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DISCLAIMER

Developers and distributors assume no responsibility for the use of MIDAS Family Program
(midas Civil, midas FEA, midas FX+, midas Gen, midas Drawing, midas SDS, midas GTS,
SoilWorks, midas NFX, midas Drawing, midas nGen ; here in after referred to as “MIDAS
package”) or for the accuracy or validity of any results obtained from the MIDAS package.

Developers and distributors shall not be liable for loss of profit, loss of business, or financial loss
which may be caused directly or indirectly by the MIDAS package, when used for any purpose or
use, due to any defect or deficiency therein. Accordingly, the user is encouraged to fully
understand the bases of the program and become familiar with the users manuals. The user shall
also independently verify the results produced by the program.
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Section 1 Outline

The design capabilities of midas nGen 7 Foundation include steel design, reinforced concrete
design, and basic member design/strength checks. For steel members, the program offers the
ability to conduct cross section calculations, which form the basis of the member design
strength. For reinforced concrete members, the program offers the ability to conduct cross
section and reinforcement calculations.

To conduct member design and strength checks, the analysis of the structure of design
interest must be linearized. Design parameters for the computations may include
force/moment results output from static or dynamic analysis, as well as the cross section
characteristics, material properties, and other member information that is input at the creation
of the model.

When creating the analysis model, design criteria for each member may be specified using the
design variable input window. If the user does not specify values for certain design variables,
the program uses the default values.

After using the “Run Design” option, the member design results may be verified through

various options. The program offers the ability to run graphic post-processing on the results,
and the outputs can be seen in tabular or list format as well.

Section 1. Outline | 1
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Section 2

Design Capabilities

2' 1 Design groups categorize members with the purpose of obtaining common computation results.
Design Groups The following conditions are considered to auto-generate design groups, and the groups may
be manually modified by the user.

» Members of a group are of the same type (beam, column, brace, wall, slab).

» Members of a group have the same characteristics (section, thickness, material).

»If the reinforcement has been calculated, the reinforced concrete members of a group have
the same reinforcement.

for Auto-Generating
Design Groups

(]

Select Object(s)

& | Beam LOD & Naming Rules ]
| Sub Beam LOD & Naming Rules ]
Steel Beam SG 1 = e — S
feeen - - [ Sub Column Naming Rules |
Crane Girder CRG 1 = — — -
Sub Beam LOD & Rules ~ Beam-Brace VER 1 2
QLop1 LOD2 Truss-Brace TBR 1 B
Steel Sub Beam SB 1 Tens. Only RBR 1 B
RC Sub Beam 8 1 B T ETy &R 1=
Use Member-Set
Column Rules A
Steel Column sc 1 B Plate Rules ~
et i 1 g RC Plate PL 1 =
Sub Column Rules ~ ) v |+ | x
Steel Sub Column ~ SSC 1 =
RC Sub Column sC 1 =
[ Brace Naming Rules 7]
| Plate Naming Rules ]
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Figure 1.2.2 Beam Naming
Convention

When auto-generating design groups, the naming conventions for the different member types
are as follows.

Beams

» LOD1 (Level of Detail 1) : Exterior and interior beams are differentiated from one another
and are grouped as such. Beams on different levels are categorized into different groups.

» LOD2 (Level Of Detail 2) : Beams that are not continuous based on the LOD1 results are
categorized in separate groups and thus LODZ2 allows the user to obtain a more subdivided
level of grouping.

1G1 11 |

191

191

191

191

1
1
LOD1 : Only grouped into interior and LOD2 : Riscantinuaus-heams a!re grouped
exterior beams separately

Sub Beams
» LOD1 (Level of Detail 1) : Sub beams of the same level, measurements, and reinforcement
are categorized into the same group.

Section 2. Design Capabilities | 3
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Figure 1.2.3 Column
Naming Convention

4 | Section 2. Design Capabilities

» LOD2 (Level Of Detail 2) : Discontinuous beams based on the LOD1 results are categorized
in separate groups and thus LODZ allows the user to obtain a more subdivided level of
grouping.

Columns
Groups categorize columns into corner columns, exterior columns, and interior columns.

102 1C2
~ — 13 (=] (=] £l
v v
m m
" o 1C3 1C3
O O O 123 o a g2
o~ o~ o~
O O O O
g PI ~| - 113 8 8 &ha
1C2 1C2
Elevation View Plan View

Sub Columns
Continuous sub columns are grouped together, and all other exceptions are grouped
separately.

Braces
Braces are separated into groups based on the analysis characteristics. Braces with the same
analysis type, materials, and cross section are grouped together.

» Beam-Brace : Braces analyzed as beam elements

» Truss—Brace : Braces analyzed as truss elements

» Tens. Only : Braces analyzed as tension-only elements

» Comp. Only : Braces analyzed as compression-only elements

Plates
Plates are separated into one group per member.
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2.2

Design Load
Combinations

Load Combination Types

Load combinations for design are decided based on load types and numbers of combinations. Thus, it
is important to confirm whether the defined load combination is appropriate for the design purpose,
before proceeding with structural member design.

Load combinations for each country and design purpose are shown below.

Table 1.2.1 Load
Combination Types
depending on Country and
Design Purpose

Strength Load combination for strength verification
Serviceability Load combination for serviceability verification
Special Load combination for strength verification in special
US earthquake scenarios
Load combination for strength verification in vertical
Vertical earthquake ground motions
- Used for design of members with pre-stressing
Fatigue Load combination for fatigue verification
Strength Load combination for strength verification
Serviceability Load combination for serviceability verification
Load combination for strength verification in special
. earthquake scenarios
Special .
Korean - Used for design of members that may cause a sudden break
in earthquake load through instability or collapse.
Load combination for strength verification in vertical
Vertical earthquake ground motions
- Used for design of members with pre-stressing.
Load combination for strength verification (Persistent &
Fundamental .
Transient)
Accidental Load combination for strength verification (Accidental)
Seismic Load combination for strength verification (Seismic)
. Load combination for serviceability verification
Characteristic e .
- Used for stress verification of reinforced concrete members
Eurocode — . - ST
Load combination for serviceability verification
Frequent . .
- Used for cracking in reinforced concrete members.
) Load combination for serviceability verification
Quasi- ) e .
-Used for cracking/stress verification in reinforced concrete
Permanent
members.
Fatigue Load combination for fatigue verification
British Strength Load combination for strength verification
Serviceability Load combination for serviceability verification

Section 2. Design Capabilities | 5
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Definition and Application of Load Combinations
In this program, pre-defined load combination templates may be used. Alternatively, the user may
manually specify load combinations.

The pre-defined, design-based load combination templates are already stored for easy use within the
program. The user may modify the template files to apply the appropriate load combination. The file
directory for the template is as follows:

Program Application Folder>Design>LoadCombination>Material Folder(RC, [0)>Design
Standard Folder(ACI 318-11, [J)

Load combination template file name extensions are text files, and the main content format is
shown below.

#*VERSION
1.0.0
*CODE
AISC360-10(LRFD) // in ASCE/SEI 7-10.
*DTYP
STEEL
*LTYP
D, L, LR, S, R, FP, WX:AL, WY:AL, W:AL, EQX:AL, EQY:AL, EQV:AL,
EQ:AL, RSX:AL, RSY:AL, RSV:AL, RS:AL
// A = Alternation (+/-), L : Loop, each load set
*CTYP
STRN, SERV, SPECSEIS, VERTSEIS, FATG
// Strength(General), Serviceability(Genera), Strength(Special Seismic),
Strength(Vertical Seismic)
*COMB-STRN
LCB1, ADD
1.4+D, 1.4%FP

Section 2. Design Capabilities | 7
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» LTYP : This defines the load types that are incorporated into the load combinations.

This may be verified from Home > Define > Set > Load Set > Static Load Set. The load types
may be selected from the Load Type list that is pre-defined within the program. In particular,
the specified keywords must be used in order to apply the desired load types, such as “D” for
dead loads and “L” for live loads.

Figure 1.2.4 Static Load
Set Dialog Window

Static Load Set

Name Static Load Set-1 Add

Load Type |Dead Load (D) N2
Dese Dead Load (D

Live Load (L)

Roof Live Load (LR)

Name Wind Load on Structure (W)
Earthquake (EQ)
Vertical Earthquake (EQV)

Keyword

Table 1.2.2 Load Types Load Type

Direction

and Keywords

Dead Load
Live Load
Roof Live Load

D

L

LR

May be defined as WX, WY (Combination of

Wind Load on Structure W both directions)
Earthquake 1Q May be defined as EQX EQY (Combination
of both directions)

Veritical Earthquake EQV

Snow Load S

Rain Load R

Ice Load IC

Earth Pressure EP

Horizonal Earth Pressure EH

Vertical Earth Pressure EV

Ground Water Pressure WP

Fluid Pressure FP

Buoyancy B

Temperature T

Live Load Impact IL

Collision Load CO

User Defined Load USER

Section 2. Design Capabilities | 9
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When defining the load type, two additional options are available to further specify load
characteristics. Either or both options may be used.

Table 1.2.3 Additional This option refers to alternative(+/-) loads. Load combinations for
options for load types both directions of the applicable load types are created.
(Ex.) When adding the option W:A to the load type and combination
(Load Type):A set LCB1, ADD, 1.0«D, 1.0#W, the following load combinations are
created:
LCB1_1:1.0«D + 1.0sW
LCB1_2 : 1.0«D - 1.0sW
This option means to “loop each load set”. Load combinations for
each applicable load type are created.
(Ex.) When adding the option L:L to the load set L1, L2, L3 and load
definition LCB1, ADD, 1.0%D, 1.0%L, the following load combinations
are created:
LCB1_1:1.0«D + 1.0«L1
LCB1_2:1.0«D + 1.0«L2
LCB1.3 : 1.0+D + 1.0<L3

(Load Type):L

» CTYP : This refers to the design load combination. Depending on the design criteria, the
load combination type changes, and the type is defined within the tabs in the “Define Load
Combination” dialog window.

Figure 1.2 Define Load

Combination Dialog T ‘
Windows @ d\ﬁ E—CE

[ AISC360-10 (LRFD)

Strength | Serviceabiiity | Spedial | Vertical | Fatique

[ Load Combination List [ Load Combination Data

Act. Name Sum NL. Desc. Filter Name Type Factor

Section 2. Design Capabilities | 11
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Table 1.2.4 Load Keyword Load Combination Type
Combination Types and
Keywords STRN Strength
SERV Serviceability
SPECSEIS Strength > Special Seismic (ASCE, KBC)
VERTSEIS Strength > Vertical Seismic (ASCE, KBC)
FUND Strength > Fundamental
ACCD Strength > Accidental
SEIS Strength > Seismic
CHAR Serviceability > Characteristic
FREQ Serviceability > Frequent
QUAS Serviceability > Quasi-permanent
FATG Fatigue
SHRT Short Term
LONG Load Term
STRN1 Strengthl
STRN2 Strength?2
STRN3 Strength3
STRN4 Strength4
STRN5S Strengthb
EXTR1 Extreme Event1
EXTR2 Extreme Event2
SERV1 Serviceabhilityl
SERV?2 Serviceability2
SERV3 Serviceability 3
SERV4 Serviceabhility 4
FATG1 Fatiguel
FATG2 Fatigue?

12 | Section 2. Design Capabilities
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» COMB-HHEHEMN : This defines the load combinations that apply to different load types. The
user may input the name of the load combination, the sum type, and the load combination
number. The sum types for load combinations are shown below.

Table 1.2.5 Sum types of Keyword Sum Type Application

midas nGen load .

combinations ADD Linear Sum 1.2D+1.6L
ABS Absolute Sum L.2D|+|1.6L|
SRSS Square Root of Sum of Squares (1.2D)* +(1.6L)

max[1.2D,1,6L]

ENVELOP Envelope min[1.2D,1.6L]

Nonlinear Load Combinations
When conducting nonlinear analysis, the user must select a load combination for iterative
analysis. In nonlinear analysis, only sum type load combinations may be selected.

In iterative analysis, nonlinear elements such as tension-only and compression-only elements
experience varying loads and stiffnesses depending on the strain and stress caused by
different external loads. Thus, it is not feasible to obtain accurate results through the linear
sum of load combinations.

Thus, as shown in Figure 1.2.6, in a structure with tension-only elements, the linear sum of
analysis using two different loads is not equal to the result of using both loads at once.

Load 1 Load 2 Load 1 Load 2
Figure 1.2.6 Comparison
of results of a structure S % %
. . ) & N @
with tension-only elements & S ® S ®
& & S
XY / Sy \
V4 Yy I &
gﬁ’ )@Q )éb@
o & S
oy oy (%2
Axial force (A) in tension-only members due to Load A #0
1:

Section 2. Design Capabilities | 13
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Axial force (B) in tension-only members due to Load B=0

2:

Linear sum of the axial forces for Load 1 and Load 2 : A+B+0

Axial force using a nonlinear load combination 0 (Zero axial force due to simultaneous
(simultaneous combination of load 1 and load 2) : loading)

14 | Section 2. Design Capabilities
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In order to obtain the internal force of such a nonlinear element, unit load criteria must be
applied to each load combination. In the program, the load combination information may be
interpreted as unit loads when load combinations are defined (the NL Check option shown
below in Figure 1.2.7).

Fiure 127 Load
Combination Editing Dialog ( —| / +
Window @ d% @D

[ KSSC-SD09

Strength | Serviceabilty | Spedal | vertical

| Load Combination List Load Combination Data
Act. Name Sum NL. Desc. Filter Name Type Factor
v L1 ADD % Loadset ) Dead Load (D) 120
v B2 aDD v Loadset PO User Define... 120
v 183 ADD % Loadset PA User Define... 120
v L4 aDD v Loadset Wind Load-1... WindLoado... 1.30
v L8s  aDD v Loadset Wind Load-2... WindLoad o... 130
v ies  [aD ~f v
v 87 ADD v
v s ADD v
v s ADD v
v 1810 ADD %
v 811 ADD

< m | »

Set loop-option

The loop-option is used to create specific load combinations that are created from load sets
including loads of the same load type that should not be repeated in the same load
combination.

If the Auto Generate Load Combination function is used, then load combinations are created
using the sums of loads belonging to the same load types.

When creating load combinations using the results of moving crane analysis, it is important to
be aware of certain load results that should not be repeated within the same load combination.
In such a case, the loop-option may be set to define the required load combinations.

Consider the example of reaction forces calculated through moving crane analysis. Without
using the loop condition and instead using the Auto Generate Load Combination function, all
live loads are all included simultaneously within the same load combination.

Section 2. Design Capabilities | 15
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Figure 1.2.8 Load

combinations that are = =] =
defined as a result of using g @ ﬁi/& E“D
the Auto Generate Load
Combination function I ALSCIS0;10M L RED)
Strength | Serviceabiiity | Specal | Vertical | Fatigue
[ Load Combination List | Load Combination Data
Name Sum NL. Desc. = Filter Name Type Factor
.CB1 ADD 1.40°D LoadSet 1.20
-.CB2 ADD 1.20*D+1.60%L LoadSet 1.20
CBS ADD 1.20"D+1.00% =1 | Loadset 1.60
CB6_1  ADD 1.20*D+0.50*WX LoadSet cL1(Y) (Cra... L 1.60
.CB6_2  ADD 1.20°D-0.50"WX | Loadset cL2y) (Cra... 1.60
.CB6_3  ADD 1.20°D+0.50"WX LoadSet CL3H) (Cra... 1.60
.CB6_4  ADD 1.20°D-0.50"WX LoadsSet CLa(H) (Cra... 1.60
CB7.1  ADD 1.20°D+0.50*WY Loadset L5() (Cran... 1.60
.CB7_2 ADD 1.20*D-0.50*WY LoadSet CL6(L) (Cran... 1.60
.CB7_3 ADD 1.20*D+0.50*WY

Repeating vertical and horizontal loads and axial loads in the same load combination may lead
to an over-design of the structure. Each load combination should include one vertical, one
horizontal, and one axial load to create an appropriate design. In this case, three Loop Groups
are defined and the different loads are categorized into the appropriate Loop Groups.

Define Load Combinations > Generate Load Combinations by Template > Set loop - option

Figure 1.2.9 Load Generate Load Combinations by Loop Condition -

combinations that are ~Load Type ~ Loop Condition
1 i Dead Load =-88 Live Load
dhemie{i as a result of using rr
the Loop Option g"gf,{::;m -85 Loop Group
Rain Load . =1 CL1(V) (Crane Girder Analysis-1)
Fluid Pressure ‘1 CL2(V) (Crane Girder Analysis-1)
E+-88 Loop Group

i1 CL3(H) (Crane Girder Analysis-1)

"L CL4(H) (Crane Girder Analysis-1)
‘88 Loop Group

1 CL5() (Crane Girder Analysis-1)

1 cL6() (Crane Girder Analysis-1)
-85 Ignore Group

Add Loop Group | Delete Loop Group

16 | Section 2. Design Capabilities
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Using the Loop Condition function, six load combinations for the load combination equation
LCB2 (1.2#D+1.6%L) have been created. The automated load combinations using the loop

option are shown below.

Table 1.2.6 Load
combinations automatically
created with loop
conditions

Conditions

Load Combinations
without using Loop
Conditions

Load Combinations
using Loop
Conditions

Dead Loads: DL, CL

Live Loads: CL1(V), CL2(V), CL3(H), CL4(H), CL5(L), CL6(L)
Load Combination Equation: LCB2 = 1.2+D + 1.6%L

1.2D+ 1.6+(LL+ CL1(V)+ CL2(V)+ CL3(H)+ CLA(H)+ CL5(L)+ CL6(L))

1.2+D+ 1.6+(LL+ CL1(V
1.2+D+ 1.6+(LL+ CL2(V
1.2+D+ 1.6+(LL+ CL1(V
1.2+D+ 1.6+(LL+ CL2(V
1.2+D+ 1.6+(LL+ CL1(V
1.2+D+ 1.6+(LL+ CL2(V

NSNS NI NS NS SN

+CL5(L
+CL5(L
+CL5(L
+CL5(L
+CL6(L
+CL6(L

oo 02
N
D DD

Section 2. Design Capabilities | 17
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Figure 1.2.10 Member Load
Combination Dialog
Window

18 | Section 2. Design Capabilities

Member Load Combinations

Member-specific load combinations may be selected from the load combinations that have
already been created. The user may manually specify load combinations to be applied to a
specific member and this load combination may differ from those being applied to other
structural members, usually for a specific design purpose.

Member Load Combination X
£ 0

Beam i d| 2  Select Object(s)

V] steel
4 [V] Strength/Stress
4 [V] Strength (General)
LCB1
LcB2
Lc8S

b [¥] Serviceability (General)
» [¥] Fatigue

) A X

The load combinations with Check-On status are used in strength verification or
reinforcement definition. The load combinations with Check-Off status are not used in
strength verification or reinforcement definition.
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2 ] 3 Effective Length Factors
If the axial compression force of a compressive member is small, the column length may be
slightly reduced. However, if the compressive force increases and reaches a certain threshold,
then the element may suddenly buckle.
The buckling behavior of a column element depends on the cross—section properties, material
properties, column length, and boundary conditions. Columns should be designed to avoid
buckling behavior.
The effective length factor of a column element should be calculated using an alignment chart
or by using a representative effective length factor based on the boundary conditions at the
two ends.
Of course, using the alignment chart to determine the effective length factor for all columns
of a model is quite burdensome. The program allows for internal, automated calculations of
the effective length factors for column elements. The effective length factor is decided based
on whether or not side sway is inhibited—this decides whether the structure is composed of a
braced frame or unbraced frame.
Braced frames do not permit lateral movement as they have a structural member that resists
such movement (e.g. shear walls, braces). Thus, braced frames prevent lateral movement
through bracing elements other than the frame.
Oftentimes in actual structures, however, braces may exist in only one direction or installed
in only one portion of the structure. Thus, it is not often easy to differentiate braced frames
from unbraced frames.

Member Parameters

In the automated procedure for calculating the effective length factor, many assumptions are
required. Thus, it is important to ensure that the automatically calculated values are realistic.
The automated calculations for the effective length factor of all elements within a model are
set up in the Design Parameters dialog window.

Home>Design Settings>General>Design Code

Figure 1.2.11 Design
Parameters Dialog Window

Section 2. Design Capabilities | 19



\

7=
DESIGN REFERENCE

Chapter 1. Introduction

Steel Design Parameters X RC Design Parameters X

| AISC360-10 (LRFD) | ACI 318-11
= Strength Reduction Factor A = Strength Reduction Factor -
otl (Tensile Yield Safety ... 080 [ ot (Tensile Yield Safety F... 080
ot2 (Tensile Fracture Safe,,, 0.7 ocl {(Compression Streng, ., 07
oc (Compression Strengt,., 0.90 oc2 (Compression Streng,., 065
b (Bending Strength Saf.., 0,90 ov (Shear Strength Safety, .. 0.75
ov (Shear Strength Safety, ., 0.90 = Check Strength
T (Torsional Strength Sa... 0.90 = Beam
=_Check Strength Morment Redisribution ... 1,00 |
| Ky, Kz (Effective Length F... Program Determined v ] =
Ty Tz, o ontTaTed tem..., PTogranT t > | Ky, Kz (Effective Lengt,,, Program Determined [v
All Beams/Girders are Lat,,, Considered (v ]| _ TV, Lz, L6 (Unbracea .., Frogram Determined v
= Limiting slenderness ratio 1 sns, 8s (Moment Mag, .. Program Determined (v ‘E
Check limiting slendern... Not Considered [v | Equivalent Moment Fac,.,, Yes[v]|
Slenderness Limitation .., 200,00 = Plate
Slenderness Limitation ... 300,00 Plate Design Option Flexure v ||
B1, B2 (Moment Magnifier) Program Determined v = Check Serviceability
Cb (Lateral-torsional buck... Program Determined v Check Defelection Considered [v |
Cv (Web shear coefficient) Program Determined [v Beam Immediate Limit (L/x) 230,00 |

For each member, the user may allow the program to determine the effective length factor or
may specify a value for the program to use. This may be done in the Member Design
Parameters dialog window.

Analysis & Design > Member Parameters > Member Parameters

Member Design Parameters X

Figure 1.2.12 Member
Design Parameters Dialog

, ==
Window i @

Beam M| &  Select Object(s)

[ Steel : AISC360-10 (LRFD) \4
Target Ratio ]
Effective Length Factor ~
¥ Program Determined
Ky 1.000 Kz 1.000
Unbraced Length v]
Limit of Slenderness Ratio v

| Magnifier Factor |

| Lateral Coefficient |

| Web Shear Coefficient v]
Live Load Reduction Factor v]
General Section Strength Check v

| Deflection Parameters ]

| Fatigue 7

The automatically calculated length factor may be verified in the Design Report and the
Design Results (Graphics window).

20 | Section 2. Design Capabilities
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Result>Design Result>Design Report

Figure 1.2.13 Effective Steel Member Design Summary Report based on AISC360-10 (LRFD) [Ibf, in]
Length Factor within the
Design Report

A. Member Information

a. Member Name

-1SC1 - Column-1 [51] 9.921 o
b. Material 5
- SS400 (KS09) [1] § e
- Fy = 34.08 ksi =
c. Section

- SSD_1SC1_H 244x252x11/11 [20]
d. Member Length
-L=16.404 ft
-Ly=8202ft, L. =8.202 ft
- Ly = 0.000 ft (at 0.00L, 0.00 ft)
[e. Effective Length Factor

- Ky = 0.847,K. = 0.805

Result>Design Result>Effective Length Factor (K factor)>Ky, Kz

Figure 1.2.14 Effective PricacPlant SR _ o

. Home Model Analysis & Design Result View. Interface
Length Factor within the R g e - _—
Design Results (Graphic snaivis | ERERN Ot | o = - S - ntiaize

Interface)

& € i - sasic

)
Steel 1D MK&' (Be:
7

+9.626-001
5.9%
+9.236-001
17.6%
+8,856-001

~+8.46e-001
+8.08e-001
0%
+7.696-001
0.0%
+7.31e-001
0.0%
+6.926-001
+6.54e-001
+6. F5e-001
0.0% ’
+5 fre-opi¢

+5:%6e-001
=

5,000, 2.5000, 50000

» Algorithm for Determining the Effective Length Factor
K represents the effective length factor, and given the relationship X=n/K, the equations of
equilibrium for braced and unbraced frames are as follows.

Braced F(X)=GAGBX2+[GA+GB}[1— X }+itan[£}—l=0
4 2 tan X X 2

F
rame (1.2.1)

Section 2. Design Capabilities | 21
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GG, X*-36 X _
6(G,+G,) tanX

Unbraced F(X)=

Frame :
(1.2.2)

The following assumptions lead to the above equations of equilibrium.
1. All of the motion remains within the elastic region.
2. The members are prismatic.
3. All columns simultaneously experience buckling loads.
4. Structures are symmetrically braced.
5. The restraining moment due to a girder at a node is distributed to the columns based
on the stiffness of each column.
6. Girders are elastically restrained at each end with the columns, and when buckling
occurs, the rotational displacement of each end of the girder has the equal magnitude and
opposite direction.
7. Girders do not support axial loads.

22 | Section 2. Design Capabilities
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Figure 1.2.15 The effective
length (KL) of a column
with two restrained ends

The solution to this nonlinear equation is found through the Newton-Raphson method. The
iterative relationship is shown below.

paicl (1.2.3)
F'(X)

The solution to the equation involves tanX and tan(X/2) within £(x) and F'(X), which may

become zero or infinite. This program takes this into consideration and ensures that a stable

solution is always reached.

(a) End Rotations  (b) End Rotations (c) One End (d) Partially
Restrained Fully Restrained Restrained, Restrained
Nl A ~k TN A Al Tl A

Section 2. Design Capabilities | 23
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Figure 1.2.16 Effective
length (KL) of a column

with one free end
N Al

(a) End
Rotations

24 | Section 2. Design Capabilities

KL=2L

(b) One End Rotation Fully
Restrained, Other Unrestrained

L
/
/
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KL>2L
Partial/j\\§

. /
Restrain; 4
/

(c) One End Rotation Partially
Restrained, Other End
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Figure 1.2.17 Effective
length of braced and
unbraced frames

(c) Braced Frame, Fixed Base

(d)

Unbraced Frame,

A
P P
P P
V\‘ _ 4 - ‘\ /,HL\\:
N N\ [ |
5{ \\ pd }2 — | |
// \\ /// \\ f KL // //
L ¢ ') 2 L / | KL>2L
| PN | 0.7L<KL<L / /
\\ e \\\ // L / /
\\ // ~ // / /
(a) Braced Frame, Hinged Base (b) Unbraced Frame, Hinged Base
A
P P
P P
' .
L ~ 7
(I i o
| ~ e \
Lo > lost<ki<o7L | !
\\ // \\\ / L |/
7 SO P
// N
a— Vv v wyy L<KL<2L
\

\
[J—

Fixed
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Table 1.2.7 Effective a b c d e f

columns with different end
conditions )
-

length factor (K) of I 1 l 1 l l l l

Buckled shape of the
column shown by
dashed line

=

V243 v/
Theoretical value 0.5 0.7 1.0 1.0 2.0 2.0
Recommended design
1 hen ideal
values when idea 065 0.8 10 1.2 2.1 2.0
conditions are
approximated

Rotation fixed, Translation fixed

Rotation free, Translation fixed

End conditions code
Rotation fixed, Translation free

— 0 -4

Rotation free, Translation free

26 | Section 2. Design Capabilities



=
DESIGN REFERENCE Chapter 1. Introduction

Unbraced Length

The unbraced length of a member is determined with respect to both the y- and z-axis
directions (in the element coordinate system).

When a member is subject to axial force or bending moment, the length that experiences
bending strain along the element major axis (y-axis) and minor axis (z-axis) in the element
coordinate system is called the unbraced length (see Figure 1.2.18).

The unbraced length of a member is used along with the effective length factor. The unbraced
length also is incorporated in calculations for the slenderness ratio, which is required in
computing the design axial compressive strength or allowable compressive force.

Figure 1.2.18 Unbraced
length of a member

Minor Axis
(z-Axis)

Major Axis

(y-Axis)

-

The automatic calculations for the unbraced lengths of all members within a model are set up
in the Design Parameters section of each Design Code.

Home>Design Settings>General>Design Code

Figure 1.2.19 Design
Parameters Dialog Window
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Steel Design Parameters X RC Design Parameters X

AISC360-10 (LRFD) ACI 318-11
['= Strength Reduction Factor R = Strength Reduction Factor A~
otl (Tensile Yield Safety ... 090 ot (Tensile Yield Safety F... 090
12 (Tensile Fracture Safe.,. 0.7 ocl (Compression Streng. .. 0.75
oc (Compression Strengt,.. 0,90 oc2 (Compression Streng,.. 0,65
&b (Bending Strength Saf... 0,90 v (Shear Strength Safety. ., 0.75
ov (Shear Strength Safety. ., 0,90 = Check Strength
T (Torsional Strength Sa,., 0,90 = Beam
= Check Strength Moment Redisribution ... 1.00
Ky, Kz (Effective Length F... Program Determined [v = Column
Ly, Lz, Lb (Unbraced Len, Program Determined v
Eams;/Girgers are Lat... onsigered v |
o Limiting slenderness ratio T E
Check limiting slendern, ., Mot Considered v Equivalent Moment Fac,.. Yes [v
Slenderness Limitation ... 200,00 = Plate
Slenderness Limitation ... 300,00 Plate Design Option Flexure [v
B1, B2 (Moment Magnifier) Program Determined v = Check Serviceability
Cb (Lateral-torsional buck... Program Determined [v Check Defelection Considered v
Cv (Web shear coefficient) Program Determined [v Beam Immediate Limit (L/x) 230,00

The unbraced length may be left to be determined by the program or the user may specify a
value for the program to use. This can be defined within the Member Design Parameters
dialog window for each member.

Analysis & Design>Analysis & Design>Member Parameters>Member Parameters

Parameters Dialog Window \ﬁ @‘
[ Steel : AISC360-10 (LRFD) \74
Target Ratio V]
| Effective Length Factor v
Length e
¥4 Program Determined

Ly 0.00 | m Lz 0.00 | m

0.00 | m
I
I
Coefficient |
Web Shear Coefficient V]
| Live Load Reduction Factor o
| General Section Strength Check ]
[ " V]
| Fatigue V]
(@) v |+ | X
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The automatically computed lengths may be seen in the Design Report and the Design Results
(graphic interface).

Result>Design Result>Design Report

Figure 1.2.21 Unbraced Steel Member Design Summary Report based on AISC360-10 (LRFD) [lbf, in]
Length shown in the Design
Report A. Member Information
a. Member Name
- 1SC1 - Column-1 [51] 9.921 o
b. Material 5
-$5400 (KS09) [1] =4 @
- Fy=34.08 ksi >
c. Section

- SSD_1SC1_H 244x252x11/11 [20]
d. Member Length

-L=16.404 ft

-Ly=8.202 ft, L. = 8.202 ft

- L = 0.000 ft (at 0.00L, 0.00 ft)
e. Effective Length Factor

- Ky =0.847,K. = 0.805

Figure 1.2.22 Unbraced

Length shown in the Design i s
Results (graphic interface) v o e e e e

2% M B7 o @

Steel 1D Member (Bez
+7.07e4+000
23.5%

+6,69+000
e
46314000

0.0%
+5.33+000

45.55+000

0.0%
+5.176+000

412%
44794000

+4.400+000
0.0%
+4,024000
0.0%
+3.Gie+000
0.0% 3
+3.fsets

+2¥6e+000
3%
+2.5004000
Envelope.

Ot system: m

Section 2. Design Capabilities | 29



=
DESIGN REFERENCE Chapter 1. Introduction

The following example illustrates the calculation of an unbraced length for a typical case.

Figure 1.2.23 Unbraced ')Z‘ E
length for major and minor
axis of a member, CASE 1
Girder
% L
c3 ca
C1 Cc2
L/2 L/2
L

Unbraced length of a girder : Ly =L, Lz =1/2

<CASE1>
Figure 1.2.24 Unbraced : :
length for major and minor : :
axis of a member, CASE 2 | I
| |
™
~
c4 3 A
—r C3 C6
o~
~
Vad A — Vad
Cc1 c2 C3

Unbraced length of acolumn ® : L, =12, L,=L1
Unbraced length of acolumn ® : L, =L3, L,=L1
Unbraced length of acolumn © : L, =L,= L1

<CASE2>
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Figure 1.2.25 The .b JD 4

relationship between the
analytical model elements

A )

and the unbraced lengths €L T g%
@ Pd
® £
) I P (A
9 | Node © L ode ® P
3 & o/ 7
-~ / ,,,,, — S S
o C4
9 ® - © ©
R B . . . .
Cc1 Cc2 C3
LB1 LB2
T
LB3 LB4
Table 1.2.8 The Unbraced length (Ly) Unbraced length (Lz)
relationship between the Element about the element major ~ about the element minor Comments
analytical model elements . . . .
and the unbraced lengths axis (y-axis) axis (z-axis)
Column ® LC1 LC1 -
Column LC2 LC2 -
Column © LC1 LC3 -
Column LC2 LC3 -
Column ® LC3 LC3 -
Column ® LC3 LC3 -
Beam LB3 LB3 -
Beam @ LB3 LB3 -
Beam LB4 LB4 -
Beam LB4 0 Restrained by slab
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Laterally Unbraced Length

If there is a vertical load exerted in the direction parallel to the web of a beam or girder, a
vertical deflection occurs on the in-plane side of bending where the moment occurs. As the
load increases and eventually passes a certain threshold, the compressive flange of the beam
or girder experiences a horizontal displacement outside of the bending plane. As a result, the
element may experience rotation and torsion. This phenomenon is called lateral torsional
buckling.

When this phenomenon occurs, the member can no longer resist the force being exerted on it
and may experience sudden failure. Thus, it is important to design beams and girders to
prevent lateral torsional buckling. In typical steel member design criteria, the lateral torsional
buckling failure mode is considered and it is required that the designer calculate the allowable
bending stress or design bending strength.

The laterally unbraced length is required to calculate the allowable bending stress (design
bending stress), which incorporates lateral torsional buckling considerations. This is the
distance along the length of the member in which, under lateral loads, the lateral displacement
of the compressive flange is restricted.

Figure 1.2.26 Lateral
Torsional Buckling

32 | Section 2. Design Capabilities



DESIGN REFERENCE Chapter 1. Introduction

Girder Beam Column
~

v /
Figure 1.2.27 Example of _¢_ - /' ‘_$_

Laterally Braced Systems
I Laterally unbraced member

S ==

(a) Incorrect Lateral Braced System

Girder Beam |
S i
! N N
=== ._.%
| \ Member extended to wall
I i| &1 forlateral braced system
I H L]
T } — —H=—Wall

(b) Correct Lateral Braced System - 1

/Girder Beam Column

Diagonal brace for
lateral braced system

(¢) Correct Lateral Braced System - 2

The input for the lateral torsional buckling length and the result of the automated calculation
may be verified in the same procedure as the unbraced length.
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Live Load Reduction Factor

The live load that is applied to structures are not truly being exerted across the entire floor
area. Thus, to achieve reasonable and economical designs, live load reduction factors, shown
in Equation 1.2.4, should be used.

F =Fp+ (LLRF)F. + Fs (1.2.4)

Here,

. Axial force, moment or shear force incorporating the live load

reduction factor
D . Axial force, moment, or shear force due to dead loads or other

vertical loads
FL . Axial force, moment, or shear force due to live loads
Fs - Axial force, moment, or shear force due to lateral loads (wind

loads, earthquake loads)
LLRF : Live load reduction factor

FD, FL, and FS are factored loads (axial force, moment, or shear force).

The live load reduction factor may be calculated as a function of either the tributary area or
the number of stories. The calculation procedures for different design codes are shown below.

» ASCE7-05 (Calculated based on the Effective Tributary Area)

4.57
L =Ly(0.25 + m) 1.2.5)

Table 1.2.9 Live Load

Element Krpx
Element Factor, Ki.

Interior columns 4
Exterior columns without cantilever slabs
Edge columns with cantilever slabs
Cornor coumns with cantilever slabs
Edge beams without cantilever slabs

DO DO DO W A~

Interior beams
All other members not identified
Including:
Edge beams with cantilever slabs 1
Cantilever beams
One-way slabs
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Tow-way slabs
Member without provisions for continuous
Shear transfer normal to their span

# In lieu of the preceding values, KLL is permitted to be calculated.
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Figure 1.2.28 Member
Design Parameters Dialog
Window

» BSEN 1991-1-1;2002 (Calculated based on the Tributary Area)
@ =29+ 2 <10 (1.2.6)

With the restriction for categories C and D @ a, > 0.6

Here,

Y, is the gactor according to EN 1990 Annex Al Table Al.1
A0 = 10m2

A is the loaded area

» BSEN 1991-1-1;2002 (Calculated based on the number of stories)
a, = 0= (1.2.7)

n n

Here,
n : is the nunber of storeys (>2) above the loaded structural elements from the same category.

v, is in accordance with EN 1990, Annex A1, Table Al.1

In this program, the live load reduction factor is user-specified, and may be input for each
member in the Member Design Parameters dialog window.

Analysis & Design>Analysis & Design>Member Parameters>Member Parameters

z9
Beam M| 2  Select Object(s)

[ Steel : AISC360-10 (LRFD) \74

Factor 1.000

2 Apply to Axial [ Apply to Moment

[ Apply to Shear

General Section Strength Check >4
Deflection Parameters M
| Fatigue v
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2.4

Check Points

Figure 1.2.29 Check points
of midas nGen

Figure 1.2.30 Check point
settings dialog window for
steel beam/column/braces

Depending on the check points within a member, the cross-section stiffness and analysis
results may change. Thus, the check point locations greatly affect the design results. To
obtain more accurate results, check point capabilities have been installed within this program.
In midas Gen, five check points were used for 1-dimensional members. In this program, the
user may specify check points for the entire structure or for select structural members.
Furthermore, as shown in Figure 1.2.29, member performance may be verified to the left or
right of the check point locations. This will allow the user to check for any inconsistencies or
unrealistic results that may occur due to concentrated loads or member connections.

—
t *+ t t ¢

Default Check Points
As shown below, check points may be specified based on the member characteristics.

» Steel Beam/Column/Brace: The number of check points may be specified for each type of
member, and element performance is verified at the ends of each of the member subdivisions.
If the number of check points is five, then the member is divided into four sections.

Design Settings X
General | Checking/Decision | Rebar/Arrangement

Steel Beam/Column Brace o Target Ratio (Demand/Capacity)
RC Beam Combined (min) 0.10
RC Column Combined (max) 0,80
RC Brace Bending {min) 0,00
RC Plate Bending (max) 0,80
Advanced Check Points Shear (min) 0.00
Criteria for Status Shear (max) 0,80
Axial Comp, (min) 0,00
Axial Comp, (max) 0,80
Axial Tens, (min) 0,00
Axial Tens, (max) 0,80
Torsion (min) 0,00
Torsion (max) 0.90
ETC (min) 0.00
ETC (max) 0
= Member Check Points EDN
Beam 5
Column 5
\ Brace 2 )

» RC Bow/Column : The locations of the check points for RC members are related to the
reinforcement. The locations may be specified with reinforcement considerations. The check
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Figure 1.2.31 RC
Beam/Column Check Points

Figure 1.2.32 Check Point
settings dialog window for
RC Beam/Column

point locations and number of check points may be specified individually with respect to each

endpoint and midpoint.

Start Sector
Position

\

\ 4

Use Middle Rebar
Middle Sector Points

y

End Sector
Position

\

Y

|

A Start Sector ‘

Points

Use Start Rebar

[START]

[MIDDLE]

A

|
‘ End Sector
Points

Use End Rebar
[END]

Design Settings X
| General Checking/Decision | Rebar/Arrangement

RC Beam
RC Column
RC Brace
RC Plate

Criteria for

Steel Beam/Column/Brace

Advanced Check Points

Status

('@ Target Ratio (Demand/Capacity)

Bending (min) 0.60
Bending (max) 1.00
Shear (min) 0.60
Shear (max) 1.00
Axial Comp, (min) 0.60
Axial Comp, (max) 1.00
Axial Tens, (min) 0,60
Axial Tens, (max) 1.00
Torsion (min) 0.60
Torsion (max) 0.90
ETC {min) 1.00
ETC {max) 1.00
Member Check Points

Sector Method Member Length [~
Start Sector Pos, 0.25
Start Sector Points 2
End Sector Pos 0.25
End Sector Points 2
Mid, Sector Points 3
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» RC Braces : Most braces resist axial forces, and the number of check points are defined
regardless of the endpoints and midpoints.

setting window for RC

braces General | Checking/Decision | Rebar/Arrangement

Steel Beam/Column/Brace || @ Target Ratio (Demand/Capacity)
RC Beam Bending {min) 0,60
RC Column Bending {max) 1.00
Shear (min) 0.60
RC Plate Shear (max) 1.00
Advanced Check Points Axial Comp, {(min) 0.60
Criteria for Status Axial Comp, (max) 1.00
Axial Tens, (min) 0.60
Axial Tens, (max) 1,00
Tarsion (min) 0,60
Torsion (max) 0,90
ETC (min) 1.00
ETC (max) 1,00
= Member Check Points
Brace Points 2 ]
[

Advanced Check Points

To achieve a more accurate design, locations that may experience a sudden change in force
require more thorough inspection and the user may specify additional criteria. The following
figures show scenarios in which sudden changes in force may occur.

Check Points Dialog

Window General | Checking/Decision | Rebar/Arrangement
Steel Beam/Column/Brace || @ Advanced Check Points
RC Beam Concentrated Force,,, Auto Add[v]
RC Column Connected with Oth,,, Auto Add
RC brace Boundary Position IS (T ]
RC Plate
Advanced Check Points
Criteria for Status
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Figure 1.2.35 Location of
concentrated loads

Figure 1.2.36 Point of
connection with other
members

Figure 1.2.37 Boundary
conditions

» Location of concentrated loads

ii$ g

» Point of connection with other members

e

» Location at which boundary conditions are applied

0
699
0
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Figure 1.2.38 Member
Check Positions set-up
dialog window

2.5

Target Ratio and
Design
Checking/Decision

Member Check Positions

Independent of the check point definitions in Design Setting, check point locations may be
defined in selected members. The following figure shows how the design length and number
of check points may be specified.

g = d

=»  Selected 1Object(s)

Regular Checking Points by Basic Sectors a
I 5.00 m '
r 1
0.50
L 4
[ I | ] ]
A A A
0.00 0.25 0 I75 1 ?O
' Start ' Middle v End b
~ Start Middle End
L : Member Length 7 L : Member Length N
Sector Position 0.25 xL Sector Position 0.25 xL
Check Points 212 || checkpoints 312 || checkPoints 22
O VA ap | OX
Target Ratio

In this program, target ratios are defined for each member type, and the user may also
incorporate marginal values when designing the cross section or checking the design strength.
Typically, design results are deemed to be adequate if the inequality shown in Equation 1.2.8
is satisfied. If the target ratio is incorporated into the design, then the inequality shown in
Equation 1.2.9 is used instead.

Demand < Capacity (1.2.8)
Demand < Target Ratio X Capacity (1.2.9)

Here,
Demand : Demand strength / stress / deflection
Capacity : Strength / force / deflection that the section is capable of handling

42 | Section 2. Design Capabilities



=
DESIGN REFERENCE Chapter 1. Introduction

Target ratio is used as a criterion for deciding whether the resulting design for steel or RC
member sections is satisfactory. For designing reinforcement in RC members, the target ratio
also serves to help decide whether the reinforcement design is satisfactory.

The target ratio may be selected differently depending on the member material properties,
shape, or other important values. Thus, it is up to the user to decide on the design criteria
and marginal values.

The target ratio for either the entire structure or for select members in the Design Settings
dialog window.

Home>Design Settings>Check/Decision

set up dialog window
General | Checking/Decision | Rebar/Arrangement

(= Target Ratio (Demand/Capacity)
RC Beam Combined (min) 0.10
RC Column Combined (max) 0.80
RC Brace Bending {min) 0.00
RC Plate Bending {max) 0.80
Advanced Check Points Shear (min) 0.00
Criteria for Status Shear (max) 0.80
Axial Comp, (min) 0.00
Axial Comp, (max) 0,80
Awxial Tens, (min) 0.00
Axial Tens, (max) 0.80
Torsion {min) 0.00
Torsion {max) 0.90
ETC (min) 0.00
ETC (max) 0.80
= Member Check Points
Beam 5
Column 5
Brace 2

The target ratios for various values may be input in the Member Design Parameters dialog
window.

Figure 1.2.40 Target Ratio
set up in the Member
Design Parameters dialog
window
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Member Design Parameters X

O

Beam M| 2  Select Object(s)

] Steel : AISC360-10 (LRFD) \74
Target Ratio B
Compression  0.001  0.800
Tension 0.001 0.800
Bending 0.001 0.800
Shear 0.001 0.800
Combined 0.100 0.800
Torsion 0.001 0.900
Misc.  0.001 0.800
Effective Length Factor v|
Unbraced L v




=
DESIGN REFERENCE Chapter 1. Introduction

Design Results and Decisions
The program allows the user to check the design results and provides the design checking
process in a more detailed manner, as shown in Figure 1.2.4.

Figure 1.2.41 Design .
Results and Checking Need Checkl OK L Critical L NG
Target Ratio Target Ratio 1.0
(min) (max)

» Need Check : This is the case in which the design result is smaller than the minimum target
ratio. This often represents overdesign situations, and the user may attempt a more economic
design by modifying the materials, cross sections, and design factors.

» OK : This is the case in which the minimum target ratio < design result < maximum target
ratio.

» Critical : This is the case in which the maximum target ratio < design result < (1.0). The
actual behavior should meet performance criteria, but represents a situation in which some
members must be checked as the overall design exceeds the maximum target ratio set by the
user.

» NG : Design result > (1.0).

» Failure : This only applies to RC members and is available so that users may detect the
possibility of brittle failure. In such a case, the member does not perform adequately with
only augmenting the steel reinforcement, so it is necessary that the user increase the cross
section size or material strength.
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As shown in Figure 1.2.42, through Design Result > Total Result > Status, the member design
result may be displayed in a visual manner. The design total result ratio is also provided in

the interface, so the user may make a more intuitive decision about the total structural result.

Figure 1.2.42 Structure @Hmﬁ““ Al C=EEE
design result appearance in =
the software

=
]

Combination
L

Design Case | Envelope Design Case

Design
TotalResdt

Need Check
Jox
critcal
I NG z

| ratre \I/X

Not Check

Envelope.
Unit system: -

Additionally, some design results may be filtered in the table of results, or a specific

member’s performance may be verified within the software. Thus, these options allow for
quick access to detailed design results.

B ‘ - D BE fc3]
Figure 1.2.43 Structure )
=] sei [l 6y Member - Il oesign Report
[H] A
Al Slenderness Ratio Combined Axial Bending- 4
= Deson Case | Desonf section e vomond i3
Foution |t | poston | main Ratio atio
T Positon Capacity | Positon
== =y sz wcams
Envelope Design Case |_H 248x249x8/13  1.00L - 0337 - 0.003 = 0.024
oo oo, ammes oo
L] -4282.47
Envelope Design Case 1sC1 Column-2  SSD_I1SC1_H 248x249x8/13  1.00L LB 2 0.337 L2 0.003 0.0 Lo 2 0.024
oo oo, w3 oo
Envelope Design Case 1sc2 Colmn-3  SSD_ISC2_H 250x250x9/14  1.00L L0004 0352 \BD4 | ggg 152875 LB ¢
oo oo, asesniss oo
w2 w2 sz sz 2
Envelope Design Case 15C2 Column-4  SSD_1SC2_H 250x250x9/14  1.00L 0.352 0.008
oo oo .
- LCB20_4 LCB20_4 -4282.47 LCB20_4
Envelope Design Case 15C1 Column-5  SSD_I1SC1_H 248x249x8/13  1.00L 0337 0.003 0.024
2 oon oot 01863 00
s
Envelope Design Case 15C1 Column-6  SSD_1SC1_H 246x249x8/13  1.00L Lo 2 0.337 Loun2 0.003 2 B 1050 2 0.024
& 0.00L 0.00L -1703018.63 0.00L
&0 Envelope Design Case 1561 Beam-11 SSD_ISG1_LH 250x100x3.2/4.5 1.00L (oo 0360 {BI2  ggp; SBLALBU2 0
5 oo oo, s oo
s . 207 a4
Enpebesnon G Seani2 S0_ISG1MI0IOAS 100
A L Lo s Lo
< LCB17.2 L8172 -3201.47 LCB17.2
Envelope Design Case 1561 Beam-13 SSD_1SG1_LH 250x100x3.2/4.5 1.00L 0.360 0.027 0.346
oo oo s oo
Envelope Design Case 1561 Beam-14 SSD_15G1_LH 250x100x3.2/4.5 1.00L Lo 0.423 L0 0.019 ZATNT 0413
o0 1o e o s
« . = % e v
N m
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2 6 In this program, different analysis cases may be set up with a single model. Each analysis

Design Cases

case may be defined to conduct analysis with different target members, loads, and boundary

conditions. Thus, even with a single model, a variety of analysis results may be created.
Moreover, if the design case is defined with the options included in these analysis cases, then

various design results may also be created.

Figure 1.2.44 Design Cases Define Design Cases X

set up dialog window

Desc.
r Design Model

Analysis Case | Analysis for Design-1

Load Set for Design A = || | DesignMembers

Analysis for Design-1
4 [V] static
4 [V] static Load
4 [V] Wind Load on Structure (W)
--[¥] Wind Load-1(+)
Wind Load-1(Ortho)(+)
Wind Load-1(-)
Wind Load-1(Ortho)(-)

Analysis for Design-1

[ Combined Design Case

One analysis case is defined within a design case.

The design is conducted using the target members, loads, and boundary conditions defined
within the analysis case. After modeling the entire structure and analyzing it, specific
members or load conditions may be selected before continuing with design. Using this,
various analysis or design cases can be created and separated/merged/connected designs can
be conducted and critical members (for each load or type of structural member) can be

identified easily.
Various design cases are defined.
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Figure 1.2.45 Dialog Window
for combining design cases
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Various design cases are defined and then analysis is conducted. Results for each design case
can be seen, and the least optimal case is called the Envelope Design Case. The Envelope
Design Case result is provided to the user to quickly check the structure’s overall appearance.
Additionally, when defining design cases, the “Combined Design Case” capability may be used
to create combinations of various loading or boundary conditions. Thus, this capability can be

used in parametric design and the strength results can be quickly combined to apply the
results in structural design.

Define Design Cases X

Name Analysis for Design-1

Desc.
~ Design Model

Analysis Case [ Analysis for Design-2 v

Load Set for Design A = || | Design Members

Analysis for Design-2 Analysis for Design-2

4 [V] static 4 [V] Steel
4 [V] static Load i b {¥]Brace
4 [V] Dead Load (D) -[E RC

D)

4 [V] Wind Load on Structure (W)
.[¥] Wind Load-1(+)

-[¥] Wind Load-1(Ortho)(+)
[¥] Wind Load-2(+)

.[¥] Wind Load-2(Ortho)(+)

Combined Design Case

Analysis Case Members  Load Set Add

Analysis for Design-1 2125 D(1), W(4), USER(3), EQ(2), Modify

|Analysis for Design-2 56 | (1), w(), -
te
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Section 1

Table 2.1.1 Design codes

categorized per country

Outline

Steel members that are included in the analysis model are checked for adequate strength based on a

user-specified design strength or on the entire steel structure.

The program offers the following design codes.

Load and Resistance Factor Design (US
AISC360-10(LRFD)
units)

AISC360-10(ASD) Allowable Strength Design (US units)

Load and Resistance Factor Design (Sl
AISC360-10M(LRFD)

units)
AISC360-10M(ASD) Allowable Strength Design (SI Bt
us Load and Resistance Factor Design (US
AISC360-05(LRFD)
units)
AISC360-05(ASD) Allowable Strength Design (US units)

Load and Resistance Factor Design (Sl
AISC360-05M(LRFD)

units)
AISC360-05M(ASD) Allowable Strength Design (S units)
AISC-ASD89 Allowable Strength Design
EN1993-1-1-2005 Limit State Design
Eurocode

EN1993-1-1-1992 Limit State Design

British BS5950-1-1990 Limit State Design

Korean KSSC-LSD09 Load and Resistance Factor Design
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KSSC-ASD03 Allowable Strength Design
AIK-ASD83 Allowable Strength Design

42 | Section 1. Outline

The program supplies a design summary of the calculations for all the design criteria shown in Table
2.1.1. Detailed calculations for the most widely used design codes (AISC360-10(LRFD) / AISC360-
10(ASD) / AISC360-10M(LRFD) / AISC360-10M(ASD) / AISC ASD89 / KSSC-LSD09 / KSSC-ASDO03)
are provided as well. In the detailed design report, the user may also see specific design code details

or basis for the design calculations.
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Figure 2.1.1 Member Design Result>Design Result>Design Report

Report set up dialog window N
Type
’(OSunmafy Detail ‘

| Envelope Design Case v |

Select Object(s)

RC A
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Figure 2.1.2 Sample Design Steel Member Design Summary Report based on AISC360-10 (LRFD) [Ibf, in]
Summary Report
A. Member Information
a. Member Name 5.008 - A 7.2509e+000 in?
- Beam-5 [5] —— :ﬁ Asy 3.4875e+000in?
b. Material Aa 3.0225e+000 in?
- §5400 (Ks09) [1] I 1.7322e+002 in*
-Fy =34.08ksi = k 1.2205e+001 in¢
¢ Section 3 Sy 2.9352e+001 in?
- H300x150x%6.5/9 [3] = S, 4.1313e+000 in?
d. Member L“n%‘h Z,  3.3075e+001im’
i z 256 Z 6.4075e+000 in?
-Ly=16.404 ft L. = 16,404 ft P % 4.8819e+000 in
- L, =0.000 ft (at 0.00L. 0.00 ft) . = 2 1295304000 in
e. Effective Length Factor Y 50056 z s
-K;,=0.766, K. = 0.500
f. Member Parameters
- Biy =1.000, B1: = 1.014
- B2y =1.000, B2, = 1.000
-G =1472
-C,=1.000
£ Seismic Provision: Not Considered
B. Check Slenderness Ratio
Do not check because checked off Limit of Slenderness check option
C. Check Combined Ratio (at 0.00L, 0.00 ft)
Load Combination: LCB1 (1.40*D)
Axial (Compression) P, /@B, 5.04 kips / 167.99 kips = 0.030 < 1.000 Check
M Myy /@My, 33.31 kips-ft / 84.55 kips-ft = 0.394 < 1.000 OK
M, /oM, . 0.00 kips-ft / 16.38 kips-ft = 0.000 < 1.000 Check
Combined Rioe 0.409 < 1.000 0K
D. Check Shear Capacity (at 0.00L, 0.00 ft)
Load Combination: LCB1 (1.40°D)
Shear Vr / @iz 12.58 kips / 61.81 kips = 0.204 < 1.000 OK
E. Check Deflection (at 0.50L, 8.20 ft)
Load Combination: svLCB1 (1.00*D)
Deflection /8 1o 0.17 in / 0.79 in (L/250) = 0.216 < 1.000 0K
F. Check Fatigue
Do not check because checked off Fatigue check option.
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Figure 2.1.3 Sample Design
Detail Report

Steel Member Design Detail Report KSSC-LSDO9 [kN, m]
A. Design Case: Design Case 1

B. Member Information
a. Member Name
- Beam-75 - [157]
b. Material
- S5400 (KS09) [1]
- Fy =235.00 MPa
c. Section .
- H 300x150x6.5/9 [3]
- Typical rolled section
d. Member Length §
-L=4000m
-L,=4.000m, L; =2.000m
- Ly =2.000 m (at 0.00L, 0.00 m)
e. Effective Length Factor
- Ky =0.500, K== 0.500
f. Member Parameters
- Byy = 1.000, Bz = 1.000
- B2y = 1.000, B2z = 1.000
-Ce=239%4
-C, =1.000
g. Seismic Provision - Not Considered

C. Position Result
a. Design Result by Check Position

4.678e+003 mm*
2.250e+003 mm?
1.950e+003 mm?
7.210e+007 mm*
5.080e+006 mm*
4.810e+005 mm?
8.770e+004 mm?
5.420e+005 mm’
1.050e+005 mm*
1.240e+002 mm
3.200e+001 mm

Position 0.00L 0.25L

0.50L

0.75L

1.00L

LCB

P, (kN)
M, (kN-m)
M. (kN-m)
Ratio
LCB

V. (kN)
Ratio
LCB

V, (kN)
Ratio

LCB38_2
1.55
Combined -3.62
-0.64
0.08

LCB10 4
-2.06
0.01

Shear-z

Shear-y

LCB19_3

-0.38
0.00

b. Description of Load Combinations

LCB19_3: 1.20'D+1.20'W
LCB19_4: 1.20'D+1.30'W

Section 1. Outline | 45
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LCB38_2: 0.00'D-1.00'EQY

D. Check Slenderness Ratio
Ury = 32.258 < 300.000

Lirz = 60.790 < 300.000

Major(Y) axis for tension
4.000/0.124 = 32.258

E. Check Combined Ratio (at 0.00L, 0.00 m)
Load Combination: LCB38_2 (0.90"D-1.00°EQY)

Minor(Z) axis for tension
2.000/0.033 =60.790

Axial P, [oP, 1.550 kN /989.397 kN = 0.002 < 1.000 Need Check
Check Axial Strength
1) Calculate axial tensile strength (¢5,) 0704.2
¢ =0.900
P, = AgF, =1099.330 kN
@B, =989.397 kN
Moment Myy/oMpy  -3619 KN-m/-114.633 kN-m = 0.032 < 1.000 Need Check
M. /oM,  -0.644 kN-m/-22.2208 kN-m =0.029 < 1.000 Need Check

Check Flexural Strength About Major Axis (Y)
1) Plastic section modulus referred to tension and compression flange

z, =542000.000 mn?

2) Compression flange yielding
M, =F,Z, =127.370kN-m

3) Calculate limiting width-thickness ratio of flange for fiexure 07024

%, =0.38 [EJF, = 11223
A = L00/E,/F, = 29.535

4) Calculate limiting width-thickness ratio of web for flexure 0702.4

% =3.76/E7F, =111.053
A, =570 /EJF, = 168.352

5) Check width-thickness ratio of flange

A =8333< 1, =11.223 - Compact

6) Check depth-thickness ratio of web

A, =39.385< A, =111.053 - Compact

7) Lateral torsional buckling

0706.2.1

0706.2.2
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L, = 1765, \E =1710.218 mm

.7
L:l%n,%&\j1+ ’1+a7s(°f—‘;:‘°)= =5141.934 mm

Myyrs = Co(Mp — (M, — 0TS, ﬁ))) = 295250 kN-m

8) Calculate flexural strength about major axis (¢M,,)
@ =0.900

OMyy, = @min(Mp My 175) = 114.633 kN-m

Check Flexural Strength About Minor Axis(Z)

1) Elastic section modulus referred to tension and compression flanges

S, =67700.000 mm?

2) Calculate Limiting width-thickness ratio of flange for flexure

%, =0.38/E/F, = 11223
A = LOOJEJF, =29.535

3) Check width-thickness ratio of flange
A =8.333< 1, =11.223 - Compact

4) Calculate nominal fiexural strength for Yielding
M, =min(F,Z, 16ES,) =24.675kN-m

5) Calculate nominal fiexural strength for flange local buckling (FLB)
A=b/t =8.333 - Compact
Compact Flange - Not Applied

6) Calculate flexural strength about minor axis (¢M,;)
¢ =0.900
OMp; = @min(Mp My, p15) =22.208 KN-m

0706.1

07024

0706.6.1

0706.6.2

0706.1

Combined Rmax 0.061 < 1.000

Check Combined Strength
1) Calculate interaction ratio of combined strength
R/P. <02

L B2y - 0061
2’( ”fY “ﬂ

F. Check Shear Capacity Minor Axis (at 0.50L, 2.00 m)
Load Combination: LCB19_3 (1.20*D+1.30'W)

Need Check

0708.1.1

Shear Vay/oVay -0.362 kN /-342.630 kN = 0.001 < 1.000

Need Check
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Check Shear Strength About Minor Axis (Y)
1) Calculate web shear coefficient

k, =1.200

hft, =b/2t, =8333

1.10[% =35.590

1.37\/7:1,_5/5 =44326

¢, =1.000

2) Calculate shear strength about minor axis
A,, =2700.000 mm?
Vay = 0.6F,A,,C, =380.700 kN
¢ =0.900
@V, =342630kN

G. Check Shear Capacity Major Axis (at 0.00L, 0.00 m)
Load Combination: LCB19_4 (1.20"D+1.30*W)

0707.7

0707.2.1

Shear Vie/oVe:  -2.960 kN/-274.950 kN = 0.011 < 1.000

Check Shear Strength About Major Axis (Z)
1) Calculate web shear coefficient

k, =5.000

h/t,, =39.385

1.10J7cﬁ‘Tl-;‘, =72648

1.37m =90479

¢, =1.000

2) Calculate shear strength about major axis
A, =1950.000 mm?
Vaz = 06F,A,C, =274.950 kN
¢ =1.000
@Va: =274.950 kN

H. Check Deflection (at 0.25L, 1.00 m)
Load Combination: svL.CB1 (1.00*D)

Need Check

0707.2.1

0707.2.1

Deflection 8/8attow 0.073mm/ 11.111 mm = 0.007 < 1.000

OK
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The design code may be set in Home>Design Settings>General>Design Code. When the country

code is selected, the available design codes will be shown.

Figur 214 Design Coe

General | Checking/Decision [ Rebar/Arrangement
= Design Code

Country Code US Specifications [v

National Annex None [v

Steel AISC360-10 (LRFD) [&] ...

RC =
= Define Sway/Non-Sway of Stru A!‘SC3§9;IU£\A (@S?)

X direction .

Y direction AISC360-05M (LR

Y

FD)ay
AISC360-05M (ASD)
AISC360-05 (LRFD)
AISC360-05 (ASD)
AISC-ASDEI

The program also offers a material database for steel, and each database applies different tensile

strengths and yield strengths to the design.

ASTM/ASTMO9 (OI=), BS/BS04 (¥=), CNS/CNS06 (CHZH), CSA (FHLICH, DIN (5 )
EN/EN05-PS/EN05-SW/ENO5 (73), GB/IGB03/GB12/JGJ/JTG04/JTITBO5 (B3)
GOST-SNIP/GOST-SP (21Al0}), IS (2I), JIS-CivillJIS (Z&), UNI (I 2[of)
KS-Civil/KS08-Civil/KS08/KS09/KS10-Civil/KSCE-LSD12 (8t =)
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Figure 2.1.5 Material set up Gl =al , :
dialog window n 4lal % T

D5 e ae D5 e s
M8 |asmos v | a3 v M08 [ssos v|[s27s ~]
Elasticity ~ E =
Modulus of Elasticity ~ 1.9995e+011 N/m2 Modulus of Elasticity ~ 2.0500e+011 Njm2

Poisson's Ratio 0.3 Poisson's Ratio 0.3

Thermal Coefficient 1.1700e-005  1/[1] Thermal Coefficient 1.2000e-005  1/[1]

Weight Density 7.709¢+004 N/m? Weight Density 7.6982+004 Njm?

Use Mass Density 7861 | Nfm>fg Use Mass Density 7850 | njmefa
= =
Strength (for Desig Strength (for Desig -

6 2
Tensile Strength (Fu) 399896000 | N/m T Strength (Fu) 410000000 | Nfm?

Yield Strength (Fy1) 243211000 | Njfm2

Yield Strength (Fy1) 275000000 | Nfm2
Ratio (for i) ~ Yield Strength (Fy2) 265000000 | N/m2
D R 0.05 Yield Strength (Fy3) 255000000 | Nfm2
Yield Strength (Fy4) 245000000 | N/m2
v + X Yield Strength (Fy5) 235000000 | N/m2
Yield Strength (Fy6) 225000000 | N/m2
Ratio (for ic) A~
Damping Ratio 0.05
N

The design of steel cross sections may be based on a pre-defined cross section template, modified
cross section after selecting one from the template database, or a cross-section based on a user-
uploaded DWG file. When the cross section comes from a template, the cross section shape that is
included in the design code follows said code. If it is a shape that is not included in the selected design

code, it is overridden with a shape that is included in the code before proceeding with design
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computations. Shapes that cannot be overridden may be used in the design by setting the typical

cross section material strength reduction factor or effective design reduction factors.
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The overriding procedure for cross sections that were selected from a cross section template is shown

below.
Table 2.1.2 Overriding the ) Cross Section o ) ]
shapes of cross sections Type Combine Type Shape Overriding Design Section
chosen from template designs
Double Angle - —I l_ Double Angle (T)
Back :I E Double Channel (H)
Double Channel
Face E j Box
Double H-Section - I I Box
2H Combined Shape Vertical E!E: H-Shape with Flange Plate
3H Combined Shape - ,_I_, Biaxial H-Shape
Downward T H
H-C Combined Shape
Upward T‘ H
H-T Combined Shape Vertical E H-Shape with Flange Plate
H-Shape with Flange
- o= H-Shape with Flange Plate
Plate I
H-Shape with Web Plate - | | | Box
2T Combined Shape Face I H
4-Angle - rﬂl Box
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Figure 2.1.6 Steel Design

Parameters dialog window

56 | Section 1. Outline

General section strength check design factors may be input for either all applicable members or a

specific member in the following dialog window.

Home>Design Settings>General>Design Code>Steel>Code-Specific Steel Design Parameters

Steel Design Parameters X

[ AISC360-10 (LRFD)

= Strength Reduction Factor
ot (Tensile Yield Safety ..,
o2 (Tensile Fracture Safe, .,
oc (Compression Strengt,.,
&b (Bending Strength Saf,,,
ov (Shear Strength Safety,,,
o T (Torsional Strength Sa,.,

= Check Strength
Ky, Kz {(Effective Length F..,
Ly, Lz, Lb (Unbraced Len..,
All Beams/Girders are Lat,.,

Check limiting slendern. .,

Slenderness Limitation ..,

Slenderness Limitation ..,
B1. B2 (Moment Magnifier)
Cb (Lateral-torsional buck..,
Cy (Web shear coefficient)

= Limiting slenderness ratio

0.0
0.75
0.90
0.90
0.90
0.90

Program Determined [+
Program Determined [v
Considered [v ]|

Not Considered [v
200,00

300,00

Program Determined v
Program Determined [v
Program Determined [v

Material Strength Redu,.,
Effective design shear ...
Effective design shear ..,

= General Section Strength Check

0.60
1.00
1.00

Check Defelection

Mot Considered [+

Deflection Limit (L/x) 250,00
= Fatigue
Check Fatigue Not Considered [v| «
O v [+ [ X
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Analysis & Design>Analysis & Design>Member Parameters

Parameters dialog window i @

[peam M| > scectobect) |

| Steel : AISC360-10 (LRFD) \4
| Target Ratio 7]
| Effective Length Factor v|
| Unbraced Length v]
| Limit of Slenderness Ratio |
| Moment Magnifier Factor |

| Lateral Torsional Buckling Moment Coefficient |

| Web Shear Coefficient |
| Live Load Reduction Factor v]
(General Section Strength Check R
[¥ General Section Strength Check

~ Material Strength Reduction Factor

Reducton 0.6

~ Effective Shear Area Reduction Factor

x Direction 1 y Direction 1
| Deflection Parameters v|
| Fatigue v
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Section 2

Design Factors - AISC360-10

Strength Reduction Factor / Safety Factor

This section explains the selection of strength reduction factors and safety factors for tension,
compression, bending, shear, and torsion. If the load and resistance factor design (LRFD) method is
being used, then strength reduction factors are selected, and if the allowable strength design (ASD)
method is being used, then safety factors are selected. Recommended industry values are used as
program default values, and the user may modify these values. The factors are selected and applied

to the entire model.

Home>Design Settings>General>Design Code>Steel>Design Code-Specific Steel Desjgn Parameters

. = Strength Reduction Factor = Safety Factor

Figure 2.2.1 Strength otl (Tensile Yield Safety ... 090 otl (Tensile Yield Safety ... 1.67
. ot2 (Tensile Fracture Safe. ., 0.75 Qt2 (Tensile Fracture Safe,., 2.00
reduction factor (LRFD) / oc (Compression Strenat,.. 0.90 ac (Compression Strengt,.. 1.67
safety factor (ASD) set u ob (Bending Strength Saf... 0,90 ab (Bending Strength Saf,., 1.67
y (ASD) P ov (Shear Strength Safety,.. 0.90 Qv (Shear Strength Safety, ., 1.67
T (Torsional Strength Sa, ., 0,90 QT (Torsional Strength Sa,.. 1.67

(LRFD) (ASD)

Setting Lateral Bracing for all Beams and Girders
This section discusses how to select criteria for lateral bracing of beams and girders. After selecting

“considered” for lateral bracing, lateral-torsional buckling failure mode is not considered.

Home>Design Settings>General>Design Code>Steel>Design Code-Specific Steel Desjgn Parameters

Figure 2.2.2 Beam/Girder = Check Strength

. . Ky, Kz (Effective Length F... Program Determined [+
Lateral Bracing set up dialog Ly, Lz, Lb (Unbraced Len... Program Determined [+
window for the entire model [ All Beams/Girders are Lat,., Considered v]
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Lateral torsional buckling criteria may be set for each member. To enter the unbraced length, the
lateral unbraced length (Ls) should be checked. Then, the user may specify an unbraced length for

that member.

Analysis & Design>Analysis & Design>Member Parameters>Unbraced Length

Figure 2.2.3 Member-specific e =
unbraced length set up dialog % Program Determined
window Ly 0.00 | m Lz 0.00 m

(1115 ateral Unbraced Length) 0.00/m |

Moment Magnifiers
The entire structure or a specific member may be subject to 2" order effects (P-A, P-3 effects) and to
incorporate such effects, second order analysis may be approximated by using first order analysis

results and a moment magnifier.

Figure 2.2.4 P-0 Effect

P-A=X|HZH #2|0| |3
2 X BT
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B is a magnification factor that incorporates P-6 effects that may occur due to member strains. This

program offers automatic calculation of this magnification factor and is computed as follows:

> (2.2.4)

Here,
a =1.0(LRFD), 1.6 (ASD)

Cm = Factor assuming no lateral displacement of the frame

M
With no lateral loads, C,, =0.6 - 0.4F1

2

With lateral loads, C, =1.0

n’El*
F,= 2
(K.L
}): = })m + BZ})II

B2 is a magnification factor that incorporates P-A effects due to displacement along the length

between two points on a member, and is computed as follows:

B s
P,
1_ a story (222)

P

estory

Here,
a =1.0 (LRFD), 1.6 (ASD)
Pstory  : Total vertical load carried by the story

Pestory  : Elastic buckling strength of the story belonging to the laterally unbraced frame

However, this program does not support automatic computation of the B2 magpnification factor. Thus, if
the user does not specify a value for B2, a default value of 1.0 is used. To consider more accurate 2nd

order effects, results from P-A analysis may be used in design.
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Figure 2.2.5 Dialog window
showing moment magpnifier

automatic computation

Figure 2.2.6 Dialog window
showing moment magpnifier

selection for a specific

The moment magnifiers may be automatically computed for the entire model. For specific members,

the moment magnifier factors can either be automatically computed or specified by the user.

Home>Design Settings>General>Design Code>Steel>Design Code-Specific Steel Design Parameters

= Check Strength

Ky, Kz (Effective Length F... Program Determined v
Ly, Lz, Lb (Unbraced Len... Program Determined v
All Beamns/Girders are Lat,., Considered [v
Limiting slenderness ratio

B1, B2 (Moment Magnifier) Program Determined [v
Cb (Lateral-torsional buck.., Program Determined | v
Cv (Web shear coefficient) Program Determined [v

Analysis & Design>Analysis & Design>Member Parameters>Moment Magnifier Factor

Moment Magnifier Factor 2>
(s )
¥ Program Determined

Y z
B1(P-3) 1.000 0.000
B2 (P-A 1.000 0.000
\ L) J
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Figure 2.2.7 Dialog window
for setting up the lateral-

torsional buckling factor for

Figure 2.2.8 Dialog window
for setting up the lateral

torsional buckling factor for a

Lateral Torsional Buckling Modification Factor

If the beam is not subject to distributed moment, nominal bending strength is computed as the product
of the basic strength and the lateral torsional buckling modification factor Cy. Cv is computed according

to Equation 2.2.3, and can be assumed to be 1.0 as a conservative estimate.

B 12.5M .
2.5M . +3M  +4M  +3M,

G,

(2.2.3)
Here,
Mmax = Absolute value of the maximum moment in the unbraced length

Ma = Absolute value of the moment at a quarter length along the unbraced length
Ms = Absolute value of the moment at halfway along the unbraced length

Mc = Absolute value of the moment three quarters length along the unbraced length

The lateral-torsional buckling factor may be computed automatically for the entire model. For specific

members, either the automated or user-specified values may be used.

Home>Design Settings>General>Design Code>Steel>Design Code-Specific Steel Design Parameters

= Check Strength

Ky, Kz (Effective Length F,..

Ly, Lz, Lb (Unbraced Len..,

All Beams/Girders are Lat,,,
Limiting slenderness ratio
B1, B2 (Moment Magnifier)

Cb (Lateral-tarsional buck

Cy (Web shear coefficient)

Program Determined v
Program Determined v
Considered [v

Program Determined [v
Program Deterrnined [+
Program Determined [+

Analysis & Design>Analysis & Design>Member Parameters>Lateral Torsional Buckling Moment

Coefficient

Lateral T¢ I Buckling M
[ Program Determined

t Coefficient

1.000 ]
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Web Shear Coefficient

Web shear coefficient or shear buckling reduction factor Cy is used in conjunction with material
strength when computing the nominal shear strength, and is computed based on the ratio of the web’s
depth and thickness.

Except for circular hollow sections, all dual-axis symmetry cross sections, single-axis symmetry cross
sections, and C-shape sections are divided into the three categories shown below in Figure 2.29 to

compute the shear buckling reduction factor.

Figure 2.2.9 Web Shear

Coefficient

Shear Buckling
Reduction Factor, C,

yielding% buckli elastic buckling

110 [&E (59 IqF_E Web Slenderness, h/t,

¥ ¥

In each section, the calculation for Cy is as follows.

Table 2.2.1 C, equations for .
¢ Condition Cv Vh based on

each condition

hit, <110k E/F, C, =10 Shear yielding

1.10/k.E/F
1.10,/k,E/F, <h/t,<1.37,[k E/F, C =2 Buckling

Y hit

w
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Figure 2.2.10 Dialog window
for setting the web shear

coefficient for the entire

Figure 2.2.11 Dialog window
for setting the web shear

coefficient for a specific

hit,>137[k,E/F,

_ 1.51Ek,
(h/t,)F,

Elastic buckling

However, for sections with /1/¢, <2.24,/E/ F, or rolled H-shape webs, Cv = 1.0.

For the entire model, the web shear coefficient may be computed automatically. For individual

members, either the automated values or user-specified values may be used.

Home>Design Settings>General>Design Code>Steel>Design Code-Specific Steel Design Parameters

= Check Strength

Ky, Kz {(Effective Length F...

Ly, Lz, Lb (Unbraced Len...

All Beams/Girders are Lat,,,
[Cimiting slenderness ratio|
B1, B2 (Moment Magnifier)

Cb (Lateral-tarsional buck

Cv (Web shear coefficient)

Program Determined v
Program Determined v

Considered [v

Program Determined v
Program Determined v
Program Determined v

Analysis & Design>Analysis & Design>Member Parameters>Web Shear Coefficient

Web Shear Coefficient

A~

Program Determined

1.000 ]
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Section 3 . .
Member Examination Procedure -

AISC360-10

The steel member examination procedure following the AISC360-10 design code is as follows.

Load combination or design strength modification factors are applied to the analyzed strengths, and
the various strengths are calculated based on the design code and then checked for safety. In
particular for beam members, the program will check for sag, and for repeated loads (such as crane

girders), fatigue checks will also be conducted.
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[ Apply load combination factors ]
Apply live load reduction factors Target/design
demands
]
[ Apply moment magnifiers ]
|
Check axial strength
(tension, compression)
|
[ Check lateral strength ]
| Strengths
[ Check torsional strength ]
|
[ Check combined strength ratio ]
I
[ Check for deflectmps and any visible ] strengths
sagging
|
[ Check for fatigue ] Fatigue

Calculation of Design Demands
Design demands/forces are computed by applying load combinations, live load reduction factors, and

moment magnification factors to the analyzed strengths.

1) Applying load combinations

The analyzed demands at the member check points, load types, and the load combination factors are
incorporated in computing the design demands.

2) Applying the live load reduction factor

As explained in the section Design Factors>Live Load Reduction Factors, components that are subject

to live loads will have design forces that incorporate the live load reduction factor.

3) Applying the moment magnifier
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The following equation describes how to compute the second order moment and axial force
incorporating the first order strength and moment magnifier. In the case of axial force, the following

equation is only applied for compressive forces.

M,=BM, +B,M, (2.3.1)
P =P,+B,P, (2.3.2)
Here,
Mnt = 15t order moment when there is no lateral deflection of the structure. In this program, this
moment is due to dead and live loads.
Mt = 1st order moment when there is lateral deflection of the structure. In this program, this moment
is due to all loads except for dead and live loads.
Pnt = 15t order axial force when there is no lateral deflection of the structure. In this program, this
force is due to dead and live loads.
Pt = 1storder axial force when there is lateral deflection of the structure. In this program, this force

is due to all loads except dead and live loads.

Calculation of Design Strengths

The design strength of each member is based on load combinations and must be greater than the

calculated required strength.

R, < ¢R, (LRFD) (2.3.3)

=

R, <75 (rsD) (2.3.4)

Here,
Ru @ Required strength

Rn : Nominal strength
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® : Strength reduction factor
Q : Safety factor

1) Axial strength: Tension members
Members subject to tension about the central axis must undergo checks regarding slenderness ratio

limits and design elongation/tensile strengths.

[ Verify limits of the slenderness ratio ]

|
[ Calculate the tensile strength: yield state ]

checks

Slenderness ratio limits for tension members are created to limit sagging or vibration due to self weight.
Moreover, if the tension members are too flexible, the member may be twisted severely in the process
of transportation or construction. As a result, proper examination is recommended. The default

recommended limit is 300, but the user may specify an alternative value.

L 300 (2.3.5)
p

The nominal strength of a tension member is typically set to be the minimum of the gross section
yielding limit state and the effective cross section yielding limit state. However, this program does not

support connection designs and thus the yield limit state for only the gross cross section is calculated.

P =F A (2.3.6)

d yog

2) Axial strength: Compression members
Members subject to compression about the central axis must undergo checks regarding slenderness

ratio limits and design compressive strengths.
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Verify slenderness ratio limits

1
Categorize sections for local buckling
(calculate width/thickness ratios for
compressive members)
I

Calculate compressive strength
> <
Incorporate limit states depending on the
section (lateral buckling, torsional buckling,
lateral-torsional buckling)

Apply reduction factors Qs, Qa for slender
members

’,

Unlike tension members, the slenderness ratio limits for compression members incorporate an
effective length factor K. The default recommended slenderness ratio limit is 200, but the user may

specify an alternative value.

KL 500 (237)
r

For compression members, long and slender elements incorporate the reduction factor Q=QsQawhen
calculating the design compressive strength. To do this, the cross section must be properly
categorized using the width to thickness ratio.

The nominal strength of a compression member, depending on the cross-section shape, is selected to
be the minimum of the flexural buckling (FB) limit state, torsional buckling (TB) limit state, and the

flexural-torsional buckling (FTB) limit state.

P, =F,4, (2:38)
Table 2.3.1 Limit stat -
abe mit states Limit State
depending on the cross-
section shape Cross-Section Shape Compact/Noncomp
. Slender Section
act Section
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T =
[T I T

FB
FTB

Asymmetrical shapes (except for L-shaped FTB

sections)

LB
FB
B

LB
FB
FTB

LB
FB

FB
FTB

N/A

LB
FTB

FB=flexural buckling, TB=torsional buckling, FTB=flexural-torsional buckling, LB=local buckling

For a typical cross section, Fe is the product of the steel yield strength Fy and the typical section

material strength reduction factor. The nominal compressive strength is calculated as follows.

P = (Material Strength Factor )>< F A,

3) Flexural/Bending Strength

(2.3.9)

Nominal flexural strength is determined based on the member’s width to thickness ratio and the

laterally unbraced length. Moreover, various limit states depending on the section’s shape or flexural-

compressive member’s cross-section category (compact, noncompact, slender) are also examined,

and the minimum value of those limit states is used.
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Figure 2.3.1 Nominal flexural
strength based on the width

to thickness ratio

Figure 2.3.2 Nominal flexural
strength based on the

member’s laterally unbraced

(Calculate width thickness ratios for
flexural compressive members)
|

[ Categorize sections for local buckling

Calculate flexural strength ]

|"1ncorporate limit states depending on the |
E section (yielding, lateral buckling, local

i flange buckling, tension flange yielding,

{ local web buckling, local buckling)
i
1
1
\

Incorporate the torsional buckling

1
1
modification factor C, E

The nominal flexural strength of a member and how it is a function of the width to thickness ratio is
shown in Figure 2.3.1. As shown below, the calculation may be split into three areas of compact,
noncompact, and slender members. As the width to thickness ratio increases, the nominal flexural

strength decreases.

> M, |

£ 1

g’ 1

$ 0.7FS, !

% | |

T Compact : Non-compact :

2 1

é Flange i Flange :

.T"E:u ' 0.38 FE i 1.0 F£ i Slender members

2 o ¥ ¥ =
0 Aot A

Width/Thickness ratio , A = b/ 2
The nominal flexural strength of a member and how it is a function of the member’s laterally unbraced
length is shown below in Figure 2.3.2. The computation may be split into four areas of plastic design,
full plastic, inelastic lateral buckling, and elastic lateral buckling. As the laterally unbraced length

increases, the nominal flexural strength decreases.
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= ~

= Ns
£ ~ Base strength x C,,
o M, PoLrmme
c 1
£ i
- |
B i
3 | |
2 : :
: | | -
E i i Cy, = 1.0 (Base strength)
z° 0 4 }

0 L'l L

Plastic design ==j=—et I Inelastic lateral ! Elastic lateral
M, ! buckling ! buckling

Braced length L;,

If the beam is not subject to distributed moment, the nominal flexural strength is computed as the
product of the basic strength and the modification factor Co.
For typical cross-sections, the nominal flexural strength, such as in the case of compression members,

the material strength reduction factor of typical cross-sections is incorporated into the calculation.

M, =(Material Strength Factor )x F,Z (2.3.10)
Here,

Z = Plastic section modulus about the deflection axis.

4) Shear Strength

Calculate shear strength

Calculate the web cross section area Aw

Incorporate the shear buckling reduction
factor Cv

mmmmm pmm e ———
SRS A, N

The nominal shear strength of the web is computed as follows, depending on the cross-section shape.

Table 2.3.2 Nominal sh . .
ave ominay shear Cross-Section Shape Nominal Shear Strength Vi Shear Area Aw
strength of webs depending

on the cross-section shape
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Single- or dual-axis symmetry members,

channel shapes’ webs
L-shape cross-sections

Square-shape or box-shape hollow

section
Circular hollow section

Minor axis of single- or dual-axis

symmetry members

V,=0.6F A,.C,
V,=0.6F A,.C,
V,=0.6F A,.C,
V,=F,A,/2
V,=0.6F A,.C,

For typical cross sections, the nominal shear strength incorporates the effective shear area factors and

is calculated as follows:

v,= (Material Strength Factor )>< F,x (Eﬂective Shear Area Factor )>< A,

5) Torsional Strength

(2.3.11)

Steel tube sections can better resist torsion compared to open type cross sections. Thus, the torsional

strength is computed with the assumption that the total torsional moment is resisted by the pure

torsion shear stress. For other cross-sections, the minimum value is selected from the vertical stress

yielding limit state, shear stress yielding limit state, and the buckling limit state. In AISC 360-10,

torsional strength equations are provided only for steel tube cross sections, so this program also

supports torsional checks for steel tube cross sections.
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6) Combination Strength Ratios
In cases where the member is subject to both lateral and axial loads, the following interaction

equations must be satisfied:

P S(My, M,
P> 02P: —+= 2312
= ¢ PC+9<MCX+MCy ( )
PT MTX Mry
P.<0.2P.: —
" °T 2P * <Mcx * My, (23.13)

In particular, tensile loads can increase the flexural strength, and thus when calculating Mc, C» should

be multiplied by /1 +11;—’ and then applied to the interaction equations..
ey

Members subject to torsion, flexure, shear, and axial force simultaneously must satisfy the following
interaction equation. According to AISC 360-10, torsional strength equations are only provided for box
or pipe shape cross sections, and as a result the program checks for torsional strength for only box or

pipe shape cross sections.

7. <0.27. : Neglecting torsional effects (2.3.14)
B M v, T\’
T, > 0.2T, :(—r+—r>+(—r+—r>

r < \p M)\ T, (2:3.15)
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Serviceability Checks
All of the structure, including each specific structural member and connections, must be checked for
serviceability. When performing this check, the load factors in load combinations are all 1.0. However,

the factor for earthquake loading is 0.7.

1) Sagging Checks

Excessive sagging has negative effects on the structure’s appearance and performance. It may also
cause damage to nonstructural components, and thus the actual deflection must be smaller than the
allowable deflection.

s (2.3.16)

actual < 5allow
The actual deflection is calculated as the product of the load combination factor and the analyzed
deflection value. The allowable deflection is based on the member length and the user-specified

design environment.

Fatigue Checks

If there are repeated loads on a structure, it may experience fatigue and cracks may occur. If cracks
become enlarged, the structure may experience collapse. Such fatigue effects are caused by a large
number of repeated stresses, and is not typically applied to building structures. Crane girders that are
subject to repeated loads or structures that resist machinery or equipment may, however, experience

cracks due to fatigue.
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Section 4

Design Parameters — EN1993-1-

1:2005

Partial Factor

This section explains how to select and apply partial factors for the cross-section ultimate limit value
(ymo), partial factors for instability checks for individual members (ym1), and partial factors for resistance
limit value (for tensile rupture) (ymz). Industry recommended values are used as default values in the
software, but the user may modify these values. The specified partial factors are applied to the entire

model.

Home>Design Settings>General>Design Code>Steel>Design Code-Specific Steel Design Parameters

Figure 2.4.1 Dialog window Partial Factor

. . ym0 1.00
for setting the partial factor yml 1.00

ym2

Setting Lateral Bracing for all Beams and Girders
This section explains how to set the lateral bracing conditions for all beams and girders in a model.
The user can select “Considered” for “All Beams/Girders are Laterally Braced”, in which case the

lateral-torsional buckling strength is not considered.

Home>Design Settings>General>Design Code>Steel>Design Code-Specific Steel Design Parameters
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Figure 2.4.2 Dialog window
for setting lateral bracing

conditions for all beams and

Figure 2.4.3 Dialog window
for setting the unbraced

length for a specific member
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= Check Strength

Ky, Kz (Effective Length F.., Program Determined [v
Ly, Lz, Lb (Unbraced Len,.. Program Determined [v
All Beams/Girders are Lat,,, Considered [+

The condition for not considering the lateral-torsional buckling strength can be specified for individual
members. In setting the member parameters, when the “Lateral Unbraced Length” option (or Ls) is

checked off, the program will consider this member to be laterally unbraced.

Analysis & Design>Analysis & Design>Member Parameters>Unbraced Length

Unbraced Length ~
¥ Program Determined

Ly 000 m Lz 0.00 m
[ b (Lateral Unbraced Leng 0.00 m]
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Equivalent Uniform Moment Factor

When calculating the buckling strength of a member subject to both compression and bending, the
interaction factors kyy, Kyz, kzy, kzz, must first be computed. In doing so, equivalent uniform moment
factors are required.

The equivalent uniform moment factors for each direction (either for lateral buckling or lateral-torsional

buckling) are computed as follows.

Table 2.4.1 Equivalent A Cny
uniform moment factors for [ N N Cma
4 ( Ed \( Ed \) C
each direction, based on <0.2/C Il1- 1-= mer
Cmy
Y Cm &,a
Ao = (1= YL
C 2 arr

>0.2Jc_14[(1—.1\.'“\(1—.{vi\

=C
mLT myJ<1_NEd)<1_NEd)
NCT,Z NCT,T

Here,
JTO : Dimensionless slenderness ratio based on lateral-torsional buckling due to uniform moment
C, : This is defined based on the loading and end conditions. It may be calculated as C, = ..

k. is a modification factor and is computed as follows.
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Table 2.4.2 Moment

distribution shapes and the

corresponding modification

Moment distribution k.
(T 10
=1
ﬂ]Iﬂ]IDIIII]Immnm 1
A<y<i 1.33 - 0.33y

v 0.94
‘ ‘ 0.90

/] 0.91

—~—— os

v 0.77

/I 0.82
T —

N, .. N, . :Elastic flexural buckling stress for the major and minor axes

N,

cr,T

. Elastic torsional buckling stress

& .
7 is calculated based on the cross-section class type.

»Class 1,2, 3 :

> Class 4

_ M_V,Ed A
T Ny W

el,y

&
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— (2.4.2)
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Table 2.4.3 Cmioin each

direction

Figure 2.4.4 Dialog window
for setting automation for the

equivalent uniform moment

Figure 2.4.5 Dialog window
for setting equivalent uniform

moment factors for individual

Cnmio is calculated in each direction as shown below.

Moment diagram G
S E— 7 ) Nes
=0.7 2 i -0.33
1<y <1 Crio=0.79+0.21y, +0.36(y, -0 )Nm
A ) .
n°EL|5, N
My Cpo =1+ _1\' Ed
v | oy |IV1|Ed(\:)| J‘\Icn

§ M(x)
\/ M z4 (%) 1s the maximum moment My s or M:zq [*(2) according
to the first order analyses (:z]

|84/ 1s the maximum member [*¢2) deflection (:°2] along the member

N
C.o=1-0]18—2L
g N

eri

}

N
. Co=1+003—H
; N

R— “Neri

The equivalent uniform moment factor can be automatically computed and then applied to the entire
model. For individual members, the automated value may be used, or the user may specify an

alternative value.

Home>Design Settings>General>Design Code>Steel>Design Code-Specific Steel Design Parameters

Cmy, Cmz (Equivalent Un... Program Determined [+
CmLT (Equivalent Uniform, .. Program Determined v

Analysis & Design>Analysis & Design>Member Parameters>Equivalent Uniform Moment Factors for

B

Equivalent Uniform Moment Factors for FB &
(; A
¥4 Program Determined

Cmy 1.000 Cmz 1.000
\ y,
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Analysis & Design>Analysis & Design>Member Parameters>Equivalent Uniform Moment Factors for
LTB

Figure 2.4.6 Dialog window

Equivalent Uniform Moment Factors for LTB A
[ Program Determined 1.000

for setting equivalent uniform

moment factors for individual

[SURRY TSR SR DRI B S |
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Section 5 . .
Member Examination Procedure -

EN1993-1-1:2005

Apply load combinations

Design
s \ forces/demands
Apply live load reduction factors

\_ J

|
i 3

Check axial strength (tensile, compressive)

L J

|
i 3\

Check flexural strength
~ T Z  Ultimate limit
s ~ state
Check combined strength

. J

I
s 3

Check buckling strength

\ J

|
( . e

Check deflections Se.rv!ceablllty
limit state

| J

|
4 B

Check fatigue Fatigue

. J

Calculating Design Strength
The design strength is calculated by incorporating load combinations and live load reduction factors

into the analyzed strengths.
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1) Load Combination Factors

The design strength is computed by incorporating the analyzed strengths at the member check points,

load combination types, and the load combination factors.

2) Live Load Reduction Factors

As mentioned in the Section Design Factors > Live Load Reduction Factors, only the members subject

to live loads will incorporate live load reduction factors for computation of design strength.

Ultimate Limit State

The design resistance value of the cross-section must be greater than the design load values, and an

important factor in calculating the resistance value is the cross-section classification. The Eurocode

categorizes cross-sections into four classes and the definitions for each class are shown below.

Table 2.5.1 Cross-sections
categorized according to the

Eurocode

Class 1

Class 2

Class 3

Class 4

Class 1 cross-sections are those which can form a plastic hinge with the rotation
capacity required from plastic analysis without reduction of the resistance.

Class 2 cross-sections are those which can develop their plastic moment
resistance, but have limited rotation capacity because of local buckling.

Class 3 cross-sections are those in which the stress in the extreme compression
fibre of the steel member assuming an elastic distribution of stresses can reach the
yield strength, but local buckling is liable to prevent development of the plastic
moment resistance.

Class 4 cross-sections are those in which local buckling will occur before the
attainment of yield stress in one or more parts of the cross-section.

Figure 2.5.1 Cross-Section

Classification according to
Eurocode 3
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4 Plastic El:]

Semi-Compact :l:
Slender F

b, ¢,  Rotation ¢

1) Axial strength: Tension Members

Members subject to uniform tension must satisfy the following limit state:

RPN (2.5.1)

The design strength for tension members is selected to be the minimum of the gross section design
plastic resistance strength and the net section design ultimate resistance strength. However, the

program only considers the gross section design plastic resistance strength.

Af,
Nyra = Ty (2.5.2)

MO

2) Axial strength: Compression Members

Members subject to uniform compression must satisfy the following limit state:

N <10 (25.3)
N,Rd

c.
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Categorize sections for local buckling
(calculate the width/thickness ratio for
L compressive members)

Calculate compressive strength

Class 1,2,3: Consider the entire section area
Class 4: Consider the effective section area

The design strength for compression members, Ncrq, is calculated using either the gross section area

or the effective section area depending on the section class. The equations are shown below.

> Class 1,2,3
A
N ra =i (2.5.4)
Vmo
> Class 4
A
N = Ayly (2.5.5)
Vo
3) Lateral Strength
Members subject to pure lateral loads must satisfy the following limit state.
Mu 19 (2.5.6)

Categorize sections for local buckling
(calculate the width/thickness ratio for
lateral/compressive members)

I S/

~ N
Calculate flexural strength

\, vy

Class 1,2: Consider the plastic section factor
Class 3: Consider the elastic section factor
Class 4: Consider the effective section factor

> Class 1, 2

Section 3. Member Examination Procedure - AISC360-10 | 87



ZZ

DESIGN REFERENCE Chapter 2. Steel Design
Mc,Rd
— M Woty 25.7)
» Class 3
M ra = Mgy pa
_ Wel,minfy (258)
» Class 4
w. .
Mc,Rd eff,mmfy (259)
Ymo
4) Shear Strength

Members subject to shear forces must satisfy the following limit state.

P <1

c,Rd

(2.5.10)

Design shear strength Vcra is calculated using the following equation using the design plastic shear

strength (where torsion does not exist):

Av(fy/ﬁ)

Ve,Rd =Vpird =
Vmo

(2.5.11)

In the above equation, design cross-section area A is calculated using different equations for different

cross-section shapes.

Table 2.5.2 Calculation of

, , Rolled I, H shapes Web A, = A-2bt, +(t, +2r)k, <nht,
design section area A,
depending on the cross- Rolled C shapes Web A= A2, + (1,4 ),
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t
Rolled T shapes Web A =A-bt, +(t, + 2”)3/
4
Welded T shapes Web A, =t|h 5
Welded I, H shapes, Web A4,=n(ht,)
Rectangular sections Flange A,=4-> (1)
Section A
. A=A
Uniform thickness height " b+h
rectangular hollow section Section
A =4 b
depth " by h
Uniform thickness circular
; L o24
hollow section o
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5) Combined Strength
When a member is subject to both lateral and shear forces, the lateral strength may be reduced if the
shear force is large. If the shear force is greater than half of the plastic shear strength, then the lateral

strength is calculated by reducing the material’s yield strength.

14

Ed

> 1 Vo When calculating lateral strength, (1- p)fy is used instead of fy

E rl,
2
oo P,
Vpl,Rd

V. < 1 v - Calculation of lateral strength without any reductions due to shear force
Ed = o pl.Rd

When a member is subject to both lateral and axial forces, the member must satisfy the following
equations based on its cross-section class.
» Class 1, 2 : Design plastic lateral strength is reduced due to axial force

Mg, SMN,Rd (2512)

» Class 3 : Consideration of the peak axial stress limit due to lateral and axial forces

Ok SA (2.5.13)
Vmo
> Class 4
NEgg My gq+MEdeny MzEa+NEdeNz
<1 (2.5.14)

AefffylvYmo Werf,yminfy/VYmo Werf,zminfy/Vmo

6) Buckling strength verification - axial load

Members subject to axial force must satisfy the following equation for buckling behavior:
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&SI.O (2.5.15)

h <0.04, buckling effects may be neglected.

However, if 1 <0.2 or N,

Design buckling strength Nb rd for an axial member is calculated as follows.

NN
£
bed
e
=
[F 3
A N W 2 G S—

> Class 1,2,3 :
Ny ra Yy (2.5.16)
Van
> Class 4
A
Ny = Myl (25.17)
Y

7) Buckling strength verification - lateral load
If a member that is laterally unbraced is subject to bending about the strong axis, the member must

satisfy the following equation regarding lateral-torsional buckling:

M 1 (2.5.18)

b,Rd
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However, if the member is a beam and its compressive flange is sufficiently supported, or if the

member cross-section is a square or circular hollow section, lateral-torsional buckling is not considered.

Furthermore, if 1,7 <A.r0 o

M - . .
MEd <uro, lateral-torsional buckling may also be neglected.

cr

Design buckling moment is calculated as shown below.

»Class 1,2 :

> Class 3

> Class 4
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Select lateral-torsional buckling curve
based on the cross-section

Determine imperfection factor o

]
[ Calculate lateral-torsional buckling

reduction coefficient xr

Calculate design buckling strength My g4

Calculate M., Ay, Wir ]

f,
Mb,Rd =XW,,—

pl.y

el,y
M1

/
Mb,Rd =1, T

_ v
Mb,Rd = ZLTWe//,y
Y

(2.5.19)

(2.5.20)

(2.5.21)
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8) Buckling strength of a member subject to both axial and lateral loads

Determine Mgy, Mygi, M. g based on the
cross-section class

Calculate lateral buckling reduction
coefficient X, X,

Calculate lateral-torsienal buckling
reduction coefficient X;r

\ J

r N
Calculate interaction factors k,,, ky;, kz, k.

\ J

|

' .. N
Calculate the additional moment for the

effective cross-section (AMy,gq, AM £q)

Verify that the interaction equation is
satisfied

-~

Depending on the cross-section class, Nr, Myrk, Mzrk, AMyed, AMz£q are calculated differently, as

shown below.
Ny = 1,4, (2.5.22)
M =W, (2.5.23)
Table 2.5.3 Calculating Class 1 2 3 4
Nrk, Myrk, Mzrx based on the
cross-section class Ai A A A4 Aeff
Wy Wpl,y Wpl y VVel, ¥ WEﬁ” v
VVZ Wpl,z Wpl,z VVel,z Wef Z
AM , g, 0 0 0 ey Ve
AM, 0 0 0 ey.Ng
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Lateral buckling reduction coefficients ¥, . are calculated with different parameters for each

direction.
1
y=—— <10 (2524)
OO -2
Here,
o= 0.5[1 val —o.z)+12]
2 : dimensionless slendemess ratio
» Class 1,2, 3:
7o | (2.5.25)
NL‘I‘
> Class 4:
7o [Aa)s (2.5.26)
NL‘I‘
a : Imperfection factor for the buckling curve
Table 2.5.4 Imperfection Buck"ng curve ao a b d
factor @ for the buckling
Imperfection factor 0.13 0.21 0.34 0.76
curve
N, : Elastic critical force.
The lateral-torsional buckling reduction coefficient £27 is calculated as follows.
! <1.0 (2.5.27)

Here,

o= 0.5[1 vali-02)+ 7}
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- W
Aur = s
M
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Table 2.5.5 Calculation of

interaction factors — Annex A

a,, - Imperfection factors for the lateral-torsional buckling curve

Buckling curve a b c d

Imperfection factor & 1t 0.21 0.34 0.49 0.76

M, Elastic critical moment

Interaction factors kyy, kyz, kzy, kzz may be calculated using either Annex A or Annex B. midas Plan

uses equations of Annex A.

Design assumptions
Interaction factors  lastic cross-sectional properties Plastic cross-sectional properties
class 3, class 4 class 1, class 2
Hy Hy 1
Ky Cny Ciner ~ Nga Crny Cinir 1_7NEdC_yy
NCT,Z Ccr,Z
Hy u 1 w
Cong———— Cpy—2——0.6 |—=
kyz 1— Il\yidz mz 1— MCyz Wy
4 Ccr,Z
Hy u 1 w
kzy Cmy CmLT _ NEd szCmLT 73/VEdC_ . W_y
Ncry -y = z
§ cry
Hy Uy 1
C L A
kzz le NEd szl _ NEd CZZ
NCT,Z Ccr,Z
Members subject to both axial and lateral loads must satisfy the following interaction equations.
Ngq My g + AMy, pq k My pq + AM, gq (2.5.28)
XZNRk yy 1 My,Rk yz Mz,Rk
Ym1 Ty Ym1
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Ngq My gq + AMy g M, gqg + AM, g4
XN T T My TR My (25.29)
Ym1 Xir Ym1 Ym1
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Serviceability Limit State
It is important to verify the serviceability of the entire structure, each individual member, connections,
and joints. When checking for serviceability, the load factor used in all load combinations is set to be

1.0 (the load factor for earthquake loading is set to be 0.7).

1) Deflection Checks
Excessive deflection negatively affects the structure’s appearance and performance. It can also
damage the nonstructural components. Thus, the actual deflection must be smaller than the allowable

deflection.

511(':‘14411 < 5allow (2530)
The actual deflection is the product of the analyzed deflection and the load combination factors. The
allowable deflection is calculated using the user-specified ratio to be applied to the member length.

The Eurocode checks for the beams’ vertical deflection and the columns’ horizontal deflection.

Fatigue Checks

If there are repeated loads on a structure, it may experience fatigue and cracks may occur. If cracks
become enlarged, the structure may experience collapse. Such fatigue effects are caused by a large
number of repeated stresses, and is not typically applied to building structures. Crane girders that are
subject to repeated loads or structures that resist machinery or equipment may, however, experience

cracks due to fatigue.
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>4 Cross-Section Computations
-Section Computat
In this program, member strength and the user-specified control data is used to create the steel cross-
sections. However, the cross-sections must satisfy the criteria shown below.
Table 2.6.1 Domain of Cross-Section Shape Cross-Section DB
available steel cross-sections H Shape All DB
for midas nGen C Shape All DB
L Shape All DB
T Shape All DB
Rectangular Hollow All DB
Section
Circular Hollow Section All DB
2L Shape AISC2K(US), AISC2K(SI), AISC, CNS91, BS4-93, GB-YB05

Steel Section Calculation Set Up

When the design process begins, the dialog window shown below will appear. When Design

Calculation Option>Steel Section is Checked-On, then the program will find sections that satisfy the

member strength and other criteria, which will then be reflected in the model and afterwards the design

calculations will be repeated.

Figure 2.6.1 Run Design

dialog window
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Run Design X

Design & Checking Control Dat =
Name Type Desc.
Envelope Design Case Singleness Envelope ...
Analysis for Design-1 Singleness
Design Case 1 Combined
Analysis for Design-2 Singleness

Rebar Arrangement

) v | X

The user may click the [...] button to access more detailed design settings to modify section criteria.

Depending on the member type design group, the section’s depth and height ranges may be specified.

I DB
for Steel Section dialog ’VTarget i SRt S ‘

- Limit of Section Size
[ Consider Over Size Tolerance 0.050 m

window

Beam St.bBeam[CoumlStbCoum[Brace

i - H(m) B(m)
DG?O‘Z; Section Min. Max. Min. Max.
1561 SSD_1SG1_LH ...
1562 SSD_15G2_LH ...
561 SSD_SG1_LH 1...
SG2 SSD_SG2_LH 1...
SG3 SSD_SG3_LH 3...
5G4 SSD_SG4_LH 3...
SG5 SSD_SG5_LH 3...

D A || || 28

In the case of steel members, a more efficient section may be found by browsing the candidate section
list. To access this, the user may press the Detail Setting button. The user may then select the target

candidate sections from either the DB or user-specified sections.
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Figure 2.6.3 Detail Setting

dialog window

Steel Section Calculation Process

Detail Setting X

DB | USER

- Standard DB : KS
¥4 Use User Input

v [oseon 7]

H 100x50x5/7

H 100x100x6/8

H 125x60x6/8

H 125x125x6.5/9
H 150x75x5/7

H 148x100x6/9

H 150x150x7/10
H 175x90x5/8

H 175x175%7.5/11
H 198x99x4.5/7
H 200x100x5.5/8
H 194x150x6/9

H 200x200x8/12
H 200x204x12/12
H 208x202x10/16
H 248x124x5/8

H 250x125x6/9

H 244x175x7/11
H 244x252x11/11
H 248x249x8/13
H 250x250x9/14
H 250x255x14/14
H 298x149x5.5/8
H 300x150%6.5/9
H 294x200x8/12
H 298x201x9/14
H 294x302x12/12
H 298x299x9/14
H 300x300x10/15
H 300x305x15/15
H 304x301x11/17

>>

<<

[ Target Section

Export

After modeling and analysis, the steel section calculation process is as shown below.

Figure 2.6.4 Steel member

section calculation process
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(r NN
Calculate the design demands
; J
s N
Find load combination envelopes for each
component
\ J
I
s 3
Calculate target strengths from the design Calculate
demands for each component the section
. J
I
s N

Calculate target stiffness from the target
strengths for each component

@ < 3
Search for the most effective cross section
considering the target stiffness and depth
limitations for each component )

\\ 1 )

Update the section?

strength

[ Check section strength ]

1) Calculate the design demands

[ Re-analyze or re-calculate the design ]

Calculate the design demands by applying the load combination and design code modification factors.

2) Find load combination envelopes for each component

midas nGen does not go through the section calculation process for all load combinations. The
program finds the load combination that yields the maximum and minimum values of the member’s
axial, shear, torsional, and lateral demands, in order to find the design with the largest possibility of
becoming the governing design. Shear and moment demands must also consider both the major and

minor axes, and thus a total of 12 load combinations is required for proper section calculation.

Pmax Vy,max Vzmax Tmax My,max Mz, max
Prin Vo min /5 min Toin M., min M, min
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Table 2.6.2 Equations for
calculating the stiffnesses

from target strengths

Table 2.6.3 Ratios to check
design adequacy for each

force component

3) Calculate target strengths from the design strengths for each component

To satisfy the inequality (Design demand) < (Design strength) X (Target ratio), the target strengths are

calculated for each component of the internal member forces and design demands.

4) Calculate target stiffnesses from the target strengths for each component

The target stiffnesses are computed from the target strengths for each force component.

Force component

Calculation of Stiffness

Axial (Tension)

Axial (Compression)

Shear

Moment

P

B Target Ratiox0.7x F,
P

- Target Ratiox0.7x F,

V

- Target Ratiox0.7x F,
M

B Target Ratio x0.7x F,

tar

tar

v.tar

tar

5) Search for the most effective cross section considering the target stiffness and depth limitations for

each component

The ratio of the calculated target stiffness to the actual stiffness is calculated, and is used to determine

whether the section is adequate or not (‘OK’ or ‘NG’, respectively). Based on this result, the most

effective section is chosen from the sections deemed ‘OK’ from the user-specified section list.

Moreover, the height and depth ranges set in Design Setting will be incorporated in the final cross

section, and thus the most economic and efficient section will be chosen.

Force component

Ratio for checking design adequacy

Axial (Tension)

Axial (Compression)

Ratio= A
8
0.877
A, >1.5
Factor =4 A’ (.>13)
0.658% (1, <1.5)
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A
Ratio=—"4—
Factorx Ag
. Avtar
h Ratio=———
Shear 084
: Star
Moment Ratio= S

6) Section Update/Re-Analysis
After completing the steel calculations, a re-analysis is required if the cross-section has changed (as
this will change the structure’s strength distribution). After updating the section, analysis should be

repeated and the cross section should be checked for adequacy before outputting the final design

results.
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Section 1 Outline

Reinforced concrete (RC) members that are included in the analysis model are checked for adequate

strength and rebar arrangements based on user-specified criteria or on the entire RC structure.

The program offers the following design codes.

Table 3.1.1 Design codes ACI318-11 Ultimate Strength Design
categorized per country ACI318-08 Ultimate Strength Design
ACI318-05 Ultimate Strength Design
us ACI318-02 Ultimate Strength Design
ACI318-99 Ultimate Strength Design
ACI318-95 Ultimate Strength Design
ACI318-89 Ultimate Strength Design

EN1992-1-1:2004 Limit State Design

Eurocode

EN1992-1-1:1992 Limit State Design

British BS8110-1997 Limit State Design
KCI-USD12 Ultimate Strength Design
KCI-USDO07 Ultimate Strength Design

Korean

KCI-USD03 Ultimate Strength Design
KCI-USD99 Ultimate Strength Design

The program supplies a design summary of the calculations for the design criteria shown above.

Detailed calculations for the criteria below are also provided.

Section 1. Outline | 87
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Table 3.1.1 Design Code

The design code may be set in Home>Design Settings>General>Design Code. When the country

code is selected, the available design codes will be shown.

Design Settings X

General | Checking/Decision [ Rebar/Arrangement
= Design Code

Country Code US Specifications [v
National Annex None [v

Steel AISC360-10M (LRFD) [v
RC ACI 318-11[] ..

= Define Sway/Non-Sway of Stru ACI 31!_3-:!
o Hlreckon ACI 315-050%
Y direction AC| 318-023Y [v

ACI 318-99

ACI 318-95

ACI 318-89

The program also offers a material database for concrete, and each database

compressive strengths to the design.

applies different

ASTM (US), BS (UK), CNS/CNS560 (TW), CSA (CA), EN/ENO4 (EU),
GB/GB10/GB-CivillJTG04/TBO5 (CN), GOST-SNIP/GOST-SP (RU),
IS (IN), JIS-CivillJIS (JP), UNINTCO8/INTCA2 (IT)

KS01-Civil (KCI-2007)/KS01-Civil(KCI-2012)/KSCE-LSD12 (KR)

KS-Civil/lKS/KS01(KCl-2003)/KS01(KCI-2007)/KS01(KCl-2012)/KS01-Civil(KCI-2003)/
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Figure 3.1.2 Material and

Section Template x
section set up dialog window [i @ \i @
o DB v v
B | B | e
~ Solid Rectangle
ERsticly W SoldRound
Modulus of Elasticity 1.788%+010 N/m2 B 400 mm
Poisson’s Ratio 0.167

Thermal Coefficient 1.0000e-005 = 1/[1]

Weight Density 2.354e+004 N/m?
Use Mass Density 2400 | nfm3fg
Strength (for L] &
Comp. Strength (Fck) 14709975 | Nfm2
| Damping Ratio (for Dynamic) ]

The RC section may be selected to be either rectangular or round using the section template capability.

Beams may only be rectangular, but column/braces may have rectangular or round sections.
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Seclon2  Rebar/Arrangement

This section explains how to set the rebar/arrangement information, such as rebar type, diameter,

spacing, and covering thickness. This can be done in Home>Design Settings>Rebar/Arrangement.

Rebar Material

This program offers the following rebar material databases.

ASTM (US), BS (UK), ENJENO4 (EU, UNI (IT)

GB-CivillGB/GB10 (CN), JIS(Civil)/JIS (JP), KS(MKS)/KS(SI) (KR)

The user may check the corresponding material standard’s rebar names, diameters, maximum

diameters, section area, unit weight, and strength by clicking on the [...] button.

Fgure 32,1 Rebar Mter

set up dialog window General | Checking/Decision | Rebar/Arrangement |

= Rebar Material
Rebar Material Standard

KS(SH[¥] ...

Setting Range and Strength by Dia
Main Rebar Grade
Shear Rebar Grade
= Default Reber Arrangement Sett
Cover Thick, Type
= Beam
Default Cover
Default Dia of Main Rebar
Max, Ratio of Main Rebar (%)

JIS(Civil)
JIS|m
KS(MKS) |31
8.0

Consider Splice of Main Rebar

7% v
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for checking the rebar [ KS(S1)
material standard list i 2 o A L) Eatigg)e
D6 6.350e-003 7.000e-003 3.167e-005 2.490e-003 SD400
D10 9.530e-003 1.100e-002 7.133e-005 5.600e-003 SD400
D13 1.270e-002 1.400e-002 1.267e-004 9.950e-003 SD400
D16 1.590e-002 1.800e-002 1.986e-004 1.560e-002 SD400
D19 1.910e-002 2.100e-002 2.865e-004 2.250e-002 SD400
D22 2.220e-002 2.500e-002 3.871e-004 3.040e-002 SD400
D25 2.540e-002 2.800e-002 5.067e-004 3.980e-002 SD400 -
D29 2.860e-002 3.300e-002 6.424e-004 5.040e-002 SD400 .
D32 3.180e-002 3.600e-002 7.942e-004 6.230e-002 SD400
D35 3.490e-002 4.000e-002 9.566e-004 7.510e-002 SD400
D38 3.810e-002 4.300e-002 1.140e-003 8.950e-002 SD400
D41 4.130e-002 4.600e-002 1.340e-003 1.050e-001 SD400
D43 4.300e-002 4.900e-002 1.452e-003 1.140e-001 SD400
D51 5.080e-002 5.800e-002 2.027e-003 1.590e-001 SD400 [ 3
D57 5.730e-002 6.500e-002 2.57%e-003 2.030e-001 SD400 52
< | 1 |

The user may specify the rebar material strength by using either Batch Setting or Individual Setting.

> Batch Setting : Rebars are divided into main and shear reinforcements. The same strengths
are applied regardless of the diameter.

> Individual Setting : Different strengths are applied depending on the rebar diameter. The user
may specify the member type (beam, column, brace, plate) and main/shear reinforcement by

clicking on the [...] button and then specify the strength depending on the diameter.

Figure 3.2.3 Dialog window
for setting rebar material

strengths
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Setting Range and Strength by Dia X

Beam | Column | Brace | Plate

Dia

D6

D10
D13
D16
D19
D22
D25
D29
D32
D35
D38
D41

Use

LS CYACN U ENAEN LS

Main Rebar

Fy

Shear Rebar

SD400
SD400

SD400
SD400
SD400
SD400
SD400
SD400

SD400
SD400

>

Fy

m

<

B Apply to All Member Types
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Setting Rebar Default Values

» Cover thickness
Cover thickness decides the starting location for the rebar. The cover thickness may be defined

following one of the two processes below.
- Clear Cover: The thickness extends from the concrete edge to the outermost rebar surface

- Con’c Edge~Rebar Center: The thickness extends from the concrete edge to the rebar center

Figure 3.2.4 Cover thickness

set up procedure

Concrete Edge

Clear Cover I
~ Rebar Center

When calculating the strength of an RC member, steel location is an important parameter. If “Clear

Cover” is selected, the first rebar center’s location is calculated using the cover thickness, the shear

rebar diameter, and half of the main rebar diameter.

d, = Clear Cover+ Dia,, +0.5Dia,,, (3.2.1)
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» Basic information regarding rebar calculations for each member type

This section explains the setting of default values for important rebar parameters such as center cover
thickness, main reinforcement diameter, largest steel ratio, main reinforcement coupling method, shear

reinforcement diameter, etc.

The concrete cover thickness and the steel diameter's default values are considered when first
creating the rebar arrangement, and the main reinforcement coupling method is used when calculating
the possible number of rebars. For example, the calculation for possible number of rebars for a single

layer due to clear cover limits is shown below.

Table 3.2.1 Calculation Coupling

method for possible number Method Calculation for possible number of rebars N

of rebars depending on the .
P ¢ (Beam depth — 2X center cover thickness + clear cover rule +

Neglected N= main reinforcement diameter)

Steel clear cover rule

(Beam depth — 2X center cover thickness + clear cover rule +

50% N= main reinforcement diameter)

0.5X main reinforcement diameter + clear cover rule

(Beam depth — 2X center cover thickness + clear cover rule +

100% N = main reinforcement diameter)

1.0X main reinforcement diameter + clear cover rule

» Defining the reinforcement based on the member type

This section explains the process for defining the steel’s maximum/minimum diameters and
maximum/minimum spacing depending on the member type and section measurements.

For beams, the section height is used as the basis to determine the main reinforcement which will then
govern the maximum/minimum diameter for the main reinforcement and the greatest number of rebars.
The shear steel reinforcement will determine the maximum/minimum diameter, maximum/minimum

spacing, and the spacing increment. The outer steel determines the minimum/maximum diameter. The

Section 2. Rebar/Arrangement | 95
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main steel starts with the minimum diameter, whereas the shear steel starts at the minimum diameter
and minimum spacing. Then, the program analyzes the required amount of steel for the expected
demand and finds the rebar arrangement that best satisfies spacing requirements and steel ratio

requirements.

+

Design Settings for Rebar Arrangement X
Figure 3.2.5 Shear rebar - . 2
Beam | Column | Brace | Plate
design settings dialog window ’ — Main Rebar Shear Rebar Skin Bar
Min. Dia  Max.Dia | Max.lay. Min.Dia | Max.Dia Min.Spac. Increment Max.Spac. Min.Dia = Max. Dia
| 0.50 D13 D19 2layer D10 D13 0.10 0.05 0.20 D13 D16
| 0.60 D19 D25 2layer D10 D13 0.10 0.05 0.25 D13 D16
| 0.70 D19 D25 2layer D10 D13 0.10 0.05 0.30 D13 D16
| 0.80 D19 25 2layer D10 D13 0.10 0.05 0.35 D13 35
\
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For columns and braces, the section measurements’ minimum values are used as the basis and the
main reinforcement decides the minimum and maximum diameters. The shear reinforcement
determines the maximum/minimum diameter, maximum/minimum spacing, and spacing increment.
The main reinforcement begins at the minimum diameter, and the shear reinforcement begins at the
minimum diameter and minimum spacing. The program then analyzes the required amount of steel for
the expected demand and finds the steel rebar arrangement that best satisfies the spacing and steel

ratio requirements.

|
Figure 3.2.6 Column rebar . . .
. . . . Beam | Column | Brace | Plate
design settings dialog window R Main Rebar Shear Rebar
Section Size  Min. Dia Max.Dia Min. Dia Max. Dia Min. Spac. Incement Max. Spac.
0.40 D16 D25 D10 D13 0.10 0.05 0.40

0.50 D16 D29 D10 D13 0.10 0.05 0.45
0.60 D19 D29 D10 D13 0.10 0.05 0.45

For plate members, the minimum plate thickness is used as the basis. The main reinforcement
dictates the maximum/minimum diameter, upper/lower reinforcement numbers, maximum/minimum
spacing, and the spacing increment. The shear reinforcement dictates the maximum/minimum

diameter, maximum/minimum spacing, and the spacing increment.

Figure .27 Plate rbar
. . . . | Beam | Column | Brace | plate |
design settings dialog window ———r e e
Thickness Min. Dia Max.Dia Toplay. Bot.lay. Min.Spac. Incement Max. Spac. Min.Dia Max.Dia Min. Spac. Incement Max. Spac.
0.20 D10 D16 1 1 0.10 0.05 0.40 D10 D13 0.10 0.05 0.40
0.30 D10 D16 1 1 0.10 0.05 0.40 D10 D13 0.10 0.05 0.40

The shear reinforcement makes a list of combinations of the diameter and leg number, and proceeds
with the rebar creation in a sequential manner. The diameter list is defined from the minimum diameter
to the maximum diameter, and the leg list is defined from two to the maximum number of legs. The
maximum number of legs is decided by taking into account the number of shear reinforcement rebars
and the clear cover restrictions, and chooses the maximum possible number of legs. The number of

legs that takes into account the steel clear cover restriction is calculated as follows.
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Here,
d

c,side

N

maxtrans

d

shearbar

B-2d

c,side
L €g. space

max, trans + dshearbar

: Side cover thickness from the concrete edge to the center of steel rebar

: Maximum steel spacing for the lateral direction (industry standard value)

: Diameter of shear rebar

(3.22)
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For example, when the shear reinforcement steel diameter range is between D10-D16 and the

maximum number of legs is 4, the following list is created and computed in sequential order for shear

reinforcement calculations.
shear reinforcement creation
list when the maximum 2leg ® D10 X 2leg @ D13 X2leg ® D16 X2 leg
number of legs is 4 3 Leg ®D10X3leg ® D13 X3 leg ® D16 X 3 leg
4 leg @ D10 X4 leg ® D13 X4 leg ©® D16 X4 leg
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Section 3 Common Design Considerations

Moment Redistribution Factor [Applicable Member: Beams]

Typically, for statically indeterminate RC structures, a single section failure does not bring structural
collapse and there is a significant difference in demand required to bring about the first failure and total
collapse. Therefore, simply because an indeterminate beam has reached its ultimate moment does not
mean immediate failure. Before reaching the state of failure, the load will increase and create a plastic
hinge. This will then affect the moment distribution, and the phenomenon is called the redistribution of
moment. That is to say, the state at which failure occurs, the section has plastic resistance. In parts of
the member where rotation is allowed, or where the plastic hinge has formed, moment does not
change. The moment will instead increase where there is low strength, and this is called moment
redistribution.

The moment redistribution factor aims to reflect such phenomena in RC beams, and the design forces

that incorporates the moment redistribution are is calculated as follows.

Figure 3.3.1 Design force
calculation Case 1 when
incorporating the moment

redistribution factor
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Figure 3.3.2 Case 2 for
calculating the design forces
while incorporating the

moment redistribution factor

[ Case 01]
Mi
\ Mj
\ , 1
ML\ = 7
N s s
\\\ //’ Mi
\\ /'
- \\\44?‘---———"’,//
S Y
S S
L
>
Put B = Redistribution Factor
+ Modified Moment At I-end : Mi'= |Mi| (1)
+ Modified Moment At J-end : Mj'= | Mj| (1-B)
» Modified Moment at location X :
Mx "= Mi'+ X/L *(Mj’-Mi’)
* Redistribution Moment at location X :
Mxre =Mx +Mx’
[ Case 02 ] Mj
r'd
// M"
/// J
/,/
4//
-
Mi Lo ————T
Mi’

Put B = Redistribution Factor
Check Mi = (+) Positive, Mj = (-) Negative.
+ Modified Moment At I-end : Mi'= |Mj]| (1-B)
+ Modified Moment At J-end : Mj'= | Mj| (1-B)
» Modified Moment at location X :

Mx’= Mi'+ X/L *(Mj -M{’)
« Redistribution Moment at location X :

Mxre = Mx+ Mx’

The moment redistribution factors may be set for either the entire model or for individual members.

Factors set for individual members will override the model-wide values if both have been defined.

Home>Design Settings>General>Design Code>RC>Code-Specific RC Design Parameters
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) ) ) = Strength Reduction Factor
Figure 3.3.3 Dialog window ot (Tensile Yield Safety .., 0.90
. ocl (Compression Streng.., 075
showing how to set the oc2 (Compression Streng, ., 0.65
moment redistribution factor - gg&eg{tzﬁtﬂh Safety.. L5
; = Beam
for the entire model Moment Redisribution .., 1.00
= Column

Ky, Kz (Effective Lengt,.. Program Determined v |

Ly, Lz, Lb {(Unbraced L... Program Determined v |

ans, 8s (Moment Mag, ., Program Determined [v |

Equivalent Moment Fac,,, Yes[v]

Analysis & Design>Analysis & Design>Member Parameters>Moment Redistribution Factor

| . C R > s obeci) |
Figure 3.3.4 Dialog window
[ RC: ACI 318-11 \Y4
showing how to set the
moment redistribution factor | Target Ratio ]
for a specific member Fadtor =
Factor 1.000
| Live Load Reduction Factor v]
| Deflection Pa v]

102 | Section 3. Common Design Considerations



DESIGN REFERENCE

Chapter 3. RC Design

Section 4

Figure 3.4.1 Dialog window
for setting the strength

reduction factors

Design Considerations-ACI318-11

Strength Reduction Factor

Tension-controlled section strength reduction factors, compression-controlled section (hooped
reinforcement, etc) strength reduction factors, and shear strength reduction factors can be set. The
default values are the industry standard, but the user may specify alternative values. A single set of

strength reduction factors is applied to the entire model.

Home>Design Settings>General>Design Code>RC>Code-Specific RC Design Parameters

= Strength Reduction Factor

ot (Tensile Yield Safety F.,, 0,90
ocl (Compression Streng, .. 0,75
oc2 (Compression Streng, ., 0.65
ov (Shear Strength Safety.,,, 0.75

Moment Magnifiers dns, ds [Applicable members: columns, braces]

Moment magnifiers are used to approximate second order analysis results using first order analysis
results, to incorporate second order effects without conducting a full analysis. Moment magnifiers are
automatically computed for laterally braced and unbraced members. If the member’s effective length

factor k is less than 1.0, then the member is considered to be laterally braced.

Ons is @ moment magnifier that aims to incorporate P-d effects that occur due to strains developing in

the structure, and is supported by automatic computation in this program. It is calculated as follows:

Ow="""p (34.1)

Here,
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C =06+0401
M

2
2
p=r &
(kt, )
_02EI,+EI,
148,

El

s is @ moment magnifier that aims to incorporate P-A effects that occur due to local displacements,

and is calculated as follows:

1
§ = >1
. 5P (3.4.2)

1—-
0.75) P,
However, s is not automatically computed in this program. Unless the user specifies a value, 1.0is

applied as the default value.

Moment magnifiers may be set to be automatically determined for the entire model, and individual
members may be set to take on the automatically computed values or alternative, user-specified
values. The program overrides the automatically determined values with any user-specified values for

members that have such alternate values defined.

Home>Design Settings>General>Design Code>RC>Code-Specific RC Design Parameters
= Check Strength

Figure 3.4.2 Dialog window

= Beam

for setting automatic Moment Redisribution .., 1.00
) a Column

computation of moment Ky, Kz (Effective Lengt,., Program Determined v
magnifiers ans, 8s (Moment Mag, ., Program Determined v
Uiva ac... Yes v

= Plate
Plate Design Option Flexure v

Analysis & Design>Analysis & Design>Member Parameters>Moment Magnifier Factor
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M t Magnifier Factor o

Figure 3.4.3 Dialog window

) Program Determined
for setting the moment

~

y z
magnifier factors for individual ans (P-5) 1.000 1.000
members Bs (P-0) 1.000 1.000
Seismic Design Shear Calculations [Applicable members: beam, column]
When considering seismic design of structures, the design must account for additional shear forces for
seismic considerations. The program uses the following methods to calculate the seismic design shear.
Table 3.4.1 Seismic Design Calculation
Shear calculation methods Shear Calculation

Method

The maximum of the two values Ve1, Ve2 (which incorporate the additional shear

Max (Ve1, Vez)
factors a1, az)

The minimum of the two values Vei, Vez (which incorporate the additional shear

Min (Ve1, Vez) factors ai, a2) is used. However, if the seismic design shear is smaller than the

analyzed shear forces, then the analyzed shear forces are used instead.

Shear is added by using the weak shear-strong bending principle. Shear strength is
calculated by applying the additional shear factors ai. a1 is specified by the user, and
can use the industry standard as the default value.
If the earthquake resisting system is SMF,

2M,

/
Mpr : calculated expected bending strength assuming tensile yield strength of 1.25f;
and strength reduction factor of 1.0

If the earthquake resisting system is IMF,

Va V, = Vg +a,

LM,
I

V., :Vg +a,
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The shear force due to earthquake loading is increased. Shear strength is calculated by
using the additional shear factor a2. a2 is specified by the user, and can use the
industry standard as the default value.

I/eZ = Vg +a21/eq

Seismic design criteria are applied to the entire model.

Home>Design Settings>General>Design Code>RC>Code-Specific RC Design Parameters

- : ’ = Seismic Design

Figure 3.4.4 Dialog window Seismic Design Considered [+
setting seismic design criteria Seismic-Force-Resisting ...  Special Moment Frames v
) Exclude Sub-Beam in Sei... Yes v

to the entire model Exclude Cantilever in Seis. .. Yes v

= Shear for Design in Seismic Design

Method Max(Vel,Ve2) v

Contribution of Concret,.. 0,30

al 1.00

a2 2.00
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SectionS — Member Examination Procedure

(Beams)-ACI318-11

The member verification procedure for RC beams following the ACI318-11 design code is explained in
this section.

The design strength is calculated using the analyzed strengths, load combinations, and design
strength modification factors. Industry standard strengths are computed to verify the moment, shear,
and main reinforcement spacing, to ensure consistency. For serviceability, immediate deflections, long

term deflections, and outer rebar spacing are checked.
Calculation of Design Demands

The design strengths are calculated by applying load combinations, live load reduction factors,

moment redistribution factors, and seismic design criteria to the analyzed strengths.
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Apply load combination factors

Apply live load reduction factors

Apply moment redistribution factors

Apply special seismic design criteria

Check lateral strength
(major/minor axis moment)

\.

Check shear strength

L

[ Check for steel spacing, while taking into ]

account crack formations

7

Check for steel clear cover

Check for deflections
and any visible sagging
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1) Application of load combinations

The design forces are calculated, factoring in the member check points, load types, and load

combination factors.

2) Application of live load reduction factors

As explained in the section Design Factors>Live Load Reduction factors, components that are subject

to live loads will have design forces that incorporate the live load reduction factor.

3) Application of Moment Redistribution Factors

Between both ends of a beam in which minor axis moments are present, at least one end is selected
for application of a moment redistribution factor less than 1.0 (as explained in Design Factors>Moment
Redistribution Factors). Then, the design moment incorporating the moment redistribution factor is

calculated.

4) Application of Seismic Design Criteria

When seismic design criteria are used, the design shear and moment are calculated differently,

depending on the earthquake resisting system.

Table 3.5.1 Design shear and SMF IMF

moment calculations

~ W,=1.2D+1.0L+0.2S ~ W,_=1.2D+1.0L+0.2S
depending on the earthquake / - / “ *

resisting system M, lll l 1 1 l 1 l ‘ Mor2 M, | l’l l l 1 l 1 l 1 M,
e (=)

Shear Beam shear Ve Beam shear Var
ﬂ: prl + Mpr2 ﬂ: nl o3 Mm Wu
2
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Table 3.5.2 Design shear
calculations for a special
moment frame, using the

strong shear-weak bending

| ) M, - M, - ; ] M, - M, -

Moment = : 5
| M #=1/2M, - M, +>1/2M, -

M, #=1/3M,- M, +>1/3M,, -

(M, - or M,+) at any section = 1/4(max M, at either joint) (M,- or M, +) at any section > 1/5(max M, at either joint)

As for design shear, one of the two methods is applied—either the strong shear-weak bending
principle method or additional shear method—depending on the user’s preference. If the earthquake
resisting system is a special moment frame, then the design shear as per the strong shear-weak

bending principle may be calculated as shown below.

M, .+tM, M +M,, .
_ prii(+) Prj(=) _ prii(=) Proj+)
Vaoa =Veta ] Vereona =V + a4 /
n n
T My M0 v v Mo+ My 0
elew2 — g a, l eleew2 — g a, l
el cw maxﬁ el cw, 1|2 el oW, 2 el cew maxﬂ el cewl 2 el LLWZH

el ow? el L‘L‘w]

v, max[

The design shear incorporating additional shear due to earthquake loads can be calculated as shown

below.

Vo =V, +a)y, (3.5.1)

Calculation of Design Strengths

The design strength of each member is based on load combinations and must be greater than the

calculated required strength.

R, <¢R (3.5.2)
Ru  : Required strength

Rn : Nominal strength
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®  : Strength reduction factor

1) Flexural/Bending strength
Major and minor bending strengths must be greater than the moment demands expected in the

structure. The main reinforcement ratio should satisfy the maximum/minimum steel ratio limits.

Mu(+) SW”(+) (353)
M, <M, (35.4)
pmjn < P < pmax (355)
[ SES A ]
|
e
I
[ FEIH EE ]
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Neutral axis location is the most important number in calculating the flexural strength. lterative

methods are used to find the solution that satisfies force equilibrium.

I Assume neutral axis depth, x ::i?;:t;:/:eight)

<
*

y
| Calculate C, (Concrete) |

v
I Calculate T, (Reinforcement) I

—

YES

I Get neutral axis depth, x |

Using ¢ as the neutral axis, the compressive force taken on by the concrete C¢ is as follows:

C. =0.85f.ab (3.5.6)
Here,
a= P
0.85 (. <4000psi)
ﬂl = 1 _ f; 4 H
max|: 05-0.05 000" 0.65| (f. >4000psi)
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&cu = 0.003 Compression
Figure 3.5.1 Neutral axis
location for a high strength c
RC block
dy ‘—
<~
* £
o —4— \ t
Reinforcement closest
to the tension face

Csis the force taken on by the compressive steel and Ts is the force taken on by the tensile steel:

CS = ZASEi(fvi _0'85](;) (357)
T=2 At (35.8)

Here,

Sy =min f:v > gsiEvi]

gcu di_c (C<di)

£ L (c>d,)

This program uses the bisection method (one of the numerical analysis methods) to find the neutral

axis. The principal equation of the bisection method is C, +C, =T, Convergencelstopping criteria

are shown below.

Table 3.5.3 Neutral axis Stopping Criteria Description
calculation methods and

. . C.+C,
corresponding stopping Convergence ]

—-1.0

<0.001 (tolerance)

s
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No convergence ~ When the number of iterations is larger than 20, it is deemed that
(Stop convergence will not be reached. The section is either increased or the rebar

computations) information is modified (location, number of rebars, spacing, etc).
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After locating the neutral axis, the nominal flexural strength is calculated as shown below.

M, =C,(c-0.5a)=C,(c-0.5B,c) (3.5.9)
Mnsc =Cvi(c_di) (3510)
M, =T,(d ~c) (35.11)
Mn = Mncc + Mnsc + Mnst (3.5,12)

The design lateral strength is the product of the nominal strength and the strength reduction factor
(whose calculations are shown below and depends on the outermost tensile steel strain €:).

Figure 3.5.2 Strength ¢ [$ =075+ (6~ 0002)(50)
Reduction Factors 0.90

>

0.75 F2Aral __-
(&-0.002)(250/3)

0.65
Compression Other Tension
controlled — Transition controlled
9
| & =0.002 & =0.005

c c

==0.600 —==0.375

d; dy

Interpolation on c¢/d;: Spiral ¢ = 0.75+0.15[(1/c/d,)-(5/3)]
Other ¢ = 0.65+0.25[(1/c/dy)-(5/3)]

The minimum and maximum steel ratios of the main reinforcement is shown below.

Table 3.5.4 Minimum and Jr 200
. teel ratios for th Py = max| 3.0 ,—
maximum steel ratios for the fy fy
main reinforcement Poin 4
pmin 2 = Epreq

Pruin = mm[pminl > pminz]
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f. £
=p, =0858 ——=—
Prax = Po By 1, &, +0.004
Do If the earthquake resisting system is SMF and if earthquake design criteria are to
be applied,

p.... =min[p,,0.023|
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2) Shear Strength

The design shear strength must be greater than the expected shear demands. The shear

reinforcement spacing must be less than the maximum spacing set by the industry standards.
V<, (35.13)

§S<s (3.5.14)

— “max

The design shear strength is the product of the strength reduction factor, and the sum of the shear

forces taken on by the concrete and shear reinforcement.

¢V, =V, +V,) (3.5.15)

The shear force taken on by the concrete is determined as follows:

V. =2{f.bd (3.5.16)

However, if the earthquake resisting system is SMF and earthquake design criteria are to be applied,
then the user-specified shear contribution of concrete will be multiplied to the above value. The shear

contribution of concrete may be set in Design Settings>General>Design Code>Seismic Desjgn>Shear

for Design in Seismic Deisgn.

Figure 3.5.3 Dialog window SRSBlsmIcIDesIon

Seismic Design Considered v
showing the setup of shear Seismic-Force-Resisting ... Special Moment Frames [v
Exclude Sub-Beam in Sei.., Yes v
contribution of concrete in Yes v
= Shear for Design in Seismic Design
Method Max(Vel Ved) [«
Contribution of Concret... 0,30 )
al 1.00
a2 2.00

The shear force taken on by the shear reinforcement is calculated as follows:
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V — nASvlfytd
) s (35.17)

Here, n: Number of legs of the shear reinforcement
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Figure 3.5.4 The required
amount of steel depending on

the shear force

Table 3.5.5 Maximum spacing
limits based on application of

seismic design criteria

Figure 3.5.5 Maximum
spacing limits as a function of

shear force

The required shear reinforcement steel amount depends on the shear force, as shown below.

No Need & A, min lmax[Av,min-Av,req]

0.547, o

The maximum spacing limits are dependent on the seismic design criteria and whether they are being

applied.
No seismic design ld )
Smax,O =mm -, 24]Il
criteria
»SMF
Smax,O = mm|:% ’ 6]_[1, 6Dmain:‘
Seismic design

criteria applied
»IMF

Smax,O = mm|:% > 12]11, 8Dmain7 24Dstirrup:‘

The maximum spacing limits depending on the shear force is shown below.

Smax,0 & 0.55max0 i Failure

4.[f.bd 8,/f.bd
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Section® Member Examination
Procedure (Columns/Braces)
ACI318-11

The member examination procedure for RC columns/braces as per the ACI318-11 design code is
explained in this section.

The design strength is calculated using the analyzed strengths, load combinations, and design
strength modification factors. Industry standard strengths are computed to verify the axial forces,

moments, and shear forces.

Apply load combinations
I
r \
Apply live load reduction factors
\ J "
T Design
( Y forces/demands
Apply moment magnifiers
\ y
' I A
Apply special seismic design criteria
|
r N\
Verify axial-lateral strength
\ J Design
- | N strengths
Verify shear strength
. J
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Calculation of Design Demands
Design demands/forces are computed by applying load combinations, live load reduction factors,

moment magnifiers, and special seismic design criteria.

1) Apply Load Combinations
The analyzed demands at the member check points, load types, and the load combination factors are

incorporated in computing the design demands.

2) Applying the live load reduction factor
As explained in the section Design Factors>Live Load Reduction Factors, components that are subject

to live loads will have design forces that incorporate the live load reduction factor.

3) Applying the moment magnifier

When designing columns/braces, sections are designed differently depending on the slenderness ratio.
If the member is a long column, then moment magnifiers are used in calculating the design lateral
moment.

The second order moment—incorporating the analytical first order moment and moment magnifiers—
are calculated depending on the lateral bracing conditions, as shown below. This program decides the

bracing conditions based on the member’s effective buckling length factor.

Table 3.6.1 2nd order

moments depending on the

lateral bracing conditions

Braced K<1.0 M, =6,M,
Ml :Mlm' +5&'M1Y
Unbraced K>1.0 ! o
MZ :MZnS +5SM2S

Here,

M2 =The larger of the end lateral moments of the compressive member

Section 6. Member Examination Procedure (Columns/Braces)
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Mms = The end lateral moment calculated using 15t order elastic frame analysis and loads that do
not cause lateral strains at the end at which M1 is applied. This program uses moments due to
dead and live loads.

Mis = The end lateral moment of the compressive member, calculated using 1st order elastic frame
analysis and loads that cause lateral strains at the end at which M1 is applied. This program
uses moments due to all loads except for dead and live loads.

Mans = The end lateral moment of the compressive member, calculated using 1st order elastic frame
analysis and loads that do not cause lateral strains at the end at which M is applied. This
program uses moments due to dead and live loads.

M2s = The end lateral moment of the compressive member, calculated using 1st order elastic frame
analysis and loads that cause lateral strains at the end at which Mz is applied. This program
uses moments due to all loads except for dead and live loads.

However, load combinations that include P-A analysis criteria (which are part of second order

analysis) do not use moment magnifiers.
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Table 3.6.2 Design shear
force calculations for different

earthquake resisting systems

Table 3.6.3 Design shear
calculations for special
moment frames, using strong

shear-weak bending

4) Applying special seismic design criteria
The design shear forces must be calculated differently depending on the resisting system, if seismic

design criteria are being applied.

SMF IMF
13 ¥e,
_A._Mpa —~ M,
Ves Column ! Vi . Column
/' Shear |/ Shear
\
Shear b b
1| Ves I
~—- | ~—
M ‘—T M, R
ora 4P, v M,3+M b 'S v, M, + M,

Design shear forces may be calculated using either the strong shear-weak bending principle method
or the additional shear method. The user may specify his or her preference within the program settings.
If the earthquake resisting system is a special moment frame, then the design shear is calculated

using the strong shear-weak bending principle.

+M M, +M,

Mpr,i(+)

_ Prj(=) _ Prj+)
Vet ows = Vg +a, Vet conn = Vg +4q
ln ln
Vv -y — M, it M0 v -V - Mipr*"(’) M
elew2 — g a, l eleew2 — g a, l
el cw maxﬁ el cw,1[? el LW2 el cew maxﬂ el cewl 2 el LLWZH

maX[ el ow? el L‘L‘w]

The design shear force with the additional shear due to earthquake loading is calculated as follows.

Vo =V, +a)y, (3.6.1)
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Calculation of design strengths

The design strength of each member is based on load combinations and must be greater than the

calculated required strength.

Here,
Ru : Required strength
Rn : Nominal strength

® : Strength reduction factor

1) Axial-lateral strength

(3.62)

To calculate the design strengths of members subject to both axial and lateral loading, the

correlation between axial-lateral forces must be incorporated. In this program, the P-M correlations are

incorporated into the computation of axial and lateral strengths. The main reinforcement ratio must

satisfy the minimum and maximum steel ratio limits.
P, <¢P,
M, <¢M,
M, <¢M,,
M, <¢M,,

pmin < p < pmax

(36.3)
(3.6.4)
(3.6.5)
(3.6.6)
(3.6.7)

Compressive members subject to pure axial force (without eccentricity) have design axial strengths

that are calculated as shown below.

Table 3.6.4 Design axial Spiral

strengths of compressive reinforcement

9P, = 0.854[0.85F. (4, — A, )+, A,

members, depending on

reinforcement type Hoop

reinforcement

0P ey = 0.808[0.85.(4, ~ A, )+ £,A,|
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Column/brace members subject to both axial and lateral loads must satisfy force equilibrium and strain

compatibility criteria. Stress-strain relationships for biaxial P-M correlations are shown below.
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Figure 3.6.1 Stress-strain

relationship for Biaxial P-M
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The axial force and lateral force is calculated using eccentricity. Using the resulting values, the P-M

correlation curve is calculated. Through the correlation curve, the design shear corresponding to the

desired force may be found.
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Figure 3.6.2 Uniaxial

P-M correlation (nominal
strength)

12! 3.6.3 Uniaxial

P-M correlation (design
strength)

Fa
Region 1 (design axial load strength)
P P, sy = 0.80PF, (tied reinforcement)
T~ P, oy = 0.85P, (spiral reinforcement)
o
Prima /— Region 2 (compression failure)
/
/ balanced failure condition
</
o7 /
/
Pb g ———————————— /
/
/ | ) S
// [ — Region 3 (tensile failure)
/
ol -~
-~ Mn
‘\ M,
Pure bending
F’trmn}
R
B ~ o & (compression failure)
~N < o
N
W,
Prmey | A BM,
i\
1 eoo(\d
_—y e S
FPrna 4 OB, — M, 3 ‘a\\o
(P, M) @
3o&
2
#P,.6M,)
Py, My)
Plb Ml)
(tensile failure
e
0 I A
B,
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Figure 3.6.4 +Pn

Biaxial P-M correlation

Figure 3.6.5
P-M correlation for a specific

load combination

The minimum and maximum steel ratios for the main reinforcement are shown below.

Section 6. Member Examination Procedure (Columns/Braces) - ACI318-11 | 129



=
DESIGN REFERENCE Chapter 3. RC Design

Table 3.6.5 Minimum and

maximum steel ratios for the Donin 0.01
main reinforcement P User-specified
2) Shear strength

The design shear strength must be greater than the expected design shear demands. The main

reinforcement spacing must be smaller than the maximum spacing limits set by industry standards.

v, <S¢V, (36.8)
V. <ev,. (3.6.9)
s <s (3.6.10)

The design shear strength is the product of the strength reduction factor and the sum of the shear

force taken on by the concrete and shear reinforcement.

oV, =9V, +7,) (36.11)

The shear force taken on by the concrete is a function of the axial force, as shown below.

Table 3.6.6 Shear forces P=0 v = 2\/7£bd
taken on by the concrete, as
a function of the axial force N
Tensile force V.=21+ ” bd
¢ ( ZOOOAg j\/z

N,
i V.=21+ . bd
Compressive force g ( 5004, j\/ 1

However, if the earthquake resisting system is SMF and seismic design criteria are to be applied, then

the user-specified concrete shear contribution actors are to be multiplied.
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The shear strength taken on by the shear reinforcement steel is calculated as shown below.

d
V; — nASvlf:vt (3612)
N

Here, n : number of legs of the main reinforcement

The required shear reinforcement amounts are dependent on the shear force, as shown below:

Figure 3.6.6 Required shear

steel reinforcement amounts

No Need L A, min kmax[Av,min:Av,req]
as a function of shear force 0.5¢V., v,

Maximum spacing limits for shear reinforcement are calculated differently depending on the
application of seismic design criteria, rebar arrangement (end/interior portions), type of shear

reinforcement (hoop/spiral). The maximum spacing limits for rectangular sections are shown below.

Table 3.6.7 Maximum spacing No seismic design

F : Smax,D =mm[l 6Dmajn9 48Dvhear’ H’ B]
limits for rectangular sections criteria ’
as a function of seismic
. Y » SMF
design criteria
smax 01 = mm|:g > 6]_[1, 6Dmain:‘
’ 4
S a2 = 4+ max 14=h, ,0}
’ 3
A
Smax,03 = v A
Application of seismic 0.3h Je [ -1
‘ fS AL‘
design criteria (Ends) ) .
Snax, 04 = 7%/{
0.09h, ¢
fVS

Smax,D = mln[smaxpl > Smax,DZ > Smax,03 > Smax,04]

> IMF
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S0 = min{ﬁ,g, 8D, > 24Dm.rmp, IZin}
22

» SMF
Smaor =Min[16D, .. 48D, . H, B]

Application of seismic  Spu0 =min[6D,,, 6in]

design criteria Smaxo =Inin[smax,019 Smax,DZ]
(Interior)

> IMF
Stax0 = min[l 6D, > 48Dy, H, B]
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Maximum spacing limits for circular sections are as follows.

Table 3.6.8 Maximum spacing No seismic design .
=min[16D,,,,, 48D,

shear>

Smax,O H’ B]

limits for circular sections as a criteria

function of seismic design :
» SMF (Hoop Reinforcement)

smax,Ol = mm|:% > 6]_[1, 6Dmain:‘

14—
__ D e Smaxoz = 4+maX|: b, 90:|
max, 03 f i 3
0.12H =%

s
Smax,O = mln[smax,OI ’ Smax,OZ H Smax,03 ]

Application of seismic
» SMF (Spiral Reinforcement)

p, =max 0.45(Ag—ljf”,0.12 J.
‘ 4 Sy Sy

design criteria (End)

c

. D? ) .
S0 = mln{max{p ‘Z’i“’“’ ,Dg0 +1in |, D, +3in
s c

> IMF

Smax,O = min|:%’8Dmain’ 24Dslirrup’ 12]11:‘
» SMF

p, =0.12 /e

s

Application of seismic D"
. . im0 = Min| max| —%= Dt 1in |, D, +3in
design criteria max, pd, T shear

(Interior)

> IMF

S = MIn[16D, ., 48D,

shear>

H, B]

max,0
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Maximum spacing limits are a function of the shear force, as shown below.

Figure 3.6.7 Maximum Smax.0 l 0.55max0 ‘ Failure
spacing limits as a function of
shear force 4\ffcbd 8\}f;bd
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Section 7

Design Parameters EN1992-
1-1:2004

Partial Factors

This section explains how to set partial factors (YcFundamental, YcAccidentat) for long-term and short-term
loading on concrete and partial factors (s Fundamental, Vs Accidenta) for long-term and short-term loading on
steel, as well as the long-term loading effective factor (acc). Industry standards are programmed as

default values, but the user may modify these values. Partial factors are applied to the entire model.

Home>Design Settings>General>Design Code>RC>Code-Specific RC Design Parameters

Factor

Figure 3.7.1 Dialog window

yc (Fundamental) 1.5
for setting the partial factor for yc (Accidental (except Ea... 1.20
ys (Fundamental) 1.15
the entire model ys (Accidental (except Ea,., 1.00
acc 1.00,

Slenderness Limitation [Applicable Members: Columns, Braces]
If the member’s slenderness ratio A is smaller than the slenderness limitation Aim, then the member’s

second order effects may be ignored. The slenderness limitation is calculated as shown below.

20-4-B-C
= 3.741
ﬂ’llm \/; ( )
Here,
N 02, this is specified by the user in this program.
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this is specified by the user in this program
B=~1+20 .

C=17-r,

9. = effective creep ratio.

A4S
O=—"-
Acf;d
N
n= Ed
Acf‘cd
M
r, = 01
M02

My, M, =15t order end moments(\Moz\ Z‘Mm‘)

01>

To calculate the slenderness limitation, parameters A, B, C are input and used for the entire model.

Home>Design Settings>General>Design Code>RC>Code-Specific RC Design Parameters

Figure 3.7.2 Dialog window =

. () 0,70
for setting the slenderness 8 110
limitation for the entire model c Program Determined [~

Seismic Design Criteria
In this program, the basic value of the behavior factor qo is used to calculate the curvature ductility

factor, and is calculated as shown below. The user may specify aw/a1 and qo directly.

Table 3.7.1 Behavior factor System type DCM DCH
q0 as a function of the system Frame system, Dual system, Coupled wall system 3.00t/ 01 4500/ 01
type Uncoupled wall system 3.0 4.0au/a1
Torsionally flexible system 2.0 3.0
Inverted pendulum system 15 2.0
The curvature ductility factor ye is calculated as follows:
1y =2q,—1 (1,2T,) (37.2)
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Figure 3.7.3 Dialog window
for setting the curvature

ductility factor for the entire

T,
Hy =142(g, 1) ([ < T¢) (37.3)

1

Yre, Which is used to calculate the end moment Miqfor seismic design shear, takes on different values
for beams and columns, as shown below.

Home>Design Settings>General>Design Code>RC>Code-Specific RC Design Parameters

= Check Seismic Design
(Apply Seismic Design Considered v
Lateral-Resistance-System Frame System v
Ductility Class High Ductility [~
= q (Behavior Factor)
q (Behavior Factor) Program Determined [+
au /ol 1,10
User Input q 1,50
= Calculate Design Shear Force
yrd (Beam) ‘
L yrd (Column) 1,30)

Section 7. Design Parameters EN1992-1-1:2004 | 137



DESIGN REFERENCE Chapter 3. RC Design

secton® Member Examination

Procedure (Beams)
-EN1992-1-1:2004

The member examination procedure for RC beams as per the EN1992-1-1:2004 design code is
explained in this section.

The design forces are calculated by applying load combinations and design modification factors.
Major/minor moment and shear forces are checked using industry standard values. For serviceability,

cracks, stress, and deflections are checked.
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Apply load combinations

Apply live load reduction factors

Design forces

Apply moment redistribution factors

Apply special seismic design criteria

Verify lateral strength
(major/minor moments)

T Ultimate limit

\ state
Verify shear strengths
l .
Verify stresses
I .
Verify cracks s?irvn-:i:e:c:lttty

— N N> N ™ M

Verify deflections/sagging
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Table 3.8.1 Calculation of
design shear forces using the
strong shear-weak bending
principle, when applying

seismic design criteria

Calculation of Design Demands/Forces
Design demands/forces are computed by applying load combinations, live load reduction factors,

moment redistribution factors, and seismic design criteria.

1) Applying load combinations
The analyzed demands at the member check points, load types, and the load combination factors are

incorporated in computing the design demands.

2) Applying the live load reduction factor
The analyzed demands at the member check points, load types, and the load combination factors are

incorporated in computing the design demands.

3) Applying moment redistribution factors

Between both ends of a beam in which minor axis moments are present, at least one end is selected
for application of a moment redistribution factor less than 1.0 (as explained in Design Factors>Moment
Redistribution Factors). Then, the design moment incorporating the moment redistribution factor is

calculated.

4) Applying special seismic design criteria
If seismic design criteria are to be applied, then the strong shear-weak bending is applied to load

combinations including earthquake loads and the design shear forces are calculated as shown below.

V _ V Mi,d,i(+) +Mi,d,j(f) V _ V + Mi,d,i(f) +Mi,d,j(+)
elewl — Vg + l eleew,l — " g l
n n
% —y M, 400+ Mi,d,j(—) % —y M i+ Mi,d,j(+)
elew2 — Vg ™ I eleew2 — Vg T Ji
n n
I/el,cw = maxHI/el,cw,l > I/el,cw,Z ] I/e'l,ccw = maxﬂnl,ccml > I/el,ccwﬂ ]
Vel = maX[Vel,cw7 Vel,ccw]

End moments M4 are used in computing design shear, and are calculated as follows:
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Figure 3.8.1 Dialog window
for setting design shear force

parameters for the entire

M, =}/RdMRbimin{l,zMR”:| (3.8.1)
’ ’ 2 My
Here,
= Factor incorporating the increased strength due to strain hardening of steel. Specified by the
e user
Mgoi = Design moment for the end of the member

IMpc = Sum of the design moments of column nodes
IMry = Sum of the design moments of beam nodes

Home>Design Settings>General>Design Code>RC>Code-Specific RC Design Parameters

= Check Seismié Design

Apply Seismic Design Considered v
Lateral-Resistance-System Frame System v
Ductility Class High Ductility [~
= q (Behavior Factor)
q (Behavior Factor) Program Determined v
au /ol 1.10
User Input q 1,50

= Calculate Design Shear Force

| yrd (Beam) 1,20 ]
i TNy T30

ULS: Ultimate Limit State

The design strength of each structural member must exceed the required strength computed from the

load combinations.

1) Bending/Flexural Strength
Design flexural strength (based on the major/minor moments) must exceed the required flexural

strength. The main reinforcement must satisfy the minimum and maximum steel ratios.

M iy < My (3.8.2)
Mgy SMpge (3.8.3)
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Poin S PSP (3.84)

Locate the neutral axis
|
Calculate the flexural strength
|

Examine the main reinforcement ratio

The location of the neutral axis is the most important number in computing the flexural strength of a

member. Iterative methods are used to find the solution that satisfies equilibrium.

K Initial x = H/2
I Assume neutral axis depth, x (H=Section Height)

<&

A
| Calculate C, (Concrete) |

v
I Calculate T, (Reinforcement) |

— o

YES

| Get neutral axis depth, x |

If x is the neutral axis, then the compressive force taken on by the concrete, Ce, is calculated as:

Co=nfuf,rx (385)

Here,
A\ : effective height factor of the compressive portion of the concrete

n : effective strength factor
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Table 3.8.2 Effective height
and strength factors
depending on the
compressive force in the

concrete

Figure 3.8.2 Height of the
neutral axis for a high
strength RC block

Criteria A n
foc < 50MPa 0.8 1.0
50 < fi < 90MPa 0.8-(fe-50)/400 1.0-(f-50)/200
foc > 90MPa 0.7 0.8

x : Depth of the neutral axis

The compressive force taken on by the steel, Cs, and the tensile force taken on by the steel, Ts, is

calculated as follows.

C, =2 A f =) (3.8.6)
T, =) A.f, (3.8.7)
Here,
Ja= min[f;»dy ‘9siEsi]
d —x
gvi = gcu
X
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(1- e,;cz"sa.z)h
(1- &alaxa)h

Figure 3.8.3 Strain distribution

at the ultimate limit state

T T o T T &
Eud & 0 &2 Eou2
(&5) (&42)
@ - reinforcing steel tension strain limit
- concrete compression strain limit
- concrete pure compression strain limit
€qu : Ultimate compressive strain of concrete (gcu = €cut)
E 3.8.3 Ultimate compressive Criteria ful
strain depending on the
pending fck < 50MPa 0.0035
compressive strength of
concrete 50 < fck < 90MPa [2.8+27{(98-fcm) /100}4]/1000, fen=fx+8MPa
fck > 90MPa 0.0028
This program uses the bisection method (one of the numerical analysis methods) to find the neutral
axis. Convergence/stopping criteria are shown below.
Table 3.8.4 Stopping Criteria Description
Convergence/stopping criteria C +C
+C,
for locating the neutral axis Convergence < £ —1.0,<0.001 (tolerance)

No convergence  When the number of iterations is larger than 20, it is deemed that
(Pause convergence will not be reached. The section is either increased or the rebar

computations) information is modified (location, number of rebars, spacing, etc).

After locating the neutral axis, the design bending strength is computed as follows.
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M e = C.(x=0.52x) (3.8.8)
My, = C,lx-d) (38.9)
My, =Y T,(d,—x) (3.8.10)
My =M ppee + M pye + My, (3811)

The minimum/maximum steel ratios of the main reinforcement are as follows.

Table 3.8.5 » Without application of seismic design criteria
Minimum/maximum steel f
ratios of the main Puin =Mmax| 0.26=72, 0.0013
vk
pmin
»With application of seismic design criteria
pmin = 0'5@
S
Piax User-specified

2) Shear strength

The design shear strength must exceed the required shear strength. The shear reinforcement spacing
must be less than the maximum spacing limit set by industry standards.

(3.8.12)
s <s (3.8.13)

If concrete takes on the full shear force, steel shear strength may be neglected. However, if the shear force
exceeds the resisting force of the concrete, then the shear steel will take on the full shear load. Using these
assumptions, the design shear strength can be calculated as follows:

e s ) (3.8.14)
Ve, = , S 8
“ {VRd,s (VEd > VRd,c)

The shear force taken on by the concrete is calculated as shown below. Typically, designs consider oy, but
this program does not consider axial forces. Thus, 6cp=0 and the shear forces are calculated accordingly.

VRd,cl = CRd,ck(l OOPchk )mb d (3.8.15)
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VRd,cZ =Vunbd (3.8.16)

VRd,c = Inin[VRd,cl > VRd,cZ]

(3.8.17)
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k =0.15

v, =0.035kY2 £

Shear force taken on by the shear reinforcement steel is computed as shown below.

A
Veast =%z " cotl (3.8.18)
_ %,b2V [
REmx 0t + tan @

(3.8.19)

Vias = Inin[VRd,sl s VRd,max] (3.8.20)
Here,
z=0.9d

@, =Factor that incorporates the compressive stress state. In beams, axial force is neglected and thus
0p=0, meaning % =10,

Table 3.8.6 Recommended Criteria acw
values of acw for non- 0<0¢p < 0.25f L+0cp/fed
prestressed structural 0.25 fed <o¢p < 0.5fcq 1.25

0.5 feq <0Ocp £ 1.0fcq 2-5[1‘ch/fcd]

6 = Angle of the compressive concrete struts. Applies user-specified values
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Table 3.8.7 Maximum spacing
limits for shear reinforcement,
as a function of seismic

design criteria

Maximum spacing limits for the shear reinforcement is a function of the seismic design criteria and the

calculations are shown below.

Without applying  This program only considers vertical shear reinforcements, and thus, by

seismic design ~ assuming @ =90°,
criteria Symax = 0.75d(1+ cota) = 0.75d
» Ends (DCM)
Sl,max = rmn[o'st’ 24thear’ 8Dmain’
Applying seismic > Ends (DCH)
design criteria St max = min[O.25H 324D, 0, 6D, 1
»> Interior
Symax = 0.75d(1+ cota) = 0.75d

225mm|

175mm]

When applying seismic design criteria, shear reinforcement should be more densely arranged in some

portions of certain structural members. The length of the member in which a more dense arrangement

is required is calculated as follows:

1.5h, (DCH)
“ 1.0k, (DCM)

Minimum steel ratio for shear reinforcement is shown below.

Vlu

Prain = 0.08

vk

SLS : Serviceability Limit State

(3.8.21)

(38.22)

The serviceability limit state of beams is checked with respect to stress limits, crack controls, and

deflection controls.
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1) Stress limits
Concrete compressive stresses are limited to ensure that longitudinal cracking or other miscellaneous
cracking does not occur. The characteristic load combination (one of the serviceability load

combinations) are used to check the stress limits.

o <k, (3.8.23)

Moreover, among the serviceability load combinations, the “Quasi-permanent’ load combination is

used to compare its concrete stress and the following limits to determine the linearity of creep.

Table 3.8.8 Criteria for c.<kyf, Linear creep

determining creep linearity o sk f Nonlinear creep
c 2J ck

The tensile stress in the steel is limited to ensure that inelastic strain and excessive cracks/strain do

not occur, and is limited using the following equation:

o, <kfy, (3.8.24)

The required coefficients for stress checks, ki, kz, ks, ks, may be set by the user, and the default

values are the recommended values in the design code.

Home>Design Settings>General>Design Code>RC>Code-Specific RC Design Parameters

= Check Serviceability

Figure 3.8.4 Dialog window —
showing set up of k1 0,60
e k2 0.45
Serviceability Limit State K3 0.80
kd 0,90

2) Crack control
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Figure 3.8.5 Creep width w,
at the same distance from the
concrete edge as the rebar

spacing

Cracks negatively impact the structure’s performance, and must be limited to ensure that appearance

is not excessively altered, using the following inequality:

W, S W (3-8-25)
Creep width wg is calculated as shown below.
Wk = Sr,max(gsm - grm) (3826)
SR - B
¢ h-x - Neutral axis

- Concrete tension surface

- Crack spacing predicted by
Expression (7.14)

[D] - Crack spacing predicted by
Expression (7.11)

[E] - Actual crack width

5(c + ¢/2)

Here,
, kikskg
Pp.ar (3.8.27)

s =kyc

r,max

¢ = Steel diameter. If various steel diameters are used, the equivalent diameter Gy is computed

and used instead.

2 2
- g + gy
nd, +n,4,

¢eq

¢ = Longitudinal steel cover distance.

k, = Factor that incorporates steel's bonding characteristics. This program uses a value of 0.8.
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k, = Factor that incorporates strain distribution. This program uses a value of 0.5.
ky=3.4

k, =0.425

fcz eff
[ kz ’ (1 + aeppﬂff)
o -2 2062 ce20)
) E E

s s

o, = Tensile stress of the steel, assuming cracked section.

k, = Factor depending on the load period.
- Short term loading : 0.6
- Long term loading : 0.4

f;t,eﬂ =f;tm
o = ES —L
e E - 0.3
cm 22 @
10
A+EA," 4
Prey = A = A
ceff c.eff
Ay =bh.

(4

@4=nm{zﬂh—d) h;x,z}

Figure 3.8.6 Effective tension

area (typical cases)
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Prrrrrrr
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_;!_ 0% 0000020048 surface, Acp et
o | g,
cef 1

c) Member in tension

The crack width limit wmexis decided based on the exposure category and applied load combination,
and the limits are provided by the design code as shown below. This program distinguishes between

the quasi-permanent and frequent load combinations, and uses the user-specified Wmax.
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Table 3.8.9 Crack width limit Serviceability Load Combination Type

; , Exposure category : o
Wax fOr various exposure Quasi Frequent Characteristic

categories and applied load

X0
XC1
XC2
XC3 03
XC4
XD1
XD2 0.3
XD3
XS1
XS2 0.3
XS3
XF1*
XF2*
XF3* 2
‘o Not (Incorporates
s Checked randomness)
XA2*
XA3*

0.4

Not
Checked

User-Specified

Home>Design Settings>General>Design Code>RC>Code-Specific RC Design Parameters
= Check Serviceability

Figure 3.8.7 Dialog window Girass Chock

for setting crack width limits =
Exposure Class XD1[v
Crack Width Check (Qu,,, Considered v
Crack Width Limit (Qua,., 11,8110 m |
Crack Width Check (Fr... Considered [v |
Crack Width Limit (Freq... 11,8110 m

3) Deflection Checks
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Excessive deflection negatively impacts the structure’s performance and appearance, and can also

damage nonstructural components. The actual deflection must be less than the allowable deflection:

(3.8.29)

S <O

actuai allow

The actual deflection is the product of the analyzed deflection and load combination factors. The

allowable deflection applies the user-specified design member length.

Home>Design Settings>General>Design Code>RC>Code-Specific RC Design Parameters

Figure 3.8.8 Dialog window = Check Serviceability
Stress Check
for setting deflection controls Crack Control
a Deflection Control D
Deflection Limit (Quasi... 250,00
Deflection Limit (Chara... 250,00
Deflection amplification... 1,00
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Seciond Member Examination
Procedure (Columns/Braces)
-EN1992-1-1:2004

The member verification procedure for RC columns/braces following the EN1992-1-1:2004 design
code is explained in this section.

The design strength is calculated using the analyzed strengths, load combinations, and design
strength modification factors. Design code strengths are computed to verify the axial strength and

flexural strength.
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Apply load combinations

Apply live load reduction factors

Apply moment magnifiers

Apply special seismic design criteria

Design forces

Ultimate limit

state
Shear strength checks
I
Stress checks
T Serviceability
limit state

: Deflection/sagging checks

[
[
[
[
[
[
[
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Calculating design forces/demands

The design forces are calculated, factoring in the live load reduction factors, moment magnifiers, and

special seismic design criteria

1) Application of load combinations

2) Application of live load reduction factors

As explained in the section Design Factors>Live Load Reduction Factors, components that are subject

to live loads will have design forces that incorporate the live load reduction factor.

3) Application of moment magnifiers

When designing columns and braces, if the slenderness ratio exceeds the slenderness limit, then

second order effects must be accounted for and the design moment is calculated as follows.

Here,

(3.9.1)

M,, =max[0.6M, +0.4M,,, 0.4M,,] (M| >|M )

M, =Nge,
1
—-=K K
r T
K, =max{
n
n,=l+w
_AS
Arf‘rd
N,
n=——Ed
Abf;‘d

=N, —

—=KK

g
r c

€4

¢ 0.45d

n —n
”,1.0}
u T Mpar
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n,, =0.4
Ko = a factor that incorporates creep effects,

This program does not consider creep, so the value is set to be 1.0.
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4) Application of special seismic design criteria
When seismic design criteria are being applied, design shear is calculated using the strong shear-

weak bending principle and the load combination that includes earthquake loads, as shown below.

Table 3.9.1 Shear force V V4 M, i+ Moy 0 V v M, Mg
. . . Lew,l — 1eew,] —

calculations for seismic o & /, e 8 l,

design purposes, using the y v - M, iyt M0 V _y_ M, i+ Moy
X el,ew,2 ™ eleew2 — 7 g l

strong shear-weak bending A

prinCiple el cw maxﬁ el owl|? el sz‘:l el cew maxﬂ el cewl|? el LLWZH

V max[ el ow? I/el,ccw]

The end moments, Mi,d, required for calculating design shear forces, is computed as follows:

Moy = e, mm{l, ZMRE} (92)
’ ‘ 2. My,
Here,
YRd = Factor that incorporates the increased strength due to steel strain hardening
Specified by the user in Desjgn Setting
Mgro; = Design end moment.

IMrc = Sum of the design moments at the column nodes

IMro = Sum of the design moments at the beam nodes.

Home>Design Settings>General>Design Code>RC>Code -specific RC Design Parameters

Figure 3.9.1 Dialog window & Check Seismic Design
Apply Seismic Design Considered |+
showing the setup of yrq for Lateral-Resistance-System Frame System [v
) Ductility Class High Ductility [+ |z
desian shear force = q (Behavior Factor)
q (Behavior Factor) Program Determined v
oau /al 1.10
User Input q 1,50
= Calculate Design Shear Force
yrd (Beam) 1.20
[¢rd (Column) 1,30 ))
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ULS: Ultimate Limit State

1) Axial-lateral strength

The design strengths of members subject to both axial and lateral loading must incorporate the P-M
correlation. In this program, the P-M correlations are incorporated into the computation of axial and

lateral strengths. The main reinforcement ratio must satisfy the minimum and maximum steel ratio

limits.
Ny €Ny, (3.9.3)
M, <M, (39.4)
My <My, (39.5)
M, <M,, (3.9.6)
Poin SP S Py (3.9.7)

Column/brace members subject to both axial and lateral loads must satisfy force equilibrium and strain

compatibility criteria. Stress-strain relationships for biaxial P-M correlations are shown below.

Figure 3.9.2 Stress strain
relationships for Biaxial P-M

correlation curves
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The axial force and lateral moment is calculated using eccentricity. Using the resulting values, the P-M
correlation curve is calculated. Through the correlation curve, the design strength corresponding to the

desired force may be found.

Figure 3.9.3 Biaxial P-

Mcorrelation
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Figure 3.9.4
P-M correlation for a specific

load combination
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The minimum and maximum steel ratios for the main reinforcement are shown below.

Table 3.9.2 Minimum and 0.10N
Ed
maximum steel ratios for the Pin ma){ y » 0.002
main reinforcement - —
Piax User-specified

2) Shear strength

The design shear strength must be greater than the expected design shear demands. The main

reinforcement spacing must be smaller than the maximum spacing limits set by the design code.

(3.9.8)
(3.9.9)

If concrete takes on the full shear force, steel shear strength may be neglected. However, if the shear

force exceeds the resisting force of the concrete, then the shear steel will take on the full shear load.

Using these assumptions, the design shear strength can be calculated as follows:

Via = {VM‘C Ve <V
Rd VRd,s (VEd > VR d,c)

The shear force taken on by the concrete is shown below.

Rdcl [CRdck 100.01 ck 1/3 tho, ]bd

VRd,cZ ( min + k O-Cp y]d

VRd,c = rnin[VRd,cD VRd,cZ]

Here,
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Table 3.9.3 Factor that
incorporates the compressive

stress state, aew

Table 3.9.4 Strength
reduction factor due to

cracked concrete section vy

k:m{ﬁ /230,2.0}

.| A,
=min| —-, 0.02
P |:bd :|

k =0.15

v, =0.035kY2 £

The shear strength taken on by the shear reinforcement is calculated as follows:

Veast s . coto (3.9.14)
S
Rd,max —
cotf +tand
VRd,x = min[VRd,xl ’ VRd,max] (3-9-16)
Here,
z=0.9d

a ., = Factor that incorporates the compressive stress state

Criteria Olew
0<0¢p < 0.25fd 1+0cp/fud
0.25 fea <op < 0.5fcq 1.25
0.5 fea <ocp < 1.0fa 2.5(1-0cp/fed)

v, = Strength reduction factor due to cracked concrete section

fywd < 08fywk
fywd 2 08fywk
fa < 60MPa fa > 60MPa
V=V =0.6] l—ﬁ V= 0.6 v :max[0.9— ka N 05:|
250 200

0 = Angle of the compressive concrete struts. Applies user-specified values
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The maximum spacing limits for shear reinforcement is calculated based on the seismic design criteria,

as shown below.

Table 3.9.5 Shear Without applying

reinforcement maximum .
o , seismic design S, = Min[20d, , B, H,400mm|
spacing limits as a function of ’
the seismic design criteria criteria

» DCM

Applying seismic 5, — nﬂn[bzo,mmm, 8d4
design criteri
esign criteria » DCH
(Ends) b
Simax = mm[; ,125mm, 6d,,L}
Applying seismic
design criteria Sy, =min[20d,,, B, H,400mm]

(Interior)

When applying seismic design criteria, there are portions of the member in which shear reinforcement
may need to be more densely arranged. The length of this section of the member is calculated as

shown below.

max[l.Shc,%’ﬁOOmm} (DCH) (3.9.17)

o T

l
max[l.Ohc,%’ASO mm} (DcMm)

The minimum steel ratio for shear reinforcement is calculated as follows:

Pruuin = 0.08\/;7 (3.9.18)
Vk
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SLS : Serviceability Limit State

The serviceability limit state of columns is checked with regards to stress and deflection limits.

1) Stress limits
Concrete compressive stresses are limited to ensure that longitudinal cracking or other miscellaneous
cracking does not occur. The characteristic load combination (one of the serviceability load

combinations) are used to check the stress limits.

0. <k, 3919)

Moreover, among the serviceability load combinations, the “Quasi-permanent’ load combination is

used to compare its concrete stress and the following limits to determine the linearity of creep.

Table 3.9.6 Criteria for

- - 0. <k, [y Linear creep
determing creep linearity

o>k fu Nonlinear creep

The tensile stress in the steel is limited to ensure that excessive cracks/strains do not form, and is

limited using the following equation:

o, <k f, (39.20)

The required coefficients for stress checks, ki1, kz, ks, ks, may be specified by the user, and the default

values are the recommended values in the design code.
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Home>Design Settings>General>Design Code>RC>Code-Specific RC Design Parameters

Figure 3.9.5 Serviceability = Check Serviceability

limi . . & Stress Check

imit state settings window Kl 0.60
k2 0.45
k3 0.80
kd 0,90,

2) Deflection checks

Excessive deflection negatively impacts the structure’s performance and appearance, and can also
damage nonstructural components. The actual deflection must be less than the allowable deflection:
(3.9.21)

S et <0

allow

The actual deflection is the product of the analyzed deflection and load combination factors. The

allowable deflection applies the user-specified design member length.

Home>Design Settings>General>Design Code>RC>Code-Specific RC Design Parameters

Figure 3.9.6 Dialog window a Check Serviceability
Stress Check

for setting deflection controls Crack Control
= Deflection Control
Deflection Limit {(Quasi... 250,00
Deflection Limit {Chara.., 250,00
Deflection amplification, ., 1.00
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Figure 3.10.1 Design Setting

dialog window

Rebar/Arrangement

In this program, the user-specified reinforcement information is used as the basis for RC members and

suggests steel rebar arrangements that satisfy strength and steel detail requirements.

Rebar/Arrangement Settings

Conditions for setting rebar/arrangement information for RC members can be set in Home>Design

Setting or Design Calculation Option>Rebar Arrangement.

Chapter 3. RC Design

Home>Design Setting>Rebar/Arrangement

Design Settings X

General | Checking/Decision | Rebar/Arrangement

= Rebar Material -

FRebar Material Standard KS(SD [v] L. [

Setting Range and Strength by Dia Batch Setting [v

Main Rebar Grade SD240 (v

Shear Rebar Grade SD240 (v

= Default Reber Arrangement Setting £

Cover Thick, Type Conc, Edge - Rebar Center v

= Beam
Default Cover 0.04 m
Default Dia of Main Rebar D13+
Max, Ratio of Main Rebar (%) 8.0
Consider Splice of Main Rebar 50% [v
Default Dia of Shear Rebar D10[v
Default Space of Shear Rebar 030 m
Default Dia of Skin Rebar D22[v

= Column
Default Cover 0.04 m
Default Dia of Main Rebar D16/~
Max, Ratio of Main Rebar (%) 8,00
Consider Solice of Main Rebar 50%v1 7

Design Settings for Rebar Arrangement...
'\ Reset || ResetAl | v |+ | X
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Figure 3.10.2 Rebar

Arrangement dialog window

Figure 3.10.3 Dialog window
for rebar arrangement setting

for various member tvnes

Run Design>Design Calculation Option

Run Design X

Design & Checking Control Data <
Name Type Desc.
Envelope Design Case Singleness Envelope ...
Analysis for Design-1 Singleness
Design Case 1 Combined
Analysis for Design-2 Singleness

- Design Calaulation Option |

5 l Rebar Arrangement

v X

(@]

When pressing the rebar arrangement button, the following dialog window will pop up in which rebar

settings for various member types can be set.

Design Settings for Rebar Arrangement

| Column | Brace | Plate

= Main Rebar Shear Rebar Skin Bar
Section Depth
Min. Dia Max. Dia Max. Lay. Min. Dia Max. Dia Min. Spac. Ingement Max. Spac. Min. Dia Max. Dia

‘ 0.50 D13 D19 2layer D10 D13 0.10 0.05 0.20 D13 D16
‘ 0.60 D19 D25 2Layer D10 D13 0.10 0.05 0.25 D13 D16
‘ 0.70 D19 D25 2layer D10 D13 0.10 0.05 0.30 D13 D16
| 0.80 D19 D25 2layer D10 D13 0.10 0.05 0.35 D13 D16
\

» Beams: Rebar information is specified depending on the section height.

Table 3.10.1 Rebar
information for beam

members

Main
reinforcement

Shear
reinforcement

Outer
reinforcement

Minimum/maximum diameters and maximum number of rebars are specified. A list
of diameters ranging from the minimum to maximum diameter is created and the
most efficient rebar/arrangement is computed.

Minimum/maximum diameters, minimum/maximum spacing, and spacing
increment are specified. A list of combinations of the diameters, spacing, and
spacing increments are created and the most efficient rebar/arrangement is
computed.

Minimum/maximum diameters are defined.
A list of diameters ranging from the minimum to maximum diameter is created and
the most efficient rebar/arrangement is computed.
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» Columns/Braces: Rebar information is specified depending on the minimum section measurements.

Table 3.10.2 Rebar Minimum/maximum diameters are specified. A list of diameters ranging from the
. . Main
information for column/brace minimum to maximum diameter is created and the most efficient

members reinforcement

rebar/arrangement is computed.
Minimum/maximum  diameters, minimum/maximum spacing, and spacing
Shear increment are specified.
reinforcement A list of combinations of the diameters, spacing, and spacing increments are

created and the most efficient rebar/arrangement is computed.

> Plate: Rebar information is specified depending on the minimum thickness.

Table 3.10.3 Rebar Minimum/maximum diameters, top reinforcement units, lower reinforcement
information for plate members units, minimum/maximum spacing, and spacing increments are specified.
Main
A list of combinations of the diameters and spacing is created and the most
reinforcement
efficient rebar/arrangement is computed.

s Minimum/maximum  diameters, minimum/maximum spacing, and spacing
hear

increments are specified. A list of combinations of the diameters and spacing is
reinforcement

created and the most efficient rebar/arrangement is computed.

RC Beam Main Reinforcement Rebar/Arrangement

The beam’s main reinforcement rebar/arrangement computation process is as follows.
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Compute design forces/demands

\ J/

s N
Compute required main reinforcement

material As,req
S J
|
e N N
Determine the rebar arrangement,
incorporating rebar settings defined
earlier

Update the rebar information

The required steel amount for main reinforcement is calculated by assuming a singly reinforced beam
and computing the design strength equation accordingly. This equation is used to compute the

required steel amounts, and in the case of ACI318-11, the calculations are as follows:

C=085f,ab
(3.10.1)
T=ASfy
(3.102)
C=Tol,
(3.10.3)

a= Asfy
0.85f,b

(3.10.4)

14
20.85/,b

M, <¢M, = ¢A.vfy(d - %j = ¢A.vfy(d J , Rearranged with respect to As

(3.10.5)

R,
20.85f,b

(3.10.6)

Al - ¢f,dA, +M, =0
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The required steel amount calculated following the above procedure and the user-specified main
reinforcement diameter list are used in conjunction with the design code rebar requirements to create
the most efficient main reinforcement rebar arrangement.

The main reinforcement diameter list begins from the smallest diameter and finds the rebar
arrangement that works best for the given section.

The number of rebars in a single layer is calculated based on the rebar arrangement information,

required steel ratio, and the spacing limitations. As per ACI318-11, the following items are considered.

Table 3.10.4 Number of Number of required bars basedon  g;5, max[db, 1 in’% dgw/}
rebars arranged for a single the steel clear cove .
layer, as per ACI318-11 . % —FLOOR b-2d, +dist,,, +d,
(Maximum number of rebars) rebar (Splice Ratio )d, + dist
Number of bars based on the 5, = mm[1540000_ 25, 1240000}
tensile steel spacing limiations
- cpr| 2724 |+
(Crack limitations) Mretar = s,
A\' e
Number of required rebars Rypar = CEH{”}
s1

The rebar numbers and the steel diameter computed from the above procedure goes through strength
and steel ratio checks. If the numbers do not pass these checks, then the rebar arrangement for the

next diameter is computed and checked.
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spacing limits of the tensile steel

Compute number of rebars based on
the required steel amount and steel

Compute maximum number of rebars
computed based on the spac\ng
limitations and section size
[ dlame(er

Compute number of rebars based on ]

After computing the number of rebars,
check for strength and steel ratio

Did the rebar arrangement
pass the checks?

Determine the rebar diameter ]

Rearrange the rebar using the next
steel diameter

RC Column Rebar Arrangement

Main reinforcement rebar arrangement for column members is as follows.

s

Compute the design forces/demands

~

I

s

Find the governing load combination
(target: total load combination)

I

Find the rebar arrangement that
satisfies load combination

|_ (target: governing load combination) )

I

Update the rebar information

Columns are subject to P-M correlation relationships and thus all load combinations must be

considered to obtain the most accurate results. However, for the efficiency of rebar computations, the

governing load combination by finding the combination that yields the greatest required steel amount.

Additionally, the user-specified main reinforcement diameter list and rebar design code requirements

are incorporated in computing the main reinforcement rebar arrangement. The main reinforcement

diameter list is searched, starting with the smallest diameter, until the rebar arrangement that satisfies

the load demands and the given section is found.
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The number of rebars for rectangular columns is calculated by incorporating the spacing limitations

and steel ratio limitations. As per ACI318-11, the following items are considered.

; .4
Table 3.10.5 Number of Number of maximum rebars based  gisz, :max[l.Sd,,, L5 1n,3dg,m,}
rebars for rectangular on the steel clear cover H— 24, + (Splice Ratio —1)d
columns, as per ACI318-11 n,,, =FLOOR | =% + plce Ratio ~1)d, |
dist ,,, +(Splice Ratio)d,
Number of rebars limited by the AP
n,,., = FLOOR | —£2m
maximum steel ratio st

The number of rebars and the steel diameter determined following the above procedure goes through
strength and steel ratio checks. If the rebar arrangement satisfies the checks, then the rebar
arrangement process is complete. However, if the arrangement does not satisfy the checks, then the

next diameter is used to compute another possible rebar arrangement.
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