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PRACTICAL HOw-To GUIDE
TECHNICAL NOTE

2005 AISC DIRECT ANALYSIS METHOD

This is a practical how-to guide for using the 2005 AISC Direct Analysis Method (DAM)
in SAP2000®, ETABS®, and CSiBridge™ design. As an alternative to conventional
design methods using equivalent length K factors, the DAM is a design procedure for
stability analysis that uses K = 1. The DAM eliminates confusion and inconsistency in the
application of K factors in conventional design, and may result in a more economical
design. Equivalent length alignment charts are based on the often overly conservative
assumption of sidesway buckling in a simplified elastic structure, commonly resulting in
K factors of 2 to 3 or greater.

First, let us review the DAM criteria in Appendix 7 Chapter C. The criteria are provided
in boldfaced type.

1. Consider flexural, shear, and axial deformations of members. Those require-
ments are automatically accounted for in all ETABS, SAP2000, and CSiBridge
analyses.

2. Reduce member stiffness due to inelasticity, including residual stress, and in-
clude the effect of this stiffness reduction in the analysis of the structure. This is
completed automatically within SAP2000, ETABS, and CSiBridge, except for
SAP2000 versions prior to V11.0.7 for which users are required to assign reduction
factors using frame property modifier forms.

3. Account for geometric imperfections, such as out-of-plumbness, which SAP2000,
ETABS, and CSiBridge have automated through their "notional" lateral load
case/load pattern definition.

4. Perform a rigorous nonlinear p-delta analysis that considers the effects of sway
(load effects on a structure that has already laterally displaced) and local
p-delta effects of loads on the deformed shape of individual members. Both of
these requirements are automatically considered in SAP2000, ETABS, and CSi-
Bridge p-delta analysis.

Introduction

SAP2000 has offered the Direct Analysis Method since V11.0, released in December
2006. ETABS started offering DAM with Version 9.1.6. CSI continually strives to auto-
mate the design process for the engineer, and as a result of these efforts, there are some
differences in how users approach DAM using our software, depending on the version,
and depending on if SAP2000, ETABS, or CSiBridge is being used. This guide attempts
to point out these differences wherever applicable.
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Direct Analysis Method using SAP2000 Version 11.0.7

> Specify design code and related design parameters using the Options menu > Preferences >
Steel Frame Design command. At a minimum, specify the AISC360-05/IBC2006 code and
stiffness reduction method in order to ensure that automatic load combinations are properly
generated.

Steel Frame Design Preferences for AISC360-05/IBC2006

— Itemn Description
ltem Value LI Stiffness Reduction Method: -
: This iz either "'Tau-b Varable", "T au-b
1 D_es@n.Eode : A15C360-05/1BC2006 [ Fixed", ar "Na Madification" indicating
2 | Time Higtory D esign Errvelopes the stiffriess reduction method uzed ta
3 | Framing Tupe ShF analyze the structure. The design N
4 | Seismic Design Cat O module does nat verify the acceptability
Bl E|smt|c es;_gnt — 1 of the selected method.  The user is
mpgr Ance Fastor - expected to verify the acceptability of
& |Design Systemn Rho 1 the selected method. The program sets
7 | Design System Sds 05 the appropriate stiffness modification
8 |Design System B a factors for the selected analysis method.
9 | Dy e Dieeal 3 The uzer iz expected to zet the
, - appropriate notional loads for the
10 | Diesign System Cd 55 stiffness reduction method selected.
11 | Dezign Provizion LRFD
12 | Analysiz Method Direct Analysis
13 | Second Order Method General 2nd Order
14 | Stiffness Reduction Method T auh Fived j
15 | PhilBending] Tau-b ' ariable
16 | PhilCompresszion)
17 | PhilT ension-rielding] Mo Modification
18 | PhilTension-Fracture] 0.75
19 | PhilShear) 0.9
20 | PhilShear-Shart ‘webed Ralled 1] 1.
21 | PhilTarsion) 03 =
—— =
ZE |l Semwc Co.de = Mo — Explanation of Colar Cading for ¥ alues
23 | lgnore Special S eizmic Load? Mo
24 |Is Doubler Flate Flugwelded? Yes | Blue:  Defaultalue
= Black: Mot a Default Yalue
—Set To Default Values—————————— Reset To Previous Values
Al Items Selected ltems | ’7 Al Ikems | Selected Items | Red:  Value that has changed during
the curent session
ak. I Cancel |

> Reduction factors to section EI and EA are automatically applied by the program if the DAM
Tau-b variable or Tau-b fixed option is selected. For the initial analysis, no reduction factors
are used. However, as soon as a design is run the reduction factors are used and remain in the
model. This means that the first time the model is analyzed and designed, users must iterate
between design and analysis at least one additional time. Thereafter, both analysis and design
will have reduction factors applied automatically.

>  Define notional loads for member geometric imperfections. Use the Define menu > Load
Cases command to define gravity load cases (Dead and Live type), then click More under
load "Type" to access the Notional load option. It does not matter if lateral loads are defined
before or after Notional loads. Give the Notional load a descriptive name and click the Add
Load button with default Auto in the Auto Lateral Load column. Then click the Modify Lat-
eral Load button to complete the definition.
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Users should define a Notional load for each grav-
ity load in both X and Y lateral directions, and
SAP2000 will then automatically generate no-
tional lateral loads based on the specified propor-
tion of the gravity load definitions. The default is
to generate 0.002 of the specified gravity load as a
notional lateral load (0.003 is required if the user
designs using Tau-b fixed). Within the Analysis
case definition, a negative multiplier can be sub-
sequently assigned to account for plus and minus
directions of the lateral loads.

Define nonlinear load
combinations. Users can

. . . Combinations
define load combinations

Auto Notional Load Generation

Maotional Load Y alue
Basze Load Case w
Load Ratio 2 000E-03
Mational Load Direction
() Global %
) Global ¥
[ (]S ] [ Cancel ]

Define Response Combinations

Click ta:

using the Define menu >
Combinations command.
Then select a combo(s)
to be converted to non-
linear p-delta and click
the Convert Combos to
Nonlinear Cases button
to automatically convert

selected combos into
nonlinear p-delta com-
bos.

Add Mew Combo..

B |8

i Add Defaull Design Combos.,. |

Conver Combos 1o Nonlinear Cases... |

As an alternative to defining load cases
manually, SAP2000 will automatically

Add User Default Design Combinations

generate Default linear factored load
combos when the Add Default Design
Combos button is clicked and the Steel
Frame design option shown in this
screen capture is selected. After review-
ing the automatic design combos created
by the program, users can then select /
highlight combos and convert selected
combos to Nonlinear cases as described
previously.

Select Combinat

v [Steel Frame Design
[T Concrete Frame Design
[ aduminum Frame Design

[~ Cold Formed Frame Dasgign

Twpes to Add

Cance|

Make sure the design code is specified as AISC360-05/IBC2006 before using these steps to
automatically create design combos. Otherwise, SAP2000 will not create the correct factored
load combos because load combos vary among the design codes.

When using ASD the AISC360-05/IBC2006 code requires that, for design, the nonlinear
p-delta analysis be carried out under 1.6 times the ASD load combinations and the results are

Direct Analysis Method using SAP2000 Version 11.0.7
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to be divided by 1.6 to obtain the required strengths. The user will need to apply these ampli-
fications and reductions manually by creating separate analysis and design load combinations.

> Auto-mesh (optional) for crea- j
tion of additional joints. Al-
though SAP2000 and ETABS
automatically consider small p- Mo futo Meshing
delta effects, in some cases users & Auto Mesh Frame

may need to add an additional
joint between the I and J joints of

v atIntermediate Joints

their frames in a model to match [ at Interzection with Other Frames, Area Edges and Solid Edges
better with some AISC bench- B et eereiie 2
mark problems. This is accom- | T e o Seamies ’7
plished using the Assign menu > r

Frame > Automatic Frame mesh
command. Use the Minimum Uriits

Number of Segments option. [Kip.in.F =]
Specifying two (2) segments is
usually adequate.  Unless the
model is very large, the Auto-
matic frame mesh option should
not significantly affect analysis
runtime.

Cancel |

Note: When importing older SAP2000 models designed with DAM in earlier versions V11.0
through V11.0.6, SAP2000 will automatically reset the reduction factors unless the Options
menu > Preferences > Steel Frame Design command is used to select the “No modification”
option for the stiffness reduction method.

Direct Analysis Method using SAP2000 Version 12 and later or CSiBridge

The application of the Direct Analysis Method using SAP2000 Version 12 and later or CSi-
Bridge is similar to SAP2000 Version 11. The differences are described as follows.

> Reduction factors to section EI and EA are automatically applied by the program if the DAM
Tau-b variable or Tau-b fixed option is selected. For the initial analysis, no reduction factors
are used. However, as soon as a design is run the reduction factors are used and remain in the
model. This means that the first time the model is analyzed and designed, users must iterate
between design and analysis at least one additional time. Thereafter, both analysis and design
will have reduction factors automatically applied.

> Define notional loads for member geometric imperfections. A significant difference in the
terminology regarding load patterns, load cases and analysis cases appears in SAP2000 Ver-
sion 12 and CSiBridge. In SAP2000 Version 12 or later and CSiBridge, Load Patterns are
used in lieu of Load Cases and Load Cases are used in lieu of Analysis Cases. Use the Define
menu > Load Patterns command in SAP2000 and the Loads > Load Patterns > Load Pat-
terns command in CSiBridge to define gravity load cases (Dead and Live type), then click
More under load "Type" to access the Notional load pattern option. It does not matter if lateral
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load patterns are defined before or after No-

tional load patterns. Give the Notional load
pattern a descriptive name and click the Add National Load Pattern Value
New Load Pattern button with default Auto Boce Load Pation —
in the Auto Lateral Load Pattern column.

Then click the Modify Lateral Load Pat- Load Ratin 2.000E-03
tern button, which generates this form that

. e Mational Load Pattern Direction
can be used to complete the definition.

@+ Global x

. o e ~ Global'Y
> Define nonlinear load combinations. Users

can define load combinations using the De-
fine menu > Load Combinations command in [ ok |
SAP2000 and the Design/Rating > Load
Combinations > Expand arrow command.

Cancel

This form displays:
Load Combinations Click to:
Add New Comba...

_ DekieCombn |
ﬂ Then, select a combo and then the Mod-
Ads Defaut DesnCambes.. | || ifY/Show button to get this form:

Cancel

Load Combination Data

Load Combination Name (U ser-Generated) UDSTLS

To convert the load combination to a

nonlinear p-delta load case, click the LeadCenbnsionlzee Linear Acd =
Create Nonlinear Load Cases from Optians

Combo button. The load Combination | Create Monlingar Load Case from Load Comba |
Wlll be COnVeI:ted lntO a nf)nhn.ear load Define Combination of Load Case Results

case as shown in the following figure: Load Case Name LoadCase Type  Scale Factor

DEAD j |Linear Static [1.2

LIVE Linear Static 16 Add
b oudify
Delete

Cancel
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Load Case Data - Nonlinear Static

Load Caze Mame Maotes Load Caze Type
UDSTLENL Set Def Name | Modiy/Show.. | | | [Static | Design.
Initial Conditions Analpziz Type
& Zemo Initial Conditions - Start from Unstressed State " Linear
i +  Morlinear

" Monlinear Staged Caonstruction

Modal Load Caze Geometric Monlinearity Parameters
Al Modal Loads Applied Use Modes from Caze MODAL b i Mone

Loads Applied
Load Tupe Load Hame Scale Factar
Load Paterr v |[DESD ~|[1.2

Load Pattern  |LIWE 1.5 ﬂ
M adify
Delete

Other Parameters

plus Large Displacements

Load Application Full Load Modifu/Show...
Results Saved Final State Only M odify/Show.. Cancel

Nonlinear Pararneters Default Modifu/Show...

As an alternative to defining load combinations manually, SAP2000 and CSiBridge will
automatically generate linear Default Design Load Combinations when the Add Default De-
sign Combos button is clicked (on the Define Load Combinations form) and the Steel Frame
design option (shown in the form below) is selected. After reviewing the automatic default
design combos created by the program, the users can then select the desired combos and con-
vert them to Nonlinear load cases as described previously.

Make sure the desired design code is speci-
fied, such as AISC360-05/IBC2006, before Add Code-Generated User Load Combinations

using these steps to automatically create Select Design Type for Load Combinations
design combos. Otherwise, the software will = Steel Frame Design

not create the correct factored load combos (" Cancrete Frame Design
because load combos vary among the design ® Bl Feme et

codes.

" Cold Formed Frame Design

" Bridge Deszigh

When using ASD the AISC360-05/IBC2006
code requires that, for design, the nonlinear p-
delta analysis is carried out under 1.6 times
the ASD load combinations and the results are
to be divided by 1.6 to obtain the required
strengths. The user will need to apply these
amplifications and reductions manually by
creating separate analysis and design load
combinations.

Set Load Combination D ata... |

Cancel
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Direct Analysis Method using ETABS Version 9.1.6

D> Select design code and related design parameters using the Options menu > Preferences >
Steel Frame Design command. At a minimum, select the AISC360-05 design code and the
stiffness reduction method before defining load cases, because this will affect program gener-
ated default load combinations.

> Reduction factors to section EI and EA are automatically assigned by the program for Tau-b
variable and fixed options. For the initial analysis, no reduction factors are used. However, as
soon as design has been run, the reduction factors are used and remain in the model. This
means that the first time the model is analyzed and designed, users will have to iterate be-
tween design and analysis at least one additional time. Thereafter, both analysis and design
will have reduction factors automatically applied and no further iteration will be necessary.

> Definition of notional loads for member geometric imperfections. Use the Define menu >
Load Cases command to define gravity load cases (Dead and Live type), then select the No-
tional load type. Give the notional load a descriptive name, click the Add Load button with
the default Auto in the Auto Lateral Load column, and then click the Modify Lateral Load
button.

Users should define a notional load for each

gravity load case in both X and Y lateral di-
rections and ETABS will then automatically
generate Notional lateral loads based on that Mational Load Value

specified proportion of the gravity load —
d[e):finitions.kall)e default is to gegnerate}:] 0.002 Base Loar Case he
of the specified gravity load case as a no- Laad Ratio 2 OO0E-03
tional lateral load case (0.003 is required if
designing Tau-b fixed, 0.002 for Tau-b Mational Load Direction
variable). It does not matter if lateral load @) Global X

cases are defined before or after Notional
loads, just as long as all gravity loads are
defined first. Within the definition process
initiated using the Define menu > Load
Combinations command, a negative multi-
plier can be assigned to account for plus and
minus directions of the lateral loads in a
given combo. If ETABS is allowed to
automatically generate load combos, plus
and minus lateral load cases will be gener-
ated in the load combinations.

() Global ¥

[ [1]:8 ] [Eancel

> Nonlinear load combinations are based on a user-specified p-delta case. Go to the Analyze
menu > Set Analysis Options command and select the “Include P-Delta” option shown in the
following screen capture to specify p-delta cases.
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Analysis Options

Building Active Degrees of Freedom

Full 30 #Z Plane Y2 Plane Mo Z Rotation

J I IT A A A A A . l [ TT

Mux  [ur [Fuz MRz MRy [¥IRZ

Dynaric Ahalysis [ 5et Dynamic Parameters... |

Include P-Delta [ Set P-Delta Parameters.. ]

[ 5ave &ccess DR File

[ Cancel ]

Click the Set P-Delta Parameters button to
access the following form and define the
nonlinear p-delta combo that will be the
basis for all other loads and combos. DEAD
case 1.2 scale factor and LIVE 1.0 factor
would be a good basis for many designs, but
you may want to scale them differently,
depending on your controlling load combos.
If you have more than one DEAD case type,
you would probably want to include them in
this p-delta combo, with factors of 1.2 each.

P-Delta Parameters

Iethod

() Man-terative - Based on Mass

(®) Iterative - Baged on Load Combination

Iteration Controls

P aximum [terations

ETABS will automatically create factored load
combinations based on load types that are ap-
plied after that p-delta combo. Alternatively, the
Define menu > Load Combinations command
can be used to define user custom load combina-
tions. If you defined your own load combos, use
the Design menu > Steel Frame Design > Select
Design Combo command to access the following
form and remove any unwanted default load
combinations for design, and replace them with
user combinations. If automatic program gener-
ated load combinations are used, it is a good idea
to review them before design.

Design Load Combinations Selection

Strength ] Deflection |
Chooze Combos

List of Cambos Design Combos
DSTLD1 COMET ~
DSTLDZ

DSTLSA

DSTLS2

poTis:

DSTLSE Sh

DSLee

[ Ok ] [ Cancel ]

Felative Tolerance - Displacements | 1.000E-03

P-Delta Load Cambination

Scale Factor

Load Caze

DEAD v (1.2

Direct Analysis Method using ETABS Version 9.1.6
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Direct Analysis Method using SAP2000 Versions 11.0 through 11.0.6

Between SAP2000 V11.0 and V11.0.6, the Variable Tau-b option was not automated, even
though it appears in the design preferences drop-down options. Users of these versions must
use Tau-b fixed. These versions do not automatically reduce section EI or EA. Those values
have to be reduced by assigning section property modifiers. Beginning with SAP2000 V11.07
and ETABS V9.1.6, reduction factors are automatically applied to EI and EA in accordance
with code for both Tau-b Variable and Tau-b fixed. This means that in Versions 11.0 through
V11.0.6 of SAP2000, users must select and assign modifiers to EI and EA to comply with the
DAM, whereas starting in V11.0.7 this procedure is automated within the program. This is
important to note because starting in SAP2000 V11.0.7/ETABS V9.1.6, any assignment of
section property modifiers will be in addition to what the program automatically applies for
DAM design. Use the Options menu > Preferences > Steel Frame Design command to spec-
ify the design code and related design parameters.

Steel Frame Design Preferences for AISC360-05/IBC 2006

Item Description

Analyziz Method:
Item VYalue - A .
= Thiz iz either "Gen 2nd Order Elastic”,
1 [Design Code AlISCIE0-05/BC2006 J "2nd Ordler By dmp 1t Order”, "Limited
2 | Time History Design Ervelopes 1st Order Elastic”, "DaM Gen 2nd
3 | Framing Type SHF grﬂel ;aug "}f.ali‘zlble'if);%hr G e1n 2nd
7 Same Desem Cal D rder Taub Fixed", " mp 1st
Gl EISmtIC es}lrgnt SEEL 1 Order Taub Yariable", or "DAM Amp 13t
“"39' LI \ACIB il - Order Taub Fived" indicating the
6 |Design Systemn Rho 1. analpgiz method uzed to check./dezign
7 |Deszign Spstem Sds 0.5 the steel members. The design madule
3 |Design System R a does not verify the acceptability of the
9 | Do Gesiom Uieerl 3 selected analysis method. The user is
2 - expected to verfy the acceptability of
10 Des?gn 55'3“?“_7 Cd 5.5 the selected method. The user iz
11 | Design Provision LRFD expected to zet the appropriate stiffness
12 | Analysis Method | Db Gien 2nd Order Taub Variak v | modiication factors and supply the
13 | Mobonal Load Cosficient Fon 2nd Order Eladtic Ic;n;glnatlons with appropriate national
14 | PhilBending] 2nd Order By Amp 13t Onder ’
15 | PhilCompreszion) Limited 1st Order Elastic:
16 | PhilT ension vielding) Dbl Gen 2nd Order T aub Y aniable
17 | PhilTension Fracture] D&M Amp 15t Order T aub Varisble
18 [Phi[Shear] D Arp 1st Order Taub Fised
19 [Phi[Shear-5hort Webed Rolled 1] 1.
20 | PhilT orzion) 043
21 [lgnore Seismic Code? Mo
22 | lgnare Special Seismic Load? Mo . )
Explanation af Calar Cading for '.al
23 [Is Doubler Plate Plug welded? Yes FAEELE @ Ll g e ks
24 |H55 Welding Type ERw j Blue: Default Value
= Black: Mot a Default ¥ alue
Set To Default Values Reset To Previous Yalues
Al ltems Selected Items | Al ltems | Selected Items | Red:  “alue that has changed during

the curment sessioh

ak. | Cancel |
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> Assignment of reduction factors to section

EI and EA using V11.0 to V11.06. Users
must select frames and assign frame property
modifiers to moments of inertia and cross-
sectional areas of frame members in their mod-
els before running the analysis and design.
After frames have been selected, use the Assign
menu > Frame > Property Modifiers command
to assign reduction multipliers to EA and EI in
accordance with the code.

Definition of notional loads to account for
member geometric imperfections. Use the
Define menu > Load Cases command to de-
fine gravity load cases (Dead and Live), then
click More under load "Type" to access the
Notional load option. Give the Notional load a
descriptive name, click the Add Load button
with default Auto in the Auto Lateral Load
column, then click the Modify Lateral Load
button, which generates this form.

Users should define a notional load for each
gravity load case in both X and Y lateral di-
rections and SAP2000 will then automatically
generate notional lateral loads based on that
specified proportion of the gravity load defini-

Frame Property/Stiffness Modification Factors

Froperty/Stifiness Modifiers for Analysiz
Crogs-zection [axial] Area B
Shear Area in 2 direction 1
Shear Area in 3 direction 1
Tarsional Canstant 1
Maoment of Inertia about 2 axiz 8
Maoment of Inertia about 3 axiz 8
Mazs 1
‘Weight 1
’T‘ Cancel |

Auto Notional Load Generation

Maotiohal Load Y alue

Baze Load Caze

Load Ratio

Motional Load Direction
f+ Global ¥
" Globaly

ok ]

Cancel |

tions. The default is to generate 0.002 of the specified gravity load case as a notional lateral
load case, but since SAP2000 versions prior to V11.07 are limited to Tau-b fixed, the code
requires generation of notional loads using a 0.003 load ratio, which means that users must
change the default. Within the Analysis case definition, a negative multiplier subsequently
can be assigned to account for plus and minus directions of the lateral loads.

Definition of Analysis Cases and Load combinations. P-delta analysis is nonlinear and
must be completed at LRFD load levels. Since SAP2000 does not automatically generate load
combinations for nonlinear cases, the way to create nonlinear combos is to use the Define
menu > Analysis Cases command. Give the analysis case a name and select Nonlinear for the
Analysis type. Then specify p-delta for a Geometric nonlinearity parameter as shown in the
following form. As previously stated, SAP2000's p-delta analysis automatically accounts for
both sway and local effects. Use the following form to define factored load combinations,
including directional plus and minus factors.

Direct Analysis Method using SAP2000 Versions 11.0 through 11.0.6
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Analysis Case Data - Monlinear Static

Analyziz Caze Name Motes Analyziz Caze Type

DESIGNCOME Set Def Name | Modify/Show... | |Static -l
Initial Conditions Analysis Type

(v Zero |nitial Conditions - Start from Unstressed State " Linear

i &+ Monlinear

" Monlinear Staged Construction

Modal &nalpsiz Case Geometric Monlinearity Parameters

All Modal Loads Applied Use Modes from Caze MODAL hd " Mone

Loads Applied
Load Type Load Mame Scale Factor

" P-Delta plus Large Dizplacements

Load ~|jpEaD 12

5 Add

Load MTHDEADR -1.2

Load NTHEQUIF:  |-1.2 todify

Load GUAKER -1.

Delete

Other Parameters
Load Application Full Load Modify/Show...
Results Saved Final State Only ModifysS how... Cancel

Morlinear Parameters Default Modify/S how...

After factored load combinations
have been defined within the [HEEMERSURICIEITET
Analysis cases, next tell SAP2000
that these analysis cases are com- Response Combination Mame |COmen

binations to be included in the de- Mates Modiy/Show Notes.. |
sign. Use the Define menu > Com-
binations command to define each
load combination to have one
Analysis case "combo". For ex-

Combination Type Linear &dd j

Define Combination of Caze Results

. . Caze Mame Caze Type Scale Factor
ample, in this screen capture, DESIENCOMBT | Nonfnear Stalic f
COMB1 is made up of DESIGN- Nolinear Static

COMB1 that was defined under
Analysis cases. The combination
was defined in the Analysis case
definition because a nonlinear
analysis was being run, and fac-
tored loads cannot be properly o Cancel

combined in a nonlinear analysis
using linear algebraic summation.
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After defining load combina-

tions, specify which load com-
binations are to be used by Swength | Deflction |
SAP2000 for design. Click the
Design menu > Steel Fame

Design > Select Design Combos

Choose Combos

Lizt of Combos Design Cambos

command. Remove any default DSTLIO = COMETD
load combos in the "Design e I e
combos" list and add the user- ggwg | <FRemove Egmgg
defined combination for the DSTLS Show COMES
design DSTLIG COMES —
. DSTLI7 COMES
DSTL1S v COME? v

Add Automatic Pragram Default D esign Combinations for Strength

ak | Cancel |

> Auto-mesh (optional) for crea-
tion of additional joints. Al
though SAP2000 and ETABS
automatically consider local p- £ Mo Ao Meshing
delta effects, in some cases users
may need to add an additional
joint between the I and J joints of

& Auto Mesh Frame

v at Intermediate Joints

the frames in a model. Users can [™ at Intergection with Qther Frames, Area Edges and Solid Edges
easily do this without dividing i Minimum Number of Segments 2

their frames into multiple seg- [~ Maximum Length of Seamerts

ments by selecting columns only -

or by selecting the entire model

and then the Assign menu > Units

Frame > Automatic Frame Mesh Ketr =] ox ] Cancel |

command. Use the "Minimum
number of segments" options and
type 2 in the edit box.

SAP2000 and ETABS will internally add an intermediate joint on each selected frame ele-
ment for analysis, but reformulate the elements in the results so that they are reported and de-
signed as singular objects. We have had excellent correlation on AISC benchmarks without
adding joints, but in a few cases it was necessary to add 1 intermediate joint to match per-
fectly. In very large models, these additional auto-mesh joints may add to runtime, but in most
structures the increased runtime will be negligible.

Direct Analysis Method using SAP2000 Versions 11.0 through 11.0.6 Page 12 of 12
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