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Objective

The objective of the following examples is to illustrate and provide guidance on the use of the features available in
S-FRAME for seismic/dynamic analysis and design. While they are necessarily discussed, the intention is not to
explain or advise on the application of the Seismic provisions of NBCC 2005 to building design, nor the theories
underlying the Design Code and its various provisions. For those seeking such information we highly recommend the
courses i many of which are offered via the internet - available as part of the Structural Engineers Association of BC
Certificate in Structural Engineering (CSE) i see http://www.seabc.ca/courses.html for more information.
Discussions on aspects and methods of modeling, assumptions, theories etc are kept to a minimum to aid clarity and
simplicity. The intention is to outline, for competent and professionally qualified individuals, the use of S-FRAME and
S-STEEL as tools in the Seismic Analysis & Design Process.

Disclaimer

While the authors of this document have tried to be as accurate as possible, they cannot be held responsible for any
errors and omissions in it or in the designs of others that might be based on it. This document is intended for the use
of professional personnel competent to evaluate the significance and limitations of its contents and recommendations,
and who will accept the responsibility for its application. Users of information from this publication assume all liability.
The authors and S-FRAME Software Inc. disclaim any and all responsibility for the applications of the stated
principles and for the accuracy of any of the material contained herein.

Please contact us at support@s-frame.com for more information about this publication.
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1 Structure & Model Details

The Structure is intended to be somewhat generic and does not represent a real building with any particular stated purpose.
Salient features are as follows:

1 Three storey steel frame dimensions/layout as shown.

I The SFRS analysis & design is considered in only one
direction parallel to the X-axis.

1 SFRS consists of 2 concentric braced external bays
parallel to X-axis

1 Floor plates are assumed to be stiff enough to be
considered as Rigid Diaphragms

1 Supports model nominally pinned bases
1 Beam-column connections are simple

T A minimum of section sizes is used to aid simplici - i
plietty Section Properties

I 1 - w460x82 b~
[ ] 2-w200x59

B 2 - HS102X102X3.2
[ ]4-HS152X4 8

1.1.1 Dimensions & Initial Section Sizes

Elevations
Braced External X- direction Frame Typical internal X-Frame
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External Y-Frame
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1.2 Floors Plates & Surfaces

Floor/Roof plates are modeled using S-FRAMEGS Panel element which performs two functions:

1. Acts as a Rigid Diaphragm (in-plane stiffness is infinite while out-of-plane stiffness is zero).
2. Decomposes a floor area load to beams within the floor

Diaphragm Action

Panel Elements

(] Rigid Diaphragm )
= ¥ gm

I Vembrane Tri Mesh
[ Piate Tri Mesh

I shell Tri Mesh

I Area Load Only

- Independent Diaphragm
[ Mat Foundation

I Vembrane Quad Mesh
- Plate Quad Mesh
I shell Quad Mesh
I:l Membrane Mixed Mesh
[ Plate Mixed Mesh
I Shell Mixed Mesh

I Competibility Mixed Mesh Dashed lines indicate joints constrained
by diaphragm

In this example the panel object itself does not add mass to the model i its thickness and/or material force density are set to
zero. Note also that the Rigid Diaphragm Master Joints ( R D M Jhave heen generated and these (by default when
generated) are located at the geometric centroid of the panel. The reasons for generating these are discussed later in the
example.

Area Load Decomposition

A one-way span direction is applied to the diaphragm floor panels and surface panels (representing wall/cladding)on t h e
and OYeewvdidns. Floor and wall pressure loads can then be conveniently applied to the panels as a single value which
is automatically decomposed to beam or column elements. The weight of the floor plate is applied using an area load.
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1.2.1 FI oor | D6 s

S-F R A MBEFRbosr Numbers Tool is used to assign Floor ID numbers to joints in each level. Fromt he f | o-BRAMHE viilld
calculate;

Storey heights

Storey drifts for lateral deflection checks

The Seismic Weight assigned to each floor.

The Diaphragm dimensions Dx and Dy

The ESFP and/or Dynamic (Response Spectrum) analysis results for each floor including; Floor Shear, Floor
OTM, Floor Torsional Sensitivity Parameter, Floor Torsion.

A A DM DD

-+ S-FRAME - C:\WORK\Development\SO9\RSA Case Study\3ST May09\3ST SIMPLE 1 DIR RD BRACED-2BAY. TEL - [GEOMET... [= |[B)[X]

F3. File Edit View Define GSelect Settings Options Run  Window Help - 8 X
DEES » yaRX2Z=XEO WG - M2 ¢ vk & [
o - % = i Base - % it - & * ;I 1-'WwW4E0=82 -

_I-_. 1-5Steel [US & CAN)  ~  Member Types Beam -
Ok s Jointz O Floor Numbers Floor 1 - Apply Apply to single Joint » Hide Humbers gy
w My Shucture x d

Geometry =

O a g[ﬁifﬁ:ﬂf e
* [0 G -« s
% 1 N 4
a [z 3 o — ‘ 4
@3 33 l “f‘. =
% Edﬂ;mBn:ams 'aissg'_ ‘;!%%?a
= e e L
B L1 Sections 4.,}-‘.’»%‘?‘
Loa & v RN = Ry =
i
Graphical .. @ HS1 11140 | *‘.P‘v‘“ [
| \ [ Hs152%4.8 | = “-3-4—.&
2= | ‘Floor Numbers ool .""
umencal... ( >
Cad Details
Design todel Organizer ﬂ | LIL‘
Horr amor eor Sor o for Lo f@or dpoir x o »

Note that the lowest level of joints at the base of the model is assigned Floor ID =17 though this may not be intuitive. Floor ID
numbers must be consecutive with nogaps. Thed Aut o Fi nd option réquirtd justra eirdgle click on any joint in a floor
i all joints at that Z-elevation are then automatically found and assigned the selected ID.
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2 Suggested Procedure i Regular Structures

For Regular structures, providing certain other conditions are met, the Equivalent Static Force Procedure (ESFP) may be used
and Dynamic Analysis is not required, though it may still be used. Strictly speaking the Vibration Analysis step (to find the

b ui | ddompgtédéperind i see Cl.4.1.8.11(3)(d) - is not required by the ESFP method. However, since a computer model
has already been developed, it is assumed the engineer will want to take advantage of the reduction in demand that may be
offered by a longer design period.

1.

2.

3.

4.

5.

6.

Static Analysis/Design and verification

i)
i)
ii)

iv)

v)

Construct S-FRAME model
Run Static Analysis for both vertical and lateral static loads

Test model and ensure it is fully stable and gives reasonable results (forces, force distribution,
deflectionséetc)

Design (i.e. size) all members, including those of SFRS, for static load combinations (gravity, gravity+wind,
notional loadsé e t c )

Repeat a-d until this stage complete

Vibration Analysis & Verification

i)
i)
ii)

iv)

Perform a Vibration Analysis

Check periods, mode shapes, dynamic mass

Identify dominant mode and hence Design Period T4 for each direction of analysis
Refine model/loading/mass until results are verified/satisfactory

Eqgivalent Static Force Procedure (ESFP)

i)

ii)
iii)
iv)
v)

Enter Seismic Parameters and Maximum Design Period

Define Response Spectrum Curve (Design Response Spectra)

Create Response Spectrum (RS) Loadcase for each direction analysis is to be performed in.
Run Linear Static Analysis and Scale to Code Base Shear

Assess ESFP base shears.

Assess Torsional Sensitivity

i)

ii)
i)
iv)
v)

Generate Equivalent Static Force Loadcases (Lateral forces (Fy) ° Accidental Torsion (Ty) ) from results of
the RSA Load case(s).

Run Static Analysis
Check values of B for generated load cases (Fy) ° Tx.

If B > 1.7structure is Irregular and Dymanic Analysis is required (see later in example)
If structure is classed as regular, continue

Create Seismic Load Cases & Combinations

i)
i)
ii)

Earthquake loadcase 0 E=8 (FX °TFX)
Create Seismic Load Combinations with required permutations of 6 E 0
Re-run Static Analysis for Load Cases & Combinations

Seismic Design/Analysis

Check/Design elements of SFRS for seismic Load Combinations.
Re-analyse if significant changes made to elements of SFRS

Update generated (FX °TFX) loadcases (and hence combinations)
Re-analyze to update seismic combination results and re-Check/Design
Iterate ii)-iv) until complete.
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2.1 Static Analysis/Design and Verification

It is rational to design the structure to some extent before embarking on any form of Dynamic analysis, since dynamic
characteristics are dependent on mass (both overall and distribution) and stiffness, and, if there are significantly inaccuracies in
these, analysis results may be inaccurate. The design of gravity elements which do not form part of the SFRS is not considered
by Seismic analysis, yet these must be designed at some point and their mass accurately included if it is significant. The SFRS
will usually be required to also resist wind forces and possibly some gravity loads, and these may even govern. Hence, unless
the Engineer is highly experience in Seismic/Dynamic A&D, it is sensible to perform a thorough @onventionaldanalysis & design
procedure for gravity and conventional lateral loads before considering any form of Dynamic Analysis. This will also serve to
verify that the model is giving good results. Dynamicanal ysi s i s genera@ildiyngmucdf Imedel]
(such as frequencies), again depending on the engineer® experience, may not be amenable to intuitive verification.

The example building is subject to the following typical (unfactored) gravity and lateral loads;

Loadcaseli Self Weight (of Steel Frame)
Gravitational Factor = -1

Loadcase2 i Total Dead loads
Loads model;
4  atypical concrete deck: 4kPa on floors and 2kPa on Roof)
4  wall/cladding loads: line loads applied to exterior beams of 10kN/m on floors and 2 kN/m on roof
Floors Roof

Loadcase3 i Total Live loads
5kPa on floors and 1.5 kPa on roof

ifng
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Loadcase 41 Wind load
90 mph design wind producing 0.70 kPa on windward face and 0.30 kPa on leeward face.

Load Combinations*

Comb Comb Notional Load Comb Load Comb Load Comb Load Comb
No Description X-Factor Case Factor Case Factor Case Factor Case Factor
1 Total Seismic Weight 0 Steel Self Wt ~| 1 Total Dead Loads ~| 1 ~|0 -0
2 1.25D + 1.5L .005 Steel Self Wt ~| 1.25 Total Dead Loads «| 1.25 Live Load ~|1.5 >0
3 1.250 + 1.5L + 0.4W 005 Steel Self Wt ~| 1.25 Total Dead Loads ~|1.25 Live Load ~|1.5 Wind in X+ ~| .4
4 1.250 + 1.4W + 0.5L 005 Steel Self Wt ~| 1.25 Total Dead Loads ~|1.25 Live Load ~|.5 Wind in X+ ~|1.4

*not every conceivable combination of static loads is considered as the intent of the example is to illustrate the process for seismic analysis, not static analysis with
which it is assumed the reader is familiar.

T h &otd Seismic Weightd ¢ o mmiismat intended to be used for design, but is useful for checking/verification of the
Seismic Weight of the building. If loads which represent seismic weight are contained in a number of load cases, then this
combination can also be converted to mass for the Vibration Analysis.

Note that a Notional Load Factor of 0.5% is included in all design load combinations as required by CSA S16-01.

A P-Delta Static Analysis is performed and gravity and lateral elements are economically designed (using S-STEEL) for the
Factored Gravity and Wind Load Combinations i see appendix for results.

The analysis solution and results are carefully checked to ensure the model has no instability issues/modeling errors such as
mechanisms, improper boundary conditions etc.

M S-Frame Solution Status

NITE ELEMENT RNARLYSIS S5CL

COPYRIGHT (C) 19392-2009 SOFTEE S5EF

2009-05-06,16:02:27.355

Phase 1: memory management ...

Fhase &:

cleaning u .
total numbexr
total numbexr
total n

Press any key to proceed to posStprocessor

|£
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211 Displacements

The Displaced shape (3D) and values are checked for lateral service loads to verify they look correct and are reasonable. This
provides a rational assessment of the stiffness of the SFRS and correct behavior of the model (in terms of response to lateral
loads). S-FRAME automatically calculates the Storey Drifts which are checked to Cl 4.1.3.5 (3)

Storey Drift Results

i+ 5-FRAME - C:\WORK\DEVELOPMENTASO9\RSA CASE STUDY\35T MAYOORD2\3ST RD ERACED-2BAY MOD_DUCT1.TE

Bk Fle Edit View Search Format Settings Options Run  Window Help
= = =) =4
m
B 25
|4 - Wind in X+ =
I Al Starey [M &l Losd Cases |4
[ ‘iew Groups
Shorteuts X Row Storey Ld Height | Lower Storey | Storey X - Drift Total - Drift % of Storey
Geomety HNo Ho Case m Joint Joint mm mm Height
p— 2 4 4000 50 51 3.840 3.849 0.096
— 3 4 4000 52 53 3.840 3.849 0.096
Eiplifee]. 4 4 4000 54 55 3.840 3.849 0.096
Spreadsh... 5 4 4,000 56 57 3.840 3.849 0.096
Humerical.. 6 4 4000 9 10 3.840 3.849 0.096
" 7 4 4000 1 12 3.840 3.849 0.096
i 8 4 4000 13 14 3.840 3.849 0.096
i 9 4 4000 7 8 3.8490 3.849 0.096
K 10 4 4000 1 2 3.8490 3.849 0.096
H 1 a4 4000 3 4 3.849 3.849 0.096
izf . . .
5 12 4 40005 6 3841 Displaced Shape & X-axis displacements (mm)
sl 13 4 4000 19 20 3.84
e 14 4 4000 58 59 3.849 8.2
% 15 4 4000 15 16 3.849
m 16 4 4000 17 18 3.849 .
e 17 2 4 4000 51 60 2.817 2
18 4 4000 55 62 2817 :
19 4 4000 53 61 2.817 M .2
LR 20 4 4000 14 27 2817 &\ 5
| 21 4 4000 12 26 2.817 :
") 22 4 4000 18 29 2.817
Max storey drift = 0.096 %
Limit of Cl 4.1.3.5 (3) 1/500 = 0.200 % > 0.096 % oK
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2.1.2 Total Seismic Weight

Load Combination 1 is an unfactored combination of all the total sustained gravity load. S-FRAME reports the total vertical
reaction (Shear Z) for this load combination which is the total Seismic Weight W

Ld Comb 1
Shear X = 0 kN
ShearY =0 kN

Shear 7 = 5869.1 kN

Moment X = 93905.4 kN-m 410

Moment Y = -32204.3 kN-m A06
4 .
Moment £ = 0 kN-m : 369.7 94.5
Y X
W =5869.1 kN
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2.1.3 Vibration Analysis

An Unstressed Vibration Analysis is performed and the lumped mass matrix option is used. Vibration analysis is a topic in itself
which will be discussed in detail in a separate document. A brief overview and discussion of results is made here.

The @ otal Dead Loads6Load Case is nominated to be converted to mass. Note that the mass of the beam elements i which is
a component of the System Mass - is automatically included. 8 Eigenvalues (mode shape) are requested.

Analpsis L i

B et |
-e\l Slalu:. Defadls

(! P-Delta Stessed Vibration Advanced.

(® Unstressed Yibration

(O Monlinear Stressed Yibration Subspace Parameters

O Unstressed Response Spectrum

O Linear Dynamic Time History Max Iterations 100

(o} Talerance [T oo0o00E 08

C) P-Delta Buckling

) Linear Static Maving loads Total Eigervalues 10

O Norlinear Static Maving Loads Unstessed Vibrations For

) P-Delta Stressed Response Spectrum
i
O Norlinear Stressed Resporse Spectum Convertloads to mass | Oz
Solution trail detail @® Load Cases
Section Titles hd ) Load Combinations
Rigid Body Motion coefficient Load Case Number z
Shift Factor i |Tnla| Dead Loads j

Nominated Case/Combination
to be converted to (dynamic) ass

Eigenvalue Extraction Method

2.1.4 Mode Shapes & Frequencies

There is no guarantee that the first mode shape (mode 1) is either a dominant mode or acts in the direction(s) being
considered by analysis, hence > 1 (say 5-10) modes are requested. Results should be assessed to decide which mode
represents the buildingd design period T, in a particular direction.

Mode 1 X-Mass = 89% - this indicates that this mode is the dominant mode in the X-direction, which is the direction being
considered in this example. Also examination of the mode shape, especially if animated, demonstrates that this is a global
mode in the X-axis direction. Finally the period of the mode is the same order of magnitude and somewhat close to the
empirical (design code) period, which is generally to be expected if the model reasonably approximatestheb ui | di ng 6 s
mass & stiffness.

Eigen Period (T) | Angular Frequency | Frequency (F)  X-Mass | Y-N
Madz Shape 1 No Sec (w) Hertz % k1
FE“; 1489 erz [ 1 Tosra 9.320 1.483 §9.244 | 0.000
% Error =
2 0.489 12.861 2.047 0.000 88.583
3 0.419 14.983 2.385 0.000 3.101
Mass ¥ 0% 4 0.236 26.569 4,229 9.964 0.000
Mass Z =0.001% 5 0.178 35.389 5.632 0.000 7.775
Part Factor X =729.384 4 6 0.155 40.419 6.433 0.767 0.000
Part Factor ¥ =0 7 0.153 41.196 6.556 0.000 0.040
Part Factor Z = 2.702 . 8 0.131 48.089 7.654 0.000 0.011
Computed Building period in X-direction; T.=0.674s

Empirical Period (for Braced Frame building); 0.0253 12=0.30s
Maximum Period (for Braced Frame building); 230.025312=0.6s
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2.1.5 Dynamic Mass

Vibration results will only be reliable if the Dynamic Mass (i.e. that participating in the vibration) is accurate i i.e. close to W.
S-FRAME reports this mass in the Active Mass Spreadsheet so it can be directly checked. Notethatwh i | e t he t ¢

used, the values are actually reported in force units for convenience, since this allows direct and easy comparison with W.

The reason for generating the Diaphragm Panel R D M J Bosv becomes apparent. All the lateral (X & Y-axis) mass in a floor
with a diaphragm panel is assigned to the RDMJ, so the Mass reported for these joints directly gives the floor mass. This also
explains why no lateral mass is reported for other floor joints and why no lateral mass  wi | | be reported i
generated (though it will still be present in the analysis). Z-axis (vertical) massisnotas si gned t o sihchtee RRydMJ
Diaphragm Panel has zero out-of-plane stiffness). Since the translational mass is concentrated at a single point, the rotational
mass (or inertia) of all the masses in each floor is also calculated and shown atthe RD MJ. 6 s

Check Diaphragm Mass

Floor 1 mass; wy = 2419.15 kN
Floor 2 mass; wp = 2419.15 kN
Roof mass; w; = 1006.02 kN
Total Active Mass; W = wi + wot w, = 5844.3 kN

— Active Mass Spreadsheet

Row Joint X -Tran Y - Tran Z -Tran X -Rot Y -Rot 7 - Rot

Geomely No No kN kN kN kN-mA2 kN-mA2 kN-m#2
— E 0.000 Inter-Storey 0 0.000 0.000
m 38 38 0.000 / (bracing) jOiﬂtS 0 0.000 0.000
SRR T 39 |39 0.000 0 0.000 0.000
| Speadsh |1 49 |40 0.000 0.000 62.721 0.000 0.000 0.000
Mumerical.. n = 0.606 0.606 0.606 0.000 0.000 0.000
4 2 |22 0.606 0.606 0.606 0.000 0.000 0.000
5 5 | 0.606 0.606 0,606 0,000 0.000 0.000
3 M |4 0.606 0.606 Rigid Diaphragm 0.000 0.000
o= 5 |45 0.606 0.606 Master Joints 0.000 0.000
> 6 |46 0.606 0.60, 0.000 0.000

- a7 |70 2,419.149 19.149  1.746 0.000 0.000 317,303.973

’ 8 | n 2419149 | 2,419.149  1.746 0.000 0.000 317,303.973

19 |12 1,006.021 | 1,006.021  1.746 0.000 0.000 123,562.294

The active mass is slightly < W from static analysis since some portion of mass (of the Gnd Storey column elements) is
assigned to supported joints where it is not active. This mass can be found in the Total Mass Spreadsheet. A small portion of
mass of the X-bracing elements is assigned to the joints at the centers of the X-bracing (Joints 41-46 shown above) which are
between floors and thus this mass is not shownatt he RDMJ 6 s . H o isvilvireluded imtlie glynaméc snass.
S-FRAME proportions any inter-floor mass to each level based on the relative distance of the joint from each adjacent level.
This gives the final mass distribution:

Floor 1 mass; wi = 2419.15 kN + 1.21 kN = 2420.4 kN
Floor 2 mass; Wy = 2419.15 kN + 1.21 kN = 2420.4 kN
Roof mass; w; = 1006.02 kN + 0.61 kN = 1006.6 kN
Total Active Mass; W = w; + wot w, = 5847.4 kN; (sufficiently close to W = 5869 kN)

With the building period and mass distribution established the ESFP calculation can be performed.
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2.2 OManual 6

ESFP Forces

We consider a moderately ductile steel braced frame in Vancouver, BC on Site Category C.

(CSC TEDDS is used for the following calculation)

SEISMIC FORCES (NBCC 2005)

Site parameters

Site Class;

TEDDS calculation version 1.0.03

C

The maximum considered (mapped) spectral acceleration (Table C.2)

at short periods;
at 0.5sec period;
at 1sec period;

at 2sec period;
Site coefficient

for short periods (Sa0.2) (Table-4.1.8.4.B);
for 1sec period (Sa1.0) (Table-4.1.8.4.C);
Spectral acceleration

Design spectral acceleration (4.1.8.4.(6))
for short period,;

for 0.5sec period;

for 1sec period;

for 2sec period;

Importance category

Importance category (Table 4.1.2.1.(3));
Importance factor (Table 4.1.8.5);
Calculated fundamental period (4.1.8.11.(3))
Lateral force resisting system;

Height above base to N™ level of building;
Specified fundamental period;

Approx fundamental period;

Design spectral acceleration;

Seismic response coefficient
From Table 4.1.8.9

Sa02=0.95
Saos = 0.65
Sar0 = 0.34
Saz0=0.17

Fa=1.000
F,=1.000

St02=Fa? Sa2=0.95
Stos = min(Fy 3 Saos, Fa® Sa2) = 0.65
Sti0=Fv? Sa10=0.34
St20=Fv3 Sa0=0.17

NORMAL
le=1.000

Braced Frame

h,=12.00 m

Tspecifieda = 0.67 sec

T =min(2.0 3 0.025 3 hp, Tspeciied)= 0.60 sec

STa = 059

Steel Structures: Mod ductile concentric braced frames: non-chevron braces
Rs=3.0

Overstrength related modification factor(Table 4.1.8.9)

Ductile related modification factor (Table 4.1.8.9);
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Ro = 13

Higher mode factor (Table 4.1.8.11); M, =1.00 GOVERNS
Seismic response coefficient
Calculated (4.1.8.11 (2)); Cs calc = S7a® My3 Ie/ (Rq® Rg) = 0.151
Minimum (4.1.8.11 (2)); Cs.min = S120% My 3 I/ (Ra® Ro) = 0.044
Maximum (4.1.8.11 (2)); Csmax=23 St023 le/ (3% Rg3 Ro) =0.162
The seismic response coefficient; Cs = min(max(Cs_caics Cs_min), Cs_max) = 0.151
Seismic base shear (4.1.8.11)
Effective seismic weight of the structure; W =5847.4 kN
Seismic base shear; V=Cs3 W=2881.61kN
Portion of V concentrated at the top of building (4.1.8.11.(6))
Fr=0.00 kN
Vertical distribution of seismic forces
Height from base Portion of effective Vertical distribution Lateral force
to Level i (m) seismic weight factor induced at Level i
assigned to Level i (KN);
(kN)
4.00 m; 2420.40 kN; 0.24, 207.55 kN;
8.00 m; 2420.40 kN; 0.47, 415.10 kN;
12.00 m; 1006.60 kN; 0.29; 258.95 kN;
Design Spectral Acceleration S(T) as % of g
1.000
=, 0.950
0.900 \
0.800 \
g 0.700
® 0588 Py
El_) 0.600
©
(8]
© 0.500
< \
o
B 0.400
2 \ng
o 0.300 \
v e
0.100 o 0.085
0.000 ——0-600— . :
0 0.5 1 15 2 25 3 35 4 4.5
T - Period of building (s)
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The empirical (design code) building period = 0.3S s less that the computed period from S-FRAME of 0.674s. NBCC 2005

allows use of a design period for braced frames of <= 2 ¥ empirical period = 0.6s < 0.674 S so a maximum

period of 0.6s is used in calculating the base shear. In this example this only gives a moderate benefit in reduction of base
shear, because of the maximum limit of Cl 4.1.8.11 (2), but this would not always be the case.
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2.3

Define Seismic Parameters & Response Spectrum Curve

The Seismic Response Parameters are accessed via the menu Settings/ Preferences;
These are entered as follows;

w. Preferences

Freferences Dialog Box is Common to Al Windows... Ok ‘
General T Interface T Solver T Results T Design Codes! Cancel
Building Code Steel Database and Steel Deszign Code
NBCC 2005 = | Stesl Database [Canadian 2005 (CISC) |

Concrete Design Code

Steel Design Code ) -
CSA 2004 =l | CAN/CSA 516-01 B

Equivalent Static Force Procedure for Seizmic Analysis

NBCC 2005 ]

T max period in > B sec Accidental Torzional Factor A

T may period in Y B = Importance Factor ' 1

# Ductility Factor 'Rd' ’37 # Higher Mode Factaor by ’17
* Owerstrength Factor 'Ro' ,137 # Basze Overturning Factar \J' ’17
Y Ductility Factor 'Rd' ’37 ¥ Higher Mode Factar ' ’17
Y Owerstrength Factor 'Ro' ’137 ¥ Baze Owverturning Factor ' ’17
# Deflection Amplify Factar lﬂi ' Deflection Amplify Factor ’07

Help ‘

Building Code = NBCC 2005

The6 T max p e inithis dasd ig23 0386 (empirical period) =0.6S | f t h e (dworoirthet) péried
exceeds this, as in this example, this period is used in the ESFP calculations.

For Moderately ductile braced frames Rd =3.0, Ro = 1.3(RdR0=3.9)

6X Deflection AmBIFRAVE wiFusecRARO/Eeto scal® (up) the deflections. Factor only
applies to deflections and only to results of Response Spectrum Analysis.

Accidental Torsion Factor = 0.1; S-FRAME automatically calculates DX and will use 0.1DXto derive
accidental torsion forces for each floor.

Other factor definitions are as per the relevant Building Code.

Parameters may be different for each axis of the building considered, hence inputs are available for both X and Y directions. In
this example only the X-direction is considered so values for the Y direction are not considered.
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2.3.1 Response Spectrum Loadcase for Design Spectral Acceleration

A new |l oadcase is RSAIX@t @amFdRAMEIbesd cusay, generation feature
spectral accelerations and site parametes Fa and FV are entered in the curve generation dialog.

X

& Response Spectrum Analysis

Choose Factors and Combination Method S Response Spectrum File @
# - Curve =M ¥-cuve =/l z Define Spectrum... Ok |
Period Accelerati n
il ceeEanen Eisting Curves MBCC-curvel - Spectra Type - title |F'EHDC| Sec LCodes
zec | ) Displacement ) '57
Flot Type Mew Curve Name ’W O Welacity V-l fllec
* Separate ® Acceleration Scale 1
" Tripartite . .
 Demand File Mame: CAWORK  nvestigate\WSWRSAWBCCT .DRS e B
X axis - -
t* Linear HBCC-curved %= : v=| / Add Curve |
" Logarithmic Period 5 - Font...
- T ——
Y axis E - Paramete Erirtt
i+ Linear =05
" Logarithmic y.oj Cig
X -Title A 3 MECC 2005 IBC 2003 ASCE 705 B
+ Period DEflne/ SEIECt =4 T T i o
150 Paste
® Fesremey Curve button E Fa o A | Pe |
Y - Title 1233 HEMEEES Delste
" Displacement 203 Fv 1.a0
" Welocity E Hew
(* Acceleration = S5al0Z) 045 a Beset
3 Ii Open...
Ok Cancel Print d B 2allUs) 0ES g Merge
Sa(1.0]  |0.34 a Maximum Period |
Save Az
saz0)  [o17 a 200 sec Q

While the mapped spectral accelerations are entered in the generator as a factor of J, the generated accelerations are absolute

(in m/s? if default metric units are set). Note that reduction and/or code base shear scaling factors do not need to be directly
included in the Design Spectral Acceleration data, so the true spectrum can be input.

Clicking the Generate button generates the curve data points and returns to the Response Spectrum file main dialog, where the
default curve name can be edited to add location and site informationi e.g. 6 NB C C _ V a.nSpacés @and punctuation
characters should not be used in curve names.

=, Response Spectrum File @

Define Spectrurr... Edit if desired...then Upda\te o« |
r
Existing Curves HBCC-curvel 7 - OSpeclla Type # - title (= Codes
Displacement
: - 5
Mew Curve Mame NBCCWan C O Yelosity - title m
- @) Acceleration Scale 1
N

File Marne: C:% 5 % ARSA Caze StudysSimple 1 DirectiontBraced Only\WBCCT.DRS
Update Curve

‘ NECC-curvel w= | Y= | Add Curve
|

Period g B = |

When all the desired curves have been defined the Response Spectrum File is saved i this is a *.DRS file and is separate from
the model file. The Response Spectrum file can contain multiple curves (for different locations and site conditions) and new
curves can be added to it at any time so a library of curves can be created for future use. Note that the RS curve data is not
held in the S-FRAME model file i this simply stores the name and location of the RS file.
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Assigning a Curve and Scale Factor to a Direction

If the RS file contains multiple files, then the curve to be used for each direction considered is selected. The§ NBCC _Van
curvei s sel ect &drfoetide & thheo 06sXxe Spectra Design Curved page.

&, Response Spectrum Analysis

Choose Factors and Combination Method T Choose Spectra Design Curves
#-Curve |NBCC_Van1_C | Ml |v-Curve |NBCC_Van1_C ~|[ Z-Cuve |NBCC Vani_C ~| M
NBCC-curvel . .
Acceleration
T sec m/zec?
Plot Type
¢ Separate
" Tripartite
" Demand
11.
X axis & 100
&+ Linear § 2.0
" Logarithmic E 2.0
£ 7.0
Y axis 32
6.0
&+ Linear E -
¢ Logarithmic B ’
g 3 a0
X -Title T a0
¢ Period 2.0
" Frequency 1.0
Y - Title 0.0 Ly I N L Y L B
" Displacement 0.0 5.0 10.0 15.0 20.0 25.0
™ Welocity . Period (sec)
v Acceleration

Finally a direction scale factor is entered: X-Scale = 1.0 is entered for 100% of the Design Spectral Acceleration in the X-direction.
Note that again this factor is not intended to be used to apply the reductions of le/RdRo, or scaling to Code Base shear i its
intended use is where it is desired to apply the Response Spectrum in more than one direction simultaneously in which case the
Spatial Combination Method will come into play.

% Response Spectrum Analysis

ation Method: 1 Choose Spectra Design Curves

Modal combination method
® Complete Quadratic Combination [COC) HBCC-curve?
) Square Foat of Sum of Squares [SRSS5) U=
O shzolute Sum of Modal Maxima [4BS)
O Double Sum Combination [DSC)

O Grouping Method [GRP)

HBCC-curvel

w B
@ =

o
<

5patial combination method

=l
=

® Square oot of the Sum of the 5 quares

Acceleration (misec2)
o-

O Absolute Sum sc—E
[x:scoe NN | | % oo
383
T E
20—
2-5cde N
Elc_IIII|IIII|IIII|IIII|IIII
. . . e 50 100 150 200 250
Critical Damping R atio 0.05
Period (sec)

Modal and Spatial Combination methods always need selecting, but need not be considered if Static Analysis (ESFP) is
being performed. Furthermore, if the CQC method is selected (the default) then a non-zero Critical Damping ratio must be
entered to OK the dialog, as a zero value will not be accepted (a value of 5% (0.05) is usual). These settings will have no effect
on the results of Linear Static Analysis.
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3 Static Analysis

We follow the code provisions for linear (ESFP) analysis, but because there is an active RSA-type load case, the Vibration
Analysis solution parameters are displayed even when Linear Static Analysis type is selected. This is because a Vibration
Analysis is run prior to static analysis to detemine the period to be used for calculation of the ESFP forces. The settings for
Vibration analysis should therefore be essentially unchanged from those made for the preliminary Vibration Analysis
investigation, though less Eigenvalues may be requested providing the dominant mode is found with the number specified.

u. Analysis Type

Solve For Load

Analusis £ _options
® Linear Static

1 Monlinear Static

O Unstressed Vibration

) P-Delta Stessed Vibration
(O Manlinear Stressed Vibration

) Unstrezsed Response Spectrum

) Linear Dynamic Time History

o

C P-Delta Buckling

@]

(I Linear Static Moving loads

CJ Morlinear Static Moving Loads

) P-Dela Stessed Response Splctum
) Nonlinear Stressed Fesponse S pectum

Analysis

Solution trail detail
|Section Titles j

If RSA type is Double Sym Combination
’D— 280

Eigenvalue Extraction Method

Time duration of earthquake

) Version 5.4 Subspace Iteration
® “ersion 7.8 Subspace Iteration
) Jacobi Threshald (for small models)

" Cases ™ Combinations (+ Both

Same as for Vibration

Subspace Parameters

M ax |terations 1a0
Tolerance 1.000000E-06

Tatal Eigenvalues 5

Unstressed Vibrations For
X Convert loads to mass

® Load Cases
) Load Combinations

7

|T|:|la| Dead Loads

Scale Results To Base Shear Options

O Do not scale
I ® Scale to Code Base Shear I ON
O Scale to User Base Shear

Cancel

Defaults

fre R

Advanced...

Help

s

Scaling options are also displayed i activating the Scale to Code Base Shear option instructs S-FRAME to impliment the
ESFP procedure. S-FRAME will automatically apply the seismic parameters entered i such as Rd, Roand le - in calculating

the ESFP loads

The RS Load Case Direction Scale Factor - X-Scale = 1.0 - is checked to determine which mode to use for the building period
in the ESFP calculations. S-FRAME selects the dominant mode for this direction, and this is reported in the solution summary.
By default, the dominant mode selection criteria is the mode with the highest Mass-% in the direction considered.

S-FRAME Solution Summary

Fhase 7 solution and post-processing
vibration analysis
iteration: 15
response spectrum analysis
dir = 1 = X-direction 1cad case: 5
"‘--..____.---. mod=d slemept foress L rsastdsns
Idcm;nant mode = 1, dir = 1 I
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3.1

ESFP Results

Moment X = 0 kN-m

Moment Y = -7258.9 kN-m

Moment Z = 14106.5 kN-m

Ld Case 5 -:—"\‘i‘%

.:_H_:,..-—-—-'“‘Q“--H

NN

Shear Y =0 kN <=

R

Shear Z=0 kN V — ;
0

i

0|

WA

A

/

L
-
o

=

;

ALY

o) il I T

The total Shear X for the RSA Loadcase is V, the ESFP base shear i note the close agreement with the value determined

abovei n the 6handdé calcul ation
The detaledESFP results are reported in the Nunferthe RSAloadtases ul t s/ |
Comparingthe FloorFxval ues t o the dédmanual & ES Rbdvellther isalindstiexaet dgreénheot.o r

Note that the diaphragm dimensions Dx = 5m and Dy = 32m are automatically calculated, as are the floor accidental Torsions.

Row Storey Ld Case | Floor Fx | Torsion From Fx Overturn My Shear X Dx Dy Storey Ht.
Geametry No No No kN kN-m kN-m kN m m m
Loads 1 1 5 207.561 1664.196 3,732.282 881.658 11.000 32.000 4.000
Giranhical 2 2 5 415123 1,328.392 1,035.896 674.097 11.000 32.000 8.000
ke B 3 3 5 258.974 828.7117 0.000 258.974 11.000 32.000 |12.000
Spreadsh. ..
MHumerical...
L
5 =
K

The ESFP lateral and torsional loads can also be viewed graphically and are shown at the RDMJ6 .s

Fl oo
for c

ESFP Lateral Loads (LLO&s) Torsional Loads* ( L L360s1Dny)
j—
“\‘\"‘"T-: >
> ——"1 ——r1
(=
[ L
z | ||
_‘Ss—‘q
‘-—-\\H-‘i -
-»__‘_\R‘—‘ e
X X
*Note that the accidental torsional loads are displayed in Graphical Results for the RSA case for verification purposes,
they are not actwually applied in this | oadcase. The resu
the ESFP lateral loads.
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3.2 Classification as Regular; not torsionally sensitive

The structure has rigid diaphragms, so even if deemed regular by other considerations, it may be irregular due to torsional
sensitivity according to Sentence 4.1.8.11.(9). The method of determining torsional sensitivity requires application of the ESFP

forces at a distance °0.1D,4 from the centre of mass (COM) for each floor. Since S-FRAME has already calculated the

torsions resulting from this 0.1D,y, this can be achieved by applying these torsional loads in conjunction with the ESFP lateral
forces, provided these are indeed applied at the COM of each floor.

Ar e R DNMdated at the Floor COM6 3

Th e R D Mbea automatically generated are located at the Panel O b j e gebnsefiic centroids which calculation does not
consider other masses in the floors, either lumped masses or those converted from loads. Thus the user should verify, if there
isany doubt,t hat t he RDMJ 6 s reasorablylclose totthe COMiaf eachdlaor. S-FRAME does not currently
automatically calculate the actual COM for each floor, but this is relatively simple to calculate as follows;

1. Group folders are created for each floor that contain all the joints in the floor.

1 X

E My Structure
& Area Load Members
123 Steel Frame
+ [ Frames
= (L Floors
21<—
@z
5 e}
[ Colurns
123 Main Beams
¥ [ Panels
+ 123 Bracing
¥ [ Sections

2. From the joints spreadsheet the X and Y coordinates of all the joints in a floor are copied and pasted into a
spreadsheet e.g. Excel

Shortcuts BN X| Row Joint X - Coord ¥ - Coord F4
Geametry g My Structre Ho Mo
ﬁ B 4rea Load Members 2 2
| o4l | 23 Steel Frame 4 4
Graphical ... | |+ [ Frames & 6
Spreadsh.. | | & Floori 8 8
=

@ &3 2 10 10

il @s 12 |12

3 Columns 14 14

[Z3 Main Beams 16 16

' + ] Panels 18 18

H =

3. Do the same for the masses on these joints from the Total Mass Spreadsheet (note that this shows the mass
distribution before masses are propagatedt o t he RDMJ6s)

W 1 x Rowr Joint X -Tran Y -Tre
Beamsiy E—!l My Stucture No Mo kN kN
Load B Area Load Members 1 2
| nats | [ Steel Frame 2 4
Graphical .| |+ (Z] Frames 3 6
Spreadsh... T ] FIDDrS,,, 4 8
E 10
Mumerical... a2 5
a2 6 12
3 Columing 7 14
3 Main Beams 8 16
£ ] Panels 9 18
+ Ea Brac?ng 10 20 T
%[ Sections 115 126.04
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4. Itis then a simple matter to calculate the coordinates of the f | o @@Mbby taking moments about any

convenient point, say the origin

. X-coord | Y-coord | Mass
Joint# m) m) (kN) X*Mass | Y*Mass
2 0 0 113.254 0 0
4 0 8| 170.954 0 1367.637%
6 0 16 170.19 0| 2723.043
8 0 24{ 170.954 0| 4102.917
10 0 32[ 113.254 0 3624.139
12 5 0| 152.234 761.181% 0
14 5 8| 187.937 939.6827 1503.492
16 5 16| 186.3364 931.6786 2981.37]
18 5 24{ 187.937 939.6827 4510.477
20 5 32| 152.23§ 761.1812 4871.5€
51 11 0 126.043 1386.464 0
53 11 8| 187.244 2059.703 1497.966
55 11 16| 186.336 2049.693 2981.37]
57 11 24| 187.244 2059.703 4493.897
59 11 32| 126.043 1386.468 4033.36
70 5.5 16| 1.74636 9.60494 27.94176
S= 2419.95 13285.04 38719.1]
Coordinates of COM (from origin)  5.49 16.00

In our example the R D M J dresalready at this location.

3.2.1 Generate ESFP Lateral Loads and Torsionsi Loadc as e

These are generated post-analysis In the LOADS VIEW via Edit/ Generate Equivalent Stat i ¢

=, Generate Equivalent Static Forces from RSA Case

Generate 2 Equivalent Static Force Load Cases from RSA Case

Load Caze Mumber 5

Equivalent load extraction options
" Ewbract Lateral Loads

" Esbract Torsional Loads

f* Extract All

RS54 Load Case List

LCancel

g

Choosing the 6 E x t r amtion pradudedthe following four load cases.

1 Strength* EQX = Lateral Force (Fx) + Torsion (TFx); equivalent to Fx @ 0.1Dny
1 Strength EQX = Lateral Force (Fx) - Torsion (TFx); equivalent to Fx @ -0.1Dyy

i Service® EQX = Lateral Force (Fx) + Torsion (TFx)
1 Service EQX = Lateral Force (Fx) - Torsion (TFx)

0EOG

Loads

from RS

*Strength 7 these are the loads for strength design of SFRS elements allowing for ductility and overstrength, i.e. reduced by

le/RdRo

AService i these loads are not reduced by le/RdRO0and are intended for the assessment of inelastic displacements for the

checks of Cl 4.1.8.13.
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3.2.2 Assess Torsional Sensitivity

Linear Static Analysis is now run again to evaluate the results for the generated cases. Since they are equivalent to the ESFP
forces applied at a distance ° 0.1D, the value of B can be compared to the limit in the design code (note i while B is
calculated for all load cases, regardless of origin, it only has meaning for these generated cases)

Row Storey | Ld Case | Floor Fx | Floor Fy Torsional
No No No kN kN Sensitivity (B)
1 [ ]s 43360  0.00 1.17
2 2 G 867.20 0.00 1.19
3 3 b 5341.07 0.00 1.23

Results for the strength and service generated load cases are the same, which is to be expected since B is an assessment of

relative displacement. The maximum value is for floor 1; B = 123 < 1.7hence the building is not torsionally sensitive and
the classification as regular remains valid.

3.3 Applying Accidental Torsion

Accordingtothe Us e r 6 s i BCi2@08 commentary on Sentence 4.1.8.11.(10)

In NBCC 2005 provisionsthe positions of thecentersof resistance at each floor do not need to be determinedBecause
there is no multiplier applied tg,ehe combination of lateral and torsional effects in each direction of loading can be obtainec
directly by two applications of the lateral loads, one set located +0,1€@ddn the centersof mass and the other located

-0.10 Dy from the centersof mass. Conveniently, this is exactly the same set of load applications required for the
determination of the torsional sensitivity parameter, B.

Hence the loads required to satisfy the analysis requirements are already available. The Lateral ESFP forces FX ° the
Accidental Torsion forces TX together constitute the NBCC 2005 Earthquake loadcase designated d&¢ and thus are included
together in combinations which include E. Additional consideration is given to the fact that seismic loads can act in either

direction (for a particular axis), so for completeness for each axis of analysis four dEdload cases are considered in
combinations (see Us e r 6 s 1 KBCi2@08 Pg J-49 paragraph 179):

1. E1=(Fx+TX)
2. E2=(Fx1 Tx)
3. E3=-(Fx+Tx)=(FxT Tx)
4. E4=-(Fx +Tx) = (-Fx +Tx)

© Copyright by S-FRAME Software Inc. - 2010

S-FRAME 26
SOFTWARE

www. s-frame.com



3.4

Four Load Combinations are created including the E load cases

Create Seismic Load Combinations

]
Comb Comb Load Comb Load Comb Load Comb Load Comb
No Description Case Factor Case Factor Case Factor Case Factor

1 Total Seismic Weight Steel Self Wt ~| 1 Total Dead Loads - |1 ~|0 ~|0

2 125D+15L Steel Self Wt +|1.25  Total Dead Loads | 1.25  Live Load E Loadcase |15 ~]o

3 1.25D + 1.5L = 0.4W Steel Self Wt | 1.25 Total Dead Loads v | 1.25 Live Load ~|15 Wind in X+ ~| .4

4 1.250 + 1.4W + 0.5L Steel Self Wt _~|1.25 Total Dead Loads v | 1.25 Live Load ~|.5 Wind in X+ ~|1.4

5 1.0D + 1.0E1 = 0.5L Steel Self Wt ~ |1 Total Dead Loads ~ |1 Strength EQX = Lateral Force (Fx) + Torsion (TFx) = |1 Live Load ~-|.5

6 |1.0D+1.0E2+05L  Steel Self We =1 Total Dead Loads = | 1 Strength EQX = Lateral Force (Fx) - Torsion (TFx) +| 1 Live Load ~|.5

i 1.0D + 1.0E3 =+ 0.5L Steel Self Wt ~ |1 Total Dead Loads ~ | 1 Strength EQX = Lateral Force (Fx) + Torsion (TFx) ~|-1 Live Load ~|.5

8 1.0D + 1.0E4 + 0.5L Steel Self Wt ~ |1 Total Dead Loads ~| 1 Strength EQX = Lateral Force (Fx) - Torsion (TFx) - |-1 Live Load ~=|.5

At this point the RSA Loadcase could be inactivated, since it has served the purpose of generating the ESFP forces.

Now we run a Linear Static Analysis with the new combinations. The Seismic Design Forces, including the effects of accidental
torsion, for the SFRS can then be determined from their results:

1.0D+1.0E1+0.5L+NLL; Base Shears

Ld Comb 6

ShearY=0kHN

Shear Z=7893.1 kN
Moment X =126289.4 kN-m
Moment ¥ = -50867.4 kN-m

Moment Z = 17557.6 kN-m

LT T

o

7V

\}!

LE

0.1

0.0 .
0.0 ;
% 42
Tp G e h
0o 06‘*6‘ ,@‘:m_ ™
28 sy
$30 B "
Fs
o
Cﬂ.'
=T
e o
IR (s
A
I
Y Y X

-54.2
£7.7

-200.0
2339

-334.6

|
[ |
[
I
[
[ |
||
[ |

1.0D+1.0E1+0.5L; SFRS Axial Loads

BEERREEECOEON

Axial Force (kN)
3141
2572
2003
1433

-141.2
-188.1
-255.0
-311.9

-368.9

© Copyright by S-FRAME Software Inc. - 2010

S-FRAME
SOFTWARE

www. s-frame.com

27




3.4.1 Check members for Seismic Combinations

Using S-STEEL, the members are checked for the Static and Seismic Load Combinations. Since the seismic forces are higher
than the factored wind loads (in this case) elements of the SFRS now fail.

1. Summarv of Governing Selected Members for Each Group
Member Group Ste.el Governing Governing Ratio Pazz/Fail
Mo. Name Section Load Caze/Comb Clanze o~
&) [-BRACING H3102X102X52 Comb 6, 1.0D+10E2+0.5L Comprassion { 1.711 Fail i
19 [POLUMNS-FOISTE W200359 Comb 3, 125D+ 1.3L + 0.4W Comprassion 33
IGIRDERS W460X82 Comb 3, 123D+ 1.5L + 0.4W Bending 0082  Pass
23 [{-BRACING H5132%48 Comb 8, 10D+ 10E4+ 030 Slenderness 0.857 Pass
Model#2

An Auto-Design* is performed in S-STEEL to select larger sectionsf or XtBlreacd n g 6 d which ig adeqgatedouthe
seismic combinations. The bracing section is increased an HS1143 1143 4.8. However, to check the adequacy of these new
sections the analysis results must be updated.

‘R 5-STEEL [C:\WORK\Development\SO9\RSA Case Study\3ST May09\RdZ\3ST RD BRACED-2BAY MOD_DUCT1-Des1.... [= |[B1][X]

B3 File Edit Wiew Select Options Run  Window Help - O X
EEHE aaw- -k k5 28
My Structure Code Utilization 0.055 0.086
T3 Area Load Members == F -
23 Steel Frame (| o o
- ] Frames =1.1 G{ Q?!
ST [ 100 - " "
S i 7 3
2 0.95 = . e = s
&3 =, W 4
&4 = 0.227 | 0.353
£ 5 0.85
I i I 4 — 0.80 ) &
+ 23 Floors e 5 3
3 Columns 0.70 P = n
£ Main Beams 0.60 = 2 e
£3 Panels [ ] 0.50 Q'Pq“' 4
£3 Bracing - =
£3 Sections 0.40 0.227 5 0.353
3 Active Mass Joints [ | 020 s P
- .
s )
- 0.00 \
- o - -
RN &
. . X - =N
| CAN/CSA 516-01

*no automated Capacity Design of elements in an SFRS is performed by S-STEEL. S-STEEL implements the regular clauses
of CSA S16-01 for static loads and it is assumed this is valid to give an initial set of section sizes for a subsequent capacity
design should this be necessary.

3.4.2 Updated Results

The effects of the changes in section size (in the SFRS) are considered since these will have altered the mass and stiffness of
the model to some extent possibly significantly so.
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Seismic Weight & Active Mass

The seismic weight will be increased slightly

e

126.043

The period has reduced from 0.674s to 0.558 s while Mass%6 s

New Reactions
Following a re-analysis, the results of the RSA Loadcase are automatically updated accounting for the new mass and
frequency. However the generated (from previous mass and frequency) Equivalent static force load cases are not.

essemtially unchanged.

1am n | (Ld B =

Row
No

Ld Case
No

RSA Case - new ¥V

X-Force
kN
0.000
0.000
0.000
-384.000
920.937

o B o o=

Generated Fx+Tx case - old V -881.658

nnnnnn

Y-Force
kM

0.000
0.000
0.000
0.000
0.000
0.000

s

L-Force
kN
461.879
5,412.000
4,048.000
0.000
0.000
0.000

Aomnon

Mumerical.. 61 64 0.000 0.000 0.000 0.000 0.000
“,}( 62 65 0.000 0.000 44.878 0.000 0.000 0.000
63 66 0.000 0.000 713.217 0.000 0.000 0.000
§ 64 67 0.000 0.000 73171 0.000 0.000 0.000
= 65 68 0.000 0.000 713.217 0.000 0.000 0.000
@ 66 69 0.000 0.000 44.878 0.000 0.000 0.000
T 67 70 2,419.948 2,419.948 1.746 0.000 0.000 317,520.628
’ 68 i 2,419,948 2,419.948 1.746 0.000 0.000 317,520.628
69 72 1,006.421 1,006.421 1.746 0.000 0.000 123,670.621
New Vibration Results
Eigen Period (T) Angular Frequency (w) Frequency (F) X - Mass Y - Mass
No Sec Rad/Sec Hertz % %
1 0.556 11.252 1.791 66.998 0.000
2 0.488 12.880 2.050 0.000 90.514
3 0.357 17.595 2.800 0.000 1.210
4 0.194 32.326 5.145 12.122 0.000
5 0177 35.429 5.639 0.000 1.765
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New ESFP Results
There is a slight increase due to increased mass and acceleration due to the shorter period.

Design Spectral Acceleration S(T) as factor of g
1.000
==, 0.950
0.900 \
0.800 \
o 0.700
Z 0.614 0.650
O 0.600
©
D 0500
8 \
% 0.400
£ \ng
8 0.300
Q.
g \
0.100 ~——= 0085
0.000 —-9-558— T .
0 0.5 1 15 2 25 3 3.5 4
T,- Period of building
Design spectral acceleration; Sta=0.614g
Seismic response coefficient
Calculated (41811 (2)), Cs_cak; = STa 3 Mv 3 IE / (Rd 3 RO) = 0.157
Minimum (4.1.8.11 (2)); Cs_min =Sm03 My3 Ie / (Rd 3 Ro) = 0044
Maximum (4.1.8.11 (2)); Cs_max =23 S71023 Ie / (3 3 Ry3 Ro) = 0162
The seismic response coefficient; Cs = min(max(Cs_caic; Cs_min), Cs_max) = 0.157

Seismic base shear (4.1.8.11)
Effective seismic weight of the structure; w =5851.5 kN
Seismic base shear; V=Cs3W=921.30kN
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Update (Fx ° Tx) Load cases

As has been noted, the generated seismic load cases are not automatically updated (following changes to the model). These

are updated as follows:
1. Ensure the RSA Loadcase is active

Run Linear Static Analysis (to update ESFP results)

Return to Loads View

SelectfromMenusEdi t / Generate Equivalent

Select the Extract All

An Update button will appear 1 this is clicked.

2 e

Stati
radio button (the original option) and the RSA Load Case used

W Generate Equivalent Static Forces from RSA Case

Generate 2 Equivalent Static Force Load Cases from RSA Case

1. Select generation Option & Loadcase

B

2. UPDATE (already) generated cases

LCancel

Load Caze Aumber

0

Update

wtract Torsional Loads

(+ Extract Al

RS Load Case List:

c Loads

A Re-analysis and Code check in S-STEEL is then performed and this leads to a fail of the new brace member due to

increased loads.

! 1
1. Summary of Governing Selected Members for Each Group
Member Group St 3_51 Governing Governing Ratio Pass/Fail
No. Name Section Load Case/Comb Clause ]
90 [M-BRACING | HS114X114X48 Comb 6, 10D+ 1.0E2+0.5L Compression {103 Fail
19 POLUMNI-JOISTS W200H59 Comb 3. 1.25D + 1.5L + 04W Compression Tor—Pr
ISIRDERS W4As0Xa2 Comb 3. 1.25D + 1.5L + 04W Eending 0.982( Pass
23 [\-BRACING HS152X4.8 Comb 8. 1.0D + 1.0E4+ 0.5L Slenderness 0.857 Pass

A further iteration gives the following results i a HS1272 273 4.8 section is chosen for the bracing. Additionally the Columns in
the SFRS are placed in a separate design group, as these must be subject to further capacity design unlike the gravity-only

elements.
1 1
1. Summary of Governing Selected Members for Each Group
MMember Group Ste_el Governing Governing Ratio Pass/Fail
Ma. Name Section Load Caze/Comb Clause Status
19 [OLUMRIE-JOIETE W200X359 Comb 3, 123D + 1.5L + 0.4W Compression 0983 Pass
) IGIRDERS W460382 Comb 3, 125D+ 1.5L + 0.4W Bending 0.08) Pass
%0 [-BRACING | HS12TXI127X48 Comb 6 10D+ 10E2+035L Compression 0.862( Pass
18 EEE.S Columns W200259 Comb 3, 1.0D+ 1.0E1 +0.3L | Eeam-column stability 0.86 Pass
23 [{-BRACING HE152%4.8 Comb 8, 1.0D + 1.0E4 + 050 Slenderness (.83 Pass

f

r
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4 Capacity Design Model

At this point, once a section size has been established for the bracing (the yielding elements) which is adequate for the seismic
loads, capacity design of the other elements in the SFRS must be considered. The columns in the SFRS must be adequate for
the design dead and live loads while allowing the X-bracing members to attain capacity and yield. Thus the seismic forces are
6r epl aced 6 itblgadstofithe bracagetements and an adequate section for these loads is chosen. S-FRAME analysis
does not give these additional capacity forces directly, but they can be determinedand S-STEEL 6 s Sad caa llewded t®
run an auto-design and find and apply adequate sections to the model. Further discussion of capacity design is beyond the

scope of this example. Following such a design a larger W250373 section is chosen for the &8FRS Columnsédesign group

giving a final Model#3.

Final Model Code Check Results
|

1. Summary of Governing Selected Members for Each Group

Msfnbe.r G-_mup 5[3;1 Governing Governing Ratio Pass/Fail
Mo. Name Section Load Case/Comb Clanse Status
19 [FOLUNDIS-JOIETS W200359 Comb 3, 1.25D + 1.3L + 0.4W Compression 0883 Pass

[GIEDEE.S W460X82 Comb3 123D+ 131 + 04W Bending 0932  Pass
18 EFR.S COLUNDS W230X73 Comb 3, 10D+ 10E1+0.5L | Beam-column stability (0.334  Pass
13 [\-BRACING HS152H48 Comb 8, 1.0D+ 1.0E4+0.3L Slenderness 0837 Pass
%0  [H-BRACING | HSI12TX127H48 [Comb 6, 10D+ 1.0E2+0.5L Compression 0.833 Pass
Mote: * Calculatjons refined interactively using Scratch-Pad

Final Distribution of sections

.
-
.

Section Properties

[ 1 - wasoxs2 I
[ 2 - was0x73
I : - 200x59

B 1 - HS 127127648 )

I - - HS152%4 8 ]

r

Final ESFP Base Shear & Building Period

-
.

NN

)
.

/NN

e —— ¥

N
L.

Ld Case 5
— v . Mode Shape 1 h
Shear Y = 0 kN Frequency =1.916 Hertz I
Shear Z =0 kN ' ' %Emor=0 Ta = 0.52s ! !
Moment X = 0 kN-m 2 Mass X =87.426% .
Moment Y = -7832.9 kN-m ~ Mass ¥ =0% i
Moment Z = 15221.3 kN-m <+ 67 AT853 o Mass 7 =0.002%
v ¥ - X
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4.1.1

Inel

Inelastic Displacements

def | be

ecti

astic ons can

reduced by le/RdRo

=¥ GRAPHICAL RESULTS - Ld Case 8 Service EQX - Lateral Force (Fx) + Torsion (TFx)->Deflections

a s § e g stedeEquivalentrstatic lbael cases which dresnoto f

571

X-Displacements (mm) v

X

9.6

The Numerical Results/ Inter Storey Joint Drifts spreadsheet directly gives the inter-storey drift as a % of storey height for all

columns so this can conveniently be checked against code limits.

B3 File Edit View Search Format Settings Options Run  Window Help - 8 x
EE= == & +P 4BE~Q= % 2
2.
| |B - Service EQX = Lateral Force [Fx] + Li = &
% &l Storey [T Al Load Cases |8
[ Wiew Groups
M Row Storey Ld Case Height Lower Storey Storey X - Drift Y - Drift Total - Drift % of Storey Pl
Geometry No No No m Joint Joint mm mm mm | Height
m 1 1 8 4,00 15 70 2526 0.22 |25.25 0.63 FALSE
| 2 8 4,00 50 5 2062 1.72 20.68 0.74 I RUE
Eirpffe).. 3 8 4,00 52 53 27.44 1.72 27.49 0,69 TRUE
Spreadsh... 4 8 4.00 54 55 25.26 1.72 2531 0.63 TRUE
Mumerical...| 5 8 4.00 56 57 23.07 172 2343 0.58 TRUE |
[ = L] 8 4.00 9 10 20.89 -1.28 2092 0.52 TRUE
7 8 4,00 1 12 2062 0.09 29.63 0.74 TRUE
8 8 4,00 13 14 2744 0.09 2744 0.69 TRUE
9 8 4,00 7 8 23.07 -1.28 2311 0.58 TRUE
10 8 4,00 1 2 2062 -1.28 29.65 0.74 TRUE
11 8 4.00 3 4 27.44 -1.28 2747 0.69 TRUE
12 8 4,00 5 i} 2526 -1.28 25.29 0.63 TRUE
13 8 4.00 19 20 20.89 0.09 20.89 0.52 TRUE
14 8 4,00 58 59 20.89 1.72 20.96 0.52 TRUE
15 8 4,00 15 16 2526 0.09 25.26 0.63 TRUE
16 8 4,00 17 18 23.07 0.09 23.07 0.58 TRUE
17 2 8 4,00 5 60 29.54 1.76 29.59 0.74 TRUE
T | g
Cad Details 1
——————f|__WallForces ] StoreyDrift | TotalMass | ActiveMass |  Modsl Mass ]  Strip Foross ] Storey Foroes |
Design [_Displacements | Resctions | Member Foroes | Nommal Stresses | Shear Stresses | Shell Foroes | Shell Stresses l Frequencies l Base Shear J

Max storey drift (as % of storey height) = 0.74% = 0.0074hs

Limit of Cl 4.1.8.13 (3 (all other buildings) = 0.025 hs > 0.005 OK

© Copyright by S-FRAME Software Inc. - 2010

S-FRAME

SOFTWARE

www.s-frame.com

33

he



5 Dynamic Analysis

Though the example structure is classed as regular this does not preclude the use of Dynamic Analysis which, as the NBC
2005 User6 Suide notes, is assumed to be more accurate than the ESFP method and may therefore be preferred. Most of the
above procedure is recommended anyway as a precursor to Dynamic Analysis, since the ESFP base shear is established as is
an initial set of sizes for elements of the SFRS.

5.1

1.

Suggested Procedure

Static Analysis/Design and verification
i) Same steps as for Static Analysis
Vibration Analysis and verification

i) Same steps as for Static Analysis.
ii)  Additional to these, check that sufficient modes are found for 2 90% mass in all directions considered.

Eqgivalent Static Force Procedure (ESFP)

iii) As for Static Analysis i even if Dymamic Analysis is required, the ESFP must always be performed
and gives a valuable assessment of model results.

Assess Torsional Sensitivity B

i) Steps as for Static Analysis.

i) See Sentence 4.1.8.12.(4) i if method () is to be used for Accidental Torsion, then it is not necessary
to establish B, since this method can be used for any value.

iii) 1f method (b) is to be used, then B must be evaluated as < 1.7. Probably this value is at least of
interest in most circumstances.

Create Seismic Load Cases 0 Eafid Seismic Combinations
A. Using Method 4.1.8.12.(4) (a)

1) Ty from Static Analysis

i) Run Linear Static Analysis for Load Cases only

i) Generate Accidental Torsion only loadcases Ty from the RSA case(s)

i) Earthquake loadcase O E=0 (RSA Loadcase °T,)

iv) Create Seismic Load Combinations including all required permutations of 6 E 0
v) Run Response Spectrum Analysis for Load Cases & Combinations

1) Ty from Dynamic Analysis

i) Run Response Spectrum Analysis for Load Cases only.

i) Generate Accidental Torsion only loadcases Ty from the RSA case(s). These will not be the same as
those from | (i)

vi) Earthquake loadcase 0 E=8 (RSA Loadcase °Ty)
i) Create Seismic Load Combinations including all required permutations of 6 E 6
iv) Run Response Spectrum Analysis for Load Cases & Combinations
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B. Using Method 4.1.8.12.(4) (b)

i) Create two separate model files for each direction being considered.

i) Move the Rigid Diaphragm Master Joint (COM) by +0.05D, in one model file and -0.05D, in the other.
iy Earthquake loadcase 0 E=@ RSA Loadcase

iv) Create Seismic Load Combinations including all required permutations of 0 E 6

v) Run Response Spectrum Analysis for Load Cases & Combinations

6. Seismic Design/Analysis

i) Check/Design elements of SFRS for seismic Load Combinations.

i) Re-analyse if significant changes made to elements of SFRS

i) Update generated Ty loadcases (and hence combinations) as required.
iv) Re-analyze to update seismic combination results and re-Check/Design
v) lterate ii)-iv) until complete.
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5.2 Vibration Analysis

From this point forward in the Example, we use the final iteration model of the Static Analysis procedure design.

+

Y
.

[ ] * [ ] & [ ] * [ ]

Section Properties \

[ ]1-wasoxs2 .
[ 2 - wasox73
I : - W200x59

B £ - HS 12712754 8

B ;- Hs152x4 8 :

f

N\

+
-

1=

A\A\4

NN/

-

X
It cannot be overstated that the results of Response Spectrum Analysis (RSA) are entirely dependent on those of Vibration
Analysis. Thus especially for Dynamic Analysis these should be carefully assessed/verified. Additionally a further step of
ensuring sufficient modes for 90% mass in each direction considered is necessary.

Eigen |Period (T) | Angular Frequency (w) | Frequency (F)  Error | X -Mass | Y - Mass

No Sec Rad/Sec Hertz % % %
1 0.522 12.039 1.916 0.000 87.426 0.000

2 0.486 12.924 2.057 0.000 0.000 91.011
3 0.339 18.558 2.954 0.000 0.000 0.786
4 0.182 34.500 5.491 0.000 11.716 0.000
5 0177 35.543 5.657 0.000 0.000 7.687
B 0.125 50.202 7.990 0.000 0.000 0.419
[ 0.122 51.497 8.196 0.000 0.000 0.061
8 0.118 53.170 8.462 0.000 0.813 0.000

Sufficient Mass%o Y, 9996 99.96

S-FRAME does not automatically sum or check the Mass% against a minimum, but this can easily be achieved by a copy/paste
to Excel of the Vibration Results Spreadsheet. It can be seen that only 4 modes are required for 2 90% mass in both X & Y
directions.
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5.3

The RSA Options of Modal Combination Method should be considered before running RSA Analysis i the CQC method is
chosen and this requires further entry of a Critical Damping Ratio i 0.05 (5%) is entered for this.

&, Response Spectrum Analysis

Modal combination method
I ® Complete Quadratic Combination (COC) I
O Square Root of Sum of S quares [SR55)
O Abzolute Sum of Modal Mavima [ABS)
) Double Surn Combination (D5C]
O Grauping Method (GRF)

Spatial combination method
® Square Root of the Sum of the Squares
O Absolute Sum

X-5caie SN

| Critical Damping Fatio 0.05 |

‘- Soale

Z-Scale

We choose the Unstressed Response Spectrum Analysis option and request the minimum number of Eigenvalues (now this

is known) required for 90% Mass. Initially investigate the Do not Scaleo pt i on

%, Analysis Type
Solve For Load
" Cases

" Combinations + Both

Analysiz type options
O Linear Static

O P-Delta Static

) Monlirear Static

O Urstressed Vibration

O P-Delta Stressed Vibration

I ® Unstressed Response Spectium

L1 Linear Diynamic Time Histary

o)

) P-Delta Buckling

o)

() Linear Static Moving loads

O Nonlinear Static Moving Loads

O P-Delta Stressed Fesponse Spectrum
O Morlinear Stressed Response Spectum

Solution trail detail
Section Titles hd

Rigid Body Motion coefficient

Shift Factor i}

If RSA type is Double Sum Combination
i} B

Eigenvalue Extraction Method
e

Time duration of earthquake

I R TR

Just as for Linear Analysis of an RSA Loadcase, the Vibration Analysis Parameters are displayed as a Vibration Analysis runs
prior to the Response Spectrum calculations. Response Spectrum calculations consist of calculating a) the Modal Response
for each mode and subsequently b) the Modal Combination results for all (requested) modes by applying the chosen Modal
Combination Method (MCM) - the CQC method in this case; MCM = CQC

Response Spectrum Analysis & Results

Choose Spectra Design Curves
Vani_C
CC_Vani_C
NBCC_Vani_C
50—
& i
E E
ﬁ 803
=
g
2
s
-
]
<
LN
1] 50 108 150 F1 250
Pericd [sec)

which will gi kearVthe

LCancel

Defaultz

Advanced..

.

Subszpace Parameters

Max terations 100
Tolerance 1.000000E -06
Toatal Eigenvalues 4 I

Unstressed Vibrations For

¢ Corwert loads to mass

® Load Cases

O Load Combinations
Load Case Mumber ’2_

| Total Dead Loads j

Scale RSA Results To Base Shear

O 5cale to Code Base Shear
O Scale to User Base Shear
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53.1 Unscaled RSA Base Shear

Al
'y
1
-/

Ld Case 5 1 R N
hbﬂ-! S T~
ShearX=3327.9kN | = Ve %niﬂiﬁi{t‘zlg-
Shear Y = 0 kN k‘ﬁ!gEg!iﬂiﬁi‘
e [l
Shear Z = 25.9 kN @ﬂiﬂ:%i%g;ﬁi-
] B
Moment X = 414.6 kN.m }1?\.%=";.§Eim|!
2 il e e
Moment ¥ = 26734.2 kN-m ‘ﬂ "Fiﬂ&‘—!_ -
Pl & ' H
Moment Z = 53246.6 kN-m 'fg ; I‘
=i Iﬁ _ 837.5 1.7

X

For unscaled RSA S-F R A M E éastions Total Base Shear X gives us V. and from this we can check the value of V for
Sentence 4.1.8.12.(5)

Elastic Dynamic Base Shear; V. =3327.9 kN; Ry =3.0; R,=1.3; le=1.0
Design Base shear; V4 = Ve (l/(Re Ro)) = 853.3 kN

ESFP (code) Base Shear,; V =951.3 kN

V4 as proportion of V; Vy/V =0.897

5.3.2 Unscaled RSA Displacement

Since Vg is not < 0.8V dynamic results must be scaled to 100% of V (sentence 4.1.8.12.(6))

l

=

4
i

THES
TR /] =
LRI A
CRe Al
Zwa LlNaN =S
S T
S

Similarly the displacements for the unscaled RSA are those corresponding to V1 i.e. are unreduced. This is one advantage

of not being required to specify the scaling factors in the input Design Response Spectrum accelerations i S-FRAME allows the
input of the O0trued, or Orawd Desi gn erSenteannotbenused direcdylsiace the i o

code requires that there be a component of scaling (up) to code base shear where 0.8V <V4 <V (regular structure)
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533 RSA Forces; Modal Combination & Modal Results

Following RSA by default S-FRAME displays the Modal Combination Results, since these are the results principally used for
design. As we are interested in forces in the SFRS, and furthermore since in our example elements of this are subject to
principally axial forces, these are examined in the following pages.

'] 0

Axaal Force (kM)
20237 %
18551

160.8
214
0

1686.5 >
1517.8 0 0
1349.2 o

1180.5

796.2
907.9
0

10119

8432

674.6
506.9 N

3373
166.6

BRENNRRA0I0EN

00

Modal Combination SFRS Column Load;

1872.2

-

T8
W

Ccomb =2023.7 kN

. 2023.7
0

Due to the methods of Modal Combination, all the axial forces are positive i i.e. tension - which of course is a physical

impossibility. This often comes as a surprise to those a) new to RSA and b) familiar, as all engineers are, with the concept of
equilibrium. However this is a consequence of the Modal Combination Methods. It is instructive, if nothing else, to examine the
individual Modal results since these are in static equilibrium and thus make intuitive sense (i.e. correspond with equilibrium).

Modal Results

1=+ S-FRAME - C:\WORK\Development\SO9\RSA Case Study\3ST May09'\Rd2\3ST RD BRACED-2BAY MOD_DUCT 1-DYNAM1.TEL - [GRAPHICAL RESULT... EI B

B Fle View Select Settngs Options Run Window Help -
zEd&E & [l -G -Melsd i & +[P = 2 xi
a + B a8 1 Bae 18 |# - [I5-Rsainx ~= e
Ok Load List_Range v LoadCase 5 Which Section? Al Sections * Which Type? All Types - Stations 11

I Modal Response gh]| X gy f/w z €\:r'|f-|ﬂﬂe Shape 1 I Min g Max +Min G ABS(Max) g ABS(MIN) g ABS(Max) + ABS(Min) gy Rotate Text ] none

Shottcuts X x

/ 0 0
Geometry | | =&y My Stuctue Axial Force (kN)
o [l Area Load Membgs
oacs (1 Steel Frame 1865.3 7
Graphical = (2 Frames - 1)
% - : g
: 1 - -
i 1218.7
Vi (| 0 0
8954
£ a¢ ()
. S S Y
Specify Modal — @
= Response & Mode 2487 | o b -
] 2
Number e | B g
Y . -397.9
- 0
= = -721.2
‘& [Axial Loads m
Wit 10445
+ [
13678 b
fel.-] [

Spreadsh... - -1691.2 ES

Numerical 20145 =

S-FRAME requires the user to specify that Modal Response results are required and the Direction of the Response Spectrum
(X) and the Mode Number i Mode 1 is the dominant (highest Mass%) mode i the modal result is then displayed. It should be
noted that these forces correspond to the peak modal displacement in the +ve X-direction only i the reverse is just as likely to
occur, in which case the signs of forces will reverse also.
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The relative contributions of modes to the modal combination results can then be assessed. Following are the results for the
Modeds

twoX-modes;

Mode Frequencies & Mass%

Mode Shape 1

Frequency =1.916 Hertz
% Error =0
Mass X =87.426%

Mass Y =0%
Mass Z =0.002%
Part Factor X =722.598

e

1

and

Mode Shape 4

o

I

Hy

N

Frequency =5.491 Hertz
% Error =0

Mass Y =0%

Mass Z =0.012%

Part Factor X =264.527

L%

Part Factor Y =01 Yy Part Factor Y =0 Y Py
Total Mass% of modes = 99.1%
Mode 1 Displacements (mm) & Forces (kN)
59.3 59.3 0 0
.6 E E )
? a4.7 0 0
&
3 2 .
B 0 8
2. 0
4 i 1
b 0.0 ]
YT - X T

Mode 1 SFRS Column Load; Cw1 =-2014.4 kN

Mode 4 Displacements (mm) & Forces (kN)

38— 38 0
[ -
o 0
=]
i2) 0
a b 2
I ] Tr\
T
y1 Ly T

Mode 4 SFRS Column Load; Cm2 =208.6 kN

Quick SRSS Check; & Cwi® + Cw2? ) = 2025.2 kN; (CQC =2023.7)
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54 RSA Scale to Code Base Shear

Sentence 4.1.8.12.(8) requires the Dynamic analysis results to be scaled by Vd/Ve, where in our example Vd = V. Thisis
achieved in S-FRAME simply by enabling the Scale to Code Base Shear Option.

. Analysis Type
Solve For Load

 Cazes (™ Combinations * Bath
Analyziz type oplions
) Linear Static
O P-Delta Static

1 Monlinear Static

T Unstressed Vibration

1 P-Delta Strassed Yibration

1 Monlinear Stressed Yibration

(@ Unstressed Rezponze Spectum

! Linear Dynamic Time Histary

o

1 P-Delta Buckling

o

() Lingar Static Maving loads

O Monlinear Static Maoving Loads

) P-Delta Strezsed Response Spectium

) Maorlinear Stresyed Responze Spectrum
Solution trail detail

|Sectiun Titles j

Rigid Body Motion coefficient

Shift Factor a

If RSA type iz Double 5um Combination
0 ZEC

Eigenvalue Extraction Method

L W - [T ] n

Tirne duration of earthquake

|

Ok
Cancel

Defaults

Advanced...

Subspace Parameters

hdax Iterations 100
Tolerance 1.000000E-05

4
Unstressed Vibrations For
X Corwert loads to mass
® Load Cases
() Load Combinations

Load Caze Mumber 2

| Total Dead Loads ﬂ

Total Eigervalues

Scale R5A Results To Base Shear
) Do not scale

I ®)Scale to Code Base Shear I

) Scale to User Base Shear

Now the Base shear = V and the (CQC) Modal combination results (base shears, reactions, forces) are scaled to this and are

thus much reduced from the non-scaled ones. As for the unscaled RSA, the modal combination results are still all-positive.

Ld Case 5

Shear X = 951.332 kN

Shear Y =0 kN

Shear Z = 7.408 kN

Moment X = 118.529 kN-m
Moment Y = 7642.359 kN-m
Moment £ = 15221.316 kN-m

0.489
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However note that the displacements are not scaled.

S-FRAME applies the specified Direction Amplify Factor (DAF) to the displacements of an RSA loadcase.
For DAF = 0, S-FRAME internally sets DAF = RdRo/le.

= Preferences

Freferences Dialog Box is Common to All Windowes... ok |
General T Interface T Salver T Results T Cancel
Building Code Steel Database and Steel Design Code
[NBCC 2005 = Stesl Database [Canadian 2005 [CISC)  +]

Concrete Design Code

|ESA 2004 j Steel Design Code | CAN/CSA S16-01 j

E quivalent Static Force Procedure for Seismic Analysiz

MBCC 2005

T max period in Accidental Torsional Factor

T max period in Y Importance Factor 1e'

# Ductility Factor 'Rd' # Higher Mode Factor b+

B sec 1

3 1eC 1

3 1

# Overstrength Factor ‘Ro’ 1.3 # Base Owvertuming Factor \J' 1
Y Ductility Factor ‘Rd' 3 ' Higher Mode Factor M+ 1
13 1
1] 0

' Owerstrength Factor 'Ro’ ' Bagze Owertuming Factor '

# Deflection &mplify Factor ' Deflection Amplify Factor

Help

Comparing these displacements to the unscaled ones above, we see they are larger. This is accounted for by the scale to code
base shear component. Since both Vg and V already include reduction by le/RdRo, the additional scale component is given by
i VIVg=1.115; (where Vqis the base shear from sentence 4.1.8.12.(5))

Unscaled RSA Displacement; de =59.3 mm; (from above)

Scaled RSA Displacement; dg=de3 VIVy =66.1 mm

Thus S-FRAME is able to simultaneously give both the reduced RSA Base shears and forces and the unreduced displacements
in a single analysis run.
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The Base Shears for all modes, which are signed, can be viewed in S-F R A M ENurmerical Results Spreadsheets. The modal
base shears are unreduced.

i) 5-ASAinX
2
1
TR0 Joints [X &Il Load Cases
[ View Groups I X Modal Response |X ~| P Al Mode Shape I
Shorleuts X Row Ld Case X-Force Y-Force ZForce ¥Y-Moment ZMoment
Bieameiy No No kN kN kN kN-m kN-m
Loads 1 Case 5:Mode 1 |-3,258.778  0.000 15.875 -26,726.680 52,140.453
e Case 5:Mode 2  0.000 0.000 0.000 0.000 0.000
phes 3 Case 5:Mode 3 0.000 0.000 0.000 0.000 0.000
St 4 Case5Moded 651.901  0.000 -20.597 853.018 10,430.425

Mumerical...

Modal Results
Base Shears

The Modal Combination Floor forces are no longer those for the ESFP, they are floor forces from Dynamic Analysis i since

these are values for Modal Combination they are thus scaled (reduced) and unsigned.
Shortouts X

Row Storey Ld Case | Floor Fx |} Torsion From Fx | Overturn My | Shear X Dx Dy Storey Ht.
Geometry No No No kN kN-m kN-m kN m m m
Loads 1 1 5 241.882 1,139.728 3.922.695 951.274  11.000 32.000 4.000
Eiegiied 2 2 5 424.450 1,456.393 1,139.768 709.392  11.000 32.000 8.000
_— 3 3 5 284.942 911.814 0.000 284.942  11.000 32.000

Spreadsh...

Murmerical... /
Dynamic Floor
Forces

Torsion From

_—— Floor Results Dynamic Floor Forces

The Floor Accidental Torsions from Dynamic (RSA) analysis are not simply the d-loor Fxdvalues 3 6 03.Dyl§ as can be seen.

S-FRAME implementst he & mode by todeidve Bynamie EldoAdcidental Torsion values. The modal Floor results
can be viewed by selecting the 0Wwhchirodes R risvpesultsfer,ée.gdgdonly:n an
% &l Storsy [T Al Load Casss |5
[ Wiew Groups | % Modal Response ||x | I_AlllMode Shapz [1.4 ||Mnde1 T=0.521
S Row Storey Ld Case Floor Fx | Torsion From Fx Overturn My Shear X Dx Dy Storey Ht.
Geometry No No No kN kN-m kN-m kN m m m
s 1 [T Jcase5Mode1 [793.485  2,539.153 13,392.082 3258622 11.000 32.000 4.000
P 2 Case 5:Mode 4 |954.915  3,055.729 3,089.176 651.657 11.000 32.000 4.000
| 3 2 Case 5:Mode 1 |1,582.253  5,063.209 B.531.535 2,465.137  11.000 32.000 8.000
Spread:hy 4 Case 5:Mode 4 |165.778 530.490 1,876.145 -303.258 11.000  32.000 8.000
Numerical... 5 3 Case 5:Mode 1 |882.884  2,825.228 .000 882.884 11.000  32.000 12.000
6 Case 5:Mode 4 |469.036  -1,500.916 .000 469.036  11.000 32.000 12.000
Not Scaled
The Modal Combi nati on drelcalculatedanrthe foliowimy merwmed: v al ue s
For each Floor:
i) Derive modal torsion; Mo d al 6 P IFloan Accidentad eccentricity, ;0 &= Fxmdei
. . . . 2
ii) Derive total Torsion; apply MCM to Ty from i) e.g. for SRSS; Ti= STmi
iii) Apply scaling factor to T; from ii); Scaled Torsion; Ti scale = —— TI
e
T h élodr Fxbvaluesareder i ved, for each floor by; subtracti ng therhselve®
are derived by applying the MCM to the modal 6Shear X6 va
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55 Create Seismic Load Case O6EO6 and

The forgoing investigation is not a necessary part of the suggested procedure but is worthwhile to understand the results and
options available in S-FRAME and gain an appreciation for how results are generated. Returning now to the procedure for
dynamic analysis we look at step 5. (A)

5. Create Seismic Load Cases O Eafd Seismic Combinations
A. Using Method 4.1.8.12.(4) (a)

1) Ty from Static Analysis

i)  Run Linear Static Analysis for Load Cases only

i) Generate Accidental Torsion only loadcases Ty from the RSA case(s)

iy Earthquake loadcase 6 E=0 (RSA Loadcase °T,)

iv) Create Seismic Load Combinations including all required permutations of 6 &
v) Run Response Spectrum Analysis for Load Cases & Combinations

First a Linear Static Analysis must be performed to generate the ESFP results (from the RSA loadcase) and the Accidental
Torsions alone can be generated from these. From the LOADS viewtheGener at e Equi val ent Stati ¢
option i s r unExtaastdorsidnel Loags6i bs O6hosen.

=, Generate Equivalent Static Forces from R5A Case

Generate 2 Equivalent Static Force Load Cages from RSA Case

Cancel

Load Case MWumber 5

Equivalent load extraction options

" Extract Lateral Loads

[~&
" Extract 4l

RS54 Load Cage List:

F_

This produces just two load cases i again one is scaled (for strength design) and one is unscaled (for deflection)

il

Update

L
b 1

L P E

S|
[T [
Ly |
Y x Y 1 x
Scaled Roof Torsion; T, = 894.43 kNm; Unscaled; (Re® Ro/le)® Ty = 3488.28 kNm
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These generated load cases can now be included in the Seismic Load Combinations in conjunction with the RSA Loadcase:
6 E=8(RSA Loadcase °Ty)

Comb Comb Load Comb Load Comb Load Comb Load Comb Load Comb
No Description Case Factor Case Factor Case Factor Case Factor Case Facto
1 Total Seismic Weight Steel Self Wt hd 1 Total Dead Loads hd 1 hd 0 hd . 0
2 [125D+15L Steel Self Wt ~ |1 Gaismic ~|125 Liveload ~|15 ~]o Loadcase 'E ~]o
3 1.250 +1.5L + 0.4W  Steel Self Wt ~ |1 - - *|1.25 Liveload «|[1.5 WindinX+ «|. > |0
3 1250+ 14w 050  steel seirwt g COMbINAtions 1% lieioad <5 windinxe <] 14 ~lo
5 1.0D+ 1.0E1 + 0.5L M 1 Total Dead Loads Z 1 Live Load Z 5 RSAInX hd 1 Strength EQX = Torsion (TFx) d| 1
6 1.00+1.0E2 + 0.5L Selffwt |1 Total Dead Loads |1 Live Load «|.5 RSAINX ~|1 Strength EQX = Torsion (TFx} - |1
7 |[1.0D+1.0E3+05L |Steel SelfWt ~|1  Total Dead Loads |1 Liveload |5  |RsAinx <] Strength EQX = Torsion (TFx) ~ | 1
8 1.00 +1.0E4 + 0.5L Steel Self Wt « |1 Total Dead Loads |1 Live Load «|.5 RSAInX ~«|1 Strength EQX = Torsion (TFx) - |-1
9 RSA X+ Service Tx  RSAinX |1 Service EQX = Torsion (TFx) « |1 | Z 0 hd 0 hd 0

Additional Load Combinations would be created representing just the loadcase 0 Eafid consisting of the permutations of ° RSA

Loadcase°t h e

6Ser vi

such loadcase is shown.
A Response Spectrum Analysis is now run for these Cases & Combinations and an Envelope of Axial Load results can be
viewed for the Seismic Combinations. It is interesting to compare these to a similar envelope from Static Analysis.

Dynamic

72.7

anT
i

-?253‘:

Y

f
Y X

Anal ysi s

206
-11T2.4

ceod

Axi al Leads
0.0 . . 0.0
0.0
% 0.0
7y %8
O o ‘ds
< P e =
e RS
S
0.0 AN 00
0.0 0.0
| o ;
a8 oIS
e (4
0.0 0.0
0.0 0.0
«“ e o]
- . [ =]
3 Ik
I
Y X

s

-144.8

33.9

2386
-1184.6

Bhraelicpdn@omsds RAxi al

-54.8
£7.1

=2308

-203.1

-341.3

(unscal ed Loadkcdsasda tthe) purgoserokdisfdaceendnt chetks.sA smgle

L-® ads

The Dynamic forces are generally somewhat lower. These SFRS forces can now be checked in S-STEEL and give a lower
utilization for the X-bracing design group.

1. Summary of Governing Selected Members for Each Group
Member Group Ste.el Governing Governing Ratio Pass/Fail
No. Name Section Load Caze/Comb Clanze Status
19 [OLUMNE-JOIZTE W20059 Comb 3, 125D+ 1.3L + 0.4W Compreszion 0983  Pass
9 GIRDER.S W460X82 Comb 3, 1.25D + 1.3L + 0.4W Bending 0982  Pass
18  FFRS COLUMNINE W230X73 Comt 3, 1.0D+ 1.0E1 +0.5L | Beam-column stability 0.884  Pass
23 [{-BRACING H5152X4.8 omb 8 10D+ 10E4+ 030 Slenderness 0837  Pass
| 90 [K-BRACING | HS127TX127X43 Eomb 2, 10D+1.0E4+0.5L Compression 0.816) Pass |
I

The check for the SFRS column section is unchanged since this is subject to capacity design and therefore not impacted by
changes in the (seismic) analysis forces unless a change is made to the bracing section size.
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5.5.1 Displacement Check

The displacements can be checked for the combination of the unscaled Torsion loadcase and the Response spectrum load
case (the deflections of which are unscaled as previously discussed).

<% GRAPHICAL RESULTS - Ld Comb 9 RSA X + Service Tx->Deflections

4

54.9
" T
-
o E% a
i =
% E
?[ |
H_\_\-\-\_"‘-\-\_\_\_\‘_\_\_\_H_R
Y

X

EEE

n

The Storey Drifts spreadsheets conveniently calculates drifts as a % of Storey Height.

[Shorcuts B

Geametry
Loads
Graphical ...
Spreadsh...
Murnerical...
g

++

|

5
"
4

i 8]

T

:

Row Storey Ld Comb Height
No No No m
1 1 9 4.000
2 9 4.000
3 9 4.000
4 9 4.000
5 9 4.000
6 9 4.000
7 9 4.000
8 9 4.000
9 9 4.000
10 9 4.000
1 9 4.000
12 9 4.000
13 9 4.000
14 9 4.000
15 9 4.000
16 9 4.000
17 2 9 4.000
18 9 4.000
19 9 4.000

Lower Storey

15

Joint

70
L1
53
55
57
10
12
14
8

2

6

20
59
16
18
60
62
61

Storey X - Drift

Joint mm
24,987
29.357
271172
24,987
22.802
20.617
29.357
271172
22.802
29.357
271172
24,987
20.617
20.617
24,987
22.802
28.469
24,269
26.369

Y - Drift
mm

0.222
1.725
1.725
1.725
1.725
-1.280
0.086
0.086
-1.280
-1.280
-1.280
-1.280
0.086
1.725
0.086
0.086
1.760
1.760
1.760

55.2 Accidental Torsion from Dynamic Floor Forces

Total - Drift
mm
24.988
29.407
27.226
25.046
22.867
20.657
29.357
27.172
22.838
29.384
27.202
25.020
20.617
20.689
24.987
22.802
28.524
24.333
26.428

Step 5. A. (Il) of the procedure, is essentially the same as discussed above save for the following:

1)

2)

% of Storey
Height

0.625

0.735

0.681
0.626
0.572
0.516
0.734
0.679
0.571
0.735
0.680
0.625
0.515
0.517
0.625
0.570
0.713
0.608
0.661

A Response Spectrum Analysis is run instead of Linear Static Analysis prior to generating

Floor Torsion Load cases

Following this, the subsequent procedure is the same:

i. Generate the Static Floor Torsion Load cases in the same manner.

ii. Create Seismic Combinations including © E=8 (RSA Loadcase °T,)

iii. Run Response Spectrum Analysis and check/design/iterate.
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55.3 Move COM

Step 5. B. in the suggested procedure follows the methodology of Sentence 4.1.8.12.(4) (b). This has the advantage of
simplifying the procedure to some extent i no static load cases need be generated i but at the expense of requiring two
separate model files/analyses for each direction considered.

The process of shifting the centers of mass by the required eccentricity (° 0.05Dy) is relatively simple in S-FRAME. As has
been discussed, practically all the mass is concentrated at the Rigid Diaphragm Master Joints. These joints can be moved like
any other joint i provided the move is only in the plane and within the boundaries of the Rigid Diaphragm Panel object.

Rigid Diaphragm
Panel
Shifted RDMJ

|
/Al
/L)
e
"\ILH
;
\

\

0.05D,, = 1.6m ! | )

Since the accidental torsion is now inherent in the model, the Response Spectrum Loadcase is now Loadcase 60 Er@ this
simplifies the Seismic Load Combinations somewhat.

Comb Comb Load Comb Load Comb Load Comb Load Comb
No Description Case Factor Case Factor Case Factor Case Factor
1 Total Seismic Weig Steel Self Wt - | 1 Total Dead Loads ~| 1 |0 |0
2 1.250 + 1.5L Steel Self Wt - | 1.25 Total Dead Loads ~| 1.25 Live Load ~| 1.5 |0
3 1.250 + 1.5L + 0.4W Steel Self Wt ~| 1.25 Total Dead Loads ~| 1.25 Live Load ~| 1.5 Wind in X+ ~| .4
4 1.250 + 1.4W + 0.5L Steel Self Wt ~| 1.25 Total Dead Loads ~| 1.25 Live Load ~|.5 Wind in X+ | 1.4
5 1.0D + 1.0E1 + 0.5L Steel Self Wt ~|1 Total Dead Loads ~| 1 Live Load ~|.5 RSAinX ~|1
6 1.0D + 1.0E2 + 0.5L Steel Self Wt ~|1 Total Dead Loads ~| 1 Live Load ~|.5 RSAinX ~|1
T 1.0D + 1.0E3 + 0.5L Steel Self Wt - |1 Total Dead Loads - |1 Live Load ~|.5 RSAinX ~|A1
8 1.0D + 1.0E4 + 0.5L Steel Self Wt - |1 Total Dead Loads - |1 Live Load x| .5 RSAinX -1
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6 Moment Frame

Say the client/architect insists there can be no bracing on the front elevation of the structure i a moderately ductile moment
resisting frame is proposed extending over both bays over the full height. The concentric braced frame at the rear of the
structure is retained. Clearly this will alter the vibration characteristics of the frame and the seismic parameters.

Following the suggested procedure, an initial study for Gravity & Wind loads gives the following proposed section i all members
in the front elevation moment frame are placed in the same S-STEEL Design Group. A W6102 84 section is proposed.

/

i : Nl 8
Section Properties .&\!ﬁk ="
[ 1 - we1oxs4 i& ',:.:'-- . "".5%
§ .| _ A
[ 2 - W460x82 12841 1 ?

i

3 - W250x73
[ ]4-wW250X67
Bl 5 - HS127X127X4.8 B : ]

Il G - Hs178X4.8
AT -

)
e =

i

LY

ZAVER'SA
\/
"

v

7 AV
l‘ LS
N ANIA

N

N

A

Yy 'V VY Y X
1. Summary of Governing Selected Members for Each Group
Ms{nb:r G*_mup Stelel Governing Governing Ratio Pass/TFail
No. MNames Section Load Caze/Comb Clauzs Status
4 GIRDERS W4603{32 Comb 3, 125D+ 1.5L + 0.4W Bending 0882 Pass
19 [FOLUMNE-JOIETS W230X67 Comb 3, 125D+ 1.3L + 0.4W | Beam-column stability 0.906] Fail
18 [OMENT FRAME Wal084 Comb 4, 125D+ 14W + 0350 | Beam-column stability 0.784| Paz=z
118 [-BRACING HS178%48 Comb 4, 125D+ 14W + 030 Compression 0.768] Paz=
@0 [-BRACING | HSI2TXI127X48 [Lombd, 123D+ 14W+0.5L Compression 0,307 Pass
22 [FR2 COLUMNNE W230X73 [Fomb 3. 125D + 1.5L + 0.4W Compression 0.43| Pass

Since the SFRS system at the rear of the of the structure is a concentric braced frame, we now have a mix of systems in the
same direction. NBCC 2005 requires that the less ductile system govern in this case, so Rd = 3.0 and Ro = 1.3 are retained.
The following table is reproduced from TEDDS.

RS D Related Force Dd atio acto R
Dve eng Related Force Dd atio acto R,
and eneral rRe 0
Restrictions and height limit (m)
s for cases where
Structure Design Type of SFRS Ry R,
IeF,5,(0.2)
<02 >=0.20<0.35 [<=0.35t0<=0.75]  >0.75
Ductile moment-resisting frames 5.00 1.50 ML ML ML ML
Moderatley ductile moment-resisting frames 350 1.50 I NL NL ML NL
[Limited ductility moment-resisting frames 2.00 1.30 ML ML 60.0 30.0
||Mod ductile concentric braced frames: non-chevron braces 3.00 1.30 I ML NL 40.0 40.0
Mod ductile concentric braced frames: chevron braces 3.00 1.30 ML hNL 40.0 400
Mod ductile concentric braced frames: tension only braces 3.00 1.30 NL NL 20.0 20.0
Steel Structures "
: : Lim ductility concentric braced frames: non-chevron braces 2.00 1.30 NL NL 60.0 60.0
Decianed and Detafed Lim ductili itric braced fi : che bl 2.00 1.30 ML ML 60.0 60.0
10 CANICSA_S16 im ductility concentric braced frames: chevron braces : 3 3 ;
Lim ductility concentric braced frames: tension only braces 2.00 1.30 ML ML 40.0 40.0
Ductile eccentrically braced frames 4.00 1.50 ML ML ML ML
Ductile frame plate shear walls 5.00 1.60 ML ML ML ML
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6.1.1 Vibration Analysis

The changed Vibration characteristics are investigated and the dynamic mass checked.
Vibration Analysis Results

Eigen Period (T) Angular Frequency (w) | Frequency (F) | X - Mass Y - Mass
No Sec Rad/Sec Hertz Y %
| 1 0.939 6.690 1.065 76.797 II}.E}U?
2 0.4 13.932 2217 0.223 89.449
3 0.387 16.227 2.583 13.728 2.296
4 0.254 24,779 3.944 6.724 0.005

Four modes are still sufficient for 2 90% mass in the X direction.
T.= 0.939>; 1.530.085%(12)**=0.822

Active Mass
Humerical... 57 63 0.000 0.000 187.910 0.000 0.000 0.000
k4 58 64 0.000 0.000 126.707 0.000 0.000 0.000
5 59 65 0.000 0.000 46.180 0.000 0.000 0.000
ﬂ ; 60 66 0.000 0.000 73.698 0.000 0.000 0.000
= 61 67 0.000 0.000 73.534 0.000 0.000 0.000
62 68 0.000 0.000 73.698 0.000 0.000 0.000
: 63 69 0.000 0.000 45.390 0.000 0.000 0.000
: 64 70 2,432.954 2,432,954 1.975 0.000 0.000 319,873.329
65 71 2,432.954 2,432,954 1.975 0.000 0.000 319,873.329
66 72 1,015.888 1,015.888 1.975 0.000 0.000 125,432.696
W =5882 kN

The building period is increased and the moment frame system will govern for the maximum design period, since the code only
allows 1.53 T¢oqe for this system, rather than 23 T¢eqe for the braced frame system.

6.1.2 ESFP Calculation

The ESFP forces are first calculated éby handd, the same

Importance category

Importance category (Table 4.1.2.1.(3)); NORMAL

Importance factor (Table 4.1.8.5); le =1.000

Calculated fundamental period (4.1.8.11.(3))

Lateral force resisting system; Steel Moment Frame

Height above base to N" level of building; hn=12.00 m

Specified fundamental period; Tspecities = 0.94 sec

Approx fundamental period; Fiﬂn:?n (.53 0.0853 (hn)3'4, Tspecified) = 0.822 sec
Design spectral acceleration; Sta=0.45

desi
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Spectral Acceleration x g

1.000

0.900

0.800

0.700

0.600

0.509,

0.400

0.300

0.200

0.100

0.000

Design Spectral Acceleration S(T) as factor of g

—\0.950

\).650

ouU
Nz
-~ 0.085
T U.0
0 0.5 1 15 2 25 3 3.5 4 4.5

T,- Period of building

From Table 4.1.8.9
Steel Structures: Mod ductile concentric braced frames: non-chevron braces

Ductile related modification factor (Table 4.1.8.9);
Overstrength related modification factor(Table 4.1.8.9)

Rd = 30

A

concentric braced frame

Ro = 13

Governed by moderately ductile

Higher mode factor (Table 4.1.8.11);
Seismic response coefficient
Calculated (4.1.8.11 (2));

Minimum (4.1.8.11 (2));

Maximum (4.1.8.11 (2));

The seismic response coefficient;

Seismic base shear (4.1.8.11)

Effective seismic weight of the structure;

Seismic base shear;

Vertical distribution of seismic forces

M, = 1.00

Cs calc = Sta® My 3 Ig/ (Rq 3 Ro)=0.115
Cs_min = S120% My 2 e/ (Ra® Ro) =0.044
Csmax=23 St023 le/ (33 Rg3 Ro) =0.162
Cs = min(max(Cs _caic, Cs_min), Cs max) = 0.115

W =5881.9 kN
V=Cs3®W=679.18 kN

Height from base Portion of effective Vertical distribution Lateral force
to Level i (m) seismic weight factor induced at Level i
assigned to Level i (KN);
(kN)
4.00 m; 2433.00 kN; 0.222; 150.52 kN
8.00 m; 2433.00 kN; 0.443; 301.04 kN
12.00 m; 1015.90 kN; 0.335; 227.63 kN
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6.1.3

other parameters are as before.

% Preferences

ESFP Static Analysis in S-FRAME

First the NBCC Seismic Parameters must be reviewed 7 w e

set the 6T max period in Xiie

Preferences Dialog Box is Common to All Windows. . ok
General T Interface T Salver T Resultz T Design Codes Eerieel
Building Code Steel Databasze and Steel Design Code -
NBCC 2005 = Steel Database [Canadian 2005 [CISC)  ~ ]
Concrete Design Code
|ESA 2004 j Steel Design Code | CAM/CSA S16-01 j
E quivalent Static Force Procedure for 5eismic Analysiz
NECC 2005 1
T max period in nsz2 B0 | Accidental Torsional Factor ,17
T max period in Y H Fec Importance Factar '|e' 1
# Ductiity Factor ‘Rd' ’37 # Higher Mode Factor #+' ,17
# Overstrength Factor 'Ho' ’137 # Base Dverturning Factor J* ,17
" Ductility Factor ‘Rd" ’37 *r Higher Mode Factor by ,17
' Overstrength Factor 'Hao' ’137 't Base Dverturning Factor J* ,17
# Deflection Amplify Factor ’07 1 Deflection Amplify Factor lﬂi el
Help

The results of the ESFP method can be seen immediately graphically by viewing S-FRAME Reactions i the ESFP forces are

shownatt he RDMJ&6s as previously noted.
Vertical Distribution
LdCase b _:_g
Shear X=-6796kN | = V &
Jl{ .
ShearY=0KkN _;‘}
ShearZ=0kN =
150
Moment X = 0 KN-m N
A el
Moment Y = -5745.4 kN-m A | Al
-2, + ;q'_z's -2.6
= . - 4 -4
MomentZ =10873.3 kN-m a7 | 909 645
Y w *F +
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6.1.4

Following the suggested procedure, the Earthquake Load cases (which are the same as those required for the assessment of
t he

Preliminary ESFP Design

B) are now generated as per step 5. () 0 E=8 (FX °TxX)and 6aSds are incuded i thecSeismic Combinations.

. Generate Equivalent Static Forces from RSA Case

Generate 2 Equivalent Static Force Load Cases from BSA Case

[u]3
LCancel

B

E quivalent load extraction options
(" Estract Lateral Loads

Load Caze Mumber

el

I Y v W . S O F .

/N

There is little point in assessing B at this stage, since the moment frame section sizes may need to be increased to resist the
seismic forces which will affect stiffness, hence displacement and frequencies and forces. It is sensible therefore to go through
an initial design iteration for the ESFP seismic loads. An S-STEEL code check shows that the initial section is indeed failing
due to increased forces. It is interesting to note that the Y-bracing is also required to resist higher forces due to torsion of the
structure (moment frame is less stiff than braced frame at rear of structure), so even thought the Y-direction is not being
considered in the example, it cannot be ignored since we have a 3D model.

| 1
1. Summary of Governing Selected Members for Each Group
Member Group Steel Governing Governing Rati Pasg/Fail
No. Mame Section Load Caze/Comb Clapze _'Smu.a\
23 [Y-BRACING HS178X48 Comb 7, 1.0D+ 1.0E3 + 0.5L Compression F .33 Fail \I
18 PLOMENT FRAME Wel0X84 Comb 6, 1.0D + 1.0E2 +0.3L Beam-column stability \\_ 1.042 Fail
g GIRDEERS W460382 Comb 3, 125D+ 1.5L + 0.4W Bending e
19  [OLUMNI-JOISTS W230X67 Comb 3, 125D+ 1.5L + 0.4W | Beam-column stability 0808  Pass
il F-BERACING HS127TX127¥48 LComb 8, 1.0D+ 1.0E4 + 0.3 Compression 0.734| Pazz
17 EFR3 COLUNING W2I0XT3 Comb 8. 1.0D + 1.0E4 +0.5L Beam-column strength 0472 Pass
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A design/analysis/check iteration gives the following set of section sizesit he 6 Moment Framed secti
W530382a nd t-ihrea os€ctiondo a HS21934.8.
1 1
1. Summary of Governing Selected Members for Each Group
Member Group St elel Governing Governing Ratio PassFail
No. MName Section Load Caze/Comb Clauze Status
23 [Y-BRACING HS219H4 8 Comb 7, 1.0D + 1.0E3 +0.35L Comprassion 0.934 Pazs
g IGIFDEERS W460X382 Comb 3, 125D+ 150 +0.4W Bending 0.9382 Pazs
19 [ZOLURDVE-FOIETS W20 67 omb 3. 125D + 1350 + 0.4W | Beam-column stability 0.907 Pass |
| MOMENT FRAME W3530382 Comb 6. 10D + 1.0E2 +0.35L Beam-column stability 0.874 Pazs
g F-BRACING HS127X127X48 [Comb 8, 10D+ 1.0E4 +0.5L Comprassion 0.773 Pazs
17 pFRS COLUMMNE W230x73 Comb 8, 1.0D+1.0E4 +05L | Beam-column strength 0,493  Pass

At this stage the generated Lateral Force + Torsion load cases are updated and B is checked.

% =% I b - Strength EQX = Lateral Force [Fx) 1

B Al Storey [ &l Load Cases |6

[ Wiew Groups
Shorteuts X Row Storey Ld Case Floor Fx Floor Fy Torsional Torsion From Fx Torsion From Fy Over
Geomaty No No No kN kN ensitivity (B) kN-m kN-m K
™ Lo | 1 b s 150.696  0.000 1.688 0.000 0.000 0.000
| 2 2 i} 301.393 0.000 1.623 0.000 0.000 0.000
Erepifed 3 3 6 227932 0.000 1578 0.000 0.000 0.000
Spreadsh..

Mumerical...

ij

B = 1.69 < 1.7 so Dynamic Analysis is not required though it may be interesting to investigate this for this type of SFRS.

D N
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6.2 Dynamic Analysis i Moment Frame

A response Spectrum Analysis is run with the Scale to Code Base Shear option enabled, and unchanged Vibration solution
parameters. Itis interesting to compare the results with those for Static Analysis (of ESFP loads)

Displacement and Bending Moment Diagram (kNm) ESFP Lateral forces

L L L

Y X
Span Deflections = ON Span Deflections = OFF Bending Moment Diagram

/\ 302} 271.2
2 Disjointed / s 3 ‘°

v x v v X ! ¢ Y X
As for the previous model, the modal combination results can appear disconcertingly unintuitive (if intuition assumes
equilibrium). Initially the displaced shaped may look odd, though it is somewhat similar to that for the static ESFP loads. There

are clear disjoints in the displaced shape. This is a consequence of two things

o0 the MCM (CQC) results are unsigned and hence not in equilibrium
o by default S-FRAME applies the principles of equilibrium and the conjugate beam to develop internal member
forces and displacements by integrating along the member from its start joint.

The advantage of the latter approach is that a simpler model with less elements can be used and analysis time reduced.
However, since for RSA Modal Combination the joint results are not in equilibrium (they are un-signed) this integration does not
result in the end-joint displacement, hence the discontinuities. Internal member displacement integration is turned off via
Settings/Span Deflections, in which case S-FRAME simply linearly interpolates (i.e. draws a straight line) between the joint

displacement positions. This produces the diagram to the right above, which is much more persuasive since end-actions
predominate in the moment frame.
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Similarly the moment diagram looks odd i again all values are positive. S-FRAME automatically applies linear interpolation to
the force results for Response Spectrum Load cases subject to Response Spectrum Analysis, so it is not necessary to turn
integration off. The diagram does not accord at all with the displaced shape, but this is due to the RSA Modal Combination
Method. It can be seen that this present difficulties for rational combination of RSA results with other static cases, and it is

impossible to assess the curvature of the elements and thus appropriate bending coefficients for beam-column design. What
can be done about this?

6.2.1 @orrowingdSigns

S-FRAME offers the option of Assigning the signs of the dominant mode to the RSA modal combination results. Recall that S-
FRAME offers the option of viewing the individual modal responses direction, and that these are a) in static equilibrium and b)
unscaled. The dominant mode is the mode with the highest Mass% and which thus contributes the most to the modal
combination results.

Mode Shape 1
Frequency =1.021 Hertz
% Error =0

Mass X =76.933%

Mass Y =0.006% i

Mass Z =0%

F
v v !

Mode#1 X-Mass% = 77%. We can view the displacements (which is simply the scaled mode shape) and the resultant forces for
this mode i results are in static equilibrium and are therefore signed.

1= S-FRAME - C:A\WORK\DEVELOPMENT\S09\RSA CASE STUDY\3ST MAY09\RD2\MOMENT END FRAME-S_DES1.TEL - [GRAPHICAL RESULTS - Ld Case 5...

E3- Fle View Select Settngs Optons Run  Window Help
NSH&E » ¥-Q-#e2h¢Rk ALk & +P 2 =i
o | - B .7 None - i -k ||5-R5Ainx i = e
Ok Load Ligt Fange ~ Load Cases 5 Which Section? Al Sections + Which Type? Al Types + Stations 11
Yo 6!5' Mode Shape 1 | D= ﬁ‘ Dy g Dz g R g Ry gg Rz gg" resuttant gy none 9 Animate 14
Shortcuts X = —
Modal Response - Dominant Mode = 1
et 140.8 140.8 140.8
Loads
Graphical ...
L
ol
li" 122.4 122.4 122.4
++ & -] L]
= 1 98.6
= 81.4 81.4 81.4 - . . .
=)
1 s g o = o
w A 3 7
- 3 S
- 0. 0.0 0.0 ‘
it Y X ¥ X

It is logical to propose that the combined modal results could have these signs and this might more reasonably reflect the
behavior in reality (than all positive results, which are certainly impossible). Hence the concept of assigning the signs of the
dominant mode results to the Modal combination results. This is a recognized method of allowing more rational combination of
all-positive RSA results with static cases and is implemented in a number of analysis programs including S-FRAME.

© Copyright by S-FRAME Software Inc. - 2010

S-FRAME >
SOFTWARE

www.s-frame.com




This option is effected via Settings/Preferences/Solver - since this is not a post-processing operation this change requires a re-
analysis.

. Preferences

Freferences Dialog Box is Common to Al Windows...

General T Interface T Salver T Resultz T Deszign Codes

Sequential Construction Options [Available Only In Enterprise Edition]

LCancel

Lg

[ This structure will be modeled and analyzed using a staged construction sequence

Performance Options

8 Use Sparse Solver [nomally faster for larger models)

) Usze Skyline Solver [normally faster for smaller models and requires more Féh ]

[ Let Salver [rather than GUI) calculate wal intearation line forces [must be checked if AS& cases exist)
[ Usze Console version of the solver [better performance and normally used for very large modets)

[T &lwaps close solver window after analysis is complete

[ &llow access to results - even when erars have occured

[® Usze lumped mass rather than consistent mass matrix

I [X:ssign dominant modal response signs to response spectium analysis results! I

[ Include the 'Diiling Degree OF Freedom' for quadrilateral shell elements

The Moment Diagram for the Modal Combination results now looks very similar to that for Mode#1 i note that the magnitudes
of the forces are unchanged. Clearly in a moment frame such as this where end-actions predominate this has a very large
effect on the forces in the middle of the member (over all-positive results).

y Moment (kN-m)
369.6
21
2546
1971
139.7
82.2
247
-32.8
-90.3
-147.8
-205.3

-262.7

BERRRRRACOEN

-320.2
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6.2.2 Refined Model

Another option, possibly used in conjunction with that above, is to refine the model. The modal combination results are only
6correctd6 at joints, so if a more accurate representatongpn
the member 7 i.e. more analysis elements used per structural element. This requires subdividing the elements of interest i in

this case the elements of the Moment Frame SFRS.

This is simply achieved in S-FRAME using the Group to select the elements to be subdivided, enabling Physical Member
Modeling (if not already on) and subdividing. S-FRAME simply adds joints along the length of the member but all the original
member continuity and numbering (for results and steel design) is retained. S-FRAME internally subdivides the Physical
Members into analysis elements then collates and presents results only for the Physical Member.

DEVELOPMENT\S09

B3 File Edi Define Select Settings Options Run He
DEE&E 2 4 BR@X D3 BE o ¢ G-l k& [ %
(5] - B a5 HE More -8 W - ok L o1-weamkez -
I0 1-Steel (US&CAN]  +  Member Types Beam -
Ok o/ Joints 0 Members 0 Shells 0 Fanels 0 Diaphragms 0 Two Members &g Three Joints 3 Include Joints <7 Invert Selection 1%
Shortcuts X 1 Moment x j
Geomety E My Structure A
B 4rea Load Members i .
Subdivide E| ts... k
(23 Steel Frame (divice Elements C
=) [ Frames Members Cancel
u [0 Lirks
) s fe-|
@
{55 ) Tiiarigulr Elements
5
S Y o u [ Links
Qa1 i Liriks
155 ] I+ -
| Loads | o O Guadhiatera Elements
Graphical ... | | Floars L ,7 . ™
s h 12 Columns uff Lirke
preadsh... 3 Main Beamns w i Links B4
Mumerical + (23 Panels Help
= S s —_—T r—|
Cad Details v b X 2 e =
Design Model Organizer ﬂ ‘ -
&oif kot eon Lo WMo Lo Lor y@or A off Gnd Oﬁl A on I »

Assigning Dominant mode signs is turned off and re-analysis (RSA) performed. This produces a moment diagram that is still
rather odd from the perspective of equilibrium but with more meaningful magnitudes of internal member forces

y Moment (kN-m)

3694
3386
307.8
277.0
246.2

2155
184.7
153.9
1231

923
61.6

BERRNRNELOEN

0.0
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6.2.3 Final Analysis & Design

Implementing Step 5. A. (I) of the suggested procedure, the Static Accidental Torsion forces are generated from a Linear
Static (ESFP) analysis, and these are then combined with the RSA Loadcaset o pr oduc e t hingheéeisic | o ad
combinations.

Final Response Spectrum Analyses are performed with the option to Assign Signs both on and off i it can be seen that in this
example this has no result on the Bending Moment Envelope for all design combinations.

BM Envel ope AAssignihg 3idns isOFF BM Envel ope AAssignihg Sidns isON
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