof
Steel Column:
# X Y ZOffset RigMaj RigMin Fixity Fy Section
ft ft ft in in xyt ksi
1 0.000 0.000 0.000 10.40 0.00 FFF 50 WI2X58
11.80 0.00 FFF
7 30.000 0.000 0.000 10.40 0.00 FFF 50 W14X99
11.80 0.00 FFF
11 60.000 0.000 0.000 10.35 0.00 FFF 50 W14X99
11.80 0.00 FFF
15 90.000 0.000 0.000 10.35 0.00 FFF 50 WI14X99
\ 11.80 0.00 FFF
19 120.000 0.000 0.000 10.35 0.00 FFF 50 WI14X99
11.80 0.00 FFF
23 150.000 0.000 0.000 10.35 0.00 FFF 50 WI14X99
11.80 0.00 FFF
27 180.000 0.000 0.000 10.40 0.00 FFF 50 WI14X99
11.80 0.00 FFF
31 210.000 0.000 0.000 10.40 0.00 FFF 50 WI12X58

11.80 0.00 FFF

Steel Beam / Horiz Brace:

# X Y ZOffset RigEnd Fixity Fy Section T-O
ft ft ft in xyt ksi
2 0.000 0.000 0.000 6.10 FFF 50 W21X50 ---
30.000 0.000 0.000 7.10 FFF
23 30.000 0.000 0.000 7.10 FFF 50 W21X44 ---
60.000 0.000 0.000 7.10 FFF
43 60.000 0.000 0.000 7.10 FFF 50 W21X44 ---
90.000 0.000 0.000 7.10 FFF
62 90.000 0.000 0.000 7.10 FFF 50 W21X44 ---
120.000 0.000 0.000 7.10 FFF
83 120.000 0.000 0.000 7.10 FFF 50 W21X44 ---
150.000 0.000 0.000 7.10 FFF
102 150.000 0.000 0.000 7.10 FFF 50 W21X44 ---
180.000 0.000 0.000 7.10 FFF
122 180.000 0.000 0.000 7.10 FFF 50 W21X50 ---

210.000 0.000 0.000 6.10 FFF
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8810 AISC
NENONA - DataBase: 8810 AISC 02/19/09 09:27:05
Level: 4th
Steel Column:
# X Y ZOffset RigMaj RigMin Fixity Fy Section
ft ft ft in in xyt ksi

1 0.000 0.000 0.000 11.80 0.00 FFF 50 WI2X58
11.80 0.00 FFF

7 30.000 0.000 0.000 11.80 0.00 FFF 50 W14X99
11.80 0.00 FFF

1t 60.000 0.000 0.000 11.80 0.00 FFF 50 WI14X99
11.80 0.00 FFF

15 90.000 0.000 0.000 11.80 0.00 FFF 50 W14X99
11.80 0.00 FFF

19 120.000 0.000 0.000 11.80 0.00 FFF 50 W14X99
11.80 0.00 FFF

23 150.000 0.000 0.000 11.80 0.00 FFF 50 W14X99
11.80 0.00 FFF

27 180.000 0.000 0.000 11.80 0.00 FFF 50 W14X99
11.80 0.00 FFF

31 210.000 0.000 0.000 11.80 0.00 FFF 50 WI12X58

11.80 0.00 FFF

Steel Beam / Horiz Brace:

# X Y ZOffset RigEnd Fixity Fy Section T-O
ft ft ft in xyt ksi

2 0.000 0.000 0.000 6.10 FFF 50 W24X55 ---
30.000 0.000 0.000 7.10 FFF

18 30.000 0.000 0.000 7.10 FFF 50 W24Xs5 ---
60.000 0.000 0.000 7.10 FFF

31 60.000 0.000 0.000 7.10 FFF 50 W24X55 ---
90.000 0.000 0.000 7.10 FFF

44 90.000 0.000 0.000 7.10 FFF 50 W24X55 ---
120.000 0.000 0.000 7.10 FFF

58 120.000 0.000 0.000 7.10 FFF 50 W24Xs55 ---
150.000 0.000 0.000 7.10 FFF

71 150.000 0.000 0.000 7.10 FFF 50 W24X55 ---
180.000 0.000 0.000 7.10 FFF

84 180.000 0.000 0.000 7.10 FFF 50 W24Xs55 ---
210.000 0.000 0.000 6.10 FFF

Level: 3rd

Steel Column:
# X Y ZOffset RigMaj RigMin Fixity Fy Section
ft ft ft in in xyt ksi

1 0.000 0.000 0.000 11.80 0.00 FFF 50 WI12X58
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8810 AISC
NERTONALL - DataBase: 8810 AISC
# X Y
7 30.000 0.000
11 60.000 0.000
15 90.000 0.000
19 120.000 0.000
23 150.000 0.000
27 180.000 0.000
31 210.000 0.000
Steel Beam / Horiz Brace:

# X Y
ft ft
2 0.000 0.000
30.000 0.000
18 30.000 0.000
60.000 0.000
31 60.000 0.000
90.000 0.000
44 90.000 0.000
120.000 0.000
58 120.000 0.000
150.000 0.000
71 150.000 0.000
180.000 0.000
84 180.000 0.000
210.000 0.000

Level: 2nd

Steel Column:

# X Y
ft ft
1 0.000 0.000
7 30.000 0.000
11 60.000 0.000
15 90.000 0.000

Z Offset

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Z. Offset
ft
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Z Offset
ft

0.000
0.000
0.000

0.000

RigMaj
11.80
11.80
11.80
11.80
11.80
11.80
11.80
11.80
11.80
11.80
11.80
11.80
11.80
11.80
11.80

RigEnd
in
6.10
7.10
7.10
7.10
7.10
7.10
7.10
7.10
7.10
7.10
7.10
7.10
7.10
6.10

RigMaj
in

11.80
0.00
11.80
0.00
11.80
0.00
11.80

RigMin
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Fixity
xyt

RigMin
in

0.00
0.00
0.00
0.00
0.00
0.00
0.00

Fy
50
50
50
50
50
50

50

50

50

50

50

50

Section

Section

W14X99

W14X99

W14X99

W14X99

W14X99

W14X99

W12X58

W24X55

W24X55

W24X55

W24X55

W24X55

W24X55

W24X55

Fy
50
50
50

50

Section

W12X58

W14X99

W14X99

W14X99
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8810 AISC

NTW DataBase: 8810 AISC 02/19/09 09:27:05

# X Y ZOffset RigMaj RigMin Fixity Fy Section
0.00 0.00 FFF

19 120.000 0.000 0.000 11.80 0.00 FFF 50 W14X99
0.00 0.00 FFF

23 150.000 0.000 0.000 11.80 0.00 FFF 50 W14X99
0.00 0.00 FFF

27 180.000 0.000 0.000 11.80 0.00 FFF 50 W14X99
0.00 0.00 FFF

31 210.000 0.000 0.000 11.80 0.00 FFF 50 WI2X58

0.00 0.00 FFF

Steel Beam / Horiz Brace:

# X Y ZOffset RigEnd Fixity Fy Section T-0
ft ft ft in xyt ksi

2 0.000 0.000 0.000 6.10 FFF 50 W24X55 ---
30.000 0.000 0.000 7.10 FFF

18 30.000 0.000 0.000 7.10 FFF 50 W24X55 ---
60.000 0.000 0.000 7.10 FFF

31 60.000 0.000 0.000 7.10 FFF 50 W24X55 ---
90.000 0.000 0.000 7.10 FFF

44 90.000 0.000 0.000 7.10 FFF 50 W24X55 -
120.000 0.000 0.000 7.10 FFF

56 120.000 0.000 0.000 7.10 FFF 50 W24X55 -
150.000 0.000 0.000 7.10 FFF

69 150.000 0.000 0.000 7.10 FFF 50 W24X55 -
180.000 0.000 0.000 7.10 FFF

82 180.000 0.000 0.000 7.10 FFF 50 W24X55 -—-
210.000 0.000 0.000 6.10 FFF

Frame #3:

Level: Roof

Steel Column:

# X Y ZOffset RigMaj RigMin Fixity Fy Section
ft ft ft in in xyt ksi
3 0.000 45.000 0.000 0.00 0.00 FFF 50 WI2X53
0.00 0.00 FFF
4 0.000 75.000 0.000 0.00 0.00 FFF 50 WI2X53

0.00 0.00 FFF

Steel Beam / Horiz Brace:
# X Y ZOffset RigEnd Fixity Fy Section T-0O
ft ft ft in xyt ksi
4 0.000 45.000 0.000 0.00 PPF 50 WI18X35 ---

0.000 75.000 0.000 0.00 PPF
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8810 AISC
'NTEMKM DataBase: 8810 AISC 02/19/09 09:27:05
Level: 4th
Steel Column:
# X Y ZOffset RigMaj RigMin Fixity Fy Section
ft ft ft in in xyt ksi
3 0.000 45.000 0.000 0.00 0.00 FFF 50 WI12X53
0.00 0.00 FFF
4 0.000 75.000 0.000 0.00 0.00 FFF 50 WI2X53

0.00 0.00 FFF

Steel Beam / Horiz Brace:
# X Y ZOffset RigEnd Fixity Fy Section T-O
ft ft ft in xyt ksi
4 0.000 45.000 0.000 0.00 PPF 50 W18X40 ---
0.000 75.000 0.000 0.00 PPF
Steel Brace:
#  Level X Y Fix Fy Section BRB T-O
ft ft xyt ksi
1 4th 0.000 60.000 PPP 46 HSS6X6X1/4 N N
3rd 0.000 45.000 PPP
2  4th 0.000 60.000 PPP 46 HSS6X6X1/4 N N
3rd 0.000 75.000 PPP
Level: 3rd
Steel Column:
# X Y ZOffset RigMaj RigMin Fixity Fy Section
ft ft ft in in xyt ksi
3 0.000 45.000 0.000 0.00 0.00 FFF 50 Wi2X53
0.00 0.00 FFF
4 0.000 75.000 0.000 0.00 0.00 FFF 50 WI12X53

0.00 0.00 FFF

Steel Beam / Horiz Brace:

# X Y ZOffset RigEnd Fixity Fy Section T-0
ft ft ft in xyt ksi
4 0.000 45.000 0.000 0.00 PPF 50 W18X40 ---

0.000 75.000 0.000 0.00 PPF

Steel Brace:

#  Level X Y Fix Fy Section BRB T-O
ft ft xyt ksi
1 3rd 0.000 60.000 PPP 46 HSS6X6X1/2 N N
2nd 0.000 45.000 PPP

2  3rd 0.000 60.000 PPP 46 HSS6X6X1/2 N N
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8810 AISC
NEWONL - DataBase: 8810 AISC 02/19/09 09:27:05
#  Level X Y Fix Fy Section BRB T-O
2nd 0.000 75.000 PPP
Level: 2nd
Steel Column:
# X Y ZOffset RigMaj RigMin Fixity Fy Section
ft ft ft in in xyt ksi
3 0.000 45.000 0.000 0.00 0.00 FFF 50 WI12X53
0.00 0.00 PPF
4 0.000 75.000 0.000 0.00 0.00 FFF 50 Wi2X53

0.00 0.00 PPF

Steel Beam / Horiz Brace:

# X Y ZOffset RigEnd Fixity Fy Section T-O
ft ft ft in xyt ksi
4 0.000 45.000 0.000 0.00 PPF 50 W18X40 ---

0.000 75.000 0.000 0.00 PPF

Steel Brace:

#  Level X Y Fix Fy Section BRB T-O
ft ft xyt ksi
1 2nd 0.000 60.000 PPP 46 HSS6X6X1/2 N N
Base 0.000 45.000 PPP
2 2nd 0.000 60.000 PPP 46 HSS6X6X1/2 N N
Base 0.000 75.000 PPP
Frame #4:
Level: Roof
Steel Column:
# X Y ZOffset RigMaj RigMin Fixity Fy Section
ft ft ft in in xyt ksi
33 210.000 45.000 0.000 0.00 0.00 FFF 50 WI12X53
0.00 0.00 FFF
34 210.000 75.000 0.000 0.00 0.00 FFF 50 WI12X53

0.00 0.00 FFF

Steel Beam / Horiz Brace:

# X Y ZOffset RigEnd Fixity Fy Section T-0
ft ft ft in xyt ksi
142 210.000 45.000 0.000 0.00 PPF 50 WI8X35 -
210.000 75.000 0.000 0.00 PPF
Level: 4th

Steel Column:



” “ Frame Model Data
l RAM Frame v13.0 Page 11/14

8810 AISC
INTEW DataBase: 8810 AISC 02/19/09 09:27:05
# X Y ZOffset RigMaj RigMin Fixity Fy Section
ft ft ft in in xyt ksi
33 210.000 45.000 0.000 0.00 0.00 FFF 50 WI12X53
0.00 0.00 FFF
34 210.000 75.000 0.000 0.00 0.00 FFF 50 WI12X53
0.00 0.00 FFF
Steel Beam / Horiz Brace:
# X Y ZOffset RigEnd Fixity Fy Section T-O
ft ft ft in xyt ksi
99 210.000 45.000 0.000 0.00 PPF 50 WI18X40 ---
210.000 75.000 0.000 0.00 PPF
Steel Brace:
#  Level X Y Fix Fy Section BRB T-O
ft ft xyt ksi
3  4th 210.000 60.000 PPP 46 HSS6X6X1/4 N N
3rd 210.000 45.000 PPP
4  4th 210.000 60.000 PPP 46 HSS6X6X1/4 N N
3rd 210.000 75.000 PPP
Level: 3rd
Steel Column:
# X Y ZOffset RigMaj RigMin Fixity Fy Section
ft ft ft in in xyt ksi
33 210.000 45.000 0.000 0.00 0.00 FFF 50 WI12X53
0.00 0.00 FFF
34 210.000 75.000 0.000 0.00 0.00 FFF 50 WI12X53

0.00 0.00 FFF

Steel Beam / Horiz Brace:

# X Y ZOffset RigEnd Fixity Fy Section T-O
ft ft ft in xyt ksi
99 210.000 45.000 0.000 0.00 PPF 50 WI18X40 ---

210.000 75.000 0.000 0.00 PPF

Steel Brace:

#  Level X Y Fix Fy Section BRB T-O
ft ft xyt ksi
3  3rd 210.000 60.000 PPP 46 HSS6X6X1/2 N N
2nd 210.000 45.000 PPP
4 3rd 210.000 60.000 PPP 46 HSS6X6X1/2 N N
2nd 210.000 75.000 PPP
Level: 2nd

Steel Column:
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NENTONA] - DataBase: 8810 AISC 02/19/09 09:27:05
# X Y ZOffset RigMaj RigMin Fixity Fy Section
ft ft ft in in xyt ksi
33 210.000 45.000 0.000 0.00 0.00 FFF 50 WI2X53
0.00 0.00 PPF
34 210.000 75.000 0.000 0.00 0.00 FFF 50 WI12X53
0.00 0.00 PPF
Steel Beam / Horiz Brace:
# X Y ZOffset RigEnd Fixity Fy Section T-0
ft ft ft in xyt ksi
97 210.000 45.000 0.000 0.00 PPF 50 WI18X40 ---
210.000 75.000 0.000 0.00 PPF
Steel Brace:
#  Level X Y Fix Fy Section BRB T-O
ft ft xyt ksi
3 2nd 210.000 60.000 PPP 46 HSS6X6X1/2 N N
Base 210.000 45.000 PPP
4 2nd 210.000 60.000 PPP 46 HSS6X6X1/2 N N
Base 210.000 75.000 PPP
NODES:
# X Y Z Fdtn Diaphr
ft ft ft (Diaph.# - Story Name)
1 0.000 0.000 55.000 N 1 - Roof
2 0.000 45.000 55.000 N 1 - Roof
3 0.000 60.000 55.000 N None
4 0.000 75.000 55.000 N 1 - Roof
5 0.000  120.000 55.000 N 1 - Roof
6 30.000 0.000 55.000 N 1 - Roof
7 30.000  120.000 55.000 N 1 - Roof
8 60.000 0.000 55.000 N 1 - Roof
9 60.000  120.000 55.000 N 1 - Roof
10 90.000 0.000 55.000 N 1 - Roof
11 90.000  120.000 55.000 N 1 - Roof
12 120.000 0.000 55.000 N 1 - Roof
13 120.000  120.000 55.000 N 1 - Roof
14 150.000 0.000 55.000 N 1 - Roof
15 150.000  120.000 55.000 N 1 - Roof
16 180.000 0.000 55.000 N I - Roof
17 180.000  120.000 55.000 N 1 - Roof
18 210.000 0.000 55.000 N 1 - Roof
19 210.000 45.000 55.000 N 1 - Roof
20 210.000 60.000 55.000 N None
21 210.000 75.000 55.000 N 1 - Roof
22 210.000  120.000 55.000 N 1 - Roof
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#

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

X

0.000
0.000
0.000
0.000
0.000
30.000
30.000
60.000
60.000
90.000
90.000
120.000
120.000
150.000
150.000
180.000
180.000
210.000
210.000
210.000
210.000
210.000
0.000
0.000
0.000
0.000
0.000
30.000
30.000
60.000
60.000
90.000
90.000
120.000
120.000
150.000
150.000
180.000
180.000
210.000
210.000
210.000
210.000
210.000
0.000

Y

0.000
45.000
60.000
75.000
120.000
0.000
120.000
0.000
120.000
0.000
120.000
0.000
120.000
0.000
120.000
0.000
120.000
0.000
45.000
60.000
75.000
120.000
0.000
45.000
60.000
75.000
120.000
0.000
120.000
0.000
120.000
0.000
120.000
0.000
120.000
0.000
120.000
0.000
120.000
0.000
45.000
60.000
75.000
120.000
0.000

Z
40.500
40.500
40.500
40.500
40.500
40.500
40.500
40.500
40.500
40.500
40.500
40.500
40.500
40.500
40.500
40.500
40.500
40.500
40.500
40.500
40.500
40.500
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
27.000
13.500

Fdtn

Z Z

Z 222222222222 2Z22222222222Z22ZZ2Z22Z222222272%77Z2Z2Z%Z

Diaphr
1-4th
1 - 4th
None
1 - 4th
1 - 4th
1 - 4th
1-4th
1 - 4th
1 - 4th
1 - 4th
1-4th
1 - 4th
1 - 4th
1 - 4th
1 - 4th
1 - 4th
1 - 4th
1 - 4th
1 - 4th
None
1 - 4th
1 - 4th
1-3rd
1-3rd
None
1-3rd
1-3rd
1-3rd
1-3rd
1-3rd
1-3rd
1-3rd
1-3rd
1-3rd
1-3rd
1-3rd
1-3rd
1-3rd
1-3rd
1-3rd
1-3rd
None
1-3rd
1-3rd
1-2nd
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Y
45.000
60.000
75.000

120.000
0.000
120.000
0.000
120.000
0.000
120.000
0.000
120.000
0.000
120.000
0.000
120.000
0.000
45.000
60.000
75.000
120.000
0.000
45.000
75.000
120.000
0.000
120.000
0.000
120.000
0.000
120.000
0.000
120.000
0.000
120.000
0.000
120.000
0.000
45.000
75.000

8810 AISC
nremamonall - PataBase: 8810 AISC
# X
68 0.000
69 0.000
70 0.000
71 0.000
72 30.000
73 30.000
74 60.000
75 60.000
76 90.000
77 90.000
78 120.000
79 120.000
80 150.000
81 150.000
82 180.000
83 180.000
84 210.000
85 210.000
86 210.000
87 210.000
88 210.000
89 0.000
90 0.000
91 0.000
92 0.000
93 30.000
94 30.000
95 60.000
96 60.000
97 90.000
98 90.000
99 120.000
100 120.000
101 150.000
102 150.000
103 180.000
104 180.000
105 210.000
106 210.000
107 210.000
108 210.000

120.000

V/
13.500
13.500
13.500
13.500
13.500
13.500
13.500
13.500
13.500
13.500
13.500
13.500
13.500
13.500
13.500
13.500
13.500
13.500
13.500
13.500
13.500

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

5|
(=%
=3

KRR KGR KR K KRR 2222222222222 22222222

Diaphr
1-2nd
None
1-2nd
1-2nd
1-2nd
1-2nd
1-2nd
1-2nd
1-2nd
1-2nd
1-2nd
1-2nd
1-2nd
1-2nd
1-2nd
1-2nd
1-2nd
1-2nd
None
1-2nd
1-2nd
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”“ Loads and Applied Forces
i RAM Frame v13.0

8810 AISC
Neewonal - DataBase: 8810 AISC 02/19/09 08:23:44

LOAD CASE: Wind
Wind ASCE 7-05/IBC2006
Exposure: C
Basic Wind Speed (mph): 90.0 Importance Factor: 1.000
Apply Directionality Factor, Kd = 0.85
Use Topography Factor, Kzt: 1.00
Use Calculated Frequency for X-Dir.
Use Calculated Frequency for Y-Dir.
Gust Factor for Flexible Structures, G: Use Calculated G for X-Dir.
Gust Factor for Flexible Structures, G: Use Calculated G for Y-Dir.
Damping Ratio for Flexible Structures= 0.01
Mean Roof Height (ft): Top Story Height + Parapet = 55.00
Ground Level: Base

WIND PRESSURES:
X-Direction: Natural Frequency = 0.528 Structure is Flexible
Y-Direction: Natural Frequency = 0.890 Structure is Flexible
CpWindward = 0.80 gLeeward (qh) = 19.67 psf
‘GCpn (Parapet): Windward = 1.50 Leeward =-1.00
Height Kz Kzt qz Gust Factor G CpLeeward Pressure (psf)
ft psf X Y X Y X Y

55.00 1.116 1.000  19.669 1.005 0.878 -0.351 -0.500  22.761  22.472
40.50 1.046 1.000  18.442 1.005 0.878 -0.351 -0.500 21.774  21.609
27.00 0.961 1.000  16.933 1.005 0.878 -0.351 -0.500  20.561  20.548
13.50 0.849 1.000  14.962 1.005 0.878 -0.351 -0.500 18976  19.162

0.00 0.849 1.000  14.962 1.005 0.878 -0.351 -0.500 18.976  19.162

APPLIED DIAPHRAGM FORCES
Type: Wind_IBC06_1_X

Level Diaph.# Ht Fx Fy X Y
ft kips kips ft ft
Roof 1 55.00 19.68 0.00 105.00 60.00
4th 1 40.50 36.84 0.00 105.00 60.00
3rd 1 27.00 33.48 0.00 105.00 60.00
2nd 1 13.50 31.43 0.00 105.00 60.00
APPLIED STORY FORCES
Type: Wind_IBC06_1_X
Level Ht Fx Fy
ft kips kips
Roof 55.00 19.68 0.00
4th 40.50 36.84 0.00
3rd 27.00 33.48 0.00
2nd 13.50 31.43 0.00

121.43 0.00
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APPLIED DIAPHRAGM FORCES

Type: Wind_IBC06_1_Y

Level Diaph.#
Roof 1
4th 1
3rd 1
2nd 1
APPLIED STORY FORCES
Type: Wind_IBC06_1_Y
Level Ht
ft
Roof 55.00
4th 40.50
3rd 27.00
2nd 13.50

APPLIED DIAPHRAGM FORCES

Type: Wind_IBC06_2_X+E

Level Diaph.#
Roof 1
4th 1
3rd 1
2nd 1
APPLIED STORY FORCES
Type: Wind_IBC06_2_X+E
Level Ht
ft
Roof 55.00
4th 40.50
3rd 27.00
2nd 13.50

APPLIED DIAPHRAGM FORCES

Type: Wind_IBC06_2_X-E
Level Diaph.#

Roof 1
4th 1

Ht Fx

ft kips
55.00 0.00
40.50 0.00
27.00 0.00
13.50 0.00
Fx Fy
kips kips
0.00 33.94
0.00 63.77
0.00 58.38
0.00 55.24
0.00 211.32
Ht Fx

ft kips
55.00 14.76
40.50 27.63
27.00 25.11
13.50 23.57
Fx Fy
kips kips
14.76 0.00
27.63 0.00
25.11 0.00
23.57 0.00
91.08 0.00
Ht Fx

ft kips
55.00 14.76
40.50 27.63

kips
33.94
63.77
58.38
55.24

kips
0.00
0.00
0.00
0.00

kips
0.00
0.00

ft
105.00
105.00
105.00
105.00

105.00
105.00
105.00
105.00

105.00
105.00

Y
ft
60.00
60.00
60.00
60.00

75.52
75.52
75.52
75.55

ft
44.48
44.48
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8810 AISC
'NFEMDNN DataBase: 8810 AISC 02/19/09 08:23:44
3rd 1 27.00 25.11 0.00 105.00 44.48
2nd 1 13.50 23.57 0.00 105.00 44.45
APPLIED STORY FORCES
Type: Wind_IBC06_2_X-E
Level Ht Fx Fy
ft kips kips
Roof 55.00 14.76 0.00
4th 40.50 27.63 0.00
3rd 27.00 25.11 0.00
2nd 13.50 23.57 0.00
91.08 0.00

APPLIED DIAPHRAGM FORCES
Type: Wind_IBC06_2_Y+E

Level Diaph.# Ht Fx Fy X Y
ft kips kips ft ft
Roof 1 55.00 0.00 25.45 135.42 60.00
4th 1 40.50 0.00 47.83 135.42 60.00
3rd 1 27.00 0.00 43.78 135.42 60.00
2nd 1 13.50 0.00 41.43 135.42 60.00
APPLIED STORY FORCES
Type: Wind_IBC06_2_Y+E
Level Ht Fx Fy
ft kips kips
Roof 55.00 0.00 25.45
4th 40.50 0.00 47.83
3rd 27.00 0.00 43.78
2nd 13.50 0.00 41.43

0.00 158.49

APPLIED DIAPHRAGM FORCES
Type: Wind_IBC06_2_Y-E

Level Diaph.# Ht Fx Fy X Y
ft kips kips ft ft

Roof 1 55.00 0.00 25.45 74.58 60.00

4th 1 40.50 0.00 47.83 74.58 60.00

3rd 1 27.00 0.00 43.78 74.58 60.00

2nd 1 13.50 0.00 41.43 74.58 60.00

APPLIED STORY FORCES
Type: Wind_IBC06_2_Y-E
Level Ht Fx Fy

ft kips kips
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Roof 55.00
4th 40.50
3rd 27.00
2nd 13.50

APPLIED DIAPHRAGM FORCES

Type: Wind_IBC06_3_X+Y

Level Diaph.#
Roof 1
4th 1
3rd 1
2nd 4 1
APPLIED STORY FORCES
Type: Wind_IBC06_3_X+Y
Level Ht
ft
Roof 55.00
4th 40.50
3rd 27.00
2nd 13.50

APPLIED DIAPHRAGM FORCES

Type: Wind_IBC06_3_X-Y

Level Diaph.#

Roof
4th
3rd
2nd

APPLIED STORY FORCES
Type: Wind_IBC06_3_X-Y

1
1
1
1

Level Ht

ft
Roof 55.00
4th 40.50
3rd 27.00
2nd 13.50

0.00 25.45
0.00 47.83
0.00 43.78
0.00 41.43
0.00 158.49
Ht Fx

ft kips
55.00 14.76
40.50 27.63
27.00 25.11
13.50 23.57
Fx Fy
kips kips
14.76 25.45
27.63 47.83
25.11 43.78
23.57 41.43
91.08 158.49
Ht Fx

ft kips
55.00 14.76
40.50 27.63
27.00 25.11
13.50 23.57
Fx Fy
kips kips
14.76 -25.45
27.63 -47.83
25.11 -43.78
23.57 -41.43
91.08 -158.49

Fy
kips
25.45
47.83
43.78
41.43

Fy
kips
-25.45
-47.83
-43.78
-41.43

X
ft
105.00
105.00
105.00
105.00

105.00
105.00
105.00
105.00

ft
60.00
60.00
60.00
60.00

60.00
60.00
60.00
60.00
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APPLIED DIAPHRAGM FORCES
Type: Wind_IBC06_4_X+Y_CW

Level Diaph.# Ht Fx
ft kips
Roof 1 55.00 11.07
4th 1 40.50 20.72
3rd 1 27.00 18.84
2nd 1 13.50 17.68
APPLIED STORY FORCES
Type: Wind_IBC06_4_X+Y_CW
Level Ht Fx Fy
ft kips kips
Roof 55.00 11.07 19.09
4th 40.50 20.72 35.87
3rd 27.00 18.84 32.84
2nd 13.50 17.68 31.07
68.31 118.87
APPLIED DIAPHRAGM FORCES
Type: Wind_IBC06_4_X+Y_CCW
Level Diaph.# Ht Fx
ft kips
Roof 1 55.00 11.07
4th 1 40.50 20.72
3rd 1 27.00 18.84
2nd 1 13.50 17.68
APPLIED STORY FORCES
Type: Wind_IBC06_4_X+Y_CCW
Level Ht Fx Fy
ft kips kips
Roof 55.00 11.07 19.09
4th 40.50 20.72 35.87
3rd 27.00 18.84 32.84
2nd 13.50 17.68 31.07
68.31 118.87
APPLIED DIAPHRAGM FORCES
Type: Wind_IBC06_4_X-Y_CW
Level Diaph.# Ht Fx
ft kips
Roof 1 55.00 11.07
4th 1 40.50 20.72

kips
19.09
35.87
32.84
31.07

kips
19.09
35.87
32.84
31.07

Fy
kips
-19.09
-35.87

X
ft
74.58
74.58
74.58
74.58

135.42
135.42
135.42
135.42

135.42
135.42

ft
75.52
75.52
75.52
75.55

44.48
44.48
44.48
44.45

75.52
75.52
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3rd 1 27.00 18.84
2nd | 13.50 17.68
APPLIED STORY FORCES
Type: Wind_IBC06_4_X-Y_CW
Level Ht Fx Fy
ft kips kips
Roof 55.00 11.07 -19.09
4th 40.50 20.72 -35.87
3rd 27.00 18.84 -32.84
2nd 13.50 17.68 -31.07
68.31 -118.87
APPLIED DIAPHRAGM FORCES
Type: Wind_IBC06_4_X-Y_CCW
Level Diaph.# Ht Fx
ft kips
Roof 1 55.00 11.07
4th | 40.50 20.72
3rd 1 27.00 18.84
2nd 1 13.50 17.68
APPLIED STORY FORCES
Type: Wind_IBC06_4_X-Y_CCW
Level Ht Fx Fy
ft kips kips
Roof 55.00 11.07 -19.09
4th 40.50 20.72 -35.87
3rd 27.00 18.84 -32.84
2nd 13.50 17.68 -31.07
68.31 -118.87

-32.84
-31.07

Fy
kips
-19.09
-35.87
-32.84
-31.07

13542
135.42

X
ft
74.58
74.58
74.58
74.58

75.52
75.55

ft
44.48
44.48
44.48
44.45
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nEnAIoNA  DataBase: 8810 AISC 02/19/09 08:23:44
LOAD CASE: E
Seismic ASCE 7-05 /IBC 2006 Equivalent Lateral Force
Site Class: D Importance Factor: 1.00 Ss: 0.121 g S1: 0.060 g TL: 6.00s
Fa: 1.600 Fv: 2.400 SDs: 0.129 g SD1: 0.096 g
Occupancy Category: I  Seismic Design Category: B
Provisions for: Force
Ground Level: Base
Dir Eccent R Ta Equation Building Period-T
X + And - 3.0 Std,Ct=0.020,x=0.75 Calculated
Y + And - 3.0 Std,Ct=0.020,x=0.75 Calculated
Dir Ta Cu T T-used Eql2.8-2 Eql2.8-3 Eql2.8-5 k
X 0404 1.700 1.896 0.687 0.043 0.047 0.0100 1.093
Y 0404 1.700 1.124 0.687 0.043 0.047 0.0100 1.093
Total Building Weight (kips) = 8152.95
APPLIED DIAPHRAGM FORCES
Type: EQ_IBC06_X_+E_F
Level Diaph.# Ht Fx Fy X Y
ft kips kips ft ft
Roof 1 55.00 64.91 0.00 105.00 66.05
4th 1 40.50 148.39 0.00 105.00 66.05
3rd 1 27.00 95.25 0.00 105.00 66.05
2nd 1 13.50 42.21 0.00 105.00 67.77
APPLIED STORY FORCES
Type: EQ_IBC06_X_+E_F
Level Ht Fx Fy
ft kips kips
Roof 55.00 64.91 0.00
4th 40.50 148.39 0.00
3rd 27.00 95.25 0.00
2nd 13.50 42.21 0.00
350.76 0.00
APPLIED DIAPHRAGM FORCES
Type: EQ_IBC06_X_-E_F
Level Diaph.# Ht Fx Fy X Y
ft kips kips ft ft
Roof 1 55.00 64.91 0.00 105.00 53.95
4th 1 40.50 148.39 0.00 105.00 53.95
3rd 1 27.00 95.25 0.00 105.00 53.95
2nd 1 13.50 42.21 0.00 105.00 55.67
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3rd 27.00 0.00 95.25
2nd 13.50 0.00 42.21

0.00 350.76
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8810 AISC
NEnaoNA - DataBase: 8810 AISC 02/19/09 08:23:44
LOAD CASE: N
Notional AISC 360-05
Fraction of Gravity Load : 0.0020
Ground Level: Base
Total Dead Load (kips) = 7403.09
Total Live Load (kips) = 2399.55
Total Snow Load (kips) = 638.28
APPLIED DIAPHRAGM FORCES
Type: NL_AISC360_DL_X
Level Diaph.# Ht Fx Fy X Y
ft kips kips ft ft
Roof 1 55.00 1.57 0.00 105.00 60.00
4th 1 40.50 4.49 0.00 105.00 60.00
3rd 1 27.00 4.49 0.00 105.00 60.00
2nd 1 13.50 4.25 0.00 105.00 61.69
APPLIED STORY FORCES
Type: NL_AISC360_DL_X
Level Ht Fx Fy
ft kips kips
Roof 55.00 1.57 0.00
4th 40.50 4.49 0.00
3rd 27.00 4.49 0.00
2nd 13.50 4.25 0.00
14.81 0.00
APPLIED DIAPHRAGM FORCES
Type: NL_AISC360_DL_Y
Level Diaph.# Ht Fx Fy X Y
ft kips kips ft ft
Roof 1 55.00 0.00 1.57 105.00 60.00
4th 1 40.50 0.00 4.49 105.00 60.00
3rd 1 27.00 0.00 4.49 105.00 60.00
2nd 1 13.50 0.00 4.25 105.00 61.69
APPLIED STORY FORCES
Type: NL_AISC360_DL_Y
Level Ht Fx Fy
ft kips kips
Roof 55.00 0.00 1.57
4th 40.50 0.00 4.49
3rd 27.00 0.00 4.49
2nd 13.50 0.00 4.25

0.00 14.81
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APPLIED DIAPHRAGM FORCES
Type: NL_AISC360_LL_X

Level Diaph.#
Roof 1
4th 1
3rd 1
2nd - 1
APPLIED STORY FORCES
Type: NL_AISC360_LL_X
Level Ht
ft
Roof 55.00
4th 40.50
3rd 27.00
2nd 13.50

APPLIED DIAPHRAGM FORCES
Type: NL_AISC360_LL_Y

Level Diaph.#
Roof 1
4th 1
3rd 1
2nd 1
APPLIED STORY FORCES
Type: NL_AISC360_LL_Y
Level Ht
ft
Roof 55.00
4th 40.50
3rd 27.00
2nd 13.50

APPLIED DIAPHRAGM FORCES
Type: NL_AISC360_Rf_X
Level Diaph.#

Roof 1
4th 1

Ht Fx

ft kips
55.00 0.00
40.50 1.63
27.00 1.63
13.50 1.53
Fx Fy
kips kips
0.00 0.00
1.63 0.00
1.63 0.00
1.53 0.00
4.80 0.00
Ht Fx

ft kips
55.00 0.00
40.50 0.00
27.00 0.00
13.50 0.00
Fx Fy
kips kips
0.00 0.00
0.00 1.63
0.00 1.63
0.00 1.53
0.00 4.80
Ht Ex

ft kips
55.00 1.28
40.50 0.00

kips
0.00
0.00
0.00
0.00

kips
0.00
1.63
1.63
1.53

Fy
kips
0.00
0.00

0.00
105.00
105.00
105.00

0.00
105.00
105.00
105.00

105.00
0.00

0.00
60.00
60.00
62.00

0.00
60.00
60.00
62.00

60.00
0.00
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3rd 1 27.00 0.00 0.00 0.00 0.00
2nd 1 13.50 0.00 0.00 0.00 0.00
APPLIED STORY FORCES
Type: NL_AISC360_Rf X
Level Ht Fx Fy
ft kips kips
Roof 55.00 1.28 0.00
4th 40.50 0.00 0.00
3rd 27.00 0.00 0.00
2nd 13.50 0.00 0.00
1.28 0.00
APPLIED DIAPHRAGM FORCES
Type: NL_AISC360_Rf Y
Level Diaph.# Ht Fx Fy X Y
ft kips kips ft ft
Roof 1 55.00 0.00 1.28 105.00 60.00
4th 1 40.50 0.00 0.00 0.00 0.00
3rd 1 27.00 0.00 0.00 0.00 0.00
2nd 1 13.50 0.00 0.00 0.00 0.00
APPLIED STORY FORCES
Type: NL_AISC360_Rf_Y
Level Ht Fx Fy
ft kips kips
Roof 55.00 0.00 1.28
4th 40.50 0.00 0.00
3rd 27.00 0.00 0.00
2nd 13.50 0.00 0.00

0.00 1.28
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8810 AISC
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LOAD COMBINATION CRITERIA:

Roof Live Load: Snow
Snow Factor Do Not Include Snow in Combinations with Seismic
Notional Loads Consider with Combinations containing only gravity loads
Sds (for Ev) 0.000
RhoX 1.000
RhoY 1.000
LOAD CASE DEFINITIONS:
D DeadLoad RAMUSER
Lp PosLiveLoad RAMUSER
Sp PosRoofLiveLoad RAMUSER
W1 Wind Wind_IBCO06_1_X
w2 Wind Wind_IBCO06_1_Y
W3 Wind Wind_IBC06_2_X+E
W4 Wind Wind_IBC06_2_X-E
W5 Wind Wind_IBC06_2_Y+E
W6 Wind Wind_IBC06_2_Y-E
W7 Wind Wind_IBC06_3_X+Y
w8 Wind Wind_IBC06_3_X-Y
W9 Wind Wind_IBC06_4_X+Y_CW
w10 Wind Wind_IBC06_4_X+Y_CCW
W1l Wind Wind_IBC06_4_X-Y_CW
W12 Wind Wind_IBC06_4_X-Y_CCW
El E EQ_IBC06_X +E_F
E2 E EQ_IBC06_X -E_F
E3 E EQ_IBC06_Y_+E_F
E4 E EQ_IBC06_Y_-E_F
ND1 N NL_AISC360_DL_X
ND2 N NL_AISC360_DL_Y
NL1 N NL_AISC360_LL_X
NL2 N NL_AISC360_LL_Y
NR1 N NL_AISC360_Rf X
NR2 N NL_AISC360_Rf_Y

LOAD COMBINATIONS:  IBC06/ASCE7-05 ASD

1

S LN

— 0 00 ~J O\ W

¥ OK K K ¥ X ¥ K ¥ ¥

1.000 D + 1.000 ND1

1.000 D + 1.000 ND2

1.000 D - 1.000 ND1

1.000 D - 1.000 ND2

1.000 D + 1.000 ND1 + 1.000 Lp + 1.000 NL1
1.000 D + 1.000 ND2 + 1.000 Lp + 1.000 NL2
1.000 D - 1.000 ND1 + 1.000 Lp - 1.000 NL1
1.000 D - 1.000 ND2 + 1.000 Lp - 1.000 NL2
1.000 D + 1.000 ND1 + 1.000 Sp + 1.000 NR1
1.000 D + 1.000 ND2 + 1.000 Sp + 1.000 NR2
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11 * 1.000 D - 1.000 ND1 + 1.000 Sp - 1.000 NR1
12 * 1.000 D - 1.000 ND2 + 1.000 Sp - 1.000 NR2
13 * 1.000 D + 1.000 ND1 + 0.750 Lp + 1.000 NL1 + 0.750 Sp + 0.750 NR1
14 * 1.000 D + 1.000 ND2 + 0.750 Lp + 1.000 NL2 + 0.750 Sp + 0.750 NR2
15 * 1.000 D - 1.000 ND1 +0.750 Lp - 1.000 NL1 + 0.750 Sp - 0.750 NR1
16 * 1.000 D - 1.000 ND2 + 0.750 Lp - 1.000 NL2 + 0.750 Sp - 0.750 NR2
17 * 1.000D + 1.000 W1
18 * 1.000 D + 1.000 W2
19 * 1.000 D + 1.000 W3
20 * 1.000 D + 1.000 W4
21 * 1.000 D + 1.000 W5
22 * 1.000 D + 1.000 W6
23 * 1.000 D + 1.000 W7
24 * 1.000 D + 1.000 W8
25 * 1.000 D + 1.000 W9
26 * 1.000 D + 1.000 W10
27 * 1.000D + 1.000 W11
28 * 1.000D + 1.000 W12
29 * 1.000 D - 1.000 W1
30 * 1.000 D - 1.000 W2
31 * 1.000 D - 1.000 W3
32 * 1.000 D - 1.000 W4
33 * 1.000D - 1.000 W5
34 * 1.000 D - 1.000 W6
35 * 1.000 D - 1.000 W7
36 * 1.000 D - 1.000 W8
37 * 1.000 D - 1.000 W9
38 * 1.000 D - 1.000 W10
39 * 1.000D - 1.000 W11
40 * 1.000 D - 1.000 W12
41 * 1.000 D +0.750 Lp + 0.750 Sp + 0.750 W1
42 * 1.000 D +0.750 Lp + 0.750 Sp + 0.750 W2
43 * 1.000 D +0.750 Lp + 0.750 Sp + 0.750 W3
44 * 1.000 D +0.750 Lp + 0.750 Sp + 0.750 W4
45 * 1.000 D +0.750 Lp + 0.750 Sp + 0.750 W5
46 * 1.000 D +0.750 Lp + 0.750 Sp + 0.750 W6
47 * 1.000 D +0.750 Lp + 0.750 Sp + 0.750 W7
48 * 1.000 D +0.750 Lp + 0.750 Sp + 0.750 W8
49 * 1.000 D +0.750 Lp + 0.750 Sp + 0.750 W9
50 * 1.000 D +0.750 Lp + 0.750 Sp + 0.750 W10
51 * 1.000 D +0.750 Lp + 0.750 Sp + 0.750 W11
52 * 1.000 D +0.750 Lp + 0.750 Sp + 0.750 W12
53 * 1.000 D +0.750 Lp + 0.750 Sp - 0.750 W1
54 * 1.000 D +0.750 Lp + 0.750 Sp - 0.750 W2
55 * 1.000D + 0.750 Lp + 0.750 Sp - 0.750 W3
56 * 1.000 D +0.750 Lp + 0.750 Sp - 0.750 W4
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57 * 1.000D + 0.750 Lp + 0.750 Sp - 0.750 W5

58 * 1.000D+0.750 Lp + 0.750 Sp - 0.750 W6
59  * 1.000D+0.750 Lp +0.750 Sp - 0.750 W7
60  * 1.000D+0.750 Lp +0.750 Sp - 0.750 W8
61  * 1.000D +0.750 Lp + 0.750 Sp - 0.750 W9
62  * 1.000D+0.750 Lp + 0.750 Sp - 0.750 W10
63  * 1.000D+0.750 Lp + 0.750 Sp - 0.750 W11
64  * 1.000D+0.750 Lp + 0.750 Sp - 0.750 W12
65  * 1.000D+0.750 Lp + 0.750 W1

66  * 1.000D +0.750 Lp + 0.750 W2

67  * 1.000D+0.750 Lp + 0.750 W3

68  * 1.000D +0.750 Lp + 0.750 W4

69  * 1.000D +0.750 Lp + 0.750 W5

70 * 1.000D +0.750 Lp + 0.750 W6

71  * 1.000D+0.750 Lp + 0.750 W7

72 * 1.000D+0.750 Lp + 0.750 W8

73 * 1.000D +0.750 Lp + 0.750 W9

74 * 1.000D +0.750 Lp + 0.750 W10

75  * 1.000D+0.750 Lp +0.750 W11

76  * 1.000D +0.750 Lp + 0.750 W12

77 * 1.000D+0.750 Lp - 0.750 W1

78  * 1.000D+0.750 Lp - 0.750 W2

79  * 1.000D+0.750 Lp - 0.750 W3

80  * 1.000D+0.750 Lp - 0.750 W4

81  * 1.000D+0.750 Lp - 0.750 W5

8  * 1.000D+0.750 Lp - 0.750 W6

83  * 1.000D+0.750 Lp - 0.750 W7

8  * 1.000D+0.750 Lp - 0.750 W8

8  * 1.000D+0.750 Lp - 0.750 W9

8  * 1.000D+0.750 Lp - 0.750 W10

87  * 1.000D+0.750 Lp - 0.750 W11

8  * 1.000D+0.750 Lp - 0.750 W12

89  * 1.000D +0.750 Sp + 0.750 W1

90  * 1.000 D +0.750 Sp + 0.750 W2

91 * 1.000D +0.750 Sp + 0.750 W3

92 * 1.000D +0.750 Sp + 0.750 W4

93  * 1.000D+0.750 Sp + 0.750 W5

94 * 1.000D +0.750 Sp + 0.750 W6

95  * 1.000D +0.750 Sp + 0.750 W7

96  * 1.000D +0.750 Sp + 0.750 W8

97  * 1.000D +0.750 Sp + 0.750 W9

98 * 1.000 D +0.750 Sp + 0.750 W10

99 * 1.000D +0.750 Sp + 0.750 W11

100 * 1.000 D +0.750 Sp + 0.750 W12

101 * 1.000 D +0.750 Sp - 0.750 W1

102 * 1.000 D + 0.750 Sp - 0.750 W2
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103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148

**********************************************

1.000 D + 0.750 Sp - 0.750 W3
1.000 D + 0.750 Sp - 0.750 W4
1.000 D + 0.750 Sp - 0.750 W5
1.000 D + 0.750 Sp - 0.750 W6
1.000 D + 0.750 Sp - 0.750 W7
1.000 D +0.750 Sp - 0.750 W8
1.000 D + 0.750 Sp - 0.750 W9

1.000 D +0.750 Sp - 0.750 W10

1.000 D +0.750 Sp - 0.750 W11

1.000 D + 0.750 Sp - 0.750 W12

0.600 D + 1.000 W1

0.600 D + 1.000 W2

0.600 D + 1.000 W3

0.600 D + 1.000 W4

0.600 D + 1.000 W5

0.600 D + 1.000 W6

0.600 D + 1.000 W7

0.600 D + 1.000 W8

0.600 D + 1.000 W9

0.600 D + 1.000 W10

0.600 D + 1.000 W11

0.600 D + 1.000 W12

0.600 D - 1.000 W1

0.600 D - 1.000 W2

0.600 D - 1.000 W3

0.600 D - 1.000 W4

0.600 D - 1.000 W5

0.600 D - 1.000 W6

0.600 D - 1.000 W7

0.600 D - 1.000 W8

0.600 D - 1.000 W9

0.600 D - 1.000 W10

0.600 D - 1.000 W11

0.600 D - 1.000 W12

1.000 D +0.700 E1

1.000 D + 0.700 E2

1.000 D + 0.700 E3

1.000 D + 0.700 E4

1.000 D - 0.700 E1

1.000 D - 0.700 E2

1.000 D - 0.700 E3

1.000 D - 0.700 E4

1.000 D +0.750 Lp + 0.525 E1l
1.000 D +0.750 Lp + 0.525 E2
1.000 D +0.750 Lp + 0.525 E3
1.000 D +0.750 Lp + 0.525 E4
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149 * 1.000D+0.750Lp - 0.525 E1
150 * 1.000 D +0.750 Lp - 0.525 E2
151 * 1.000D+0.750 Lp - 0.525 E3
152 * 1.000 D +0.750 Lp - 0.525 E4
153 * 0.600D + 0.700 E1
154 * 0.600 D +0.700 E2
155 * 0.600 D +0.700 E3
156 *0.600 D + 0.700 E4
157 * 0.600D -0.700 E1
158 * 0.600 D - 0.700 E2
159 * 0.600 D -0.700 E3
160 * 0.600D -0.700 E4

* = Load combination currently selected to use
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”i“ RAM Frame v13.0
8810 AISC
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02/19/09 08:20:50
Steel Code; IBC

CRITERIA:
Rigid End Zones: Ignore Effects
Member Force Output: At Face of Joint

P-Delta: No
Diaphragm: Rigid
Ground Level: Base
LOAD CASE DEFINITIONS:
D Deadl.oad RAMUSER
Lp PosLiveLoad RAMUSER
Sp PosRoofliveLoad RAMUSER
w1 Wind Wind_IBC06_1_X
w2 Wind Wind_IBC06_1_Y
W3 Wind Wind_IBC06_2_X+E
W4 Wind Wind_IBC06_2_X-E
W5 Wind Wind_IBC06_2_Y+E
W6 Wind Wind_IBC06_2_Y-E
W7 Wind Wind_IBC06_3_X+Y
w8 Wind Wind_IBC06_3_X-Y
W9 Wind Wind_IBC06_4_X+Y_CW
w10 Wind Wind_IBC06_4_X+Y_CCW
Wil Wind Wind_IBC06_4_X-Y_CW
w12 Wind Wind_IBC06_4_X-Y_CCW
El E EQ_IBC06_X +E_F
E2 E EQ_IBC06_X -E_F
E3 E EQ_IBC06_Y_+E_F
E4 E EQ_IBC06_Y_-E_F
ND1 N NL_AISC360_DL_X
ND2 N NL_AISC360_DL_Y
NL1 N NL_AISC360_LIL_X
NL2 N NL_AISC360_LL_Y
NR1 N NL_AISC360_Rf_X
NR2 N NL_AISC360_Rf Y
RESULTS:

Location (ft): (105.000, 0.000)

Story LdC Displacement Story Drift
X Y X Y
in in in in

Roof D -0.0000 0.0000 -0.0000 0.0000

Lp -0.0000 0.0000 -0.0000 0.0000

Sp -0.0000 0.0000 -0.0000

0.0000

X

0.0000
0.0000
0.0000

Drift Ratio
Y

0.0000
0.0000
0.0000
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Steel Code: IBC

Story

4th

LdC
Wi
w2
W3
w4
W5
W6
W7
W8
W9
W10
Wil
W12
El
E2
E3
E4
ND1
ND2
NL1

NR1
NR2

Lp
Sp
V!
w2
W3
W4
w5
w6
w7
W8
W9
W10
Wil
W12
El
E2
E3

ND1
ND2
NL1

Displacement
0.7325  -0.0000
0.0000 0.4846
0.5336  -0.0000
0.5652 0.0000
0.0536 0.3634
-0.0536 0.3634
0.5494 0.3634
0.5494  -0.3634
0.3600 0.2726
0.4641 0.2726
0.3600  -0.2726
0.4641 -0.2726
2.4046  -0.0000
2.4597 0.0000
0.0481 0.9433
-0.0481 0.9433
0.0829  -0.0000
0.0000 0.0310
0.0238  -0.0000
0.0000 0.0085
0.0142  -0.0000
0.0000 0.0062
-0.0000 0.0000
-0.0000 0.0000
-0.0000 0.0000
0.6430  -0.0000
0.0000 0.3953
0.4692  -0.0000
0.4953 0.0000
0.0444 0.2965
-0.0444 0.2965
0.4823 0.2965
0.4823  -0.2965
0.3186 0.2224
0.4048 0.2224
0.3186  -0.2224
0.4048  -0.2224
2.0995  -0.0000
2.1450 0.0000
0.0396 0.7650
-0.0396 0.7650
0.0746  -0.0000
0.0000 0.0261

0.0226

-0.0000

0.0895
0.0000
0.0644
0.0698
0.0092
-0.0092
0.0671
0.0671
0.0414
0.0593
0.0414
0.0593
0.3051
0.3148
0.0085
-0.0085
0.0082
0.0000
0.0011
0.0000
0.0042
0.0000

-0.0000
-0.0000
-0.0000
0.1690
0.0000
0.1224
0.1312
0.0148
-0.0148
0.1268
0.1268
0.0807
0.1095
0.0807
0.1095
0.6046
0.6215
0.0147
-0.0147
0.0183
0.0000
0.0050

Story Drift
-0.0000
0.0893
-0.0000
0.0000
0.0669
0.0669
0.0669
-0.0669
0.0502
0.0502
-0.0502
-0.0502
-0.0000
0.0000
0.1783
0.1783
-0.0000
0.0049
-0.0000
0.0007
-0.0000
0.0023

0.0000
0.0000
0.0000
-0.0000
0.1370
-0.0000
0.0000
0.1028
0.1028
0.1028
-0.1028
0.0771
0.0771
-0.0771
-0.0771
-0.0000
0.0000
0.2930
0.2930
0.0000
0.0085
0.0000

0.0005
0.0000
0.0004
0.0004
0.0001
0.0001
0.0004
0.0004
0.0002
0.0003
0.0002
0.0003
0.0018
0.0018
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0010
0.0000
0.0008
0.0008
0.0001
0.0001
0.0008
0.0008
0.0005
0.0007
0.0005
0.0007
0.0037
0.0038
0.0001
0.0001
0.0001
0.0000
0.0000

Drift Ratio
0.0000
0.0005
0.0000
0.0000
0.0004
0.0004
0.0004
0.0004
0.0003
0.0003
0.0003
0.0003
0.0000
0.0000
0.0010
0.0010
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0008
0.0000
0.0000
0.0006
0.0006
0.0006
0.0006
0.0005
0.0005
0.0005
0.0005
0.0000
0.0000
0.0018
0.0018
0.0000
0.0001
0.0000
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Story LdC Displacement Story Drift Drift Ratio
NL2 0.0000 0.0077 0.0000 0.0022 0.0000 0.0000
NR1 0.0100  -0.0000 0.0038  -0.0000 0.0000 0.0000
NR2 0.0000 0.0039 0.0000 0.0019 0.0000 0.0000
3rd D -0.0000 0.0000  -0.0000 0.0000 0.0000 0.0000
Lp -0.0000 0.0000  -0.0000 0.0000 0.0000 0.0000
Sp -0.0000 0.0000  -0.0000 0.0000 0.0000 0.0000
Wi 0.4740  -0.0000 0.2516  -0.0000 0.0016 0.0000
W2 0.0000 0.2583 0.0000 0.1314 0.0000 0.0008
w3 0.3468  -0.0000 0.1843  -0.0000 0.0011 0.0000
w4 0.3642 0.0000 0.1930 0.0000 0.0012 0.0000
W5 0.0296 0.1937 0.0147 0.0985 0.0001 0.0006
W6 -0.0296 0.1937  -0.0147 0.0985 0.0001 0.0006
W7 0.3555 0.1937 0.1887 0.0985 0.0012 0.0006
W8 0.3555  -0.1937 0.1887  -0.0985 0.0012 0.0006
W9 0.2379 0.1453 0.1272 0.0739 0.0008 0.0005
W10 0.2953 0.1453 0.1558 0.0739 0.0010 0.0005
W11 0.2379  -0.1453 0.1272  -0.0739 0.0008 0.0005
W12 0.2953  -0.1453 0.1558  -0.0739 0.0010 0.0005
El 1.4949  -0.0000 0.8369  -0.0000 0.0052 0.0000
E2 1.5235 0.0000 0.8523 0.0000 0.0053 0.0000
E3 0.0249 0.4720 0.0134 0.2595 0.0001 0.0016
E4 -0.0249 04720  -0.0134 0.2595 0.0001 0.0016
ND1 0.0563  -0.0000 0.0294  -0.0000 0.0002 0.0000
ND2 0.0000 0.0176 0.0000 0.0088 0.0000 0.0001
NL1 0.0177  -0.0000 0.0091 -0.0000 0.0001 0.0000
NL2 0.0000 0.0055 0.0000 0.0026 0.0000 0.0000
NR1 0.0062  -0.0000 0.0037  -0.0000 0.0000 0.0000
NR2 0.0000 0.0020 0.0000 0.0012 0.0000 0.0000
2nd D -0.0000 0.0000  -0.0000 0.0000 0.0000 0.0000
Lp -0.0000 0.0000  -0.0000 0.0000 0.0000 0.0000
Sp 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
W1 0.2224  -0.0000 0.2224  -0.0000 0.0014 0.0000
W2 0.0000 0.1270 0.0000 0.1270 0.0000 0.0008
W3 0.1625  -0.0000 0.1625  -0.0000 0.0010 0.0000
W4 0.1712 0.0000 0.1712 0.0000 0.0011 0.0000
W5 0.0149 0.0952 0.0149 0.0952 0.0001 0.0006
W6 -0.0149 0.0952  -0.0149 0.0952 0.0001 0.0006
w7 0.1668 0.0952 0.1668 0.0952 0.0010 0.0006
W8 0.1668  -0.0952 0.1668  -0.0952 0.0010 0.0006
w9 0.1107 0.0714 0.1107 0.0714 0.0007 0.0004
W10 0.1395 0.0714 0.1395 0.0714 0.0009 0.0004
Wil 0.1107 -0.0714 0.1107  -0.0714 0.0007 0.0004
W12 0.1395  -0.0714 0.1395  -0.0714 0.0009 0.0004
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Steel Code: IBC

Story

Location (ft): (0.000, 60.000)

Story

Roof

4th

LdC
El
E2
E3
E4
ND1
ND2
NL1
NL2
NR1
NR2

LdC

Lp
Sp
w1
w2
w3
W4
w5
W6
W7
w8
W9
W10
Wil
w12

Displacement
0.6580  -0.0000
0.6712 0.0000
0.0115 0.2125

-0.0115 0.2125
0.0269 -0.0000
0.0000 0.0089
0.0086  -0.0000
0.0000 0.0029
0.0025 -0.0000
0.0000 0.0008

Displacement

X Y

in in

-0.0000 0.0000

-0.0000 0.0000

-0.0000 0.0000
0.7325 0.0000

-0.0000 0.4846
0.5494 0.0276
0.5494  -0.0276

-0.0000 0.2696
0.0000 0.4573
0.5494 0.3634
0.5494  -0.3634
0.4120 0.3637
0.4120 0.1815
0.4120  -0.1815
0.4120  -0.3637
2.4324 0.0487
24324  -0.0479

-0.0000 0.8591
0.0000 1.0274
0.0829 0.0000

-0.0000 0.0310
0.0238 0.0000

-0.0000 0.0085
0.0142 0.0000

-0.0000 0.0062

-0.0000 0.0000

-0.0000 0.0000

-0.0000 0.0000

0.6580
0.6712
0.0115
-0.0115
0.0269
0.0000
0.0086
0.0000
0.0025
0.0000

X

in
-0.0000
-0.0000
-0.0000
0.0895
-0.0000
0.0671
0.0671
-0.0000
0.0000
0.0671
0.0671
0.0503
0.0503
0.0503
0.0503
0.3099
0.3099
-0.0000
0.0000
0.0082
-0.0000
0.0011
-0.0000
0.0042
-0.0000

-0.0000
-0.0000
-0.0000

Story Drift
-0.0000
0.0000
0.2125
0.2125
-0.0000
0.0089
-0.0000
0.0029
-0.0000
0.0008

Story Drift
Y
in

0.0000
0.0000
0.0000
0.0000
0.0893
0.0048
-0.0048
0.0508
0.0831
0.0669
-0.0669
0.0659
0.0346
-0.0346
-0.0659
0.0085
-0.0085
0.1634
0.1931
0.0000
0.0049
0.0000
0.0007
0.0000
0.0023

0.0000
0.0000
0.0000

0.0041
0.0041
0.0001
0.0001
0.0002
0.0000
0.0001
0.0000
0.0000
0.0000

X

0.0000
0.0000
0.0000
0.0005
0.0000
0.0004
0.0004
0.0000
0.0000
0.0004
0.0004
0.0003
0.0003
0.0003
0.0003
0.0018
0.0018
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000

Drift Ratio
0.0000
0.0000
0.0013
0.0013
0.0000
0.0001
0.0000
0.0000
0.0000
0.0000

Drift Ratio
Y

0.0000
0.0000
0.0000
0.0000
0.0005
0.0000
0.0000
0.0003
0.0005
0.0004
0.0004
0.0004
0.0002
0.0002
0.0004
0.0000
0.0000
0.0009
0.0011
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000



Drift

”i‘ RAM Frame v13.0 Page 5/6
8810 AISC
DataBase: 8810 AISC 02/19/09 08:20:50
e - Building Code: IBC Steel Code: IBC
Story LdC Displacement Story Drift Drift Ratio
w1 0.6430 0.0000 0.1690 0.0000 0.0010 0.0000
w2 -0.0000 0.3953 -0.0000 0.1370 0.0000 0.0008
W3 0.4823 0.0229 0.1268 0.0077 0.0008 0.0000
W4 0.4823 -0.0229 0.1268 -0.0077 0.0008 0.0000
W5 -0.0000 0.2188 -0.0000 0.0768 0.0000 0.0005
W6 0.0000 0.3742 0.0000 0.1287 0.0000 0.0008
W7 0.4823 0.2965 0.1268 0.1028 0.0008 0.0006
W8 0.4823 -0.2965 0.1268 -0.1028 0.0008 0.0006
W9 0.3617 0.2978 0.0951 0.1023 0.0006 0.0006
W10 0.3617 0.1469 0.0951 0.0518 0.0006 0.0003
Wil 0.3617  -0.1469 0.0951 -0.0518 0.0006 0.0003
W12 0.3617 -0.2978 0.0951 -0.1023 0.0006 0.0006
E1l 2.1225 0.0402 0.6130 0.0147 0.0038 0.0001
E2 2.1225 -0.0394 0.6130  -0.0147 0.0038 0.0001
E3 -0.0000 0.6956 -0.0000 0.2673 0.0000 0.0016
E4 0.0000 0.8343 0.0000 0.3187 0.0000 0.0020
ND1 0.0747 0.0000 0.0183 -0.0000 0.0001 0.0000
ND2 -0.0000 0.0261 -0.0000 0.0085 0.0000 0.0001
NL1 0.0226 0.0000 0.0050  -0.0000 0.0000 0.0000
NL2 -0.0000 0.0077 -0.0000 0.0022 0.0000 0.0000
NR1 0.0100 0.0000 0.0038 0.0000 0.0000 0.0000
NR2 -0.0000 0.0039 -0.0000 0.0019 0.0000 0.0000
3rd D -0.0000 0.0000  -0.0000 0.0000 0.0000 0.0000
Lp -0.0000 0.0000  -0.0000 0.0000 0.0000 0.0000
Sp -0.0000 0.0000  -0.0000 0.0000 0.0000 0.0000
Wi 0.4740 0.0000 0.2516 0.0000 0.0016 0.0000
w2 -0.0000 0.2583 -0.0000 0.1314 0.0000 0.0008
W3 0.3555 0.0152 0.1887 0.0076 0.0012 0.0000
W4 0.3555 -0.0152 0.1887 -0.0076 0.0012 0.0000
W5 -0.0000 0.1420  -0.0000 0.0728 0.0000 0.0004
W6 0.0000 0.2455 0.0000 0.1243 0.0000 0.0008
w7 0.3555 0.1937 0.1887 0.0985 0.0012 0.0006
W8 0.3555 -0.1937 0.1887 -0.0985 0.0012 0.0006
W9 0.2666 0.1955 0.1415 0.0989 0.0009 0.0006
w10 0.2666 0.0951 0.1415 0.0489 0.0009 0.0003
Wil 0.2666  -0.0951 0.1415 -0.0489 0.0009 0.0003
W12 0.2666 -0.1955 0.1415 -0.0989 0.0009 0.0006
El 1.5094 0.0254 0.8446 0.0135 0.0052 0.0001
E2 1.5094  -0.0246 0.8446 -0.0135 0.0052 0.0001
E3 -0.0000 0.4284 -0.0000 0.2360 0.0000 0.0015
E4 0.0000 0.5156 0.0000 0.2830 0.0000 0.0017
ND1 0.0563 0.0000 0.0294 0.0000 0.0002 0.0000
ND2 -0.0000 0.0176 -0.0000 0.0088 0.0000 0.0001
NL1 0.0177 0.0000 0.0091 0.0000 0.0001 0.0000



N\

nenaonal| - Building Code: IBC

RAM Frame v13.0

8810 AISC

DataBase: 8810 AISC

Page 6/6

02/19/09 08:20:50
Steel Code: IBC

Story

2nd

LdC
NL2
NR1
NR2

D
Lp
Sp
w1
\p)
W3
\Z}
w5
W6
W7
w8
W9
W10
W11
W12
El
E2
E3
E4
ND1
ND2
NL1
NL2
NR1
NR2

Displacement
-0.0000 0.0055
0.0062 0.0000
-0.0000 0.0020
-0.0000 0.0000
-0.0000  -0.0000
0.0000 0.0000
0.2224 0.0000
-0.0000 0.1270
0.1668 0.0076
0.1668 -0.0076
-0.0000 0.0692
0.0000 0.1212
0.1668 0.0952
0.1668 -0.0952
0.1251 0.0966
0.1251 0.0462
0.1251 -0.0462
0.1251 -0.0966
0.6648 0.0119
0.6648 -0.0112
-0.0000 0.1924
0.0000 0.2326
0.0269 0.0000
-0.0000 0.0089
0.0086 0.0000
-0.0000 0.0029
0.0025 0.0000
-0.0000 0.0008

-0.0000
0.0037
-0.0000

-0.0000
-0.0000
0.0000
0.2224
-0.0000
0.1668
0.1668
-0.0000
0.0000
0.1668
0.1668
0.1251
0.1251
0.1251
0.1251
0.6648
0.6648
-0.0000
0.0000
0.0269
-0.0000
0.0086
-0.0000
0.0025
-0.0000

Story Drift
0.0026
0.0000
0.0012

0.0000
-0.0000
0.0000
0.0000
0.1270
0.0076
-0.0076
0.0692
0.1212
0.0952
-0.0952
0.0966
0.0462
-0.0462
-0.0966
0.0119
-0.0112
0.1924
0.2326
0.0000
0.0089
0.0000
0.0029
0.0000
0.0008

0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0014
0.0000
0.0010
0.0010
0.0000
0.0000
0.0010
0.0010
0.0008
0.0008
0.0008
0.0008
0.0041
0.0041
0.0000
0.0000
0.0002
0.0000
0.0001
0.0000
0.0000
0.0000

Drift Ratio
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0008
0.0000
0.0000
0.0004
0.0007
0.0006
0.0006
0.0006
0.0003
0.0003
0.0006
0.0001
0.0001
0.0012
0.0014
0.0000
0.0001
0.0000
0.0000
0.0000
0.0000



Building Example 2
4-Story Commercial
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Building Example 2
4-Story Commercial

¢ Column in Braced Frame, #3, W12x53
— Controlling load combination
D+0.75L-0.525E4
— Analysis results by load case
D =168 kips
L =52.7 kips
E4=-146 Kkips

E
5@5 There's always a solution in steel
g 475

Building Example 2
4-Story Commercial

« Column in Braced Frame, #3, W12x53
— Sway amplification
B, =1.07
— Member amplification
* No amplification since no moments

— Member force
F,=PF,+0.75P, - B,(0.525P,,)

P, =168+0.75(52.7) —1.07(0.525)(=146) = 290 kips

i@ There's aiways a solution in steel 476
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Building Example 2
4-Story Commercial

* Column in Braced Frame, #3, W12x53

— Determine member strength
K=1
L=135ft

% = 431 kips > 290 Kips

— W12x563 is adequate

4'5D There's always a solution in steel

477




: Member Code Check
”iw RAM Frame v13.0

8810 AISC
DataBase: 8810 AISC 02/19/09 08:23:44
N Building Code: IBC Steel Code: AISC360-05 ASD
COLUMN INFORMATION:
Story Level = 2nd Frame Number = 3 Column Number = 3
Fy (ksi) = 50.00
Column Size = WI12X53
INPUT DESIGN PARAMETERS:
X-Axis Y-Axis
Lu(ft) . ____ 13.50 13.50
Ko .. 1.00 1.00

CONTROLLING COLUMN FORCES - SHEAR
Load Combination: 1.000 D + 0.700 E4

Shear Top Vmajor (kip) _______________. -0.10
Vminor (kip) -___.__________. -0.00
Shear Bot. Vmajor (kip) - ___________ -0.10
Vminor (kip) _______________. -0.00
SHEAR CHECK:
Vax (kip) -0.10 Vnx/1.50 (kip)

8349  Vax/(Vnx/1.50) =  0.001
206.59  Vay/(Vny/1.67) =

Vay (kip) -0.00 Vny/1.67 (kip)

CONTROLLING COLUMN FORCES - FLEXURE
Load Combination: 1.000 D + 0.750 Lp - 0.525 E4

Axial Load (kip) - - .- __________ 289.00
Moment  Top Mmajor (kip-ft) _____________ -1.04
Mminor (kip-ft) _____________ -0.00
Moment  Bot. Mmajor (kip-ft) _____________ 0.00
Mminor (kip-ft) _____________ 0.00
CALCULATED PARAMETERS:
Pa ( kip) = 289.00  Pn/1.67 (kip) = 341.72
Max (kip-ft) = -1.04  Mnx/1.67 (kip-ft) = 194.36
May (kip-ft) = -0.00  Mny/1.67 (kip-ft) = 72.60
Cmx = 0.60 Cmy = 0.60
Blx = 1.00 Bly = 1.06
B2x = 1.07 B2y = 1.00
Baxial = 1.06 @angle (degrees) = 90.00
Cbx = 1.67
INTERACTION EQUATION:
Pa/(Pn/1.67)) = 0.846

Eq H1-1a: 0.846 + 8/9(0.005 + 0.000) = 0.850



Member Forces
”i“ RAM Frame v13.0
8810 AISC
DataBase: 8810 AISC 02/24/09 14:33:57

wenawoN| - Building Code: IBC

STEEL COLUMN INFORMATION:

Column Number: 3 Frame Number: 3
Level Top: 2nd Column Line (0.00,45.00)
Bot: Base
Fy (ksi) = 50.00 Column Size = WI12X53
Elastic Modulus (ksi) = 29000.00
Orientation (deg) = 90.00 Length (ft) = 13.50
INPUT PARAMETERS:
Top Bottom
Fixity =~ Major Axis: Fix Pin
Minor Axis: Fix Pin
Torsion: Fix Fix
Joint Face Dist (in):
Major: 0.00 0.00
Minor: 0.00 0.00
Rigid End Zone (in):
Major: 0.00 0.00 (Ignore)
Minor: 0.00 0.00 (Ignore)
Member Force Output: At Face of Joint
P-Delta: No
Ground Level: Base
LOAD CASES:
D Deadl.oad RAMUSER
Lp PosLivel.oad RAMUSER
Sp PosRoofLiveLoad RAMUSER
Wi Wind Wind_IBCO06_1_X
w2 Wind Wind_IBCO6_1_Y
W3 Wind Wind_IBC06_2_X+E
w4 Wind Wind_IBC06_2_X-E
A\ A Wind Wind_IBC06_2_Y+E
W6 Wind Wind_IBC06_2_Y-E
w7 Wind Wind_IBCO06_3_X+Y
W8 Wind Wind_IBC06_3_X-Y
w9 Wind Wind_IBC06_4_X+Y_CW
w10 Wind Wind_IBC06_4_X+Y_CCW
Wil Wind Wind_IBC06_4_X-Y_CW
Wwi2 Wind Wind_IBC06_4_X-Y_CCW
El E EQ_IBC06_X_+E_F
E2 E EQ_IBC06_X_-E_F
E3 E EQ_IBCO06_Y_+E_F
E4 E EQ_IBCO06_Y_-E_F
ND1 N NL_AISC360_DL_X
ND2 N NL_AISC360_DL_Y
NL1 N NIL_AISC360_LL_X
NL2 N NL_AISC360_LL_Y



Member Forces
RAM Frame v13.0 Page 2/3
8810 AISC
DataBase: 8810 AISC 02/24/09 14:33:57

neonal - Building Code: IBC
NR1 N NL_AISC360_Rf X
NR2 N NL_AISC360_Rf_ Y
MEMBER FORCES:
LdC @ P  Mmajor Mminor Vmajor Vminor Tors
kips kip-ft kip-ft kips kips kip-ft
D T 168.49 0.00 0.00 -0.00 -0.00 0.00
B 168.49 0.00 0.00 -0.00 -0.00 0.00
Lp T 52.67 0.00 0.00 -0.00 -0.00 0.00
B 52.67 0.00 0.00 -0.00 -0.00 0.00
Sp T 14.66 0.00 0.00 -0.00 -0.00 -0.00
B 14.66 0.00 0.00 -0.00 -0.00 -0.00
W1 T -0.00 0.00 -0.58 -0.00 0.04 -0.00
B -0.00 0.00 0.00 -0.00 0.04 -0.00
w2 T -66.05 0.00 0.00 -0.00 -0.00 0.00
B -66.05 0.00 0.00 -0.00 -0.00 0.00
w3 T -3.73 -0.01 -0.43 0.00 0.03 -0.00
B -3.73 -0.00 0.00 0.00 0.03 -0.00
W4 T 3.73 0.01 -0.43 -0.00 0.03 0.00
B 3.73 0.00 0.00 -0.00 0.03 0.00
W5 T -36.89 0.05 0.00 -0.00 -0.00 0.00
B -36.89 0.00 0.00 -0.00 -0.00 0.00
W6 T -62.18 -0.05 -0.00 0.00 0.00 -0.00
B -62.18 -0.00 0.00 0.00 0.00 -0.00
W7 T -49.54 0.00 -0.43 -0.00 0.03 0.00
B -49.54 0.00 0.00 -0.00 0.03 0.00
W8 T 49.54 -0.00 -0.43 0.00 0.03 -0.00
B 49.54 -0.00 0.00 0.00 0.03 -0.00
W9 T -49.43 -0.05 -0.33 0.00 0.02 -0.00
B -49.43 -0.00 0.00 0.00 0.02 -0.00
W10 T -24.87 0.05 -0.32 -0.00 0.02 0.00
B -24.87 0.00 0.00 -0.00 0.02 0.00
Wi1 T 24.87 -0.05 -0.33 0.00 0.02 -0.00
B 24.87 -0.00 0.00 0.00 0.02 -0.00
W12 T 49.43 0.05 -0.32 -0.00 0.02 0.00
B 49.43 0.00 0.00 -0.00 0.02 0.00
El T -6.80 0.05 -2.79 -0.00 0.21 -0.00
B -6.80 0.00 0.00 -0.00 0.21 -0.00
E2 T 6.79 -0.09 -2.79 0.01 0.21 0.00
B 6.79 -0.00 0.00 0.01 0.21 0.00
E3 T -122.02 1.61 -0.00 -0.12 0.00 0.00
B -122.02 0.00 0.00 -0.12 0.00 0.00
E4 T -145.71 1.85 0.00 -0.14 -0.00 -0.00
B -145.71 0.00 0.00 -0.14 -0.00 -0.00
ND1 T -0.00 -0.00 -0.06 0.00 0.00 -0.00
B -0.00 -0.00 0.00 0.00 0.00 -0.00



' Member Forces
”iw RAM Frame v13.0 Page 3/3

8810 AISC
DataBase: 8810 AISC 02/24/09 14:33:57
nenaoN] - Building Code: IBC
LdC @ P Mmajor Mminor Vmajor Vminor Tors
ND2 T -4.17 -0.01 0.00 0.00 -0.00 0.00
B -4.17 -0.00 0.00 0.00 -0.00 0.00
NL1 T -0.00 -0.00 -0.02 0.00 0.00 -0.00
B -0.00 -0.00 0.00 0.00 0.00 -0.00
NL2 T -1.12 -0.01 0.00 0.00 -0.00 0.00
B -1.12 -0.00 0.00 0.00 -0.00 0.00
NR1 T -0.00 0.00 -0.01 -0.00 0.00 -0.00
B -0.00 0.00 0.00 -0.00 0.00 -0.00
NR2 T -0.88 0.01 -0.00 -0.00 0.00 0.00
B -0.88 0.00 0.00 -0.00 0.00 0.00



Building Example 2
4-Story Commercial
* Brace in Braced Frame, #1, HSS 6x6x1/2
— Controlling load combination

D-0.7E4
— Analysis results by load case

D =13.0 kips
E4 =-121 kips

‘”5[: There's always a solution in steel 478

Building Example 2
4-Story Commercial

* Brace in Braced Frame, #1, HSS 6x6x1/2

— Sway amplification
B, =1.05

~ Member amplification

* No amplification since no moments

— Member force

P =P -0.7P,
P, =13.0-1.05(0.7)(-121) =102 kips

5@ There's always a solution in steel 479




Building Example 2
4-Story Commercial

» Brace in Braced Frame, #1, HSS 6x6x1/2

— Determine member strength
K=1
L=20.18 ft

% =121 Kips > 102 kips

— HSS 6x6x1/2 is adequate

{”5[: There's aiways a solution in steel 480




: Member Code Check
”i“ RAM Frame v13.0

8810 AISC
DataBase: 8810 AISC
newionAl| - Building Code: IBC

02/19/09 08:23:44
Steel Code: AISC360-05 ASD

BRACE INFORMATION:
Story Level = 2nd Frame Number = 3 Brace Number = 1
Fy (ksi) = 46.00
Brace Size = HSS6X6X1/2
INPUT DESIGN PARAMETERS:
X-Axis Y-Axis
Lu(ft) o ______ 20.18 20.18
K . 1.00 1.00
CONTROLLING BRACE FORCES - SHEAR
Load Combination: 1.000 D + 1.000 ND1
Shear Top Vmajor (kip) - _____________. -0.00
Vminor (kip) - __________. 0.00
Shear Bot. Vmajor (kip) - _________ -0.00
Vminor (kip) . ____________. 0.00
SHEAR CHECK:
Vax (kip) =  -0.00 Vnx/1.67 (kip) = 92.22 Vax/(Vnx/1.67) =  0.000
Vay (kip) = 0.00 Vny/1.67 (kip) = 92.22 Vay/(Vny/1.67) =  0.000

CONTROLLING BRACE FORCES - FLEXURE
Load Combination: 1.000 D - 0.700 E4

Axial Load (kip) - - - ___________ 101.95
Moment  Top Mmajor (kip-ft) _____________. 0.00
Mminor (kip-ft) - ___________ 0.00
Moment  Bot. Mmajor (kip-ft) _____________ 0.00
Mminor (kip-ft) - ___________ 0.00
CALCULATED PARAMETERS:
Pa (kip) = 101.95  Pn/1.67 (kip) = 121.09
Max (kip-ft) = 0.00 Mnx/1.67 (kip-ft) = 45.45
May (kip-ft) = 0.00  Mny/1.67 (kip-ft) = 45.45
Cmx = 1.00 Cmy = 1.00
Bilx = 295 Bly = 2.95
B2x = 1.05 By = 1.00
Baxial = 1.05 @angle (degrees) = -90.00
Cbx = 1.00
INTERACTION EQUATION:
Pa/(Pn/1.67)) = 0.842

Eq Hl-1a: 0.842 + 8/9(0.000 + 0.000) = 0.842



Member Forces
RAM Frame v13.0
8810 AISC
H DataBase: 8810 AISC
nNENToNL| - Building Code: IBC

02/24/09 14:33:57

STEEL BRACE INFORMATION:
Brace Number: 1 Frame Number: 3
Story Top: 2nd I-End (ft): (0.00,60.00)
Bot: Base J-End (ft): (0.00,45.00)
Fy (ksi) = 46.00 Brace Size = HSS6X6X1/2

Length (ft) =20.18
Elastic Modulus (ksi) = 29000.00

INPUT PARAMETERS:
Top Bottom

Fixity =~ Major Axis: Pin Pin
Minor Axis: Pin Pin
Torsion: Pin Pin

Member Force Output: At Centerline of Joint

P-Delta: No

Ground Level: Base

LOAD CASES:

D DeadLoad RAMUSER

Lp PosLiveLoad RAMUSER

Sp PosRooflLivel.oad RAMUSER

Wi Wind Wind_IBC06_1_X

w2 Wind Wind_IBCO6_1_Y

W3 Wind Wind_IBC06_2_X+E

W4 Wind Wind_IBC06_2_X-E

W5 Wind Wind_IBC06_2_Y+E

W6 Wind Wind_IBCO06_2_Y-E

W7 Wind Wind_IBC06_3_X+Y

W8 Wind Wind_IBC06_3_X-Y

W9 Wind Wind_IBC06_4_X+Y_CW

W10 Wind Wind_IBC06_4_X+Y_CCW

\' 48! Wind Wind_IBC06_4_X-Y_CW

W12 Wind Wind_IBC06_4_X-Y_CCW

El E EQ_IBC06_X_+E_F

E2 E EQ_IBC06_X_-E_F

E3 E EQ_IBC06_Y_+E_F

E4 E EQ_IBCO06_Y_-E_F

ND1 N NL_AISC360_DL_X

ND2 N NL_AISC360_DL_Y

NL1 N NL_AISC360_LL_X

NL2 N NL_AISC360_LL_Y

NR1 N NL_AISC360_Rf X

NR2 N NL_AISC360_Rf_Y



Member Forces
” i‘ RAM Frame v13.0 Page 2/3

8810 AISC
DataBase: 8810 AISC 02/24/09 14:33:57
nNenaoNAL - Building Code: IBC
MEMBER FORCES:

LdC @ P Mmajor Mminor Vmajor Vminor Tors

kips kip-ft kip-ft kips kips kip-ft

D T 12.97 0.00 -0.00 -0.00 -0.00 -0.00

B 12.97 -0.00 0.00 -0.00 -0.00 -0.00

Lp T 6.16 0.00 -0.00 -0.00 -0.00 -0.00

B 6.16 -0.00 0.00 -0.00 -0.00 -0.00

Sp T 0.09 0.00 -0.00 -0.00 0.00 -0.00

B 0.09 -0.00 0.00 -0.00 0.00 -0.00

M4 T -0.00 0.00 -0.00 -0.00 0.00 -0.00

B -0.00 -0.00 0.00 -0.00 0.00 -0.00

W2 T -65.76 0.00 -0.00 -0.00 0.00 -0.00

B -65.76 -0.00 0.00 -0.00 0.00 -0.00

w3 T -3.95 0.00 -0.00 -0.00 0.00 -0.00

B -3.95 -0.00 0.00 -0.00 0.00 -0.00

W4 T 3.95 000 . -0.00 0.00 0.00 -0.00

B 3.95 -0.00 0.00 0.00 0.00 -0.00

W5 T -35.85 0.00 -0.00 -0.00 0.00 -0.00

B -35.85 -0.00 0.00 -0.00 0.00 -0.00

W6 T -62.79 0.00 -0.00 -0.00 -0.00 -0.00

B -62.79 -0.00 0.00 -0.00 -0.00 -0.00

w7 T -49.32 0.00 -0.00 -0.00 0.00 -0.00

B -49.32 -0.00 0.00 -0.00 0.00 -0.00

W8 T 49.32 0.00 -0.00 0.00 0.00 -0.00

B 49.32 -0.00 0.00 0.00 0.00 -0.00

W9 T -50.06 0.00 -0.00 -0.00 0.00 -0.00

B -50.06 -0.00 0.00 -0.00 0.00 -0.00

W10 T -23.92 0.00 -0.00 -0.00 0.00 -0.00

B -23.92 -0.00 0.00 -0.00 0.00 -0.00

Wil T 23.92 0.00 -0.00 0.00 0.00 -0.00

B 23.92 -0.00 0.00 0.00 0.00 -0.00

wi2 T 50.06 0.00 -0.00 0.00 0.00 -0.00

B 50.06 -0.00 0.00 0.00 0.00 -0.00

El T -6.17 0.00 -0.00 -0.00 0.00 -0.00

B -6.17 -0.00 0.00 -0.00 0.00 -0.00

E2 T 5.78 0.00 -0.00 0.00 0.00 -0.00

B 5.78 -0.00 0.00 0.00 0.00 -0.00

E3 T -99.65 0.00 -0.00 -0.00 0.00 -0.00

B -99.65 -0.00 0.00 -0.00 0.00 -0.00

E4 T -120.49 0.00 -0.00 -0.00 -0.00 -0.00

B -120.49 -0.00 0.00 -0.00 -0.00 -0.00

ND1 T -0.02 0.00 -0.00 -0.00 0.00 -0.00

B -0.02 -0.00 0.00 -0.00 0.00 -0.00

ND2 T -4.60 0.00 -0.00 -0.00 0.00 -0.00

B -4.60 -0.00 0.00 -0.00 0.00 -0.00

NL1 T -0.01 0.00 -0.00 -0.00 0.00 -0.00
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8810 AISC
DataBase: 8810 AISC 02/24/09 14:33:57
oAl Building Code: IBC
LdC @ P Mmajor Mminor Vmajor Vminor Tors
B -0.01 -0.00 0.00 -0.00 0.00 -0.00
NL2 T -1.49 0.00 -0.00 -0.00 0.00 -0.00
B -1.49 -0.00 0.00 -0.00 0.00 -0.00
NR1 T -0.00 0.00 -0.00 -0.00 0.00 -0.00
B -0.00 -0.00 0.00 -0.00 0.00 -0.00
NR2 T -0.40 0.00 -0.00 -0.00 0.00 -0.00
B -0.40 -0.00 0.00 -0.00 0.00 -0.00



Building Example 2
4-Story Commercial
e Column in Moment Frame, #11, W14x99
- Controlling load combination

D—-0.7E2
— Analysis results by load case

D P=226Kkips M, =375 ft-kips M, =-1.86 ft-kips
E2 P=0 kips M, =-105 ft-kips M, =216 ft-kips

im There's always a solution in steel
by 4 481

Building Example 2
4-Story Commercial
* Column in Moment Frame, #11, W14x99
- Sway amplification
B,=1.19
— Member ampilification

C, =06- 0.4(ﬂj =0.40
C 3.75
B =—"5 oP. =1.6(226+0) = 362 kips
]——= 2
F, p, =T @000, 460 kins

“ (13.5(12))?

AT %‘
There's always a solution in steel 482




Building Example 2
4-Story Commercial

e Column in Moment Frame, #11, W14x99

— Member amplification
C, 04
Bl"l_ap, 362
P, 12,100

=1.03(0.4)=0.41<1.0

— Member force
P =P,-B, (O.7PEZ)

P, =226-1.19(0.7)(0) = 226 kips

{m There's always a solution in steel
REV. 483

Building Example 2
4-Story Commercial

* Column in Moment Frame, #11, W14x99
— Member moment

M,=BM,-B,(0.7M,,)
M, =1.0(-1.86)-1.19(0.7)(216) = -182 ft-kips
— Determine member strength

K=10, L=135 ft %: 759 Kips

5[: There's always a solution in steel
B, 484




Building Example 2
4-Story Commercial
* Column in Moment Frame, #11, W14x99
— Determine member strength
L=135H, Aé =430 ft-kips

- Interaction

—22—6+—8— ﬁj =0.30+0.38=0.68<1.0
759 91430

— W14x99 is adequate

Iy
i@ There's always a solution in steel
E 485




; Member Code Check
”i‘ RAM Frame v13.0

8810 AISC
DataBase: 8810 AISC 02/19/09 08:23:44
newonil - Building Code: IBC Steel Code: AISC360-05 ASD
COLUMN INFORMATION:
Story Level = 2nd Frame Number = 2 Column Number = 11
Fy (ksi) = 50.00
Column Size = W14X99
INPUT DESIGN PARAMETERS:
X-Axis Y-Axis
Lu(ft) L _____. 13.50 13.50
K 1.00 1.00

CONTROLLING COLUMN FORCES - SHEAR
Load Combination: 1.000 D - 0.700 E2

Shear Top Vmajor (kip) - ____________ -18.42
Vminor (kip) - __________. 0.03
Shear Bot. Vmajor (kip) .- ____________ -18.42
Vminor (kip) - ____________. 0.03
SHEAR CHECK:
Vax (kip) = -18.42 Vnx/1.50 (kip) = 137.74 Vax/(Vnx/1.50) = 0.134
Vay (kip) = 0.03 Vny/1.67 (kip) = 409.15 Vay/(Vny/1.67) =  0.000

CONTROLLING COLUMN FORCES - FLEXURE
Load Combination: 1.000 D - 0.700 E2

Axial Load (kip) - ______ 225.84
Moment  Top Mmajor (kip-ft) _____________. 91.49
Mminor (kip-ft) ... ________ -0.06
Moment  Bot. Mmajor (kip-ft) _____________ -182.88
Mminor (kip-ft) - _________ 0.33
CALCULATED PARAMETERS:
Pa (kip) = 225.84  Pu/1.67 (kip) = 758.26
Max (kip-ft) = -182.88 Mnx/1.67 (kip-ft) = 429.45
May (kip-ft) = 0.33  Mny/1.67 (kip-ft) = 207.02
Cmx = 040 Cmy = 0.52
Blx = 1.00 Bly = 1.00
B2x = 1.19 By = 1.00
Baxial = 1.19 @angle (degrees) = 0.00
Cbx = 2.17
INTERACTION EQUATION:
Pa/(Pn/1.67)) = 0.298

Eq H1-1a: 0.298 + 8/9(0.426 + 0.002) = 0.678



Member Forces
RAM Frame v13.0

“ 8810 AISC

DataBase: 8810 AISC
newona] - Building Code: IBC

02/24/09 14:33:57

STEEL COLUMN INFORMATION:

Column Number: 11 Frame Number: 2
Level Top: 2nd Column Line (60.00,0.00)
Bot: Base
Fy (ksi) = 50.00 Column Size = W14X99
Elastic Modulus (ksi) = 29000.00
Orientation (deg) = 0.00 Length (ft) = 13.50
INPUT PARAMETERS:
Top Bottom
Fixity = Major Axis: Fix Fix
Minor Axis: Fix Fix
Torsion: Fix Fix
Joint Face Dist (in):
Major: 11.80 0.00
Minor:; 0.00 0.00
Rigid End Zone (in):
Major: 0.00 0.00 (Ignore)
Minor: 0.00 0.00 (Ignore)
Member Force Output: At Face of Joint
P-Delta: No
Ground Level: Base
LOAD CASES:
D Deadload RAMUSER
Lp PosLiveLoad RAMUSER
Sp PosRoofLiveLoad RAMUSER
Wi Wind Wind_IBCO06_1_X
w2 Wind Wind_IBCO06_1_Y
w3 Wind Wind_IBCO06_2_X+E
w4 Wind Wind_IBC06_2_X-E
W5 Wind Wind_IBC06_2_Y+E
w6 Wind Wind_IBC06_2_Y-E
w7 Wind Wind_IBCO06_3_X+Y
W8 Wind Wind_IBC06_3_X-Y
w9 Wind Wind_IBC06_4_X+Y_CW
w10 Wind Wind_IBC06_4_X+Y_CCW
Wil Wind Wind_IBC06_4_X-Y_CW
Wwi2 Wind Wind_IBC06_4_X-Y_CCW
El E EQ_IBCO6_X_+E_F
E2 E EQ_IBC06_X_-E_F
E3 E EQ_IBCO6_Y_+E_F
E4 E EQ_IBCO6_Y_-E_F
ND1 N NL_AISC360_DL_X
ND2 N NL_AISC360_DL_Y
NL1 N NL_AISC360_LL_X
NL2 N NL_AISC360_LL_Y



Member Forces
”i“ RAM Frame v13.0 Page 2/3
8810 AISC
DataBase: 8810 AISC 02/24/09 14:33:57
nenwoNal] - Building Code: IBC
NR1 N NL_AISC360_Rf X
NR2 N NL_AISC360_Rf_Y
MEMBER FORCES:
LdC @ P  Mmajor  Mminor Vmajor Vminor Tors
kips kip-ft kip-ft kips kips kip-ft
D T 225.88 3.75 0.00 -0.45 -0.00 0.00
B 225.88 -1.86 -0.00 -0.45 -0.00 0.00
Lp T 68.54 1.61 0.00 -0.19 -0.00 0.00
B 68.54 -0.80 -0.00 -0.19 -0.00 0.00
Sp T 18.47 -0.02 0.00 0.00 -0.00 -0.00
B 18.47 0.01 -0.00 0.00 -0.00 -0.00
Wi T 0.02 -37.17 0.00 8.80 -0.00 -0.00
B 0.02 72.92 0.00 8.80 -0.00 -0.00
W2 T 0.00 -0.00 -3.42 0.00 1.21 0.00
B 0.00 0.00 12.90 0.00 1.21 0.00
w3 T 0.01 -27.08 -0.09 6.42 0.03 -0.00
B 0.01 53.23 0.34 6.42 0.03 -0.00
W4 T 0.01 -28.67 0.09 6.78 -0.03 0.00
B 0.01 56.15 -0.34 6.78 -0.03 0.00
W5 T 0.00 -2.71 -2.24 0.61 0.80 0.00
B 0.00 4.98 8.53 0.61 0.80 0.00
W6 T -0.00 2.71 -2.88 -0.61 1.02 -0.00
B -0.00 -4.98 10.82 -0.61 1.02 -0.00
W7 T 0.01 -27.87 -2.56 6.60 0.91 0.00
B 0.01 54.69 9.68 6.60 0.91 0.00
w8 T 0.01 -27.87 2.56 6.60 -0.91 -0.00
B 0.01 54.69 -9.68 6.60 -0.91 -0.00
w9 T 0.01 -18.28 -2.23 4.35 0.79 -0.00
B 0.01 36.18 8.37 4.35 0.79 -0.00
w10 T 0.01 -23.53 -1.61 5.54 0.57 0.00
B 0.01 45.85 6.15 5.54 0.57 0.00
Wl11 T 0.01 -18.28 1.61 4.35 -0.57 -0.00
B 0.01 36.18 -6.15 4.35 -0.57 -0.00
W12 T 0.01 -23.53 2.23 5.54 -0.79 0.00
B 0.01 45.85 -8.37 5.54 -0.79 0.00
El T 0.05 -102.69 -0.12 25.15 0.05 -0.00
B 0.05 212.12 0.51 25.15 0.05 -0.00
E2 T 0.06 -104.91 0.09 25.67 -0.04 0.00
B 0.06 216.45 -0.47 25.67 -0.04 0.00
E3 T 0.00 -1.94 -3.85 0.46 1.76 0.00
B 0.00 3.78 19.92 0.46 1.76 0.00
E4 T -0.00 1.94 -4.21 -0.46 1.91 -0.00
B -0.00 -3.78 21.62 -0.46 1.91 -0.00
ND1 T 0.00 -4.56 -0.00 1.07 0.00 -0.00
B 0.00 8.85 0.00 1.07 0.00 -0.00



”i“ RAM Frame v13.0
8810 AISC

DataBase: 8810 AISC
nerondl] - Building Code: IBC

Member Forces

Page 3/3

02/24/09 14:33:57

LdC @ P Mmajor  Mminor Vmajor Vminor Tors
ND2 T 0.00 -0.00 -0.25 0.00 0.09 0.00
B 0.00 0.00 0.91 0.00 0.09 0.00
NL1 T 0.00 -1.49 -0.00 0.35 0.00 -0.00
B 0.00 2.85 0.00 0.35 0.00 -0.00
NL2 T 0.00 -0.00 -0.09 0.00 0.03 0.00
B 0.00 0.00 0.30 0.00 0.03 0.00
NR1 T 0.00 -0.36 -0.00 0.09 0.00 -0.00
B 0.00 0.80 0.00 0.09 0.00 -0.00
NR2 T 0.00 -0.00 -0.01 0.00 0.01 0.00
B 0.00 0.00 0.07 0.00 0.01 0.00



Building Example 2
| 4-Story Commercial
 Beam in Moment Frame, #69, W24x55
— Controlling load combination

D+0.75L+0.525E2
— Analysis results by load case

D M,=-136 ft-kips M, =-139 ft-kips
L M, =-82.7 ft-kips M, =-83.8 ft-kips
E2 M,=133 ftkips M, =-133 ft-kips

There's always a solution in steel 186

Building Example 2
4-Story Commercial

* Beam in Moment Frame, #69, W24x55
— Sway amplification
B, =1.26
— Member ampilification
* No ampilification since no axial load
- Member moment

M, =B (M, +0.75L)++B,(0.525M,,)
M, =1.0(-139+0.75(~83.8)) +1.26(0.525(~133)) = —290 ft-kips

a

"
@

There's always a solution in steel 487
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