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American Institute of steel construction (AISC-360), Specification for structural steel buildings.
——

Amcncan Instltute of steel construction (AISC-358), Prec

American Scicty of Civil Engincers (ASCE 7), Minimum Design Loads fo Buidings and Other Sruetures.
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Cancel |

Dimensions/Tolerances...

Dutput Decimals...

Set Calculator Memory...

|« Show Tips at Startup

|« Show Bounding Plane

Concrete Frame Design...
Composite Beam Dﬂlgn
Shear Wall Design...

|7 Moment Diagrams on Tension Side

[v Sound

Reinforcement Bar Sizes...
Live Load Reduction...

& LockModel
Auto Save Model...

Show Aerial View Window

’7 Show Floating Property Window

Show Crosshairs

|7 Enhanced Graphics...

Beset Toolbars
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zurtent Design Section BOX-25-25-8

rame T ppe SMF
Deflection Check Type Bath
DL Lirit, L ¢ 120.
Super DL+LL Limit, L # 120
Live Laad Limit, L /4 360
T otal Linit, L 20,
Total-Camber Limit, L¢ 240,
DL Lirnit, abg 254
Super DL+LL Linit, abs 254
Live Load Limit, abs 254
Total Limit, abs 254
T otal-Camber Limit, abe 254
Speciied Camber 0.
Live Load Reduction Faclr 03875
Met Area to Tatal Area Fatio 1.
Unbraced Length Ratio(Majar] 09273
Unbraced Lenath Ratio (Minor] 09273
Unbraced Lenath Ratin [LTE] 09273
Effective Length Factor (K Major) 1.5935
Effective Length Factor (K Minor] 1.9021
Etfective Length Factor (K Major Braced) i
Effective Length Factor [K Mincr Braced) B
Effective Length Factor [K LTE) 1.9021
Morment Caefficient [Crm Major] 0.85
Morment Coefficient [Crm Minor] 0.85
Bending Coefficient [Ch) 1
MonSway Moment Factor (B1 Major] e
MNanSway Moment Factar [B1 Minar] 1
Sway Maoment Factor (B2 Major] 4
Sway Moment Factor [B2 Minor] 1
Yield stress, Fy il
H55 Welding Type ERW
Feduce HSS Thickness? Mo
Dverstrength factor, Ry s
Mominal Compressive Capacity, Prc 0.
Mominal Tersile Capacity, Prt 0.
Mominal Major Bending Capacity, Mn3 0
Mominal Mincor Bending Capacity, Mn2 0.
Mominal M ajor Shear Capacity, Vn2 0.
Hominal Minor Shear Capacity, ¥nd 0
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Options  Help
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Shear Wall Design

Overwrite Frame Design Procedure...

Select Design Group...
Select Design Combao...

Lateral Bracing

View

Set Lateral Displacement Targets...
Set Time Period Targets...

Interactive 5teel Frame Design

Display Design Info...

IMake Auto Select Section Mull...
Change Design Section...

Reset Design Section to Last Analysis...

Verify Analysis vs Design Section...
Verify all Members Passed...

Reset All Steel Overwrites...
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"Define / Load Combinations ....

- 0.9(DEAD+SD)+ (ENX+EY) 1.2(DEAD+SD)+(LIVE)+ (ENX+EY)
0.9(DEAD+SD)+ (ENX-EY) * 1 7(DEAD+SD)+(LIVE)+ (ENX-EY)

0.9(DEAD+SD)+ (-ENX+EY)
0.9(DEAD+SD)+ (-ENX-EY)

1.2(DEAD+SD)+(LIVE)+ (-ENX+EY)
1.2(DEAD+SD)+(LIVE)+ (-ENX-EY)

0.9(DEAD+SD)+ (EPX+EY)
0.9(DEAD+SD)+ (EPX-EY)

1.2(DEAD+SD)+(LIVE)+ (EPX+EY)
1.2(DEAD+SD)+(LIVE)+ (EPX-EY)

1.4(DEAD+SD+NXSD+NXD)
1.4(DEAD+SD-NXSD-NXD)

0.9(DEAD+SD)+ (-EPX+EY)
0.9(DEAD+SD)+ (-EPX-EY)

1.2(DEAD+SD)+(LIVE)+ (-EPX+EY)
1.2(DEAD+SD)+(LIVE)+ (-EPX-EY)

1.4(DEAD+SD+NYSD+NYD)
1.4(DEAD+SD-NYSD-NYD)

0.9(DEAD+SD)+ (ENY+EX)
0.9(DEAD+SD)+ (ENY-EX)

1.2(DEAD+SD)+(LIVE)+ (ENY+EX)
1.2(DEAD+SD)+(LIVE)+ (ENY-EX)

0.9(DEAD+SD)+ (-ENY+EX)
0.9(DEAD+SD)+ (-ENY-EX)

1.2(DEAD+SD)+(LIVE)+ (-ENY+EX)
1.2(DEAD+SD)+(LIVE)+ (-ENY-EX)

1.2(DEAD+SD+NXSD+NXD)+1.6(LIVE+NXL+NXRL)
1.2(DEAD+SD-NXSD-NXD)+1.6(LIVE-NXL-NXRL)

0.9(DEAD+SD)+ (EPY+EX)
0.9(DEAD+SD)+ (EPY-EX)

1.2(DEAD+SD)+(LIVE)+ (EPY+EX)
1.2(DEAD+SD)+(LIVE)+ (EPY-EX)

1.2(DEAD+SD+NYSD+NYD)+1.6(LIVE+NYL+NYRL)
1.2(DEAD+SD-NYSD-NYD)+1.6(LIVE-NYL-NYRL)

0.9(DEAD+SD)+ (-EPY+EX)

1.2(DEAD+SD)+(LIVE)+ (-EPY+EX)
0.9(DEAD+SD)+ (-EPY-EX)

1.2(DEAD+SD)+(LIVE)+ (-EPY-EX)
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N -
al /L Ratio lﬂ 253 = 6.626 +J 8. lm| 0.178 Ll bbb L s [eghem )
T T (’1!2)(P}‘IPI:) + (Mr33/1c33) + (Mr22/Mc22) | Eq. (H1-0) | ] [
i e s
STRESS CHECK FORCES & humzms (Combo DSTLS38) |
Pu Hu33 | Mu2z2 b2 | bu3 | Tu
-21467 891 143507.413 518656.69% -1030.899 -4268.967 9318.348

AXIAL an:t & BIAXIAL mh’ENT DESIGN | (H1-1b) |

H]
Haji I‘. Bem:llng 1 ﬂ.§1'§' | B.258
Hinor 0.915 | 09.331
L1 1 ] 1 ] Lith  Cb
LTB 8.915 2.234
Phl*?l'lt
| Capacity
leaf%ur{?‘ 211“5? 891 432000.008

Hu phixhn
Lo Homent] . HNo LTB
Ma]or Bendlng 1435087 413 | 2919053 571
Hinor Bendlng 518656.694 2919853.571
B [ [

Uu phi=Un Stress
bl u Ll Force | Capacity | | Ratio
Hajor ear | 1030.899 1?53[15 189 8.886
Hinor Shear  4268.967 175005.189




AISC360-05/1BC2006 STEEL SECTION CHECK

i IPE1gO | | | | | s Densble o b iee o}
376.688 Element Type: Special Homent Frame
ification:  Seismic | |

2nd Order: General 2nd Order Reduction: Tal
Tau_b=1.080 En factor-8.808 EI factor-9.808
Ignore Special EQ Load? Mo D/P Plug Welded? Yes

I s
SRLinit=1.050

e I - I ||
D/C Ratio: 8.247 - 6.000 ¢ 8.247 + |a.qg,nﬁl, I T Lt cflee |
(1/2)(Pr/Pc) + (Hr33/Mc33) + (M-22/Hc22) Eq. (H1.3a,H1-10)

STRESS CHECK FORCES & MOMENTS (Combo DSTLSY)
Location = | Pu | W33 | | Mu22 | | Wu2 | | Uu3l
376.600 0.000 -88500.501 0.008 524 853 6.0060
AXIAL FORCE & BIAXIAL MOMENT DESIGN | (H1.3a,H1-1b)
forl | | | | |4 | | kY | | K2 | | |BY | | |BF
Major Bending B | 1.008 1.088
Winor Bending = 8.818  1.@88 1. . 1.e88 | 1.888

LTE

p:lii*;j'jnc' | phixPnt




Story |STORYS Analysis Section ~ PE180
Beam [623 Design Section JIPE180

COMBO STATION /----MOMENT INTERACTION CHECK---—- / {-MAJ-SHR---MIN-SHR-/
LOC RATIO AXL + B-MAJ + B-MIN RATIO RATIO
149.51 0.069(C) = 0.000 + 0.069 + 0.000 0.034 0.000
194.93 0.009(C) = 0.000 + 0.009 + 0.000 0.035 0.000
240.34 0.053(C) = 0.000 + + 0.000 0.036 0.000
285.76 0.116(C) = 0.000 + + 0.000 0.037 0.000
+.
-

331.18 0.181(C) = 0.000 + 0.000 0.037 0.000
47 + 0.000 0.038 0.000

Ovenwrites I Details I

[ ok | Cancel |
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AISC360-05/BC2006

SMF

Seismic Design Category

Importance Factor

System Rho

System Sds

System R

System Omegal

3

System Cd

a5

Design Provision

LRFD

Design Analysis Method

Direct Analysis

Second Order Method

General 2nd Order

Stiffness Reduction Method

Tau-b Fixed

Phi(Bending)

0.9

Phi[Compression)

0.3

Phi[T ension-Yielding)

03

Phi[T ension-Fracture)

0.75

Phi(Shear)

0.9

Phi(Shear Rolled I)

1

Phi(Shear-T orsion)

0.9

Etabs :

Options >
preferences >
steel frame
destgn
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|ST ORY3 Analysiz Section |IPE1EJ
(] DesignSection  PE180

STATION /----MOMENT INTERACTION CHECK-----//-MAJ-SHR---MIN-SHR-/
LOC  RATIO = AXL + B-MAJ + B-MIN RATIO RATIO
148.51 0.088(C) 0.000 + 0.069 + 0.000 0.034 0.000
194.93 0.008(C) 0.000 + 0.009 + 0.000 0.035 0.000
240,34 0.053(C) 0.000 + 0.053 + 0.000 0.036 0.000
285.76 0.116(C) 0.000 + 0.116 + 0.000 0.037 0.000
331.18 0.181(C) 0.000 + 0.000 0.037 0.000

B+ + + + + |+

Overwites | Details

caes |

SC366-05/1BC2086 STEEL SECTION CHECK | Units: Kgf-cm (Deflection Details) | i [Kgfem |

RY9 | Se : IPE186
B29 | 1 13.258
Combo : DSTLD2

DEFLECTION CHECK (Combo DSTLD2) L]
=1 | | Consider Deflection imit Status

L0.012 T
0K
0K
0K
ok




| ThEsign Code

Al5C360-05/BC2008

Frame Type

SMF

Seismic Design Categary

D

Importance Factar

1

Syztem Rho

1

System Sds

05

System R

a8

Syatern Omegal

3

System Cd

56

Dresign Provizion

LRFD

Design Analpsis Method

Direct Analpsiz

Second Drder Method

General 2nd Order

Stiffness Reduction Method

Tau-b Fixed

PhilBending]

PhilCompression]

PhilT enzion-Yielding]

FhilTension-Fracture]

PhilShear]

Phi[Shear Rolled 1]

PhilShea-T orzion)

|gnore S eismic Code?

|gnare Special Seismic Load?

|z Doubler Plate Plug Welded?

HS5 Welding Type

Reduce HS5 Thickness?

Consider Deflaction?

Deflection Check Type

DL Lirnit, L £

Super DL+LL Limit, L/

Live Load Limit, L /

Total Limit, L4

Totak-Camber Limit, L/

DL Lirnit, &b

Super DL+LL Limit, abs

Live Load Limit, abs

Total Limit, abs

Totak-Camber Limit, abs

Pattern Live Load Factor

Stress R atio Limit

Maxirnurn Auto |keration

Cancel

tetabs :

Options >
preferences >
steel frame
destgn




AETARS Nonlinear v0.7.4 - MOMENI-OMEGA.
A4 View Define Draw Select | Assign

Analyze Display Design  Options  Help
To@rBEE -« /|6 VI sk ok o ge| 2 @
wan|a.lewne ,3—\—‘.% _frame!Lme la- |z E'v.

it Elevation View - 1

PRl

“h Group Names...
Clear Display of Assigns

Copy Assigns

/9’! (j/’(f /’)/.a/.//‘(:",'/

Load Case Name

Object Temperature
Uriform Temperature Change 0.

End Point Temperature Option—

I~ Inchude Effects of Point Temperatures

—

=7/

bL/:U JL;’!

g
Object Temperature Optiors
" Add to Existing Temperature

* Replace Existing Temperature

" Delete Existing Temperature

Cancel |




Material Name

STEEL

- Display Color
Colar

~ Type of Material
(¢ |sotropic ¢ DOrthotropic

- T}'DE of Dul:a‘ul
Design

— Analysis Property Data
Mass per unit Yolume
‘Weight per unit Volume
Modulus of Elasticity
Paisson's Ratio

Coeff of Thermal Expansion
Shear Modulus

[7981E06
[783€03
[2038301.92

E—

1170605

— Design Property Data
Minimum Yield Stress, Fy
Mirimum Tensile Strength, Fu
Cost per Unit ‘Weight
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e Slasuie (58,5 a5 0 b il 0,90 (6,108 L SLS 5 Pl Cod il bl (e pis

Material : E,0,G,.. .
Section : Elastic
Section Properties | Qr

Set modifiers . .
Dimentions Inelastic

Load combinations | Analysis




Properties | Analysis Property Data
Cross-section [axial] area Mass per unit Volume

Torsional constant Weight per unit Volume

Modulus of Elasticity

Moment of Inertia about 3 axis

Moment of Inertia about 2 axis ) i
Poisson's Ratio
Shear area in 2 direction

Properties Shear a3 dewciion Coeff of Thermal Expansion

_Seclon Propetes, | | [ Matenasr\J Shear Modulus

Dimensions

Outside height (t3) |27.

Property Modifiers

Tap flange width (12) E S5 Cross-section [axial) Area
Top flange thickness (1) (7 — Shear &rea in 2 direction
Web thickness [tw) e ‘ Shear Area in 3 direction
Botiom flange width (126) 135 | Torsional Constant
| Bottom flange thickness [ tfb) oz ‘ Moment of Inertia about 2 axis

Moment of Inertia about 3 axis

Mass

Weight




- IF1=[KT*[U], [U]=INVERSE[K]*[F],[U]=...

2-Degree Of Freedom
Available or anavailable
Active

Restrained
Constrained

Null

3-object-based and finite element method
Element formation




:i 2-Degree Of Freedom

Joints, also known as nodal points or nodes, are a fundamental part of every struc-
tural model. Joints perform a variety of functions:

» All elements are connected to the structure (and hence to each other) at the
joints
» The structure is supported at the joints using Restraints and/or Springs

» Rigid-body behavior and symmetry conditions can be specified using Con-
straints that apply to the joints

» Concentrated loads may be applied at the joints

* Lumped (concentrated) masses and rotational inertia may be placed at the
joints

» All loads and masses applied to the elements are actually transferred to the
joints

+ Joints are the primary locations in the structure at which the displacements are
known (the supports) or are to be determined



2-Degree Of Freedom

Joints in the analysis model correspond to point objects in the structural-object
model. Using the SAP2000, ETABS, SAFE, or CSiBridge graphical user interface,
joints (points) are automatically created at the ends of each Line object and at the
corners of each Area and Solid object. Joints may also be defined independently of
any object.

Automatic meshing of objects will create additional joints corresponding to any el-
ements that are created.

Joints may themselves be considered as elements. Each joint may have its own lo-
cal coordinate system for defining the degrees of freedom, restraints, joint proper-
ties, and loads; and for interpreting joint output. In most cases, however, the global
X-Y-Z coordinate system is used as the local coordinate system for all joints in the
model. Joints act independently of each other unless connected by other elements.




Q:gegree Of Freedom

There are six displacement degrees of freedom at every joint — three translations
and three rotations. These displacement components are aligned along the local co-
ordinate system of each joint.

Joints may be loaded directly by concentrated loads or indirectly by ground dis-
placements acting though Restraints, spring supports, or one-joint (grounded) /
Link/Support objects. a

Displacements (translations and rotations) are produced at every joint. Reaction
forces and moments acting at each supported joint are also produced.




QQI‘egree Of Freedom

Local Coordinate System

Each joint has its own joint local coordinate system used to define the degrees of
freedom, Restraints, properties, and loads at the joint; and for interpreting joint out-
put. The axes of the joint local coordinate system are denoted 1, 2, and 3. By default
these axes are identical to the global X, Y, and Z axes, respectively. Both systems
are right-handed coordinate systems.

The default local coordinate system is adequate for most situations. However, for
certain modeling purposes it may be useful to use different local coordinate sys-
tems at some or all of the joints. This is described in the next topic.

Joint local coordinate systems need only be defined for the affected joints. The
global system is used for all joints for which no local coordinate system is explicitly
specified.




n

‘Degrees of Freedom

The deflection of the structural model is governed by the displacements of the | Z(Bl=elic=n @I Ficicielolny
joints. Every joint of the structural model may have up to six displacement compo-
nents:

* The joint may translate along its three local axes. These translations are de-
noted U1, U2, and U3.

» The joint may rotate about its three local axes. These rotations are denoted R1,
R2, and R3.




2%egree Of Freedom
Each degree of freedom in the structural model must be one of the following types:

Active — the displacement is computed during the analysis

Restrained — the displacement is specified, and the corresponding reaction is
computed during the analysis

degrees of freedom

Null — the displacement does not affect the structure and is ignored by the
analysis

Unavailable — the displacement has been explicitly excluded from the analy-
sis

Constrained — the displacement is determined from the displacements at other %




QQI‘egree Of Freedom

Active Degrees of Freedom

All available degrees of freedom that are neither constrained nor restrained must be
either active or null. The program will automatically determine the active degrees
of freedom as follows:

+ Ifany load or stiffness is applied along any translational degree of freedom at a
joint, then all available translational degrees of freedom at that joint are made
active unless they are constrained or restrained.

« If any load or stiffness is applied along any rotational degree of freedom at a
joint, then all available rotational degrees of freedom at that joint are made ac-
tive unless they are constrained or restrained.

» All degrees of freedom at a master joint that govern constrained degrees of
freedom are made active.




2%egree Of Freedom

Every active degree of freedom has an associated equation to be solved. If there are
N active degrees of freedom in the structure, there are N equations in the system,
and the structural stiffness matrix is said to be of order N. The amount of computa-
tional effort required to perform the analysis increases with N.

The load acting along each active degree of freedom is known (it may be zero). The
corresponding displacement will be determined by the analysis.

If there are active degrees of freedom in the system at which the stiffness is known
to be zero, such as the out-of-plane translation in a planar-frame, these must either
be restrained or made unavailable. Otherwise, the structure is unstable and the solu-
tion of the static equations will fail.




Q%‘egree Of Freedom

3 | Fixed

Rollers

3-D Frame Structure

U1, U2, U3, R1, R2, R3
None

z

o

X" Global

Restraints
Uz, R1, R3
us3

U1, U3, R2
U1, U3

2-D Frame Structure, X-Z plane




I\
Q%egree Of Freedom

Element Joint Force Output

The element joint forces are concentrated forces and moments acting at the joints
of the element that represent the effect of the rest of the structure upon the element
and that cause the deformation of the element. The moments will always be zero for
the solid-type elements: Plane, Asolid, and Solid.

A positive value of force or moment tends to cause a positive value of translation or
rotation of the element along the corresponding joint degree of freedom.

Element joint forces must not be confused with internal forces and moments which,
like stresses, act within the volume of the element.

For a given element, the vector of element joint forces, f, is computed as:
f=Ku-r

where K is the element stiffness matrix, # is the vector of element joint displace-

ments, and r is the vector of element applied loads as apportioned to the joints. The

element joint forces are always referred to the local axes of the individual joints.

They are identified in the output as F1, F2, F3, M1, M2, and M3.



3%ojec’r-bosed and finite element method

Objects and Elements

The physical structural members in a structural model are represented by objects.
Using the graphical user interface, you “draw” the geometry of an object, then “as-
sign” properties and loads to the object to completely define the model of the physi-
cal member. For analysis purposes, SAP2000 converts each object into one or more
elements.




3%ojec’r-bosed and finite element method

When you run an analysis, SAP2000 automatically converts your object-based
model into an element-based model that is used for analysis. This element-based
model is called the analysis model, and it consists of traditional finite elements and
joints (nodes). Results of the analysis are reported back on the object-based model.

You have control over how the meshing is performed, such as the degree of refine- %
ment, and how to handle the connections between intersecting objects. You also
have the option to manually mesh the model, resulting in a one-to-one correspon-
dence between objects and elements.
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B E G T N

AN ALY S &5

“MAXIMUM MEMORY BLOCK SIZE (BYTES) = 64.000 MB
Element formation
ELEMENT FORMATION
NUMBER OF JOINT ELEMENTS FORMED = 23463
NUMBER OF SPRING ELEMENTS FORMED = 621
NUMBER OF FRAME ELEMENTS FORMED = 25731
NUMBER OF SHELL ELEMENTS FORMED = 23773
NUMBER OF CONSTRAINTS FORMED = 76
REDUCTION OF CONSTRAINTS AND RESTRAINTS:
NUMBER OF
CONSTRAINT MASTER DOF BEFORE REDUCTION = 387
COUPLED CONSTRAINT/RESTRAINT MASTER DOF = 138
CONSTRAINT MASTER DOF AFTER REDUCTION = 249
EHGATTON =015 U T T 0N
TOTAL NUMBER OF EQUILIBRIUM EQUATIONS = 151380
APPROXIMATE "EFFECTIVE" BAND WIDTH = 1016
NUMBER OF EQUATION STORAGE BLOCKS = 19
MAXIMUM BLOCK SIZE (8-BYTE TERMS) = 8388608
SIZE OF STIFFNESS FILE(S) (BYTES) = 1.188 GB
NUMBER OF EQUATIONS TO SOLVE = 151380
NUMBER OF STATIC LOAD CASES = 28
NUMBER OF ACCELERATION LOADS = 6
NUMBER OF NONLINEAR DEFORMATION LOADS = 0




CURRENT P-DELTA ANALYSIS ITERATION
WMAXIMUM NUMBER OF ITERATIONS ALLOWED

CURRENT DISPLACEMENT MAGNITUDE 0.115616

BTETG TN B EFE T A I T ETREA T

E ECEME SNOW Fg R/MA T T ON

NUMBER OF FRAME ELEMENTS FORMED
NUMBER OF SHELL ELEMENTS FORMED

EQU AT :T0N S QLU SR EN

151380
1016

39
8388608
1.188

TOTAL NUMBER OF EQUILIBRIUM EQUATIONS
APPROXIMATE "EFFECTIVE" BAND WIDTH

NUMBER OF EQUATION STORAGE BLOCKS
MAXIMUM BLOCK SIZE (8-BYTE TERMS)
SIZE OF STIFFNESS FILE(S) (BYTES)

151380
28

6

0

NUMBER OF EQUATIONS TO SOLVE

NUMBER OF STATIC LOAD CASES

NUMBER OF ACCELERATION LOADS

NUMBER OF NONLINEAR DEFORMATION LOADS
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 ¢RRENT P-DELTA ANALYSIS ITERATION 1
VMAXIMUM NUMBER OF ITERATIONS ALLOWED 5

CURRENT DISPLACEMENT MAGNITUDE 0.115572
RELATIVE DISPLACEMENT CHANGE 0.004965
RELATIVE DISPLACEMENT TOLERANCE 0.001000

ITERATION DID NOT CONVERGE

EGE EMUE N E QR MA T ION
NUMBER OF FRAME ELEMENTS FORMED
NUMBER OF SHELL ELEMENTS FORMED
EQUATTION 5 GL 0T IO N

151380
1016

TOTAL NUMBER OF EQUILIBRIUM EQUATIONS
APPROXIMATE "EFFECTIVE" BAND WIDTH

NUMBER OF EQUATION STORAGE BLOCKS
MAXIMUM BLOCK SIZE (8-BYTE TERMS)
SIZE OF STIFFNESS FILE(S) (BYTES)

19
8388608
1.188

151380
28

6

0

NUMBER OF EQUATIONS TO SOLVE

NUMBER OF STATIC LOAD CASES

NUMBER OF ACCELERATION LOADS

NUMBER OF NONLINEAR DEFORMATION LOADS

nnuwn




2

CURRENT P-DELTA ANALYSIS ITERATION = 2
MAXIMUM NUMBER OF ITERATIONS ALLOWED = 5
CURRENT DISPLACEMENT MAGNITUDE = 0.115572
RELATIVE DISPLACEMENT CHANGE = 5.94E-06
RELATIVE DISPLACEMENT TOLERANCE = 0.001000

ITERATION CONVERGED

N\

Pr= 0 E LT A I TERATIBN COM



I GEN ANALYSZIS

civil-ir

NUMBER OF STIFFNESS DEGREES OF FREEDOM = 151380
NUMBER OF MASS DEGREES OF FREEDOM = 46616
NUMBER OF EIGEN MODES SOUGHT = 30
NUMBER OF RESIDUAL-MASS MODES SOUGHT = 0
NUMBER OF SUBSPACE VECTORS USED = 20

RELATIVE CONVERGENCE TOLERANCE = 1.00E-07
FREQUENCY SHIFT (CENTER) (CYC/TIME) = .000000
FREQUENCY CUTOFF (RADIUS) (CYC/TIME) = . 000000

NUMBER OF EIGEN MODES FOUND
NUMBER OF ITERATIONS PERFORMED

RESMPONS E=3PFMEESE TR IEN AN A

NUMBER OF SPEC ANALYSES PERFORMED
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Importance Factor
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Diesign Code

A|SC3R0-05/1BC2006

Spstern Omegall
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Frame Type

SMF

Systern Cd

35

Seigrmic Design Categom

Diesign Provision

LRFD

Importance Factor

Diesign Analysis Method

Direct Analysiz
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Second Order Method

General 2nd Order

Spgtern Sds

Stifiness Reduction Method
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Ighore S pecial Seismic Load?
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HSS Welding Type

Reduce HSS Thickness?

Diesign Code

A|SC3R0-05/1BC2006

Options >
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preferences >

steel frame

design

Design Code

AISC3R0-05/1BC2006

Conzider Deflection?

Frame Type

SMF

Frame Type

SMF

Deflection Check Type
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Seismic Design Categary

DL Lirnit, L/

Importance Factor

Impartance Factar

Super DL+LL Limit, L /

Systern Rha

System Rho

Live Load Limit, L /
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System Sds

Taotal Limit, L4
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System B

Total-Camber Limit, L/
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System Omegal

3

DL Limit, abs

Systern Cd

35

System Cd
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Super DL+LL Limit, abs

D esign Provision

LRFD
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LRFD

Live Load Limit, abs

Design Analysis Methad

Direct Analyzis

Design Analysis Method

Direct Analysis

Taotal Limit, abs

Second Order Method
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Stiffness Reduction Method

Pattern Live Load Factor
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Second Order Method
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Stiffness Reduction Method
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PhilCompression]
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Design Analysis Method Direct Analysis
Second Order Method Direct Analysis
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Phi[Compression) 09
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Importance Factor 1.
System Rho § &
System Sds 0.
System R 5
System Omegal 3.
System Cd 35
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Design Analysis Method Direct Analysis |
Second Order Method General 2nd Order  +
Stiffness Reduction Methad =
PhiBending] Amplified 1st Order
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Full 3D #Z Plane YZ Plane Mo Z Rotation

WU MU MUZ WRX WRY ¥RZ

v Dynamic Analysis Set Dynamic Parameters. .. I

[~ Include P-Deka Set P-Delta Parameters... |

[~ Save Access DB File File Name. ]




~ Frame Releases

Release Frame Partial Fizity Springs
Stat End Start End
Axial Load ||

Shear Force 2 [Major)
Shear Force 3 [Minor]
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Section Name

Material

~ Thickness
Membrane
Bending

~Type

@+ Shel " Membrane ( Plate

I~ Thick Plate

— Load Distribution

I~ Use Special One-way Load Distribution

Set Modifiers. .. |
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Display Color .
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" Non-iterative - Based on Mass
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~ |teration Controls

Maximurm Iterations |1
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- Building Active Degrees of Freedom
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File Edit View Define Draw Select Assign Analyze Display | Design Options Help
D | H %% - g & pmppmil Select Design Group...
W t Lol e R @ Q’\i %'U L1 Bl %:' ar .|| B Concrete Frame Design » Select Design Combo...
. T Composite Beam Design ] Lateral Bracing
A, Elevation View -1 £ Steel Joist Design
E shear wall Design

R
5

Pl
[ | Current Design Section BOR-25-25-8
[ | Frame Type SMF
[ | Deflection Check Type Bioth
[~ | DL Limit, L / 120,
Super DL+LL Limit, L / 120
I | Live Load Limit, L / 360
[~ | Total Limit, L/ 240
[~ | Total-Camnber Limit, L/ 20
[~ DL Limit, abs 254
[~ | Supes DL+LL Lirit, abg 254
[ | Live Load Limit, abe 254
™ | Tatal Limit, abs 254
[ | Total-Camber Limit, abs 254
[ | Specified Camber 0,
[ | Live Load Redustion Factor 0.868
[ | Net Areato Tatal Area Ratio 1
[ | Unbraced Length FatiolMajor) 09182
[ | Unbraced Length Fiatio [Minor] 09182
[™ | Unbraced Length Ratio (LTE) 05182
[ | Effective Length Factor [K Major) 1.5758
[™ | Effective Lenath Factor K Minor] 11,6869
[~ | Effective Length Factar (K Major Braced) T
[ | Effective Lenath Factor (K Minor Braced) i
[ | Effective Length Factor (K LTE] 16859

Set Lateral Displacement Targets...
Set Time Period Targets...

Ovenwrite Frame Design Procedure...

Display Design Info...

Make Auto Select Section Null...

Change Design Section..,

Reset Design Section to Last Analysis...

Verify Analysis vs Design Section...
Verify all Members Passed...

Reset All Steel Overwrites..,
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If [(ASQ/AS] )~=BQ In all stories for any structural system] < 1.1
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Original position of frame
element shown by vertical

line ,_\

Position of frame element
as a result of global lateral

translation, A, shown by
dashed line 5

E

'« Final deflected position of the
frame element that includes the
global lateral translation, A, and
the local deformation of the

element, &

Figure 2-1 System sway and element order effects
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Design Code AISC360-05/1BC2006
Frame Type SMF
Seismic Design Category D
Importance Factor 1.
System Rho § &
System Sds 0.
System R 5
System Omegal 3.
System Cd 35
Design Provision LRFD
Design Analysis Method Direct Analysis |
Second Order Method General 2nd Order  +
Stiffness Reduction Methad =
PhiBending] Amplified 1st Order
Phi[Compression] 09

03

Phi[T ension-Yielding]







“Analysis Methods

The code requires that stability shall be provided for the structure as a whole
and for each of the elements. Any method of analysis that considers the influ-
ence of second order effects of P-4 and P-§, geometric imperfections, out-of-
plumbness, and member stiffness reduction due to residual stresses are permit-
ted by the code. The effects of geometric imperfection and out-of-plumbness
generally are captured by the use of notional loads. The effect of axial, shear
and flexural deformations and the effects of residual stresses on the member
stiffness reduction has been considered in a specialized method called "Direct
Analysis Method." This method can come in different incarnations (formats)
according to the choice of the engineer as allowed in the code.

AN N

The program offers the user seven analysis options for design:
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Le esigh Code AISC360-05/1BC2006
Frame Type SMF

Seismic Design Category
Importance Factor
System Rho

System Sds

System R

System Omegal

System Cd

Design Provision

Design Analysis Method Direct Analysis
Second Order Method Direct Analysis
Stiffness Reduction Method Effective Length
Phi(Bending] | Limited 1st Order
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Direct analysis




Direct Analysis Method

The Direct Analysis Method is expected to more accurately determine the
internal forces of the structure, provided care is used in the selection of the
appropriate methods used to determine the second-order effects, notional load
effects and appropriate stiffness reduction factors as defined in AISC C2.
Additionally, the Direct Analysis Method does not use an effective length
factor other than K = 1.0. The rational behind the use of K = 1.0 is that proper
consideration of the second-order effects (P-A and P-3), geometric
imperfections (using notional loads) and inelastic effects (applying stiffness
reductions) better accounts for the stability effects of a structure than the earlier
Effective Length methods.
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Direct Analysis Method

Limitation or
Applicability

Essentials of the Method

General Second
Order Analysis

Variable
Factor Stiffness
Reduction

No limitation

2nd Order Analysis
Reduced stiffness
EI*=087,El
EA*=0.8EA

P
1ofor £r<05
P

¥

=
2N R

B, and B, notused
K, =1 (used for )
Notional load with all combos, except for 4, /4, <1.5 for

which notional load with gravity combos only
Notional load coeﬂ‘ment - 0 (IJZ (typically)

Fixed Factor
Stiffness
Reduction

No limitation

Mudshiﬁnu
EI*=085,El

EA*=0.8EA
=10
K, =1 (used for £,)

‘Notional load with all combos, except for 4,,,/4, <1.5
for which notional load with gravity combos only

wmmﬁnmtwm




Direct Analysis Method

Option

Variable

Limitation or
Applicability

Amplified First
Order Analysis

Variable
Factor Stiffness
Reduction

Essentials of the Method

No limitation

1st Order Analysis
Reduced Stiffness
1*=0.87,El

EA*=0.8E4

aP
1.0 fo. ff5
for =

= 4
4[12][1_%5}@9};20.5
¥ ¥ i
K, =1forB,
K,=1for P, and B,

Notional load with all combos, except for 4, /4, <15

for which notional load with gravity combos only
Notional load coeﬁ"lment = 0.002 (typically)

Amplified First
Order Analysis

Fixed Factor
Stiffness
Reduction

No limitation

K, =1 (used for P,)
Notional load with all combos, except for 4, /A <15

for which notional load with gravity combos. enly

Notional load coefficient = 0.003 (1
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"Define / Load Combinations ....

- 0.9(DEAD+SD)+ (ENX+EY) 1.2(DEAD+SD)+(LIVE)+ (ENX+EY)
0.9(DEAD+SD)+ (ENX-EY) * 1 7(DEAD+SD)+(LIVE)+ (ENX-EY)

0.9(DEAD+SD)+ (-ENX+EY)
0.9(DEAD+SD)+ (-ENX-EY)

1.2(DEAD+SD)+(LIVE)+ (-ENX+EY)
1.2(DEAD+SD)+(LIVE)+ (-ENX-EY)

0.9(DEAD+SD)+ (EPX+EY)
0.9(DEAD+SD)+ (EPX-EY)

1.2(DEAD+SD)+(LIVE)+ (EPX+EY)
1.2(DEAD+SD)+(LIVE)+ (EPX-EY)

1.4(DEAD+SD+NXSD+NXD)
1.4(DEAD+SD-NXSD-NXD)

0.9(DEAD+SD)+ (-EPX+EY)
0.9(DEAD+SD)+ (-EPX-EY)

1.2(DEAD+SD)+(LIVE)+ (-EPX+EY)
1.2(DEAD+SD)+(LIVE)+ (-EPX-EY)

1.4(DEAD+SD+NYSD+NYD)
1.4(DEAD+SD-NYSD-NYD)

0.9(DEAD+SD)+ (ENY+EX)
0.9(DEAD+SD)+ (ENY-EX)

1.2(DEAD+SD)+(LIVE)+ (ENY+EX)
1.2(DEAD+SD)+(LIVE)+ (ENY-EX)

0.9(DEAD+SD)+ (-ENY+EX)
0.9(DEAD+SD)+ (-ENY-EX)

1.2(DEAD+SD)+(LIVE)+ (-ENY+EX)
1.2(DEAD+SD)+(LIVE)+ (-ENY-EX)

1.2(DEAD+SD+NXSD+NXD)+1.6(LIVE+NXL+NXRL)
1.2(DEAD+SD-NXSD-NXD)+1.6(LIVE-NXL-NXRL)

0.9(DEAD+SD)+ (EPY+EX)
0.9(DEAD+SD)+ (EPY-EX)

1.2(DEAD+SD)+(LIVE)+ (EPY+EX)
1.2(DEAD+SD)+(LIVE)+ (EPY-EX)

1.2(DEAD+SD+NYSD+NYD)+1.6(LIVE+NYL+NYRL)
1.2(DEAD+SD-NYSD-NYD)+1.6(LIVE-NYL-NYRL)

0.9(DEAD+SD)+ (-EPY+EX)

1.2(DEAD+SD)+(LIVE)+ (-EPY+EX)
0.9(DEAD+SD)+ (-EPY-EX)

1.2(DEAD+SD)+(LIVE)+ (-EPY-EX)



Member out-of-straightness = L / 1000 P
- " ( wpring (a<f 8y B
] — : ®
a F,=2>P row
Member out-of-plumbness = L / 500 nl h " L
II, 500 L N; - 0.00ZCBK S i
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N, =0.002F,
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— 2 spring (M=B )

(a) imperfect geometry (b) equivalent notional loads




N, =0.002Y,
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. Effective Length Method

For structures exhibiting small second-order effects, the effective length
method may be suitable. The effective length approach relies on two main
assumptions, namely, that the structural response is elastic and that all columns
buckle simultaneously. The effective length method also relies on a calibrated
approach to account for the differences between the actual member response
and the 2nd-order elastic analysis results. The calibration is necessary because
the 2nd-order elastic analysis does not account for the effects of distributed
yielding and geometric imperfections. Since the interaction equations used in
the effective length approach rely on the calibration corresponding to a 2nd-
order elastic analysis of an idealized structure, the results are not likely
representative of the actual behavior of the structure. However, the results are
generally conservative. In the AISC 360-10 code, the effective length method
is allowed provided the member demands are determined using a second-order
analysis (either explicit or by amplified first-order analysis) and notional loads
are included in all gravity load combinations (AISC Appendix 7). K-factors
must be calculated to account for buckling (except for braced frames, or where
A, /A, £ 1.5, K =1.0) (AISC App. 7.2).
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1 st analysis

The Limited First Order Analysis, option 7, does not include the secondary
P-A and P-s effects. This method has very limited applicability and might be
appropriate only when the axial forces in the columns are very small compared
to their Euler buckling capacities.
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Direct Analysis Method

Limitation or
Applicability

Essentials of the Method

General Second
Order Analysis

Variable
Factor Stiffness
Reduction

No limitation

2nd Order Analysis
Reduced stiffness
EI*=087,El
EA*=0.8EA

P
1ofor £r<05
P

¥

=
2N R

B, and B, notused
K, =1 (used for )
Notional load with all combos, except for 4, /4, <1.5 for

which notional load with gravity combos only
Notional load coeﬂ‘ment - 0 (IJZ (typically)

Fixed Factor
Stiffness
Reduction

No limitation

Mudshiﬁnu
EI*=085,El

EA*=0.8EA
=10
K, =1 (used for £,)

‘Notional load with all combos, except for 4,,,/4, <1.5
for which notional load with gravity combos only

wmmﬁnmtwm




Direct Analysis Method

Option

Variable

Limitation or
Applicability

Amplified First
Order Analysis

Variable
Factor Stiffness
Reduction

Essentials of the Method

No limitation

1st Order Analysis
Reduced Stiffness
1*=0.87,El

EA*=0.8E4

aP
1.0 fo. ff5
for =

= 4
4[12][1_%5}@9};20.5
¥ ¥ i
K, =1forB,
K,=1for P, and B,

Notional load with all combos, except for 4, /4, <15

for which notional load with gravity combos only
Notional load coeﬁ"lment = 0.002 (typically)

Amplified First
Order Analysis

Fixed Factor
Stiffness
Reduction

No limitation

K, =1 (used for P,)
Notional load with all combos, except for 4, /A <15

for which notional load with gravity combos. enly

Notional load coefficient = 0.003 (1




Effective Length Method

Limitation or

Option Applicability Essentials of the Method
4., - 2nd Order Analysis
T Unreduced Stiffness

General Second

1 st

(for all stories)

K =K, (used for P,)
Notional load with gravity combos only

. Ela‘S“c ~=any Notional load coefficient = 0.002 (typically)
Analysis . d =
¥ ] e
(for all columns) B, =1
Aons Ist Order Analysis
A B Unreduced stiffness
st
(for all stories) K, for B,
Amplified First K, for B,

Order Analysis

(for all columns)

K =K, (used for P)

Notional load with gravity combos only
Notional load with coefficient = 0.002 (typically)
Use of B, and B,

N\




Limited First Order Analysis

Limited First
Order Elastic

Analysis

A

sl

(for all stories)

ak <05

¥

<1.5

for all columns

1st Order Analysis
Unreduced stiffness
K, for P, (not B,)
Notional load with all combos

Notional load with coefficient = (2)[-‘5—] >0.0042
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3.5.3.10 General Sections and Section Designer Sections

For General sections and Section Designer sections. the nominal major and
minor direction g strengths are assumed as:

M=M= SF, /

The program does not check any lateral-torsional buckling. flange local buck-

ling. web local buckling. or tension flange yielding. The program assumptions
may not be conservative. The user is exgected to calcd' ate %e capacity and

overwrite it.
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STORYE Analysiz Section iH 227.8822T1
Beam B30 Design Section iH22T-SB22T1

SIATION /--—-MOMENT INTERACTION CHECK————— //-MRJ-SHR-—-MIN-SHR-/
LOC  BRTIO = RX¥L + B-MRJ + B-MIN BATIO RATIO
339.41 Section is not seismically compact

385.88 Section is not seismically compact . | s Units [Kgh-cm ,I
P . i Units: Hgf-cm (Summary For Combo and Station)

478.81 Section i seismically compact I | KR |

525.28 Section i seismically compact 671.758 Element Type: Special Homent Frame
Section is seismically compact ation:  Compact

2nd Order: General 2nd Order | | Reduction: Tau-b Uari
: i g Tau_b=1.0888 EfA factor=8.888 EI factor=8.888
Ovenurites I Details ! Ignore Special EQ Load? Ho D/P Plug Welded? Ves
i+ Shength

3 Rho=1.0608 Sds=0. 0888
" Deflection Cancel | Edg3.5lll] .

PhiTy-8.900 PhiTF=0.750
PhiST=8.900

L=585.088 | | |
A=61.600 133-6532.533 r33=10.298 $33=544.378 AY3=36.667
J=17.915 122=1775.605 §22=161.419 Av2=19.200
E=20838961.928 | fy=2406.608 | Ry=1.188 | 733=682.808 | Cuw=234823 8A5
RLLF=1.804 SRLimit=1.858 z22-245.528

Stress Check| Hessage - Section is| not seismically compact

D/C Ratio: 8.159 - @6.868 + B.157 + O.0668
= {(1/2)(Pr/Pc) + (Mr33/Hc33) + (Mr22/Mc22) Eq. (H1.3a,H1-1b)

STRESS CHECK FORCES & MOMENTS (Combo DSTLS38) |
Location Pu | Mu33 £ | |
571.750 0.080 -206418 .385 0.080 2830278 0.080 -3.823

Hu22 Uu2 Uu3 Tu

AXINL FORCE & BIAXIAL HOMENT DESIGH | (H1.3a,H1-1b)
Factor L K2
Major Bending 8.955 1.888 1._888
HMiner Bending | B.pi@ | 1.p68 | 1.800

L1ltb Kltb Ch
LTB 8.635 1.080 1.178




ry for Combo and Station)
ion ID: C2525T1SUEB22T4
ification: ompact

L=330.000

n-200.000 i 792 133-18919.792 | '

' 3=1351.414 r22-9.726 r33-9.726
a6 ! LS .

_ P-H33-M22 Demand/Capacity Ratio is 1.832 - B.488 + 8.218 + 6.486

STRESS CHECK FORCES & MOMENTS [ 1 o W ol N el
e . e . . o R
Combo  COMBS -97870.953 428710.830 796576.392 | 2799.756  5304.961

AXIAL FORCE & BIAXIAL MOMENT DESIGH | (H1-1)
| Fa | Fa |

_Stress  Allowable
489.355 1199. 408

b o ‘Fe | &m K (O | o]

_ | Stress  Allowable Allowable Factor Factor Factor Factor |

| g | - | | | | 3462.333 B8.858  1.773 c 2.300
Hinor Bending 89.439 | 3413.0849  8.858 1.786

_ SHEAR DESIGH
| | FU
o g Allowable
Hajor Shear
Hinor Shear
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OCBF : ordmary concentrically braced ii




Design Code

AISC360-05/1BC2006

Frame Type

Seismic Design Category

SMF ~|

Importance Factor

System Bho

System Sds

System R

SMF
IMF
OMF
SCBF

OCEFI

System Omegal

System Cd

EBF

55

Design Provision

LRFD

Design Analpsis Method

Direct Analysis

Second Order Method

General 2nd Order

Stiffness Reduction Method

Tau-b Fixed

PhiBending)

03

Phi[Compression)

09

Phi(T ension-Yielding)

03

Phi(T ension-Fracture]

0.75

Phi(Shear)

03

Phi(Shear Rolled I)

1

Phi[Shear-Torsion)

09

lgnore Seismic Code?

Mo

| |gnore Special Seismic Load?

No

Is Doubler Plate Plug 'Welded?

Yes

HSS Welding Type

ERW

Reduce H5S Thickness?

Mo

Consider Deflection?

Yes

OCBEF
ordimary

concentrically
braced frame




ivil-ir

I3z 5155 budsais e ol sle5 ) ooy haaS Sloll 1e-Fo)-
Sl S i Uil Ll 5l a7 955 00 428 LMol 4 Jgane (1, Kon Budisuilos sl
dyl; Sl cod dagl eYlasl g Lacl coglie ;o alasdle s o2l e (gogume el 13
S 1 odle sainlge slasilas sy slocll SYlal 5 Lael >l L5 59,00 b
Sl oyl ==V B YY1 e (lato (los,) ol 5050 Y=Ve g V=Ve (gl fuab b e

Dg Coley pi iou ol (LSS



o308 Slalyll 1-Yo—F-)e
5 Sodye w5y slagonlee Sl OB g5 (pl 10 slre slagony o g0,y (I
sl O g8 cnl 0 K S &y (slacsusylos 51 oslizul aitib o AgY S5 & slacoutss g
bl gai

9 09d @39 §)La8 5 iS slaganlee IS Wb sl 98 OB g5 0l o (o
5 k8 glaay lee (b sl ik Ll j0 eud oloml (59 S (sl sl boas s
sl jlome 500 S (SAES O 90 4 (Jgene g Sen cligaislee sl o (5,000

Vg 5l slasanlon 55 sadgon e slaailes i gla s 5 lagan s slas! ablis (o

e5 5l Blaanles jo sadgan lhe slaailas ;i la )5 5 bagygin &S abolie o F-Y-) -

S8l 03,58 sl (55 5 (5




AV IS @ glagas,lee Y-Yo-Y-)e

bl 5s5 dashyd (glls il AgY £95 3l coliegoss ln b Jpane ol Sam 0ad (guiis lgn slats
iled 5l TE/F, Slasli A oV g9 5l slaggaus oo (KL/F) (,6Y o i (A1

(S8 sinlen £95 o L oadigunloe sladilas gla s ol o Jlge slag! s dows (o

Ol Shbl 5 ol 30 g 2s Ehsw dsd @ o3l S g0 10 s lme (AgVesy,0

%

Tk lacuwglic jl ot g alate ;5 ()b (glaciglio & 83,5 Cusii g 4 Wl
2l feS 55 JalS glaie
S @i sl e Gl y5 a Jlal Jos j0 a5 6l A 5V IS & slagosy g (o

ol adilgion g Wedior Cpmzme [Fen slagan )l olpie 4 i Lo gl

W g Ls:-').!o gy O‘-’-‘ C..a'..o‘}]l



gy Joov 4 3B WL A 5V ISS @ slacsanles b sodisony e slaailas o, (@
il bagan s jaa> g B sla )b oS 5 5l Lol o35
O 98 Jolb o> ol A gV SS a laganles b sadisan e sladilas sla 5 (&
2y il (ole - oy S ) 6 sla gl S ol Lo gyl 5 009 Atusy
Wb oy & Ll oYLl g A 5V S & (slasaylee b sndisun g sloaslas b (2 %
Slp 8l o po J& Glasl b S5 0 Wl 5l 86 Jolaiel slagye Jaow 4 408
slo s Wil 5l (U g)lad 5 itS dlagais b slag e Joleal aujs 51 30,5 jglate
L oS e B sla)l (Solial Jolss 28,8 155 50 b wib sadgu o slaailas

dewle Bgailee 50 25 g, 51 8L loj)) Wil 5 Wigd o oS5 W) (5o

Ligd




.I:.mte: Beams intersected by chevron (V or inverted-V) braces are NOT cur-
ently checked to have a strength to support loads for the following two con-
itions (AISC SEISMIC 1):

a) A beam that is intersected by braces shall be designed to support the
effects of all tributary dead and live loads from load combinations
stipulated by the code, assuming the bracings are not present (AISC

SEISMIC F1.4a(1)).

b) A beam that is intersected by braces and supporting earthquake load shall
be designed to resist the effects of the load combinations stipulated by
the code, except the brace forces have to be replaced by their capacities.
The forces in all braces in tension shall be assumed to be equal to
R F,A, (AISC SEISMIC F1.4a(1)(i)). The forces in all braces in com-

pression shall be assumed to be equal to 03P, (AISC SEISMIC
F1.4a(1)(i1)).
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SBE : special concentrically braced frame




Design Code

AlSC360-05/1BC2006

Frame Type

Seismic Design Category

OCBF |

Importance Factor

System Rho

System Sds

System R

System Omegal

SMF
IMF
OMF

System Cd

5.5

Design Provision

LRFD

Design Analysis Method

Direct Analysis

Second Order Method

General 2nd Order

Stiffness Reduction Method

Tau-b Fized

PhilBending)

0.8

Phil[Compression)

0.9

Phi[T ension-Yielding)

0.9

Phi(Tension-Fracture)

0.75

PhilShear)

0.9

Phi(Shear Rolled 1)

1

Phi(Shear-Torsion)

0.3

 Ignore Seismic Code?

Mo

SCBF :

special concentrically
braced frame
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EBF : Eccentrically braced frame




L

(b)

Figure 4-1 Eccentrically Braced Frame Configurations




Design Code

AISC360-05/18C2006

Frame Type

SCBF vl

Seismic Design Category

SMF

Importance Factor

IMF

System Rho

OMF

System Sds

SCBF

System R

OCBF
OCEFI

System Omegal

System Cd

55

Design Provision

LRFD

Design Analysis Method

Direct Analysis

Second Order Method

General 2nd Order

Stiffhess Reduction Method

Tau-b Fixed

PhilBending]

0.9

Phi(Compression)

08

Phi(T ension-Yielding)

09

Phi(T ension-Fracture]

0.75

Phi(Shear]

0.8

PhilShear Rolled |)

1

Phi(Shear-T orsion]

0.8

Mo

EBF : Eccentrically braced frame
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DESIGN CODE




Dlesign Code

Frame Type Qpﬁons ﬂtip

Seizmic Design Category |
Importance Factor Preferences... 4 Dimensions/Tolerances... ‘
|

Systemn Rho -
System Sds X QO'OTS b Qutpu‘t Decimals...
Spstem B

System Dmegall Windows » Steel Frame Design

Spstem Cd

Design Provision Concrete Frame Design...

Dezign Analyzis Method Direct Analpsiz set Calculator Memory... C i E Desi
ompOSlte €am Uesign...

Second Order Methad General 2nd Order
Shear Wall Design...

Stiffness Reduction Method Tau-b Fixed | v Show I‘PS at Sta!tup
PhilEending] X —
PhilCompressian] . [ v Show gounding Plane
Phil T ension-Yielding] —

PhilTension-Fracture]
PhilShear)

Phi[Shear Folled 1] z
PhilShear-Tarsion] . |7 Souﬂd
|gnare Seismic Code?
lgnore Special Seismic Load? ﬁ Lock Model
|s Doubler Plate Plug \Welded? 5
HS5 Welding Tupe Auto Save Model...
Feduce H5S Thickness?
Consider Deflection? Show Aerial View Window
Deflection Check Type =

DL Limit, L / ; [ v Show Floating Property Window
Super DL+LL Limit, L / X
Live Load Limit, L / . X
Tatal Limit, L¢ . Show CfD‘SShBIl’S
Tatal-Camber Limit, L/ X o }

TIL Lt 5% ; [ v Enhanced Graphics...
Super DL+LL Limit, abs 3
Live Load Limit, abs. 5 Reset Toolbars
T otal Limit, abs -
Total-Camber Linit, abs
Pattern Live Load Factor
Stress Ratio Limit
Maimum Auto lteration

o Reinforcement Bar Sizes...
[ v Moment Diagrams on Tension Side Live Load Reduction...




Desi_gn Code

Frame Type

Seismic Design Category

Importance Factor

System Rho

System Sds

System R

System Omegal

AISC360-05/1BC2006 «

AISC-LRFDI9
AISC-LRFDS3 3
UBCI7-ASD
UBCI7-LRFD

BS5350 90
BS5950 2000
CSA-516-09

System Cd

5.5

Design Provision

LRFD

Design Analysis Method

Direct Analysis

Second Order Method

General 2nd Order




0 / & o 0
022 o T2 S ey 2 2 K’J

American Institute of steel construction (AISC-360), Specification for structural steel buildings.
——

Amcncan Instltute of steel construction (AISC-358), Prec

American Scicty of Civil Engincers (ASCE 7), Minimum Design Loads fo Buidings and Other Sruetures.




LRFD \ LRFD

AisC-ASD89
UBC97-ASD

7

ETABS 2013 ETABS 9.7.4
/

Aisc360-10 Aisc360-05




FRAME TYPE




103 dw ;O e slaos (&l

o35 (s slacls @

buge Jias glasli e

Hyere (sed sl @

00, 99 30 |, Ken guis e b I.I,: ool gleisle slald (w
oy Sl Ken (gos g @

Feere Gl Sen gui e @
103, 95 ;0 1,81y sas)lee b plgs ool Jlezsle glacls (@

%

o9 sS1s sa)lge @

s s Dngtin o oy ool bl §f s 05 B il colingiinnss T
slegailee go b ohig (ol ; J Al wiline

o529 51K
slogainlpe b bawgie b oy e claols ) K206 oS5 L aligd slapiunnw (&

oy 5 Ts




"Supported Framing Types

The code (ANSIAISC 341-05) recognizes the following types of framing
systems.

Framing Type References

SMF (Special Moment Frame) AISC SEISMIC 9
IMF (Intermediate Moment Frame) AISC SEISMIC 10
OMF (Ordinary Moment Frame) AISC SEISMIC 11
STMF (Special Truss Moment Frame) AISC SEISMIC 12
SCBF (Special Concentrically Braced Frame) AISC SEISMIC 13
OCBF (Ordinary Concentrically Braced Frame) AISC SEISMIC 14
EBF (Eccentrically Braced Frame) AISC SEISMIC 15
BRBF (Buckling Restrained Braced Frame) AISC SEISMIC 16

SPSW (Special Plate Shear Wall) AISC SEISMIC 17




Buckling Restrained Braced Frames (BRBF)

No special consideration for this type of framing system is given by the pro-

gram. The user is required to check the seismic design requirements for BRBF
independently.

Special Plate Shear Walls (SPSW)

No special consideration for this type of framing system is given by the pro-

gram. The user is required to check the seismic design requirements for SPSW
independently.

Special Truss Moment Frames (STMF)

No special consideration for this type of framing system is given by the pro-

gram. The user is required to check the seismic design requirements for STMF
independently.




SEISMIC DESIGN CAREGORY
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If Ru<3 A,B,C

If Ru>3 D,E,F




IMPORTANCE FACTOR




Design Code

AISC360-05/1BC2006

Frame Type

SMF

Seismic Design Category

Importance Factor

System Rho

1

System Sds

0.5

System R

8.

System Omegal

3

System Cd

55

Design Provision

LRFD

Design Analysis Method

Direct Analysis

Second Order Method

General 2nd Order

Stiffness Reduction Method

Tau-b Fixed

PhilBending)

0.9

Phi[Compression)

0.9

Phi[T ension-Yielding]

0.9

Phi(T ension-Fracture)

0.75




SYSTEM PHO




’ﬂ 'he program assumes that the defined earthquake load is really the strength

““"fevel earthquake, which is equivalent to Q; as defined in Section 12.4.2.1 of
the ASCE 7-05 code. For regular earthquake, load is considered to have two
components: horizontal, E), and vertical E,, which are taken as

E=p9; (ASCE 12.4.2.1)
E=0.25,D (ASCE 12.4.2.2)

where, p is the redundancy factor as defined in Section 12.3.4 of ASCE 7-05,
and the S, is the design earthquake spectral response acceleration parameters
at short periods, as defined in Section 11.4.4 of ASCE 7-05 code.

Effectively, the seismic load combination for the LRFD provision becomes:
(1.2 + 0.25,9)DL +pQ;, (ASCE 2.3.2-5,12.4.2.3)
(1.2 + 0.25,9DL +pQ,+ 1.0LL (ASCE 2.3.2-5, 12.4.2.3)

(0.9 — 0.2S,)DL +pQ; (ASCE 2.3.2-7, 12.4.2.3)




Design Code

AISC360-05/1BC2006

Frame Type

SMF

Seismic Design Category

Importance Factor

System Rho

System Sds

05

System A

8.

System Omegal

3

System Cd

5.5

Design Provision

LRFD

Design Analysis Method

Direct Analysis

Second Order Method

General 2nd Order

Stiffness Reduction Method

Tau-b Fized

PhilBending]

08

Phi[Compression)

0.9

Phi(T ension-Yielding)

03

Phi(T ension-Fracture)

0.75

0.8

Phi(Shear)
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b o 25 55 o2
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SYSTEM Sds




.l:"he program assumes that the defined earthquake load is really the strength

level earthquake, which is equivalent to O, as defined in Section 12.4.2.1 of
the ASCE 7-05 code. For regular earthquake, load is considered to have two
components: horizontal, E), and vertical £,, which are taken as

E,=p0; (ASCE 12.4.2.1)
E=0.2S,D (ASCE 12.4.2.2)

where, p is the redundancy factor as defined in Section 12.3.4 of ASCE 7-05,
and the S, is the design earthquake spectral response acceleration parameters
at short periods, as defined in Section 11.4.4 of ASCE 7-05 code.

Effectively, the seismic load combination for the LRFD provision becomes:
(1.2 + 0.25,9)DL +pQ;, (ASCE 2.3.2-5,12.4.2.3)
(1.2 + 0.25,9DL £pQ,+ 1.0LL (ASCE 2.3.2-5,12.4.2.3)

(0.9 - 0.25,,5)DL +p0; (ASCE 2.3.2-7, 12.4.2.3)




A

aiThe program automatically considers seismic load effects, including over-

strength factors (ASCE 12.4.3), as special load combinations that are created
automatically from each load combination, involving seismic loads. In that
case, the horizontal component of the force is represented by E;,, and the ver-
tical component of the force is represented byE,, where

E,.=Q.0; (ASCE 12.4.3.1)
E, =02S,D (ASCE 12.4.2.2)

where, (), is the overstrength factor and it is taken from ASCE 7-05 Table
12.2-1. The factor S, is described later in this section. Effectively, the special
seismic combinations that are considered for the LRFD provision are

(0.9 — 0.25,)DL +Q,0; (ASCE 12.4.3.2)
(1.2 - 0.2S,)DL +0,0,+ 1.0LL (ASCE 12.4.3.2)




IS ) ases adsn 3105 S Blad (gl &8 sl olsST o gy sl (b b Sl
ST PYIRY PPt PR TREC I IV S ISR TSI PRGN IS PR TRY |

MG 3 gy @b Conn 3 (gl G )

2> Lo 09 b OLS L AISC b 0T 659 )L S 5 oldsles cgr Y
.J}jﬂ LSA 031> J‘_):e ,.b.,a ij.f‘_).f J.\A‘JL& w‘ J‘J..EA

o23 Eomn o5 5k OS5 L AISC Wb (T s b oS5 oludsla g Y

e dol B, S sedesls ol awo,s Yo Al L s 1.2 Lo e b b

V‘Q" e 05 9 JLf ")L"{Jg AISC 059 Jl.g g_)lﬁ.(j
0.85 D+1.2 QoE (0.9-0.2Sds)D+QoE
D+1.2 L+1.2 QoFE (1.2+0.2Sds)D+L+QoE




SYSTEM OMEGAO ({),)




EETARRV-E RSN IRERIN Jeit 20 2 S

58 CLE) atdboyois 315 L (B) z,b dljl; lag s (0350l b asdbosais )5 L olos
Slojlw g Cuglie 8Ll upo 4 Qp ] j0 a5 a0 Caws @ byl B jlate LS 3
o yaeai o> 5l SYL (glacwglin wjle guxel Sl o i gousie Julse 4 g ol pguge
.QJb ‘;L..u w9 Lglo)Lu)...c Lgb:-‘ &:JI)JI dLacl 6Mult§)> ‘Lm‘_,;:.;; L.)"L”’ st suj).a.o CJLa.a
VY0 Jgir 20 4 sl 60Ys8 (slojls slapitnns el (6150 Q2 gy amna ol (illne

g 48,5 a8



Meivil-ir

Sloj ) Bl 23l S 153 (g3 Q Canglio adlsl cy yo T-Y-Y-1+ Jsux

Slojd (Sl b piww g9

SoVgd s slasld ALS

Y &3Vsd y9mais 5 s57mapd (ainlen b plsi ool lazsle lacls &S

o5 5 b Al st &S




A

aiThe program automatically considers seismic load effects, including over-

strength factors (ASCE 12.4.3), as special load combinations that are created
automatically from each load combination, involving seismic loads. In that
case, the horizontal component of the force is represented by E;,, and the ver-
tical component of the force is represented byE,, where

E,.=Q.0; (ASCE 12.4.3.1)
E, =02S,D (ASCE 12.4.2.2)

where, (), is the overstrength factor and it is taken from ASCE 7-05 Table
12.2-1. The factor S, is described later in this section. Effectively, the special
seismic combinations that are considered for the LRFD provision are

(0.9 — 0.25,)DL +Q,0; (ASCE 12.4.3.2)
(1.2 - 0.2S,)DL +0,0,+ 1.0LL (ASCE 12.4.3.2)
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 Steel Frame

 Use for Design
@ lInclude Special Seismic Design Data

Rho Factor [Reliability Factor based on Redundancy)

" Program Calculated
& User Defined El-
~1BC2000 Seismic Design Category
 ABorl
& D,EarF

~ Lateral Force Resisting System Type
" Dual System

& DOther

- Omega Factor [System Overstrength Factor)-
(" Program Default [3.0)

(* User Defined

e

[ ok ]

(" Do Mot Include Special Seismic Design Data

-DL Multiplier -
" Program Default (0.2)
¢ User Defined

—

-~ Motes
1 The program calculated Rho Factor is determined
based on the method described in Section 1617.2

of the 2000 Intemational Building Code,

2 The program calculated Rho Factor is reported as
a part of the Building Output data.

3 The Rho factor and the DL Multiplier are
automatically applied to all program default design
load combinations for the Amernican codes (ACI,
AISC, UBC). These factors must be applied

manually by the user for other combinations.

Deesign Code AISC360-05/1BC2008
Frame Type SMF
Seizmic Design Category D
Importance Factor 1
System Rho 1
System Sdz 05
System B 8
Systemn Omegall B
System Cd 55
Diezign Provigion LRFD
Diezign Analysis Method Direct Analpsiz
Second Order Methad General 2nd Order
Stiffress Reduction Method Tau-b Fixed
Fhi[Bending] 04
PhilCormpression] 04
PhilT ension-Yielding] 04
PhilT ension-Fracture] 0.75
Phi[Shear] 03
PhilShear Ralled [] 1
Phi[5hear-T arsion] 0.9
lgnaore Seismic Code? Mo
lghate Special Seizmic Load? Mo

1z Doubler Plate Plug 'Welded? Yes
H55 Welding Type EFRWw
Feduce H5S Thickness? Mo
Consider Deflection’? es
Deflection Check Type Bath
DL Limit, L # 1200
Super DL+LL Limit, L # 120.
Live Load Limit, L / 360.
Tatal Limit, L¢ 240,
Tatal-Camber Limit, L/ 240.

DL Limit, abs 254
Super DL+LL Limit, abs 254
Live Load Limit, abs 254
Total Limit, abs 254
Tatal-Camber Limnit, abs AT
Pattern Live Load Factor 0.75
Stress Ratio Limit 1.05

M aimum Auto lteration




SYSTEM R
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HSS : Hollow Structural Section

v HSS WELDING TYPE

v REDUCE HSS THICKNESS
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1 0 0 0 0 0 0 0 0 0 0 0 1 S ) 0 1 0 0

Jfuggnt Design Section Bx25-25T1 ——

Frame Tyge SHF Design Options  Help

Deflection Check Tupe Both :

Super DL+LL Limit, L / 120. 3

Live Load Limit. L / 360, ] Concrete Frame Design 4
Total Limit., L/ 240. . :

Total-Camber Limi, L7 240, T Composite Beam Design L
DL Limit, abs 254 - -

Super DLLL Linit abs 254 & Steel Joist Design »
Live Load Limit, abs 254 C Shear Wall Design »
Tatal Limit, abs 254 i T

Tatal-Camber Limit, abs 254 Overwrite Frame Design Procedure...
Specified Camber 0. =

Live Load Reduction Factor 0.696

Met &rea to Tatal Area R atio

Unbraced Lenath RatialMajor] 0.9182

Unbraced Lenath Ratio [Minar) 0.9182

Unbraced Lenath Ratio (LTE] 0.9182

Effective Lenath Factaor [K. Major) 1.6861

Effective Lenath Factaor [K. Minaor) 1.7538

Effective Length Factor [K Major Braced] 1

Effective Length Factaor [K Minor Braced) 1

Effective Lenath Factor [K.LTE] 1.7538

toment Coefficient (Cm Major) 0.85

toment Coefficient (Cm Minar) 0.85

Bending Coefficient [Ch] 1

MonSway Moment Factor (B1 Major] 1

MonSway Moment Factar (B1 Minaor] 1

Sway Mament Factar (B2 Major] 1

Sway Mament Factar (B2 Minar] 1

“Yield stress, Fy 0.

H55 Welding Type ERw

Reduce HS5 Thickness? Mo

Overstrenagth factar, Ay 1

Mominal Comprezsive Capacity, Phc 0.

Mominal T enzile Capacity, Pt 0.

Mominal Major Bending Capacity, Mn3 0.

Mominal Minor Bending Capacity, Mn2 0.

Mominal Major Shear Capacity, Wn2 0.

Morminal Minor Shear Capacity, Wn3 0.

Select Design Group...
Select Design Combo...

Lateral Bracing

View/Revise Overwrites.,,

Set Lateral Displacement Targets...
Set Time Period Targets...

Display Design Info...

Make Auto Select Section Null...
Change Design Section...
Reset Design Section to Last Analysis...

Verify Analysis vs Design Section...
Verify all Members Passed...

Reset All Steel Overwrites,.,

r P

sign Results




-
-
-
~
-
-
-
-
-
-
-
-
-
-
-
v
~
-
-

Current Design Section

BX25-25T1

Frame Type

SMF

Deflection Check Type

Both

DL Lirnit, L /

120.

Super DL+LL Limit, L /

120,

Live Load Limit, L /

360

Total Limit, L/

240.

T otal-Camber Limit, L/

240.

DL Limit, abs

254

Super DL+LL Limit, abs

254

Live Load Limit, abs

254

Total Limit, abs

254

Total--Camber Limit, abs

254

Specified Camber

0

Live Load Reduction Factor

0.696

Net Area to Total Area Ratio

Unbraced Length Ratio[Major]

09182

Unbraced Length Ratio (Minor)

0.9182

Unbraced Length Ratio (LTE)

4

0.9182
Lob ]
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Current Design Section

Frame Type

Deflection Check Type

DL Limit, L /

| Super DL+LL Limit, L /

Live Load Linit, L/

Total Limit, L/

Total-Camber Limit, L/

DL Limit, abs

Super DL+LL Limit, abs

Live Load Limit, abs

Total Limit, abs

Tatal-Camber Limit, abs

Specified Camber

Live Load Reduction Factar

Net Area to Total Area Ratio

Unbraced Length Ratio[Maior)

Unbraced Length R atio [Minor)

Unbraced Length Riatio LTE)

Effective Length Factor (K Major]

Effective Length Factor [K Minar)

Effective Length Factor (K Major Braced]

Effective Length Factor (K Minor Braced)
Effective Lengih Factor (K LTB) '

Moment Coefficient (Cm Major)

Moment Coefficient (Cr Minor)

Bending Coefficient [Cb)

NonSway Moment Factor (B1 Major]

NonSway Moment Factor (B1 Minaor)

Effective length factor




'Effective Length Factor (K)

The effective length method for calculating member axial compressive strength
has been used in various forms in several stability based design codes. The
method originates from calculating effective buckling lengths, KL, and is based
on elastic/inelastic stability theory. The effective buckling length is used to
calculate an axial compressive strength, P,, through an empirical column curve
that accounts for geometric imperfections, distributed yielding, and residual
stresses present in the cross-section.




“I'here are two types of K-factors in the ANSI/AISC 360-05 code. The first
type of K-factor is used for calculating the Euler axial capacity assuming that

all of the beam-column joints are held in place, i.e., no lateral translation is al-
lowed. The resulting axial capacity is used in calculation of the B, factor. This

K -factor is named as K, in the code. This K, factor is always less than 1 and
is not calculated. By default the program uses the value of 1 for K,. The pro- /

gram allows the user to overwrite K, on a member-by-member basis.



~The other K-factor is used for calculating the Euler axial capacity assuming
that all the beam-column joints are free to sway, i.e., lateral translation is al-
lowed. The resulting axial capacity is used in calculating P, . This K-factor is

named as K, in the code. This K, is always greater than 1 if the frame is a

sway frame. The program calculates the K, factor automatically based on

sway condition. The program also allows the user to overwrite K, factors on a

member-by-member basis. The same K, factor is supposed to be used in cal-

culation of the B, factor. However the program does not calculate B, factors

and relies on the overwritten values. If the frame is not really a sway frame, the
user should overwrite the K, factors.




)

il-ir

Both K, and K, have two values: one for major direction and the other for

K K

2major *

K

2minor ?

minor direction, K,

minor ? Imajor ?

There is another K-factor. K,, for lateral torsional buckling. By default, K,

is taken as equal to K, = . However the user can overwrite this on a member-

minor

by-member basis.




o~
-
-
-
P
-
L
B
r
[
L
B
L
]
B
L
r
L
=
I
)
[
B
|
v
v
r

Current Design Section

Frame Type

Deflection Check Type

DL Limit, L /

Super DL+LL Limit, L /

Live Load Limit, L /

Total Limit, L/

Total-Camber Limit, L/

DL Limit, abs

Super DL+LL Limit, abs

Live Load Limit, abs

Total Limit, abs

Total-Camber Limit. abs

Specified Camber

Live Load Reduction Factor

Net Area to Total &rea Ratio

Unbraced Length Ratio(Major)

Unbraced Length Ratio (Minar)

Unbraced Length Ratio [LTE)

Effective Length Factor (K Major)

Effective Length Factor (K Minor)

Effective Length Factor [K. Major Braced)

Effective Length Factor [K. Minor Braced)

Effective Length Factor (K LTE)

Moment Coefficient [Cm Major)

Moment Coefficient (Cm Minor]

Bending Coefficient [Cb)




2

E = a coefficient assuming no lateral translation of the frame,
whose value is taken as follows:

(i) For beam-columns not subject to transverse loading be-
tween supports in the plane of bending,

C,=06-04(M,/M,), (AISC C2-4)

where, M, and M,, calculated from a first-order analysis,
are the smaller and larger moments, respectively, at the
ends of that portion of the member unbraced in the plane
of bending under consideration. M, /M, is positive when

the member is bent in reverse curvature, negative when
bent in single curvature.




$i1) For beam-columns subjected to transverse loading between
supports, the value of C,, is conservatively taken as 1.0 for
all cases.

When M, is zero, C,, is taken as 1.0, the program defaults
C,, to 1.0, if the unbraced length is more than actual mem-
ber length. The user can overwrite the value of C,, for any
member. C,, can be expressed as follows:

-

1.00, if length is more than actual length,

1.00, if tension member,

1.00, if both ends unrestrained,

M,
b

1.00, if transverse loading is present.

0.6-04 , if no transverse loading, and

M, r=B IM m+B ZM It
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Current Design Section

Frame Type

Deflection Check Type

DL Limit, L /

Super DL+LL Limit, L /

Live Load Limit, L /

Total Limit, L/

Total-Camber Limit, L/

DL Limit, abs

Super DL+LL Limit, abs

Live Load Limit, abs

Total Limit, abs

Total-Camber Limit, abs

Specified Camnber

Live Load Reduction Factor

Net &rea to Total Area Ratio

Unbraced Length R atio[Major)

Unbraced Length Ratio (Minor)

Unbraced Lenath Ratio [LTE)

Effective Length Factor [K Major)

Effective Length Factor [K Minor)

Effective Length Factor [K Major Braced)

Effective Length Factor [K Minor Braced)

Effective Length Factor (K LTB)

Moment Coefficient (Cm Major]

Moment Coefficient [Cm Minar]

Bending Coefficient [Cb]

NonSway Moment Factor (B1 Major]

NonSway Moment Factor [B1 Minor

°
° b




“When determining the nominal flexural strength about the major principal axis
for any sections for the limit state of lateral-torsional buckling, it is common to
use the term C;, the lateral-torsional buckling modification factor for non-
uniform moment diagram. C, is calculated as follows:

p = LEA e R, <3.0, (AISC F1-1)
25M,,,, +3M,+4M, +3M,
where,
M,.x = absolute value of maximum moment in unbraced segment, kip-in.
(N-mm)
M, = absolute value of moment at quarter point of the unbraced seg-

ment, kip-in. (N-mm)

NN\
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M, = absolute value of moment at centerline of the unbraced segment,
kip-in. (N-mm)

M. = absolute value of moment at three-quarter point of the unbraced

segment, kip-in. (N-mm)

R, = cross-section monosymmetry parameter
= 1.0, doubly symmetric members
= 1.0, singly symmetric member subject to single curvature bending

2
I
= 0.5 +2(]'—WJ , singly symmetric members subjected to reverse

¥

curvature bending

I, = moment of inertia about the principal y-axis, in.* (mm*)




moment of inertia about y-axis referred to the compression flange,
or if reverse curvature bending, referred to the smaller flange, in.*
(mm")

¢

1.0, for Double Channel, Box, Pipe, and
doubly symmetric I Shapes,

for Channel, Tee, Double Angle and singly symmetric
[ Shapes subjected to curvature bending, and

for Channel, Tee, Double Angle, and singly symmetric

[ Shapes subjected to reverse curvature bending.



«vilf the member is under tension and if the section is doubly symmetric, C, is in-
creased by a factor £, where R, is given as follows:

1+5 (LrFD)
R, =: ° (AISC H1.2)
1+39% AsD)

C, should be taken as 1.0 for cantilevers. However, the program is unable to
detect whether the member is a cantilever. The user should overwrite C, for

cantilevers. The program also defaults C, to 1.0 if the minor unbraced length,
[,,, 1s redefined to be more than the length of the member by the user or the
program, i.e., if the unbraced length is longer than the member length. The
Overwrites can be used to change the valueof C, for any member.




e
B
r
r
r
I
-
-
-
r
I
r
r
—
r
-
-
-
r
r
r
r
-
-
r
r
r
v
I3
14
v
-
r
[

.

Cunent Design Section

Frame Type

Deflection Check Type

OL Limit. L /

Super DL+LL Limit, L /

Live Load Limit, L /

Total Limit, L/

Total-Camber Limit, L/

DL Limit, abs

Super DL+LL Limit, abs

Live Load Limit, abs

Total Limit, abs

Tatal-Camber Limit, abs

Specified Camber

Live Load Reduction Factor

MNet Area to Total Area R atio

Unbraced Length AatiofMaior]

Unbraced Length Ratio (Minor)

Unbraced Length Ratio (LTE)

Effective Length Factor [K Major]

Effective Length Factor [K Minar)

Effective Length Factor [K Major Braced]

Effective Length Factor [K Minor Braced]

Effective Length Factor (K LTB)

Moment Coefficient (Cm Major]

Moment Coefficient (Cm Minor)

Bending Cosfficient (Cb)

NonSway Moment Factor (81 Major]

NonSway Moment Factor (B1 Minar}

Sway Mament Factor (B2 Maj

| Sway Moment Factor (B2 Minar)

Yield stress, Fy

HSS Welding Type

Reduce HSS Thickness?

=B\M,+B>M,




zhle C-1 Steel Frame Design Overwrites for “AISC 360-10”

Vs
Item

Possible Values

Default Value

Description

Sway Moment
Factor (B2 Major)

>0

1.0

Unitless moment magnification factor for sway
major-axis bending moment. Specifying zero means
the value is program determined. The program
determined value is taken as 1 because it is assumed
that P-Delta effects were specified to be included in
the analysis, and thus no further magnification is
required.

Sway Moment
Factor (B2 Minor)

Unitless moment magnification factor for sway
major-axis bending moment. Specifying zero means

the value is program determined. The program
determined value is taken as | because it is assumed
that P-Delta effects were specified to be included in
the analysis, and thus no further magnification 1s
required.

NonSway Moment
Factor (B1 Major)

Calculated

Unitless moment magnification factor for non-sway
major axis bending moment. Specifying zero means
the value is program determined.

NonSway Moment
Factor (B1 Minor)

Calculated

Unitless moment magnification factor for non-sway
minor axis bending moment. Specifying zero means
the value is program determined.




Direct Analysis Method

Limitation or
Applicability

Essentials of the Method

Variable
Factor Stiffness
Reduction

No limitation

2nd Order Analysis
Reduced stiffness

El*=0.87,El
EA*=0.8EA

1.0 for 2 <05
P

¥

fb =
4[“—5][1—“—2] for 2 505
P P

24

¥ ¥

B, and B, not used
K, =1 (used for )
Notional load with all combos, except for 4, , /4, <1.5 for

which notional load with gravity combos only
Notional load coefficient = 0,002 (typically)

Fixed Factor
Stiffness
Reduction

No limitation

2nd Order Analysis
Reduced stiffness

EI*=0.8t,El
EA*=08EA
=10
By and B, notused
K, =1 (used for P,)
Notional load with all combos, except for 4, /4, <15

for which notional load with gravity combos only
Notional load coefficient = 0.003 (typically)



e ir Direct Analysis Method
Option Variable :;:;f;?::f; Essentials of the Method
Ist Order Analysis
Reduced Stiffness
EI*=0.8t,El
EA*=0.8EA
aP
1.0 for —<0.5
e P
Amplified First Variable = Lap aP aP /
; : o 4 || I-——=|for —==0.5
Order Analysis | Factor Stiffness No limitation P P | P
Reduction ' . '

K, =1 for B,
K, =1for P, and B,

Notional load with all combos, except for 4, ,/4,, <1.5

st

for which notional load with gravity combos only
Notional load coefficient = 0.002 (typically)




Direct Analysis Method

Option Variable

Limitation or
Applicability

Essentials of the Method

Fixed Factor
Stiffness
Reduction

Amplified First
Order Analysis

No limitation

2nd Order Analysis
Reduced stiffness

Er*=0.87,El
EA*=0.8EA
r,=1.0
K, =1 (used for P))
Notional load with all combos, except for A, , /A, <1.5

ist —

for which notional load with gravity combos only
Notional load coefficient = 0.003 (typically)



Effective Length Method

Limitation or

Option Applicability Essentials of the Method
a,., 2nd Order Analysis
<15 Unreduced Stiffness

General Second

st

(for all stories)

K =K, (used for P )
Notional load with gravity combos only

2 Ela-stm 2 —any Notional load coefficient = 0.002 (typically)
Analysis . ; B
¥ \ =
(for all columns) B, =1
. 1st Order Analysis
<15 Unreduced stiffness
st
(for all stories) K, for B,
Amplified First T K, for B,
=any
Order Analysis 4 % K =K, (used for P,)

(for all columns)

Notional load with gravity combos only
Notional load with coefficient = 0.002 (typically)

Use of B, and B,

N O NN\




Limited First Order Analysis

Limited First
Order Elastic
Analysis

A

st

(for all stories)

b <o

SilJ

(for all columns)

Ist Order Analysis
Unreduced stiffness

K, for P, (not B,)
Notional load with all combos

Notional load with coefficient = (2)(—?—} >0.0042
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“PB, factor: This factor amplifies the factored moments for the P-¢ effect. In
its expression, there are the C, factor and the Euler Buckling capacity F, .
If the user keeps the unbraced length ratios (/;; and /,,) and the
K-factors ( K33 and K5, ) correct, the B, factor would be correct. If the
axial force is small, the B, factor can be 1 and have no effect with respect

to modeling the single segment or multi-segment element.

B, factor: The program does not calculate the B, factor. The program
assumes that the user turns on the P-A. In such cases, B, can be taken as

equal to 1. That means the modeling with one or multiple segments has no
effect on this factor.

O
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Current Design Section

Frame Type

Deflection Check Type

DL Limit, L /

Super DL+LL Limit, L /

Live Load Limit, L /

Total Limit, L/

Total-Camber Limit, L/

DL Limit, abs

Super DL+LL Limit, abs

Live Load Limit, abs

Total Limit, abs

Total--Camber Limit, abs

Specified Camber

Live Load Reduction Factor

Net Area to Total Area Ratio

Unbraced Length Ratio[Major)

Unbraced Length Ratio (Minor]

Unbraced Length Ratio (LTE)

Effective Length Factor [K Major)

Effective Length Factor K Minor]

Effective Length Factor [K Major Braced)
Effective Len i

UNBRACED LENGTH RATIO
o5 g Job




I v hraced Length
Riétio (Major)

Unbraced length factor for buckling about the frame
object major axis; specified as a fraction of the frame
object length. This factor times the frame object
length gives the unbraced length for the object.
Specifying zero means the value is program
determined.

Unbraced Length >0 Culoulsied Unbraced length factor for buckling about the frame
Ratio (Minor) - object minor axis; specified as a fraction of the frame
object length. This factor times the frame object
length gives the unbraced length for the object.
Specifying zero means the value is program
determined.

>0 Calculated

Unbraced Length >0 122 Unbraced length factor for lateral-torsional buckling
Ratio (LTB) - for the frame object; specified as a fraction of the
frame object length. This factor times the frame
object length gives the unbraced length for the
object. Specifying zero means the value is program
determined.




S

Cument Design Section
| Frame Type

Deflection Check Type
DL Limit. L /

Super DL+LL Limit, L /
Live Load Limit, L /
Total Limit, L/
Tatak-Camber Limit, L/
DL Limi, abs

Super DL+LL Limit, abs

i | RY : OVERSTRENGTH FActor

Tatal-Camber Limit, abs
Specified Camber
Live Load Reduction Factor

Met Area to Total Arsa Ratio

Unbraced Length RatiofMajor]
Urbraced Length Ratio [Minar]
Unbraced Ratio [LTE]

E ffective Length Factor (K Major]
Effective Length Factor (K Minar)

E ffective Length Factor [k Major Braced)
Effective Length Factor [K Minor Braced)
Effective Length Factor (K LTB)

Moment Coefficient (Cm Major)

Moment Coefficient [Cm Mincr)
Bending Coeflicient

NonSway Moment Factor (B1 Major]
MNonSway Moment Factor [B1 Minor
Sway Moment Factor (B2 Major)
Sway Moment Factor (B2 Minor)
‘Yield stress. Fy

HSS Welding Typs

| Reduce H5S Thickness?
Overstrength factor, Fiy
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Nominal capacities

NonSway Moment Factor [B1 Minor)

Sway Moment Factor (B2 Major]

Sway Moment Factor (B2 Minor)

Yield stress, Fy

HSS Welding Type

m
£

Reduce HSS Thickness?

(=)

Overstrength factor, Ry

Nominal Compressive Capacity, Phc

Nominal Tensile Capacity, Pnt

Nominal Major Bending Capacity. Mn3

Nominal Minor Bending Capacity, Mn2.

Nominal Major Shear Capacity, Yn2

Nominal Minor Shear Capacity, Yn3
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“Table B-1: Steel Frame Design Preferences

Item Possible Values Default Value

Description

Design Code

Design codes

available in the
current version

The selected design code. Subsequent design is
based on this selected code.

Time History Design Envelopes,
Step-by-Step,

Last Step, etc.

Toggle for design combinations that include a time
history designed for the envelope of the time history,

or designed step-by-step for the entire time history. /
If a single design combination has more than one

time history case in it, that design combination is ’
designed for the envelopes of the time histories,
regardless of what is specified here.




“Table B-1: Steel Frame Design Preferences

Item Possible Values Default Value Description
Framing Type SMF, IMF, SMF This item is used for ductility considerations in the
OMF, SCBF, design, when seismic provisions are considered.
OCBF, OCBFI,
EBF
Seismic Design A,B,C.,D,E.F D This item varies with the Seismic Hazard Exposure
Category Group and the Effective Peak Velocity Related /
Acceleration. 4

Design Provision ASD, LRFD LRFD Application provisions for calculation of
allowable/design and required strength of individual
elements. Selection of ASD will enable additional
fields for safety factor overwrites, whereas selection
of LRFD will enable additional fields for resistance
factors.




"&ldlysis Method 7 Values Direct Analysis  Indicates the method used to check/design the steel
Method with members. The design module does not verify the
General 2™ Order acceptability of the selected design analysis method;
Analysis and the user is expected to verify acceptability. Also, the
user is expected to set the appropriate stiffness
modification factors and to supply the combinations
with appropriate notional loads.

T, variable

Notional Load >0 The coefficient used to define the notional load as a
Coefficient fraction of a given gravity load pattern.

Ignore Seismic Code? Yes, No Toggle to consider (No) or not consider (Yes) the
seismic part of the code in design.

%

Ignore Special Yes, No Toggle to consider (No) or not consider (Yes)
Seismic Load? special seismic load combinations in design.

Is Doubler Plate Plug Yes, No Toggle to indicate if the doubler-plate is plug welded
Welded? (Yes) or it is not plug welded (No).

HSS Welding Type ERW, SAW Indicates the procedure used for welding the steel
members.




cReéduce HSS
Thickness?

Toggle to consider if the HS (Box or Pipe) thickness
is reduced (Yes) or should not be reduced (No).

Consider
Deflection?

Toggle to consider the deflection limit (Yes) or to
not consider the deflection limit (No).

DL Limit, L/

Deflection limit for dead load. Inputting 120 means
that the limit is L/120. Inputting zero means no
check will be made of this item.




able B-1: Steel Frame Design Preferences

Item Possible Values Default Value Description

Super DL+LL Limit, L/ >0 120 Deflection limit for superimposed dead plus live
load. Inputting 120 means that the limit is L/120.
Inputting zero means no check will be made of this
item.

Live Load Limit, L/ >0 360 Deflection limit for superimposed live load.
Inputting 360 means that the limit is L/360. /
Inputting zero means no check will be made of this /
item.

N N\

Total Limit, L/ >0 240 Deflection limit for total load. Inputting 240 means
that the limit is L/240. Inputting zero means no
check will be made of this item.

Total-Camber Limit, L/ >0 240 Limit for net deflection. Camber is subtracted from
the total load deflection to get net deflection.
Inputting 240 means that the limit is L/240. Inputting
zero means no check will be made of this item.







"Table B-2 Additional Steel Frame Design Preferences LRFD Provision

Item Possible Values Default Value Description

Phi (Bending) <1.0 09 Resistance factor for flexure.

Phi (Compression) <1.0 0.9 Resistance factor for compression.

Phi (Tension-Yielding) <1.0 09 Resistance factor for yielding in tension.

Phi (Tension-Fracture) <1.0 0.75 Resistance factor for tension rupture.

Phi (Shear) <1.0 0.9 Resistance factor for shear.

Phi (Shear, Short Webbed <1.0 10 Resistance factor for shear for specific
Rolled I-Shapes) - ’ short-webbed rolled I-Shapes.

Phi (Torsion) <1.0 0.9 Resistance factor for torsion.




"Table C-1 Steel Frame Design Overwrites for “AlISC 360-10”

D\

Item Possible Values Default Value Description
Current Design Any defined steel Analysis section The design section for the selected frame object.
Section section When this Overwrite is applied, any previous auto
select section assigned to the frame object is
removed.
Fame Type SMF, IMF, This item is used for ductility considerations in the
OMF. SCBF. From Preferences dissig.
OCBF, OCBFI,
EBF
Omega 0 > 1.0 Calculated This factor is related to seismic force and ductility.
Consider Yes, No From Preferences Toggle to consider the deflection limit (Yes) or to not
Deflection? consider the deflection limit (No) in design.
Deflection Check Ratio, Both Choose to consider deflection limit as an absolute, as
Type Absolute, a divisor of the beam length, as both, or with no
Both deflection limit.




A

el Limit, L/

From Preferences

Deflection limit for dead load. Inputting 120 means
that the limit is L/120. Inputting zero means no
check will be made of this item,

Super DL+LL
Limit, L/

From Preferences

Deflection limit for superimposed dead plus live
load. Inputting 120 means that the limit is L/120.
Inputting zero means no check will be made of this
item.

Live Load Limit, L/

From Preferences

Deflection limit for superimposed live load. Inputting
360 means that the limit is L/360. Inputting zero
means no check will be made of this item.

Total Limit, L/

From Preferences

Deflection limit for total load. Inputting 240 means
that the limit is L/240. Inputting zero means no check
will be made of this item.

Total-Camber Limit,
L/

From Preferences

Limit for net deflection. Camber is subtracted from
the total load deflection to get net deflection.
Inputting 240 means that the limit is L/240. Inputting
zero means no check will be made of this item.

DL Limit, abs

Deflection limit for dead load. Inputting zero means
no check will be made of this item.




2

DL Limit, abs >0 i Deflection limit for dead load. Inputting zero means

no check will be made of this item.

Super DL+LL Limit, >0 1. Deflection limit for superimposed dead plus live

abs load. Inputting zero means no check will be made of
this item.

Live Load Limit, abs >0 1. Deflection limit for superimposed live load. Inputting

zero means no check will be made of this item.

N N\

Total Limit, abs >0 Deflection limit for total load. Inputting zero means
no check will be made of this item.




«vifable C-1 Steel Frame Design Overwrites for “AlISC 360-10”

D\

Item Possible Values Default Value Description

Total-Camber Limit, >0 1 Deflection limit for net deflection. Camber is

abs subtracted from the total load deflection to get net
deflection. Inputting a value of 240 means that the
limit is L/240. Inputting zero means no check will be
made of this item.

Specified Camber >0 0 The specified amount of camber to be reported in the

- design output and to be used in the net deflection

check.

Live Load Reduction >0 Caksulated The reducible live load is multiplied by this factor to

Factor - obtain the reduced live load for the frame object.
Specifying zero means the value is program
determined.

Net Area to Total >0 1.0 The ratio of the net area at the end joint to gross

Area Ratio

cross-sectional area of the section. This ratio affects
the design of axial tension members. Specifying zero
means the value is the program default, which is 1.




Liiaced Length
Ratio (Major)

Calculated

Unbraced length factor for buckling about the frame
object major axis; specified as a fraction of the frame
object length. This factor times the frame object
length gives the unbraced length for the object.
Specifying zero means the value is program
determined.

Unbraced Length
Ratio (Minor)

Calculated

Unbraced length factor for buckling about the frame
object minor axis; specified as a fraction of the frame
object length. This factor times the frame object
length gives the unbraced length for the object.
Specifying zero means the value is program
determined.

Unbraced Length
Ratio (LTB)

L.22

Unbraced length factor for lateral-torsional buckling
for the frame object; specified as a fraction of the
frame object length. This factor times the frame
object length gives the unbraced length for the
object. Specifying zero means the value is program
determined.

Effective Length
Factor (K1 Major)

1.0

Effective length factor for buckling about the frame
object major axis; specified as a fraction of the frame
object length. This factor times the frame object
length gives the effective length for the object.
Specifying zero means the value is program
determined. For beam design, this factor is always
taken as 1, regardless of any other value specified in
the Overwrites. This factor is used for the B, factor.




Effective length factor for buckling about the frame
object minor axis; specified as a fraction of the frame
object length. This factor times the frame object
length gives the effective length for the object.
Specifying zero means the value is program
determined. For beam design, this factor is always
taken as 1, regardless of any other value specified in
the Overwrites. This factor is used for the B, factor.

Effective Length
Factor (K2 Major)

Calculated

Effective length factor for buckling about the frame
object major axis assuming that the frame is braced
at the joints against sidewsway: specified as a
fraction of the frame object length. This factor times
the frame object length gives the effective length for
the object. Specifying zero means the value is
program determined. For beam design, this factor is
always 1, regardless of any other values specified in
the Overwrites. The factor is used for axial
compression capacity.

Effective Length
Factor (K2 Minor)

Calculated

Effective length factor for buckling about the frame
object minor axis assuming that the frame is braced
at the joints against sidewsway: specified as a
fraction of the frame object length. This factor times
the frame object length gives the effective length for
the object. Specifying zero means the value is
program determined. For beam design, this factor is
always |, regardless of any other values specified in
the Overwrites. The factor is used for axial
compression capacity.

Effective Length
Factor (K LTB)

Effective length factor for lateral-torsional buckling;
specified as a fraction of the frame object length.
This factor times the frame object length gives the
effective length for the object. Specifyi

i i QOO
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ml;dpmem Coefficient

Unitless factor; Cm for major axis bending is used in

Factor (B1 Minor)

(Cm Major) =l Caaea determining the interaction ratio. Inputting zero
means the value is program determined.

Moment Coefficient >0 Cidculited Unitless factor; Cm for minor axis bending is used in

(Cm Minor) . determining the interaction ratio. Inputting zero
means the value is program determined.

Bending Coefficient >0 Calculated Unitless factor; Cb is used in determining the

(Ch) B interaction ratio. Inputting zero means the value is
program determined.

NonSway Moment >0 Cilailsted Unitless moment magnification factor for non-sway

Factor (B1 Major) o major axis bending moment. Specifying zero means
the value is program determined.

NonSway Moment >0 Calculated Unitless moment magnification factor for non-sway

minor axis bending moment. Specifying zero means
the value is program determined.
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ﬁ hle C-1 Steel Frame Design Overwrites for “AISC 360-10"

civil
T ltem Possible Values  Default Value Description
Sway Moment >0 1.0 Unitless moment magnification factor for sway
Factor (B2 Major) : major-axis bending moment. Specifying zero means
the value is program determined. The program
determined value is taken as | because it is assumed
that P-Delta effects were specified to be included in
the analysis, and thus no further magnification is
required.
Sway Moment >0 1.0 Unitless moment magnification factor for sway
Factor (B2 Minor) ' major-axis bending moment. Specifying zero means
the value is program determined. The program
determined value is taken as 1 because it is assumed
that P-Delta effects were specified to be included in
the analysis, and thus no further magnification is
required.
HSS Welding Type ERW, SAW From Preferences Indicates the procedure used to check/design the steel
members.
Reduce HSS Yes, No From Preferences Toggle to consider if the HS (Box or Pipe) thickness
Thicimess? is reduced (Yes) or should not be reduced (No).
Yield Stress, Fy >0 Ficis Matesial Material yield strength used in the design/check.

Specifying zero means the value is program
determined. The program determined value is taken
from the material property assigned to the frame
object.




& A

ia Veérstrength

The ratio of the expected yield strength to the

Factor, Ry =0 From Material inimum specified yield strength, This ratio is used

in capacity-based design for special seismic cases.
Specifying zero means the value is program
determined.

Compressive >0 Calculated  Nominal axial compressive capacity. Specifying

Capacity, Pnc - zero means the value is program determined.

Tensile Capacity, Nominal axial tensile capacity. Specifying zero

Pnt =0 Caloniated means the value is program determined.

Major Bending >0 Calculated Nominal bending moment capacity in major axis

Capacity, Mn3 - bending. Specifying zero means the value is program
determined.

Minor Bending >0 Galculged Nominal bending moment capacity in minor axis

Capacity, Mn2 bending. Specifying zero means the value is program
determined.

Major Shear >0 Calculated Nominal shear capacity force for major direction

Capacity, Vn2 shear. Specifying zero means the value is program
determined.

Minor_Shear >0 Calculated Nominal sh_ear_ capacity force for minor‘direc:ion

Capacity, Vn3 shear. Specifying zero means the value is program

determined.




ivilir
The program keeps track of the analysis section and the design section
separately. Note the following about analysis and design sections:

= Assigning a frame section property assigns the section as both the analysis
section and the design section.

* Running an analysis always sets the analysis section to be the same as the
current design section. /

= Assigning an Auto Select section list to a frame object initially sets the
analysis and design section to be the section in the list with the median
weight.




Unlocking a model deletes the design results, but it does not delete or
change the design section.

= Altering the Design Combinations in any way deletes the design results,
but does not delete or change the design section.

= Altering any of the steel frame design preferences deletes the design
results, but does not delete or change the design section.

O
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