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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 — many of which are offered via the internet - available as part of the Structural Engineers Association of BC
Certificate in Structural Engineering (CSE) — 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.
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1 Exampl e 5

Example 5

Fig. 9 shows a building that is part of an industrial facility. We want to study
the response of the building to the N-S component of the recorded accelerations at
El Centro, California, in Mayo 18 of 1940. We are interested in the response in the
direction shown in the figure. Damping for the systewm was estimated in & = 5% of
critical. All girders of the structure have width b =0.40 m and depth h = 0.50 m. All
columns have square section with a cross section dimension h = 0.50 m. The
material of the structure has a wodulus of elasticity E = 25 GPa. The self weight of
structure plus additional dead load is 780 kg/m® and the industrial machinery,
which is firmly connected to the building slabs, increases the mass per unit aren
bif 1000 kg/m?, for a total mass per unit aren of 1780 kg/m*.

Fig. 9 - Example 5

Further assumptions of the building/analysis model either discussed within the body of the example or not stated
explicitly are:

a)
b)
c)

d)
e)

Supports are fully fixed.

Floors act as rigid diaphragms.

Mass distribution is idealized as concentrated at the floors only; hence column and girders elements
are massless.

Shear stiffness of elements is not considered.

Beam-column connections are rigid producing a Moment Frame SFRS

© Copyright by S-FRAME Software Inc. — 2010

S-FRAME
SOFTWARE

www. s-frame.com




2 SSFRAME Model

The frame is input as per the Example details and dimensions. One analysis element per beam/column is used.
The X-axis is chosen as the axis of displacement in S-FRAME and since the frame is regular it is convenient to use
S-FRAME'’s regular framework model generator with the following input:

w Edit Regular Framework

Generate frame with reqgularly spaced bays...

Folder base name Lewvel

[~ Include ground floor members

—Z - Storey Height

" Include Internal Elements

C None

Z start ID_D m

) Triangular Elements
Mo, of IE
shoreys ) Quadrilateral Elements
Stare m
Heig}:,v[ I3 (®) Beam Elements

— ¥ - direction

—¥ - direction

K ghart ID_D m W ghart ID_D m
No. of Bays |2 Mo, of Bays |2
B ay \width IE m Bay 'width IE m

Help |
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Section Properties

Il ' - Girder Section

[ 2 - 0.5m Column Section
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2.1 Sections

S-FRAME'’s Tapered section tool is used to create the ‘Girder’ and ‘Column’ sections (sections do not have to be
tapered). Sections created in this manner will render correctly and can be readily edited.

Editlocal section database Close |
Section Mame |Girder Section User Defined B Hide Section Numbers %
i Updat
Comeit Scallan i [ Exponential Format ﬁ
Girder Section 2 ’7 Add
Column Section Inertia (y] |4166666700.0 mmé
LDelete
Edittapered section dimensions Add
Dbase...
Section Mame |Girder Section Cr) Custom,
Up =
=
Edit Dimensions Properties at "Start Mode' -
zar
i 416666E6EE. BEEET
® Edit section at 'Start Node' Inertia 1] e
i 2BRBREEEEE. BEEET New
O Edit section at'End Nade' IFEia (e i

|I .hr_-[ w Rectangular Sections
IIH!Q Bf= [N -

Lg

LCancel

N\

As per assumption (d) the Shear Area (Av) of the sections is set = 0 in which case S-FRAME will not calculate
shear effects. There is no reason why this should be done in practice; while shear effects are often small enough
to be neglected they nevertheless occur.

[

( Section Properties Tool

Editlocal section database Cloze |
Section Name |Girder Section Uszer Defined % Hide Section Mumbers Cancel
Current Section 1 Update

[ Exporential Format

Inertia () |41BEEEE700.0 mmd
Inertia [z) |26BEEEE700.0 mrnd Delete

Tarsion Constant |SE45653300.0

Girder Section
Column 5ection

mmd

mm2 Dbasze...

Pl el

Eurrent Color Shear Aveaz) |0.0 mm2
Cugtom...
. Other... Gross &rea (] |200000.0 frs
Plastic section moduli Stress Point (21) 007 mm
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2.2 Materials

Since the building mass in the example is idealized as concentrated at the floors a zero density material is created

for application to the frame members so extra distributed mass is not introduced.

Material Modulus of Elasticity;
concrete for short term loading)

E = 25 GPa = 25000 N/mm?; (we note that this is a typical value for reinforced

[ Material Properties Tool 1

Edit local material database

X

Close

Current Material 1

Material Hame |Frame M atenial Zero Mass

Current Calor

[

[ Hide M aterial Mumbers
[~ Exponential Format

Youngs Modulus (E] |25000.0 MNAmm2

Shear Madulus [G) |10400.0 MNAmm2

. Zero IFolce Density |00 I N

Temp Cosfficient |00 /C*1.0E+6
“ield stress [Fy) (0.0 MAmmz2

Lancel

Update

Delete

Merge. ..

Save

Save bz

Help

dddaaddda

A realistic value of G (shear modulus) is also entered as this is a component of the S-FRAME Beam Element
stiffness matrix for both shear and torsional stiffness and hence is generally required for stability of a 3D model.
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2.3 Rigid Diaphragm Floors

As an alternative to using Panel Elements, S-FRAME'’s Constraint Tool is used to model the specified Rigid
Diaphragm Floors. — Brief explanation of constraint concept here -- Firstly Constraints are created for each
floor. The Constraint Tool includes the options of applying different translational and rotational masses and
eccentricities for each constraint, though this is not required for the Example — all these values are left as zero.

= Constraint Properties Tool E
Edit constraints Close
Constraint Mame Floor ™ Hide Constraint Humbers LCancel
. [ Auto Find Master Joirt In Z-Plane
Current Constraint 1
Update
O
# - Eccentricity 0.0 m Add
E:gg:g Y - Eccentricity 0.0 m Dekte
E:gg:g Z - Eccentricity 0.0 m
Translational Mass |0.0 kN "2
* - Rotational Mass |0.0 kM-m”™2
Current Colar X ~
Y - Fotational Mass |0.0 kN-m"2
m‘ Z - Rotational Mass |0.0 kN-m”2 Help
The Constraints are applied in turn to each floor — the optionto, Aut o Fi nd (j oiismgedin i n

conjunctionwith,, Fi nd CIl| o s &t lattedoptiomreférs to the Constraint Master Joint (CMJ), since a joint
already exists at this position (the middle of each floor). The Master Joint is located at the centre of mass of each
floor. When a constraint is applied, S-FRAME confirms this graphically by; colouring the CMJ red, drawing dashed
lines from the CMJ to constrained joints to represent the influence of the constraint and assigning the constraint
number to joints.

1=a S-FRAME - C:\Work\ExamplesiS-Frame\THA\BaseMotion\ExS\EXAMPLES-CONSTRAINTS CUMPED-X. TEL - [GEOMETRY] m
B9. File Edit View Define GSelect Settings Options Run  Window Help - | X
DEES » BB 2I X EO CRCRE . TR S IR
B 2d view? - % B b Base -5 W - ﬁ i ;I 1 - Girder Section -
,I-,l 1-Frame Material Zero ~  lember Types Beam -
Ok & Slave Joints 0O I 1 - Floar! - AuoFindInZFlane = Find Closest Joink - IGsnsratE Folders (&
Shartcuts X My Stucture X d
Geomety | |2 IERRaNY . 2 .
— @ Area Load Mermbers Choose constraint and application method
md (23 Columns —_ . -
(Z71 Beams ’_‘ \.
ﬂ]]]] + (Z Floors | 2 ‘.’"‘h g
:3-!; (2 Floor Master Joints =\§!'
& s
=
==
2 ™. Constraint Tool '..l-’ibg
g Ee=2tbe
i — e
! ﬂh.
= T
Click Joint =
ick Join ] ﬂﬁg-
‘- -‘ﬂ"." B -
Loads \ =§§g'
Graphical g%%%
Spreadsh... - ’.!,
Numerical... e “ﬂ_ &
Cad Details y .. Y

4
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2.4 Building Mass

The ‘Translational Mass’ option of the Constraint is not used since this automatically applies mass in both X and Y
directions (to the Constraint Master Joint) while the Example only requires X-Mass. Instead, the Lumped Mass
Tool is used to deliberately apply X-Translational mass only to the CMJ’s. This will simplify the Vibration modes of
the model.

For convenience, since engineers usually work in terms of weight rather than mass, S-FRAME describes mass in
terms of force units.

2.4.1 Floor Mass

Total mass per unit area; m = 1780 kg/m®
Floor area; A = 12m?312m = 144.000 m?
Floor Mass; M;=m3 A; =256.320 tonne; (Example rounds this to 256 Mg)
Floor Weight; W, = 2563 103kg3 Jace = 2510.5024 kN
( SUS-FRAME - C:\Work\Examples\S-Frame\THA\BaseMotion\Ex5\EXAMPLES-CONSTRAINTS CUMPED-C.TEL - [GEOMETRY ] E
B Fle Edit Wiew Define Select Settings Options Run  Window Help - | &
heEdE # iax 22 EXEBEO (SAJURY . WA 1 A o® ?
By 3d view? - B .7 fi Bawe - & - # k. Ll 1 Gider Section -
.I-,. 1 - Frame Material Zero ~  Member Types Beam -
Ok w Jointz O Lumped Mass * - Force +~ Magnitude 0. kM
Shartcuts X My Structure x j
Geometry = &
Area Load Members
=] 3 Colurmng B E 110
S
[ Floars b
[Z Floor b azter Joints - B ""‘ m‘fm

/

A VA A LA L
|

Lumped Mass

L~ Tool

iR H% N,

AVAVAY,
i

B/
Bl

T3 o o
2l Iy

'/‘

21

SR
I AERARN AR AR AR

B

NN

Loads "r'{
e |
Graphical ... “'-4.."5 5.-._
Spreadsh... h.- " b
Mumerical... % l [ X
Cad Details
=

Dresign Model Organizer ﬂ | LI_‘

©orr ot akor e o ASorr o L o ©orr o x off sFoir o »
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3 Fl oorr Number s

Finally Floor Numbers are applied to joints to identify floors. This enables S-FRAME to calculate storey drifts,
shears and floor forces. This completes the modeling process.

M by Structure x
Geametry M— 7
T B Area Load Members 7
: j [ Colurnres 7
e *.Q::;Qb
u]]]] Floor Master Joints ; , EQ'I—‘FI‘
: g =ity
ES Floor Numbers ﬁ!’ﬁgg!b
Tool 'ﬁggsi‘
B %ﬂFﬁEJ.
SeIE =g
Y e
Loads §!=i#‘-‘.>
Graphical .. ) hﬁgﬁﬂ‘
e ] L i

4 Static Anal ysi s

Although not strictly necessary for the Example, in practice it is sensible to first assess results of an analysis of
static loads. We are interested in lateral inertial forces — i.e. a portion of the building weight applied laterally - and
the building mass is modeled using lumped mass, so this can conveniently be performed by specifying a
Gravitational Factor in the X-axis direction. We could, for example, enter a value of 0.25 for a uniform acceleration
of all the masses of 0.25g.

Edit Load Case Description. Status and Multipliers...

Static Lateral 0.25g

Load Cage Description:; LCancel

Load Case Mumber 1 [ Inactivate the lnad case Delete

Gravitational Factors

w |28 T o z |0
Scale |1 Current Caze

Load Typpe: Static Load

Static Lateral 0.25g

Linear Static Analysis of this gives the following displacements, reactions and total base shear.

duil

Update
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I ="~
96.4 ﬁh—-i‘-&
E"-'g Ld Case 1
T s
84.05 sl ] Shear X = -3765.75 kN
.ﬂ=ﬁE!l Shear Y =0 kN
§6/10 hﬂ==ﬁg ]
-‘l-.-_#‘l Shear Z = 0 kN
é / - ﬁ%==%g Moment X = 0 kN-m
=99 "!=i"=gl Moment Y = 39540.41 kN-m
st / ‘;EEE@E Moment Z = 22594.52 kN-m
7 _‘a h{"'#a 198.53 = 378.36
= ;i 4
, L‘ b ‘llﬁ 4

X Y

Check; Floor force; Fj=0.253W; =627.63 kN

Total force; SF =6%w, = 3765.75 kN

It is interesting to note at this point that Reference [3] gives an approximate formula based on Rayleigh’s principle
that “is suggested in many building codes” for the fundamental natural period from a static lateral analysis (where
perhaps a direct vibration analysis is not available). In practice this could be a good idea to provide an initial idea of
the expected building analytical (rather than empirical) frequency

Eq. 12.23 Ref[3]

Where; w; is floor weight; u; is floor displacement; F;is floor force

Any convenient set of lateral forces can be used such as code ESFP forces, though to derive these a first guess of
the building period is required, the code’s empirical method usually being used. Using the above forces and
results gives an approximate period T = 1.15s as follows

S-FRAME
SOFTWARE

www. s-frame.com

Floor u(mm) u (m) W (kN) Fs (N) w (N) Fs*u w*u’
6 103.58| 0.10358| 2510.5 627625.6] 2510502.4| 65009.46| 26934.72
5 96.42| 0.09642| 2510.5 627625.6] 2510502.4| 60515.66] 23339.68
4 84.05| 0.08405( 2510.5 627625.6] 2510502.4 52751.93| 17735.2
3 66.1 0.0661| 2510.5 627625.6] 2510502.4| 41486.05| 10968.91
2 42.99] 0.04299( 2510.5 627625.6] 2510502.4| 26981.62| 4639.76
1 17.08| 0.01708| 2510.5 627625.6] 2510502.4 10719.85| 732.3798
S =| 257464.6| 84350.65
T= 1.15s
© Copyright by S-FRAME Software Inc. — 2010
12




5 Vi

brati on

An al

y s i

S

Before running Time History Analysis, the vibration characteristics of the structure are assessed and verified. The following
Vibration settings are initially used; Jacobi Threshold Eigenvalue Extraction Method (since the model is relatively small and
has few modes) and 6 Eigenvalues (mode shapes) requested.

Analysis type options
O Linear Static
) P-Delta Static

)
I ® Unstressed Yibration
d ﬁon

() Manlingar Strezzed Yibration

) Unstressed Response Spectrum

) Linear Diynamic: Time History

C

) P-Delta Buckling

O

() Linear Static Maving loads

O Monlinear Static Moving Loads

) P-Delta Strezsed Responze Spectrum

) Monlinear Streszed Response Spectum
Solution trail detail

|Sectiun Titles ﬂ

Rigid Body Motion coefficient

Shift Factor 1}

Eigenvalue Extraction Method

1 Yersion 5.4 Subspace Iteration
Yersion 7.8 Subspace lberation

® Jacobi Threshold [for small models)

k

Jacobi parameters

Max lterations

Taolerance

50
1.000000E-12

I Taotal Eigervealues

P

0

Cancel

Defaults

Hads

Unstressed ¥

Load Case Mumber

ations For

e

:

Help

Since the mass has been idealized S-FRAME finds only X-direction modes — these can be viewed in the Numerical Results

Frequency Spreadsheet.

[ &4 S-FRAME - C:\Work\Examples\S-Frame\THA\BaseMotion\EXO\EXAMPLES-CONSTRAINTS CUMPED-X. TEL - [NUMERICAL RESULTS - Natural Freq... :

B File Edit View Search Format Settings Options Run Window Help -
DS & [Pl 4R~ Q= % 3
% gg |Mode Shape 1 Frequency =0.8651248 j =
[X Wiew Groups
Sharteuts X | Figen Period (T) Angular Frequency (F)| X-Mass | ¥-Mass | Z-Mass | PartFact | PartFact | PartFact
Geometry No Sec Frequency (w) Hertz % % % X Y z
Loads 1 1.156 5.436 0.865 81.175 0.000 0.000 1,116.431  0.000 0.000
E—— 2 0.362 17.372 2.765 10.576 0.000 0.000 402.982 0.000 0.000
rapmcal ...
| e 3 0.196 32.128 5113 4.315 0.000 0.000 257.401 0.000 0.000
Szt 4 0.126 49.923 7.945 2.333 0.000 0.000 189.265 0.000 0.000
Mumerical . 5 0.091 68.962 10,976 1.216 0.000 0.000 136,637 0.000 0.000
6 0.075 84.322 13.420 0.385 0.000 0.000 76.917 0.000 0.000
© Copyright by S-FRAME Software Inc. — 2010
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51 Vibration Results Comparison

Comparing S-FRAME'’S results to the example there is excellent agreement. We note that the approximate fundamental period
of 1.15s from a Static Analysis discussed in section 4 above was indeed a good approximation to the first mode’s period.

S-FRAME

Eigen Period (T) Angular Frequency (F)
No Sec Frequency (w) Hertz
1 1.156 5.436 0.865
2 0.362 17.372 2.765
3 0.196 32.128 3.113
4 0.126 49.923 7.945
3 0.091 68.962 10.976
B 0.075 84.322 13.420
Reference
Mode = e R T
(rad/s) (rad/s) (Hertz) (s)
1 29.108 5.39 0.859 1.16
2 301.81 17.4 2.76 0.36
3 973.78 31.2 4.97 0.20
4 24943 49.9 /.95 0.13
5 4686.5 68.5 10.9 0.092
6 7113.8 84.3 13.4 0.075
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6 Ti me Hi stor Anal ysi s

6.1 Time History Load

The Example specifies the N-S component of the ‘El Centro’ 1940 record which can be found in the S-FRAME
library of Accelerograms. A new Time History Load case is created and the records accessed as follows.

The Support Excitation Type and the chart button clicked to access the record library files.

| Ttme History Analysis

Apply Excitation Force or Accelerogram
Excitation Type Cancel
" Modal Excitation IF Support Escitation f_“

#-Scale |11 Y- Scale 0 Z-5cale |0
|

Plot Record

Select Record

File Narne: IC:ADacuments and Settingsall Users\application D ata\Softek Services\D ata BasesiDynamichdccsmall. dac
Accelerati Yelocity | Dizpl 3 -~
Fecord :_:nﬁ;::gn C;?;;g P ?:c;men | Acceleration Time step Sec
1 -4.854 21589 Welocity Time step sec
2 -108 -4.936 1.E48 Displacement Time step see
3 101 B37 1.025
4 -88 -5.848 27E tdax Acceleration Points
5 95 -B.357 - 604 b an Welacity Paints
- B 120 6.724 1.534 | . |L tdaw Dizplacement Points Help
10: NORTHRIDGE EARTHQUAKE - SYLMAR COUNTY HOSPITAL (90 DEG) fad

11: "LOMA PRIETA EARTHRUAKE - DAKLAND OUTER HARBOR WHARF"

12: "IMPERIAL YALLEY EARTHQUAKE - EL CENTRO"

13: "KERN COUNTY EARTHQUAKE - TAFT LINCOLN SCHOOL TUNNEL"

14: "IMPERIAL YALLEY EARTHQUAKE - EL CENTRO"

15: "PARKFIELD EARTHQUAKE - CHOLAME, SHANDON"

16: "MORTHRIDGE EARTHQUAKE - ARLETA and NORDHOFF FIRE STATION™
17: "5AN FERNANDO EARTHQUAKE - POCOIMA DAM™

18: Synthetic Curve 41 |
=] 19: User Defined Record il

Open... | Save Az | | Delete | Print | (]9 LCancel
The correct record (in the ‘Accsmall.dac’ file)is# 14 “ |1 mper i al V a-lEll e \}C el dheto Hrgtwa k €

such records with this main title, the header description gives the direction—6 2 7 0 D e gguatng ® fhe N-S
direction. To apply the record for analysis in the X-axis direction it is selected and OK’d then an X-Scale factor <>0
is entered. We note that sign (not the magnitude) of the results of the Example are consistent with —ve values of
the Accelerogram data presumably due to the choice of sign convention for analysis. Hence to obtain the same
signs as the Example results X-Scale = -1 is entered.
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6.2 Damping & Rayleigh Damping Coefficients

S-FRAME employs a Newmark direct time integration method for Time History Analysis, not the modal combination
method used in the Example. For more detailed information on Time History Analysis theory and solutions see
S-FRAME’s Theory Manual, and References.

While the Example sets a constant damping value for all modes, this is not possible for the direct integration
method employed by S-FRAME. Damping is a function of frequency and is introduced via the Rayleigh Damping
Coefficients a and b which are used to form the damping matrix [C]. It is important to note that these coefficients
are NOT themselves damping values. For non-zero values of both a and b a desired value of damping zan be
set precisely only for two frequencies, w, and ws;. Note that the damping value Zs a percentage (of critical
damping) and the frequencies are angular frequencies win terms of radians/s, not Hz. The values of a and b
which produce the desired damping value at these two frequencies only can then calculated (from the following
equation (see References 1. and 2) and input into S-FRAME for analysis.

al 2 [0

Bl o +o, | 1

Damping for other modes is a function of their frequency and hence will # z (the desired damping). ldeally the
damping should be reasonably close to the desired value for modes which contribute significantly to the response.
Hence a prior frequency analysis such as has already been performed is generally required to determine the
model’'s frequency characteristics and make a rationale choice of two frequencies for which to calculate a and b.
If only one or two frequencies dominate the response then the choice is obvious. Otherwise two frequencies can
be chosen which give a reasonable approximation to the desired damping for a range of frequencies in which the
modes which contribute most to the response fall. Reference [1] states:

It is convenient to takey, as the value of the fundamental frequency angdas the frequency
corresponding to the last of the upper modes that significantly contribute to the response. This way
first mode and modswill have exactly the same damping, and all modes in between will have somewha
smaller similar values and theodtes with frequencies larger tha&g will have larger damping values thus
reducing their contribution to response.

Since the Example uses a modal time history approach method of solution, where damping is explicitly set to
precisely 5% for all modes, and since this is not possible in S-FRAME due to the nature of the direct time
integration solution, we do not expect precisely the same results.

he

—
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As discussed in the Example, modes 1 and 2 dominate the response hence the frequencies of these are used to
derive a and b from the relationship given above for 5% damping:

2X 2X
a= —WVS' and b=—"—"__
W + W W +
Damping; Z2=5%; 1% mode; W; =5.436; 2" mode; W =17.372

a = 23Z3 W3 Ws/(W + Ws) = 0.414040
b =23z/(W; + Ws) = 0.0043844

These values produce the following damping vs frequency plot

Rayleigh Damping —— Total Damping Ratio

Mass Damping

\ Stiffness Damping
14.00% — Mode 1
—— Mode 2
0 \ —— Min Damping
12.00% \ —— Desired Damping
10.00% /
2
IS
0 d
© 8.00%
o
£
IS
a
6.00%
4469
2.00% =
0.00% 6-865— 27+65— T T .
0 2 4 6 8 10

Frequency (Hz)

The damping for other frequencies # 5%, as can be seen from the plot, and can be determined precisely from;

a b
=8 0w
2w 2
Mode 3; f3=5.113 Hz; W3=232.128; z,=al/(23Ws)+ (b3W3)12=7.7 %
Mode 6; fe=13.42 Hz; Wg=84.322; z3=al(23Wg) + (b3Wg)/2=18.7 %
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6.3 Constant time step size

Next the analysis Time Step size Ds considered. The time step size should be sufficiently small for accurate
analysis. However, the smaller the time step size, the higher the ‘cost’ (in terms of computational time) of analysis
for a given duration of analysis — e.g. the first 15s of the input record. Additionally the analysis duration is limited
by the maximum number of allowable time steps which is 32,767 (a limit imposed by S-FRAME's current software
architecture). So ideally the time step size should be no smaller than it need be. The S-FRAME Theory Manual pg
34 gives a rule of thumb for the time step as follows:

frequencies up to @". As a rule of thumb we recommend that the user-selected
constant time step size satisfies the following condition

(68)

Where W= the highest (angular) frequency component of the forcing function in rads/s and W = 4W. Since we
more commonly think in terms of period the above expression can be conveniently re-formulated as follows:

. T, T
T=1-% YD, ¢—=—"1
f 2034 80

Where T = 2p/\N However, what if Tt is unknown or not applicable? The rule of thumb derives from two main
principles, the first of which is illustrated by the following figure

[
Resonance Transmissibility I :
[

6
Envelope: 1/|1-(o /o )’] @, = Natural Frequency
520 —— m_,.\— Input Frequency
5 Disastrous resonance when 6= 0 for o /o =1
. 6 = 0.1m“
4
Maximum Curve: =
> T 1\NT-(0 To) g
= A 5= 0.15m“ t:u:_J
2 7 34 Q
@8 3 &
£ —
s O 1 5=020 &
© 5=0.50 ! E
— 2 ]
8=0.30, ,',l.
| 5=040,
14
0 r I T ; T T 3 I e
0.0 0.5 1.0 1.5 2.0 25 3.0
o /o
A0
Frequency Ratio
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Principles:

1. Refer to the figure above; for a given forcing (or input) frequency W (Wa in the figure) the response of the

system for a given natural frequency W; (W, in the figure) generally reduces as these frequencies diverge.
The divergence is conveniently expressed in terms of the ratio of the forcing frequency to the natural

frequency WIW,. The figure illustrates this phenomenon. Furthermore it can be seen that the response in
modes with a small ratio WIW; is essentially static and the response in modes with a large ratio WW,; is
negligible. Below WIW; = 1/4 further increases in W; do not produce significant change in response hence
frequencies (of response) higher than 4W = W need not be considered.

2. Around 20 equal time intervals are required to discretize both the input and response motions with
sufficient accuracy.

These principles explain the origin of the values of 4 and 20in the rule of thumb. Thus a rational choice of time
step size is based on a) deciding which is the highest frequency to be discretized considering both input and
response and b) dividing the resulting (lowest) period by 20

From this we can derive a more general rule. Let us call the highest frequency of the response f; with

corresponding period T;.

1 If T is known or guessed at to a reasonable degree then it is not necessary to know T (following Principle

1) and from Principle 2. we cant set the time step Dt = (T /4)/20 = T; /80.

f If T is unknown or inapplicable (as in Example 4) we consider the likely highest significant response

frequency f; = 1/T, and set Dt = T, /20.

6.4 Accelerograms & Sampling

Accelerograms with discrete data points such as those found in the S-FRAME Library are essentially a digital
record of an analog signal and thus the maximum possible frequency content is finite and furthermore is
determined by the sampling rate or frequency according to the following theorem:

The Nyquist Shannon sampling theorem states that for an infinite record perfect reconstruction of a signalis
possible when the sampling frequency is greater than twice the maximum frequency of the signal being

sampled
Stated mathematically; fs> 2fnax
where: fs is the sampling frequency and

fmax is the max frequency of signal (in this case the earthquake)
For the ‘El Centro’ record the data points are given every 0.02s and, moreover, the record is not infinite. Thus:

Sampling period; T, =0.02s; C Sampling rate; fs = 1/T = 50.000 Hz
Max frequency; fmax < fs/2 = 25 Hz; Min period; Tmin > 23Ts=0.04s

So, according to the theorem, the highest frequency component of the El Centro record is < 25 Hz
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The time step size rule of thumb discussed above derives from this value; Wthe highest frequency component (in
radians/s) of the forcing function. For a given accelerogram Wmay not be known, but from the preceding

discussion we know it cannot contain (i.e. describe) frequencies higher than half the sample rate. Thus a practical

lower bound can be calculated for the time step size from the record sample rate (or period).
. T,
T, >2I, Y D, ¢ —=s
40

Thus for our ‘El Centro’ accelerogram min time step; Dt,, = Ts/40 = 0.0005 s
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6.5 Frequency Content

Another rationale for T and hence time step size would be from the frequency content of the earthquake record.
This is commonly assessed by performing a frequency analysis of the record — see Reference [3]. For example
the program NONLIN will do this automatically — below is a screenshot from NONLIN of a Fourier Amplitude
Spectrum for the same EIl Centro record as that used in the Example. We note that the maximum of the Frequency
Range of the analysis is 24.99, which accords with the previous discussion.

# of Points Frequency Range
142.25 SEENIE. @ 128 Min. [o.00
T T S il
118.54 =I ----- Amplitude: L
. e Maximum
94.84 l = Absoclute
l| ' Normalized Clip at Zero
7113 M'
47.42 I”i
1
23.71 i

i A

S O ’JIWM_ﬂ---

o oo SRUMLRANL AN LI T e A
0.0 25 50 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 0.0 120 240 36.0 480 60.0

Frequency, Hertz

788.00 Previous 884.00 Current 714.00 Next

N I N A NI N A Y
1111 IFI---- T T 1

FIRALIN

H.--IIIJII------- L-IMII.ILIJI[HIl------
[ T T 1 | (AT e T T T

--.Wﬂlﬂ!ﬂ!‘ﬁm.- N L A 7 O

0.0 6.0 12.0 18.0 24.0 30.0 0.0 6.0 12.0 18.0 24.0 30.0 0.0 6.0 12.0 18.0 24.0 30.0

Such an analysis may indicate, for example, that the periods of interest in the record — those which contain
significant energy — lie in the range 0.1s-10s. In this case we could take 0.1s as a likely value for Ts :
T;=0.1s; C; Dt < T#/80=0.0013 s

© Copyright by S-FRAME Software Inc. — 2010

S-FRAME

SOFTWARE

www. s-frame.com

21




A time step size Dt = 0.001s was chosen as a reasonable initial value from the foregoing and also since this
produces a step at t=3.08s for which the Example gives results.

It should not be forgotten that the initial value of Dt derives from a rule of thumb. Thus it is not guaranteed to be
the precise value which produces the best accuracy in all circumstances without exception. In practice some
experimentation with time step size may be required; to test for sensitivity of results to this value and also from
making some educated guesses about the value of T, from a review of the results of an initial analysis. Thus
obtaining good results may be an iterative process. Additionally some compromise may be required depending on
the desired analysis duration and acceptable analysis cost (i.e. time), since these are both determined by the time
step size.

6.6 Analysis Duration
As discussed this has an upper limit deriving from the max possible number of time steps and the time step size Dt.
Duration Limit; Tmax= 32,767 D

The Example’s analysis duration of 15s is used. For a constant time step, the analysis duration is not explicitly
entered; the user inputs the time step size Dt and total time steps N from which the duration derives.

Dt = 0.001s; Desired analysis time; Ta =15s

Total time steps required; N =Ta/ ©=15000

The peak response may not occur during excitation and furthermore the time to peak response (or steady state in
the case of a periodic forcing function) is generally not known. Hence in practice experimentation may be required
with analysis duration having viewed initial results.

6.7 Newmark Coefficients

These are generally one of two sets of values as follows. See S-FRAME Theory Manual and References for more
information.

Alpha Beta
Zero Damping 0.2525 0.5050
Non-zero Damping 0.25 0.5

Since the example has specified damping the appropriate values are input in S-FRAME.
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6.8 Time History Analysis Settings

The preceding discussion leads to the following initial analysis settings. S-FRAME’s “Linear Dynamic Time
History” option is selected which is equivalent to the Example’s ‘step by step’method employing Newmark’s Beta
method — some references term this Response History Analysis.

( Analysis Type 1

Analysis type options
CJ Linear Static

I P-Delta Static

@]

I Unstressed Vibration

O P-Delta Streszed Vibration
@]

w m
® Linear Dynamic Time Histary

[
C P-Delta Buckling
C
{7 Linear Static Moving loads
@]
) P-Delta Stressed Responze Spectium
@]
Solution trail detail
|Sectiun Titles ﬂ

Integration Method
(@ Constant time-step integration
1 W ariable time-step integration

Combine generated time history loads with

[ Combine with load cazes or combinations

Mewmark Coefficients

Alpha 0.25
Delta 05

Rayleigh damping coefficients

ALPHA damping 41404
BETA damping 00433

Constant ime-ztep integration

Time-ztep size ool eC

Iritial time 0 3eC
Total time steps 15000

Output to file after 1] time steps
Output to file ewvery 10 time steps

X

LCancel

Defaults

Hads

:

Help

To limit the amount of output the option to Output to file (i.e. results) every 10 time steps is set — this in conjunction

with the time step size will give a time step at t = 3.08s for comparison with the Example.
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/ RESULTS

7.1 Time History Response

The response at a chosen joint can be readily assessed by right-clicking the joint and choosing ‘Response Time
Hi s t o’frgméthe context menu: S-FRAME plots the chosen result parameter — e.g. X-Displacement — vs time
so the user can easily assess; the nature of the response, the maximum response and the approximate time at
which this occurs. There is a Trace function to assist with this — using this it can be seen that the maximum +ve
X-displacement response occurs at around 6s for example.

=4 5-FRAME - C:\Work\Examples\S-Frame\THA\BaseMotion\EXDVEXAMPLES-CONSTRAINTS CUMPED-X.TEL - [GRAPHICAL RESULTS - [d Case 311 caseZ,s...

B3 File View Select Settings Options Run  Window Help - |5 x
Deda 2 & ¥ A HR24FHR L & +[P -4
BB 3d viewl - % B Base - jis - &: & |311 - case2 step=3080.time=3.08 j =&
Ok &/ Load List Range - Lpad Case 311 YWhich Section? Al Sections + Which Type? &l Types ~ Stationz 11 -
Dy gg" Dz g¢" Rx gg" Ry gg" Rz gg" resultant é}:{' none ° Animate B0
Shortouts X My Structure x . . . d
5 Right-click Joint \
eometry K
ﬁ B Area Load Members
| 0% | Z3 Columns e
Graphical ... (L Beams & Zoom 1/2x
Y = [Z3 Floors | @ zoom 2x
T 23 1st
‘T% 3 2nd R select Single Object
b i L [ Unselect Single Ghject
£ [0 4th = 7; Select All Intersecting Ojects
( Heponse = 0 X Q Unselect All Intersecting Objects
. . . B save view...
Response Time History For Joint 35 Ok

™ Relative Time |5.930 sec Dizplacement [145.780 M Properties...
— LCancel
______ Response Time History...
Ground Matian T Time History Responze T Response Spectra .
Frint pm

"CORRECTED ACCELERCGRAM, 270 DEGREES, CALTECH [IAO01"
"MAY 18, 1940, 2027 PST"
"IMPERIAL VALLEY EARTHQUAKE - EL CENTRO"

X
SELECT OPTION

: »
: I Bor sor 2
&
H
-
L h
a 1
2 ;
[=] '
Ak
o
bo-pat
-140.0— T T T T | T T T T | T T T T | T T T T | T T T T
0.0 4.0 8.0 12.0 16.0 20.0
Time [sec)
Ground acceleration specifics X axis Y axis Plot Dptions Direction
Max Acceleration rnmfzec "z 8
. . ‘& Linear (* Lingar O Acceleration @x
aw Velociy iltaz=s] ) Welncit Ciy
" Loganthmic " Loganthmic &

Max Dizplacement mm

[© bpicemen | Oz
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A joint in the Roof level (any, since they all have the same displacement due to the rigid diaphragm behaviour) is
selected in this manner to produce the following X-displacement response

=N

@

==

=
111
=" —

Dizplacement {mimj)
ra
[==)
=
|

S - mmp—=p == =-—

S - mmp ===
S - ==F==F

Time [sec)

It can be seen immediately that the shape of the response compares very closely with that of the Example.

0157 max max = 0.148729 w

rotal tw mﬂ[\/\ﬂ{\f\ NAAMRNN
w T HVHMUvUvMMA

0107 min min =-0.128367 m
015~

Fig. 12 - Example 5 - Roof displacements from each mode and total response

The precise maximums and minimums for a Joint can be found in S-FRAME from the Numerical Results
Spreadsheet by:

1. Select a single joint (e.g. any Roof Joint)
2. Select all time steps for viewing:

3. Use the find @ function to find the maximum and minimum values and corresponding time step
This produces the following results;

Max Displacement = 146.405 mm @t = 5.92s
Min Displacement =-130.219 mm @ t = 3.04s
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7.2 Deflections

More detailed results for each time step are also available. S-FRAME presents the results of each time step as a
load case for which all the usual results (both Graphical and Numerical) are available as for a static analysis. We
wish to compare the displacement results, so the displacement diagram is chosen, viewing of Dx (X-displacement)

values is enabled and load case 311 corresponding to t = 3.08 s is selected.

=uS-FRAME - C-\Work\Examples\S-Frame\ THA\BaseMotiom\ExDA\EXAMPLES-CONSTRAINTS CUMPED-X_TEL - [GRAPHICAL RESULTS -

Ld Case 311 caseZ,s... = | [0 (X,

[
[@on | Gorr amor oo Sov Wor  fon [Lon | @orr oo afor tor gror [Fon |SBor [Igon | 4 on

B3: Ele W¥iew Select Settings Options Run  Window Help - g X
Led&s # & $-C-Aalhdh Ak & +P TEH-
—
B 3 view! IE = Base - w -k 11311 - case2.step-3000.time=3.08 || <> 4=
Ok | oad List Range ~ Load Case 311 Which Section? Al Sections = ‘Which Type? A&l Types ~ Stations 11 -
Il Dy g Dz g Rx g Ry g Rz gy resultant é}f none ° Animate 'BH
Shartcuts X My Structure x j
Geometry 35 m -124.92
o & Area Load Members
| toads | (C3 Columns
Graphical ... (1 Beams
[ = [ Floars -117.04
i S RES
1 2nd
Hl 1 3d
< =P 10288
= [ 5t
= sk
ti (2 Floor Master Joints 8118
= .
=
o 5231
i
1ilit —
e -20.28
=l b
Spreadsh.
Hurnerical —| B
1 Y X
Cad Details
Design Model Organizer ﬂ .

The results are given (in meters) on page 43 of the Example for t = 3.08s

(—0.12533)
-0.11751
-0.10331
{U}=[®]{n} = =5 07036
—0.04855
| —0.01823
Floor Displacement Reference S-FRAME

(mm)

Roof 125.33 124.92
5" Floor 117.51 117.04
4" Floor 103.31 102.88
3" Floor 79.56 81.18
2" Floor 48.55 52.31
1% Floor 18.23 20.28
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7.3 Floor Forces

Floor forces, which can be compared with those in the Example, are available in Numerical Results.

X
B3 File Edit View Search Format Settings Options Run  Window Help - | O X
DzES & +P &ill~a= 3 2.
=N 311 - case2.step=3080.time=3.08 ~| = =
I X Al Storeyl ‘ [ Al Load Cases am
[X “iew Groups
[Shortcuts B4 Row Storey Ld Case Floor Fx Overturn My Shear X Shear Y 2
Geometry No No No kN kN-m kN kN
Loadks 1 1 ]3n -407.15 -34,355.18 -4,350.33  [0.00
Graphical .. 2 2 311 -742.89 -22,525.64 -3,943.18 0.00
Spreadsh... 3 3 311 -933.26 -12,924.76 -3,200.29 0.00
Numerical... 4 4 311 -883.99 -6,123.66 -2,267.03 0.00
*Efj 5 5 311 -724.87 -1,974.52 -1,383.05 0.00
O 6 6 311 -658.17 0.00 -658.17 0.00
[l
o
m
i
T
il |

The Example gives the following values in kN for time t = 3.08s

[ —658.49)

—-636.50

-920.33

{F}=[%:]{V} = 02100

—663.43

_ -308.29 J

Floor Force (kN) Reference S-FRAME

Roof -658.49 -658.17
5" Floor -636.50 -724.87
4" Floor -920.33 -883.99
3" Floor -1041.9 -933.26
2" Floor -663.43 -742.89
1% Floor -308.29 -407.15
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7.4 Base Shear & Overturning Moment (OTM)

The Base Shear, V, and Overturning Moment for each time step can also be readily viewed graphically:

=-'~- S-FRAME - C:\Work\Examples\S-Frame\THA\BaseMotion \Ex5\EXCAMPLES-CONSTRAINTS CUMPED-JCTEL - [GRAPHICAL RESULTS - I'd Case 311 caseZ,s... : @
»

B3 File View Select Settings Options Run  Window Help - a
DEHS » £ ¥-O- A4k Ak 8 +[P TR
& = Base - i - ik [311 - case2.step=3080.time=3.08  ~| = =
Ok &/ Load List Range ~ Load Case 311 FY &a" FZ ad® MX " MY da” MZ &c” Al Reactions .

Shartcuts X My Stucture X j
Geometry = |

. | Load Members

ﬂ 23 Columns
Graphical ... [Z] Beams

x| O Foos Ld Case 311

x (2 st .
& Q 2nd | Shear x =435033kN | = I
= 23 3d
0 4 Shear Y =0kN
1 Sth
= @ sh ShearZ=0kN
| (2 Floor Master Joints
= Moment X = 0 kN-m
= B - —

Fe— MomentY = 47406.18 kN-m | = OTM
Numerical.. Moment Z = -26101.99 KN-m _ﬁBS.ZA ETQ.GS &35.24
Cad Details Y Vv X ¥ ¥

Design Model Organizer ﬂ [ LIL‘
&orr agor eor Sor @or L on Worr o Alow Lo goon [Eon | For A of »

Reference S-FRAME
Total Base Shear (kN) -4229.0 4350.3
Total Overturning Moment (KNm) -46727 47406
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7.5 Time-Variation of Base Shear

From the Example:

Baose shear

v 250: Mﬂ/\ﬂ\ﬂﬂf\fkf\&ﬂ/\

“ b SYVTRR R R

-5000~

Fig. 13 - Example 5 - Base shear of the structure

max = 4355.8 kN

min =-4229.1 kN

S-FRAME does not automatically produce such a plot. However, the Numerical Results Base Shear Spreadsheet
for all time steps can be directly copied to Excel, for example, to produce such a plot. This was performed to
produce the following which shows good agreement in both general shape and maximum and minimum

Base Shear (kN)

Base Shear vs Time
5000

5.88,4,384.13

2500

A A e A
VAVA/SFAATA

v

VY

3.07,4,363.42
-5000

0 1 2 3 4 5 6 7 8 9 10

Time (s)

11

12

13 14 15
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8 Ti me

Step

Si ze

Sensiti

vity

Examining the sensitivity of results to time step size, it can be seen that using Dt = 0.01s which is 103 larger than
the initial value does not change results significantly. Since, as the Example discusses, the response is dominated
by the first 2 modes this makes sense; even though the input contains higher frequency signals and the model
exhibits higher frequency modes these do not contributed greatly to the response. As discussed, around 20 (equal
time) intervals are required to discretize the response motions with sufficient accuracy. So for the highest

significant response frequency (of mode 2) this gives Dt < 0.362/20 = 0.018s > 0.01s.

Floor Displacement Reference S-FRAME S-FRAME %
att = 3.08s (mm) Dt = 0.001s Dt = 0.01s Change
Roof 125.33 124.92 124.78 0.1
5™ Floor 117.51 117.04 117.02 0.0
4" Floor 103.31 102.88 102.93 0.0
3" Floor 79.56 81.18 81.19 0.0
2" Floor 48.55 52.31 52.28 0.1
1* Floor 18.23 20.28 20.25 0.1
Max Reference SFRAME S-FRAME % Change
Displacement Dt = 0.001s Dt =0.01s
(mm) d (mm) t(s) d (mm) t(s) d (mm) t(s) d t
Maximum 148.729 - 146.405 5.92 146.334 5.89 00 | 05
Minimum -128.367 - -130.219 3.04 -130.226 3.01 00 | 1.0
Floor Force Reference S-FRAME S-FRAME %
att=3.08s (kN) Dt = 0.001s Dt = 0.01s Change
Roof -658.49 -658.17 -640.38 2.7
5™ Floor -636.50 -724.87 -733.08 -1.1
4" Floor -920.33 -883.99 -900.31 -1.8
3" Floor -1041.9 -933.26 -936.82 -0.4
2" Floor -663.43 -742.89 -730.57 1.7
1* Floor -308.29 -407.15 -399.64 1.8
ALL= 3,085 (KN) Reference S-FRAME S-FRAME %
Dt = 0.001s Dt = 0.01s Change
Total Base Shear (kN) -4229.0 4350.3 4340.79 0.2
Total Overturning Moment (kNm) -46727 47406 47340 0.1
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9 FI

oor

For ces

and

Storey

Shear s

Although not necessary, it can be shown that the Storey Shears can be obtained graphically using the Freebody Forces Tool
by selecting only the elements which comprise the Freebody above a particular floor. S-FRAME calculates the resultant forces
acting on the Freebody (from unselected elements) from equilibrium, the sum of which is the total storey shear and is reported

in the legend.

=-'~- S-FRAME - C:\Work\Examples\S-Frame\THA\BaseMotion\ExS\EXAMPLES-CONSTRAINTS CUMPED-X.TEL - [GRAPHICAL RESULTS - Ld Case 311 caseZ,s.. =

Geometry
Loads
Graphical ...

Spreadsh...

Mumerical...

Cad Details
Dresign

@ orr

B3 Eile View Select Settings

DeEdES 2
BB 3 viewl

Ok & Load List Range

'%a.’

Shartcuts 2 My Structure

B Area Load Members
23 Columns
[Z1 Beams
(2 Floors
£ st
3 2nd
23 3d
23 4th
Z1 5th
Z1 Bth
(23 Floor Master Jaints

Model Organizer

& o

#y 0ff @ Off

Baze

/o

+ Lpad Caze 311

Options Run  Window Help

NEE
£ BB M 2LhE R A & +[P 2.
© #® -t [311 - case2.step-3080.time-308  ~| = 4=
FY @ FZ g MX & WY &' MZ &
=
Ld Case 311
| Force X = 3200.3 kN |
Force Y =0kN L~
ForceZ=0kl| Freebody /
Moment X = 0 kN-m
Moment Y = 41727.4 kN-m
Moment Z = -19201.8 kN-m
|« [ ;lj
Mo jon [Lon | f@or cpor Aor %o gron [Son | gBor [on | 4 on »

If the above is performed for successive storeys the building shear distribution can be developed as shown below
(for a particular time step, in the case of Time History Analysis). These are the same as the Storey Shears (e.g.
Shear X) reported in the Numerical Results Storey Forces Spreadsheet. The Floor Forces can be derived from
these as shown below.
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9.1 Floor Forces from Storey Shears

Storey Shear Envelope t = 3.08s

VxG
f 5 -

Fxa .
12 X > 2267.03

Vx4

Fx3
O f— -3200.29

Floor h (m)

Vx3

Fxo -3943.18

Vx2

3 bl -4350.3

Vxl

0 T T T T T
-6000.00 -5000.00 -4000.00 -3000.00 -2000.00 -1000.00 0.00

Shear (kKN)

The Floor forces Fy; can be determined from the Storey Shears Vy; from:

Feiy =Vao = Vain

X X

For Example;
Shear storey 4; Vya =-2267.03 kN; Shear storey 5; Vys5 = -1383.05 kN
Force at Floor 4; Fya =V -V =-884.0 kN
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10Exampl e 6: Mo d al Spectral Anal ys

Example 6

-

Lets rework Examiple 5 using the displacement response spectra of the EL Centro
record.

The results are the same up to the point where the dynamic equilibrinm
equations were uncoupled.

‘e

The response for each of the uncoupled equations is obtained using the
displacement response spectra for the N-S component of the EL Centro record. En la
Fig. 15 shows the spectrium and period fro each mode and the displacement read
from the spectrum for each period.

Damping & =0.05

0.20
4
7
015 P
’J
rd
r.
™ ol
IJ 3 P !‘
0176 m - ™ A
S
d 010 f 7
(m) 1 N7
'] s il
7
i
7
J
0.05
I
I
I
0.0218m =
0.00674 m
0.00285 m—mt L
u.aommj_i" U00 N
0.000720 m 0.0 0.5 1.0 1.5 2.0
Period T (s

T T T
GTELS C !

Fig. 15 - Example 6 - Displacement response spectrum for El Centro NS record
Example 6 goes on to look at an alternative analysis of the same record using the Displacement Response
Spectrum of the ground motion. This is the response to the ground motion record of a SDOF (single degree of
freedom) system for a range periods.
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10.1

Producing a Response Spectra from Time History Analysis

S-FRAME can automatically produce a response spectrum plot for any joint in the structure. In practice, this might
be used for the design of a component attached to a part of a structure — e.g. the roof. The accelerations
experienced by such a component can be very different to the ground motions — accelerations at points in a
structure can be highly amplified depending on its dynamic characteristics. The generated Spectra (at a joint) are
accessed in the same manner as the Time History Response; by right-clicking the desired joint and selecting the
Response Time History option from the resulting context menu (see page 25) then choosing the Response
Spectra tab. To obtain the ground motion response spectrum this is performed for a support joint.

This is performed in S-FRAME to produce a plot similar to that of the example — note that the following are
specified to produce a comparable plot;
Relative = OFF (i.e. Absolute)
Damping value = 0.05 = 5%

Plot Option = Sd(displacement), Direction = X
period range End Period = 2s

il

f
f
f

= Reponse Ttme History

Response Time History For Joint 22

[ Rielative

Time [1.166 3=l

Sd 116,305 mm

LCancel

S {mnj

Start Period
End Feriad

Fiezolution

Ground Motion T Time Historm T Response Spectra
| g
[pamping alues (Ex. 0205.078) oo | \
. T,
Camping= .05
Mode 1

Period Range

oo Sec
2 Sec
1000

Pericd [Sec)

X axis Y axis
(+ Linear (s Linear
" Logarithmic " Logarithmic

Plot Options Direction
I PSa (OF
C PS5y O
0z

FErint

Save As..

= I

I

]}0 Include Joints «> Invert Selection ]

AR A
~ Ev\ o o
L

b hibe T
O
AL T
v

|
L]

-

Vs
1

b
LA
L

|

> L
g
o

Compare this to the plot in the Example (see above). The plot can be printed and also saved to an input file for a
Response Spectrum Analysis (a *.DRS file) by clicking the Save As... button.
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10.2 S-FRAME Response Spectrum Analysis

An input response spectrum file was produced from the preceding Time History Analysis as discussed above in
order to perform a Response Spectrum Analysis in S-FRAME to compare results to Example 6 and 7. A Response
Spectrum type load case is created and the generated spectra file selected. Similarly to Time History Analysis, a
scale factor <>0 is required to specify the application of all or a portion of the curve in a particular direction.

T X-Scale =1.0is entered

DS » WG R2hd N L & H[
o] - Ha2 i -
Fal=yl EEXS
Shortcuts X |
G Choose Factors and Combination Method T Choose Spectra Design Curves
eamekry
Laad
% Modal combination method
>4 j ) Complete Quadratic Combination [CAC) El_Centre_5%Damp
& ® 5quare Roat of Sum of Squares [SRSS) El_Centro_5%Damp
F’ﬁ ] El_Centro_5%Damp
) Abzolute Sum of Maodal M axima (ABS) -
& ) Double Sum Combination (D5C) 3
) Grouping Method [GRP) 7
il i
s Spatial combination method _ ]
/: ® Square Root of the Sum of the Squares § 7
é' ) Abzolute Sum E
= a—
a] x-Sede  [HNNNNNNNN | | 2
= ]
v-scale [N 1
; Z-Seal | ‘
: scor DN -
md aa T T T T T TTTTT
Graphical ... e o " 1o
Spreadsh.. Period [sec) ]/D X
Mumenical...
Cad Dretails Ok | Cancel | Frirt | Help -
Design ﬂ | »
@orr Goit akor e@orf Lo o Lo Lo @or o Ao ¥ o gon 5 orr »
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10.3 Response Spectrum Analysis Settings

The Unstressed Response Spectrum analysis option is chosen. Note that the majority of the analysis settings are
associated with a Vibration Analysis, since this is a precursor to Response Spectrum calculations. These settings

are the same as those previously used in the investigation prior to the Time History Analysis requesting 6

Eigenvalues (mode shapes). The Scale options are not used, since the Examples do not discuss scaled or Design

Code-based results.

| Analysis Type ]

Solve For Load

) Manlinear Static
) Unstreszed Yibration
) P-Dela Stiessed Vibration

I ® Unstressed Fesponse Spectum
Inear Uynamic [ ime History

o

) P-Delta Buckling

C

) Linear Static Maving loads

) Monlinear Static Moving Loads

) P-Delta Strezzed Responze Spectum
) Monlinear Stressed Fesponse Spectum

Solution trail detail
|Secliun Titles ﬂ

Rigid Body Motion coefficient

Shift Factar 0

If R5A type ig Double Sum Combination
0 sec
Eigenvalue Extraction Method
1 Wersion 5.4 Subspace [teration
' Wersion 7.4 Subzpace |teration
® Jacobi Threshald [for small models)

Time duration of earthquake

(" Cazes (" Combinations (» Baoth
Analysiz type options
) Linear Static
) P-Dela Static

Jacobi parameters

M ax Iterations a0
Talerance 1.000000E-12

A
Unstressed Yibrations For
[ Convert lnads to mass

@
@)

Load Caze Mumber 1

Total Eigenvalues

Scale A5A Results To Base Shear

®! Do rat scale h

() Scale to Code Base Shear
() Scale to Uszer Base Shear

X

LCancel

Defaults

el

Help

:
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104 Modal Response Results

Though ultimately we are interested in the combined response of all modes, the Example first looks at the Modal
response — the response of each individual mode. The modal response is a single displacement vector of the
structure for which it is in static equilibrium (an important point). By default S-FRAME initially presents the results
of modal combination for the RSA Load case, since these are usually of primary interest and it is necessary to
toggle on the Modal Response option — e.g. modal displacements can be viewed in S-FRAME by selecting the
following options when viewing graphical results; Modal Response = ON, Direction = X, Mode Shape =1,
displacement values = Dx

B File view Select Settings Options Run  Window Help =
DEEda » & V- ae2%d Rk ki & +P PRI
ta - B % None - i - |2-RSAX ==&

Ok s Load List Range - Load Cases 2 Yhich Section? Al Sections - Which Type? Al Types ~ Stations 11 =

I I‘.‘ g Z ﬁ'U"IMo:Is Shape 1 I|Dx ﬁgi Dy g¢" Dz gy Rx g¢" Ry gg" Rz gy resultant ﬁd‘ nene 0 Animate BN
Shortcuts E3 X d
Geometry = 146.7

Load B Areaload Members
|oade | (21 Columns
Graphical ... 2] Beams

Y -5 F\n?l:sl 134.6
st

IR

B (3 2nd

EED

K 3 4h 1143

= 2] Sth

= [ Bth

J:’_ (2 Flaor Master Jaints

= 86.6

=

53

/ 0.2 [
= z

Spreadsh...

Mumerical... Yf?‘ 0. X ”"70.0 /7'?70'0

These exhibit good agreement to the results of the Example; all mode shapes are displayed on the next page.

OF S 3% S
\\\
r\\\\
x\\

6

° /

) /

0.00 0.05 0.10 0.15
Deflection (m)

mwode 1
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6 6 6 —
/
d / ) N 5 / —~]
4 / 4 \ + \
3 / 3 3 5\_“
] ™
1 1 1 4
0 0 (]
0.00 0.05 0.10 0.15 -0.02 -0.01 0.00 0.01 0.02 0002 0001 0000  0.001 0.002
Deflection {m) Deflection (m) Deflection (i)
wode 1 wode 2 mode 3
¢ ““‘x\ ° | ¢ ‘\
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|
/ ""‘"‘---....\
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\\ / | —
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\ — \-\_
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o o —] o
00010 00005 00000 0.0005 0.0010 00002 -0.0001 00000 0.0001 0.0002 -0.00010 -0.00005 0.00000 0.00005 0.00010
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Fig. 16 - Example 6 - Maximum lateral displacements for each mode

S-FRAME Results; Modal displacements (mm)

146.55 934 142

134.43 3.31 DA~ /
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The Example gives the following detailed displacements for each mode.

n) R ) um) Rl ) e
0.148703 | —0.009692 | 0.001618 | -0.000355 | 0.000066 | —0.000010 U,
0.136429 | —0.003428 | —0.000790 57 | —0.000163 | 0.000032| U,

) 0.115519 [ 0.004295 | —0.001915 | 0.000091 | 0.000144 | -0.000050 | U,

[V ] =[®][Ha ] = 0.084882 | 0.009854 | —0.000280 | -0.000592 | —-0.000017 | 0.000058 | T,

0.049588 | 0.009914 | 0.001754 | 0.000118 | —0.000124 | -0.000054 | T,

0.018061 [ 0.004698 | 0.001397 | 0.000584 | 0.000181 | 0.000041| T,

Comparable results can be viewed in S-FRAME’s Numerical Results as follows by selecting a single joint in each
floor — here only the CMJ’s are selected - and choosing Modal Response for All Mode Shapes

%
Bj: Fle Edit view Search Format Settings Options Run  Window Help - |G| X
DEHS& & & +P dlE~Q= 2 .
27 |2 - El Centro RSAX = E
[T &l Load Cazes |2
[® “iew Groups I X Modal Response m ¥ All Mode Shape I [ | J
3 d Floor Master Joints s Row Joint Ld Case X -Tran Y - Tran Z-Tran X - Rot Y - Rot ril=
Geomely | |2h MyStuctwe No Ho Ho mm mm mm rad rad
" Loats | g *éfela Load Members 1 30=U; Case 2Mode 1 20.167 0.000 0.000 0.000 0.007 0.00
Gvapricd | = P 2 Case 2:Mode 2 4.259 0.000 0.000 0.000 0.001 0.00
— 3 Floors 3 Case 2:Mode 3 1.301 0.000 0.000 0.000 0.000 0.00
fbteac o3 1st 4 Case 2Mode 4 0.573 0.000 0.000 0.000 0.000 0.00
Hurnerical... 21 2nd 5 Case 2:Mode 5 0.162 0.000 0.000 0.000 0.000 0.00
[ 3d G Case 2:Mode 6 0.036 0.000 0.000 0.000 0.000 0.00
7. g i 7 1 =0, Ccase2Mode1 53.652 0.000 0.000 0.000 0.008 0.00
ﬁ 0 Bth 8 Case 2:lMode 2 8.962 0.000 0.000 0.000 0.001 0.00
Kt 9 Case 2:Mode 3  1.582 0.000 0.000 0.000 0.000 0.00
st 10 Case 2:Mode 4 0.115 0.000 0.000 0.000 0.000 0.00
N 1 Case 2:Mode 5 -0.115 0.000 0.000 0.000 0.000 0.00
é] 12 Case 2:Mode 6 -0.048 0.000 0.000 0.000 0.00
)[ 13 32 =U3 Case 2:Mode 1 86.513 0.000 0.000 0.000 0.007 0.00
é 14 Case 2:lMode 2 9.055 0.000 0.000 0.000 -0.001 0.00
m 15 Case 2:lMode 3 -0.234 0.000 0.000 0.000 0.000 0.00
A 16 Case 2:Mode 4  -0.582 0.000 0.000 0.000 0.000 0.00
hat 17 Case 2:Mode 5 -0.016 0.000 0.000 0.000 0.000 0.00
}Eﬂz 18 Case 2:Mode 6 0.051 0.000 0.000 0.000 0.000 0.00
E_j 19 33 =U4 Case 2:Mode 1 114.192 0.000 0.000 0.000 0.006 0.00
= 20 Case 2:Mode 2 4.067 0.000 0.000 0.000 -0.002 0.00
® 21 Case 2:Mode 3 -1.704 0.000 0.000 0.000 0.000 0.00
&y 22 Case 2:Mode 4 0.090 0.000 0.000 0.000 0.000 0.00
g 23 Case 2:Mode 5 0.135 0.000 0.000 0.000 0.000 0.00
24 Case 2:lMode 6 -0.044 0.000 0.000 0.000 0.000 0.00
25 311=U5 Case 2:Mode 1 134.432 0.000 0.000 0.000 0.004 0.00
26 Case 2:Mode 2 -3.312 0.000 0.000 0.000 -0.002 0.00
27 Case 2:Mode 3 -0.772 0.000 0.000 0.000 0.000 0.00
28 Case 2:lMode 4  0.545 0.000 0.000 0.000 0.000 0.00
29 Case 2:Mode 5 -0.147 0.000 0.000 0.000 0.000 0.00
30 Case 2:Mode 6 0.028 0.000 0.000 0.000 0.000 0.00
3 35 =U6 Case 2:Mode 1 146.552 0.000 0.000 0.000 0.002 0.00
32 Case 2:lMode 2 -9.344 0.000 0.000 0.000 -0.001 0.00
33 Case 2:lMode 3 1.416 0.000 0.000 0.000 0.000 0.00
34 Case 2:Mode 4 -0.347 0.000 0.000 0.000 0.000 0.00
35 Case 2:Mode 5 0.059 0.000 0.000 0.000 0.000 0.00
36 Case 2:Mode 6 -0.009 0.000 0.000 0.000 0.000 0.00 ~|
_ < | LI
M - o l Reactions ll-.ls'r"s' F:'oEslN:"rsl Stresses| Shear St Es'ﬁsl Shell Forces l Shell Et's":sl Fregquencies l Meode Shapes JJ
Design Model Digarizer [_BeseShesr | Wl Foroes | Storeybritt | Totsl Mess ] Active Mass | Modsl Mass | Strip Foroes | Storey Forces |
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10.4.1 Displacement Comparison

Dism‘;‘é:rﬁeiﬁ?r;m) Reference S-FRAME
Roof 148.703 146.552
5" Floor 136.429 134.432
4" Floor 115.519 114.192
3" Floor 84.882 86.513
2" Floor 49.588 53.652
1% Floor 18.061 20.167

10.4.2 Storey Drift

Table 3 - Example 6 - Maximum story drift values, as a percentage of story he:‘giﬂ
story | mode 1 | wmode 2 | mode 3 | mode 4 | mode 5 | mode 6
0.409% |-0.209% | 0.080% |-0.030% | 0.008% |-0.001%
0.697% |-0.257% |0.037% | 0.016% |-0.010% | 0.003%
1.021% |-0.185% |-0.054% | 0.023% | 0.005% |-0.004%
1.177% |-0.002% |-0.068% |-0.024% | 0.004% | 0.004%
1.051% | 0.174% | 0.012% |-0.016% |-0.010% |-0.003%
0.602% | 0.157% | 0.047% | 0.019% | 0.006% | 0.001%

G| | L Oy

—a | a

Comparable results can be viewed in S-FRAME’s Storey Drift spreadsheet:

B3 File Edit View Search Format Settings Options Run  Window Help - a
NN == £ & +P 4BE~Q= 5 2EH.
=N |2 - El Centro RSAX = e
[T &l Load Cases 2
%] iew Groups | 5 odalResponse [ | [ All Mode Shape |1 |Mode 1 T=1.1559 Sec _ ~
— —
Shartcuts X % Row Storey Ld Case Height X - Drift ¥ - Drift Total - Drift % of Storey =
Geometry ol No No No m mm mm mm Height C
— ggreamad Members 1 [1____ Jcase2mMode1 3.000 20,167 0.000 20,167 0.672 TRUE
— olumns 8 Case 2:Mode 1 3.000 20.167 0.000 20.167 0.672 TRUE
Ecphicalls [ Beams 9 Case 2Mode 1 3.000 20.167 0.000 20167 0.672 TRUE
Spreacen. | |Z 8 F'°?L_S_I T 10 2 Case 2Mode1 3.000 33.485 0.000 33.485 1116 TRUE
Numerical . 01 2nd 17 Case 2Mode 1 3.000 33.485 0.000 33.485 1116 TRUE
o 0 ad 18 Case 2Mode1 3.000 33.485 0.000 33.485 1116 TRUE
r 3 4tk 19 3 Case 2Mode1 3.000 32.862 0.000 32.862 1.095 TRUE
& 3 5th 26 Case 2Mode1 3.000 32.862 0.000 32.862 1.095 TRUE
B 3 Bth 27 Case 2Mode1 3.000 32.862 0.000 32.862 1.095 TRUE
N [ Floor Master Joints 28 4 Case 2Mode 1 3.000 27.678 0.000 27.678 0.923 TRUE
2 35 Case 2Mode1 3.000 27.678 0.000 27.678 0.923 TRUE
it 36 Case 2Mode 1 3.000 27.678 0.000 27.678 0.923 TRUE
O 37 5 Case 2Mode1 3.000 20.240 0.000 20.240 0.675 TRUE
V 44 Case 2:Mode 1 3.000 20.240 0.000 20,240 0.675 TRUE
< 45 Case 2Mode1 3.000 20.240 0.000 20.240 0.675 TRUE
m 46 6 Case 2Mode1 3.000 12,120 0.000 12,120 0.404 TRUE
o 52 Case 2Mode1 3.000 12,120 0.000 12,120 0.404 TRUE
53 Case 2Mode1 3.000 12,120 0.000 12,120 0.404 TRUE
54 Case 2Mode 1 3.000 12,120 0.000 12,120 0.404 TRUE

© Copyright by S-FRAME Software Inc. — 2010

S-FRAME
SOFTWARE

www.s-frame.com

40




10.4.3 Maximum Modal Lateral Forces

(P} (E} {E2} (R} (R} {RL} Lot
[1108.3 | -748.9 | 403.3 | 2264 | 79.3| -18.6| F,

1016.2 | -264.8 | -196.9 | 355.8 | -195.6 | 57.9| F
) 860.2 | 331.8|-477.4| 582 173.4| —91.0| F,
[Fua] = (82 ][ Voa = | =355 T 7615 | 608 | 3780 | —202| 1051 F,
369.4 | 7659 | 437.3 | 755[-1482| 984 F,
135.1| 363.0 | 3482 | 372.7| 2173 | 741| F

Comparable results can be viewed in S-FRAME’s Numerical Results Floor Forces by choosing Modal Response
for All Mode Shapes

=
B3 Fle Edit View Search Format Settings Options Run  Window Help - 8 x
DsHS & & +P ¢lBE~Q= % TH.
27 |2 - El Centio RSAX =
[T &l Load Cases 2
[ Wiew Groups X tModal Response m [ Al Mode Sha)
M x Row Storey Ld Case Floor Fx Overturn My Shear X ShearY -
Geomety | |2 No No No KN KH-m KN KN
Lo | B Avea Load Members 1 [ Jcase2mode1 15249 41,733.73 4,20048  0.00
—_ (3 Columns 2 Case 2:Mode 2 328.96 4,794.20 1,05716  0.00
Eoephies) (3 Beams 3 Case 2Mode 3 343.78 5,67 419.81 0.00
Spreadsh... a F'°?L_S_I1 4 Case ZMode 4 365.49 -641.99 250.89 0.00
Mumerical.. | =] 22; 5 Case 2:Mode 5 197.13 120.02 94.79 0.00
o 01 7d 6 Case 2:Mode 6 65.95 58,80 26.24 0.00
z 03 4h 7 2 Case 2Mode 1 405.69 29,580.75 4,047.99  0.00
i [ 5th 8 Case Z:Mode 2 69217 -6,978.81 728.20 0.00
¥ 3 Bth 9 Case 2:Mode 3 418.00 233,77 76.03 0.00
M {3 Floor Master Joints 10 Case 2Mode 4 73.28 -298.19 114,60 0.00
5t 11 Case 2:Mode 5 -140.12 177.99 102.34 0.00
it 12 Case 2Mode 6 -87.08 60.31 -39.70 0.00
O 13 3 Case 2Mode 1 654.17 18,662.85 3,64230 0.0
¥ 14 Case 2:Mode 2 699.32 7,086.91 36.03 0.00
< 15 Case 2Mode 3 -61.94 79212 -341.96 0.00
m 16 Case 2Mode 4 -371.35 265.45 187.88 0.00
* Floor Forces 17 Case 2:Mode 5 -19.03 64.64 37.78 0.00
o 18 Case 2Mode 6 92.78 81.81 47.37 0.00
= 19 4 Case 2Mode 1 863.46 9,698.47 2,98813 0.0
20 Case 2:Mode 2 314.12 -5,007.04 -663.29 0.00
21 Case 2:Mode 3 -450.15 1,632.18 -280.02 0.00
@ 22 Case 2Mode 4 57.29 -284.97 18347 0.00
Ay 23 Case 2Mode 5 164.13 10578 56.81 0.00
& 24 Case 2Mode 6 -79.93 54.40 4541 0.00
25 5 Case 2Mode 1 101651  3,324.47 2,12467  0.00
26 Case 2:Mode 2 -255.80 -2,164.81 977.41 0.00
27 Case 2:Mode 3 -203.80 1,121.79 17013 0.00
28 Case 2Mode 4 347.35 -663.51 126.18 0.00
29 Case 2Mode 5 -179.39 216.20 107.33 0.00
30 Case 2:Mode 6 50.82 4918 34.53 0.00
31 6 Case 2Mode 1 1,108.16  0.00 110816  0.00
32 Case 2:Mode 2 -721.60 0.00 721.60 0.00
33 Case 2Mode 3 373.93 0.00 373.83 0.00
34 Case 2Mode 4 -221.17 0.00 22147 0.00
35 Case 2Mode 5 72.07 0.00 72.07 0.00
36 Case 2Mode 6 -16.39 0.00 16.39 0.00
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10.4.4 Modal Lateral Force Comparison

Modal Lateral Floor Reference S-FRAME

Force (kN) Model Mode2 Model Mode2
Roof 1108.3 -748.9 1108.2 -721.6

5" Floor 1016.2 -264.8 1016.5 -255.8

4" Floor 860.2 331.8 863.5 314.1

3" Floor 632.9 761.5 654.2 699.3

2" Floor 369.4 765.9 405.7 692.2

1% Floor 135.1 363.0 152.5 329.0

10.4.5 Graphical Modal Lateral Forces

The Modal Lateral Forces can be viewed graphically also as follows. S-FRAME displays the forces at the CMJ'’s.
In the following screenshot the Reactions Tool is activated and Modal results for Mode 1 are displayed so the
Lateral forces and resulting Base Shear and OTM can be viewed simultaneously.

1= 4S-FRAME - C:\Work\Examples\S-Frame\THA\BaseMotion\Ex6\EXAMPLE6-CONSTRAINTS LUMPED-XCTEL - [GRAPHICAL RESULTS - [d Case 2 El Centro RSA-... (= [0]

Bj: Fle View Select Settngs Options Run  Window Help - |8 X
DsEE » ¥-Q- R4k M & +[P PRI
& | =T Base - i - ik 2 - EI Centro RSAX B
Ok &/ Load List Range + Load Cases 2 I ¥ g Z g Mods Shape 1 BV &' FZ & MX & MY " NZ &
AllReactions (@

Shartcuts X j
Geometry

1108.16
Loads e
Graphical 1016.51
& LdCase 2:Mode 1 b
Wi Shear X = -4200.48 kN = |/ 353-45
Shear Y =0 kN 654.17
= B
if_i ShearZ =0 kN
¥ 405.69
=] Moment X = 0 kN-m s
it
o Moment Y = -54335.18 kN-m = O TM 152.49
[ e
it Moment Z = 25202.9 kN-m
& , 31%.5; M-ssz.m -418.61
s

* note that since the model is viewed from the front (i.e. the X-Z plane) in this screen-shot the reactions at support
joints are superimposed on top of each other. Thus there are three reactions with the value 418.61 (kN) for
example. The reactions thus do in fact sum to the same as the total base shear displayed in the Legend:

Total Reaction; 33(-418.61kN -562.94kN — 418.61kN) = -4200.48 kN
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10.4.6 Base Shear & Overturning Moment

From Example:

{Viea } = {4122.1 | 1208.5 | 444.6| 257.9| 106.1| 29.1}

(1) (2) 73 r4) 7(5) 7(6)
V mod ‘me:l V mod v mod V mod ‘me:'l
{M, ..} ={53833 | —933| 1616 | 131| 155 19}

MY, MY

med mod

i3 T4
:\.Iimid M )

mod

M, MY

mod
Comparable results can be viewed in S-FRAME’s Numerical Results Base Shears Spreadsheet by choosing Modal
Response for All Modes.

Row Ld Case X-Force Y-Force | Z-Force | X-Moment ¥-Moment
Mo Mo kN kN kN KN-m KH-m
1 Case 2:Mode 1 -4,200.48 0.00 0.00 0.00 -54,335.18
2 Case 2:Mode 2 -1,057.16 0.00 0.00 0.00 1,622.71
3 Case 2:Mode 3 -419.81 0.00 0.00 0.00 A1,253.76
4 Case 2:Mode 4 -250.89 0.00 0.00 0.00 110,69
5 Case Z2Mode 5§ -94.79 0.00 0.00 0.00 -155.36
6 Case ZMode & -26.24 0.00 0.00 0.00 [-10.93 |
RSA MOda(lkEl")"se Shears Reference | S-FRAME
Mode 1 4122.1 4200.5
Mode 2 1208.5 1057.2
Mode 3 444.6 419.8
Mode 4 257.9 250.9
Mode 5 106.1 94.8
Mode 6 29.1 26.2
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In S-FRAME modal combination of results does not require a further analysis — these results are available for a
single Response Spectrum analysis run. When the load case is created, the Modal Combination Method is
specified on the same page as the direction scale factor. The Example first looks at the SRSS combination

method.

Chooze Spectra Design Curves

x|

O Double Sum Combination [D5C)
! Grouping Method [GRP)

Spatial combination method
(® Square Root of the Sum of the Squares

El_Centre_5%:Damp
El_Centro_5%0amp

El_Centro_5%Damp

1 sbzolute Sum g

E c-1—:

x-scae  EEN ; .

v-Scale ORI 7

z-5csc |
* (1] n I”“é-li T II””ilc- t ””1":-(-
Period [sec)
Ok | Lancel | Print Help
11.1.1 Maximum Credible Storey Displacements

All the following results in S-FRAME are viewed with the Modal Result option OFF and are hence the Modal
Combination values which result from applying the Modal Combination Method (MCM) to the modal results.

Example
{ dof
(0.14903] U,
0.13648| U,
)= 1] 0.11560| U,
0.08545( U,
0.05059| U,
0.01872| U,

Towa ]
/ 114.28 / /
/ 86.99 /

/

54.4

/

des |/

(- N

a

I
|5

X
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11.1.2

Modal Combination Storey Shears & Floor Forces

The Example warns about the dangers of applying the modal combination method to the modal floor forces — this
does not produce meaningful results. First the modal combination (maximum credible) Storey Shears are

calculated

S-FRAME performs this operation a

Applying, for example, the SRSS procedure to the second story, we obtain:

Vi™ = /(3987.0)° +(845.5)" +(96.5)" +(-114.8)" +(-111.3)" +(-45.0)’

=4080.2 kN

The result, in kN, for all stories is

N story
1417.6) 6
2369.8| 5
3080.3| 4
(V) =4 36a0a 3
40802| >
4327.6| 1

utomatically for all storeys by applying the MCM to the modal Storey shears:

Row Storey Ld Case Floor Fx Overturn Mx Overturn My Shear X Shear Y
No No No kN kMN-m kM-m kN kN
1 1 2 243.37 0.00 42,013.34 4,360.11 0.00
2 2 2 452.91 0.00 30,404.54 4,116.73 0.00
3 3 2 583.85 0.00 19,980.87 3,663.82 0.00
4 4 2 728.99 0.00 11,081.49 3,079.97 0.00
5 5 2 957.09 0.00 4,181.66 2,350.98 0.00
6 6 2 1,393.89 0.00 0.00 1,393.89 I[].[]U |
Comparison
RSA SRSS Modal
Combination Storey Shears Reference S-FRAME
(kN)
6" 1417.6 1393.9
5" 2369.8 2351.0
4" 3080.3 3080.0
3" 3640.1 3663.8
2" 4080.2 4116.7
1 4327.6 4360.1
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11.2 Storey Shear Envelope & Floor Forces

A plot of the Storey Shears Vy; produces the Storey Shear Envelope. The modal combination Floor Forces Fy; are
derived from this envelope, not by applying the MCM to the modal Floor Forces.

RSA SRSS Storey Shear Envelope & Floor Forces

Floor Force,

1393.89 1393.89

18

15 4 > Floor Force, 2350.98

957.09
> Floor Force, 3079.97
12 1 728.99
E
< > Floor Force, 3663.82
5 9 583.85
o
o
Floor Force, 4116.73
6 TP 452.91
Floor Force, 4360.11

3 e 243.37

0 T T T T

0.00 1000.00 2000.00 3000.00 4000.00 5000.00

Shear, Force (kN)
The Floor forces F are calculated from Storey Shears Vi from:
Feir =Vaiy = Vi
For Example;
Shear storey 4; Vy4 =3079.97 kN; Shear storey 5; V5 = 2350.98 kN
Force at Floor 4; Fya =V -V =729.0 kN
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11.2.1 Base Shear

From the Example (this is of course the same result as the shear for Storey 1)

Vo = (4122.1) +(1208.5)° +(444.6)° +(257.9) +(106.1)° +(29.1)°
=4327.6 kN

A comparable result is directly available from the S-FRAME Base Shear results Spreadsheet.

Row Ld Case X-Force ¥-Force f-Force X-Moment Y-Moment
No No kN kM kM kN-m kH-m
1 2 4,360.11 0.00 0.00 0.00 54,374.20

11.2.2 Overturning Moments

Storey:
Example S-FRAME Storey Forces Spreadsheet
-lv' StDl'}'
0.0) 6 Row Storey Ld Case Overturn My
- No No No kN-m
4252.9 5
112013 1 1 i 42,013.34
ol 2 2 2 30,404.54
{M™}=1200706¢ 3 3 3 2 19,980.87
30348.8| 2 4 4 2 11,081.49
41722.9) 1 5 5 2 4,181.66
[53865.8 0 G G 7 0.00
Base:

M = |[(53833.1)" +(~932.7)" +(1616.3)" +(130.7)" +(155.3)° +(19.2)
=53865.8 kN-m

A comparable result is directly available from the S-FRAME Base Shears results Spreadsheet.

Row Ld Case X-Force Y -Force I Force X-Moment Y-Moment
No No kM kN kN kM-m kM-m
1 2 4,360.11 0.00 0.00 0.00 54,374.20

Comparison

RSA SRSS Modal
Combination Base Results

Base Shear (kN) 4327.6 4360.1
Overturning Moment (kNm) 53865.8 54374.2

Reference S-FRAME
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11.2.3 Static Equivalent Lateral Forces

As noted these cannot be derived by applying the MCM to the modal Floor Forces Fy; . They are derived from the
Modal Combination Storey Shears as disucussed on page 33 above.

{ story
) | ] X R St Ld C Floor F
1417.6 1417.6) 6 o Mo | | e
2369.8-1417.6 951.9| 5 1 1 2 243.37
. 3080.3—2369.8 710.5| 4 2 2 2 452 .91
=%
(F*} 3640.1— 3080.3 5508 3 3 3 2 283.85
. . 4 4 2 728.99
4080.2 — 3640.1 440.3| 2 5 5 5 957.09
4327.6 — 4080.2 | 247.6] 1 6 6 2 1,393.89
Comparison
RSA SRSS Modal
Combination Equivalent Reference S-FRAME
Lateral Force (kN)
Roof 1417.6 1393.9
5™ Floor 951.9 957.1
4" Floor 710.5 729.0
3" Floor 559.8 583.9
2" Floor 440.3 452.9
1% Floor 247.6 243.4
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The Example notes that the Overturning Moment resulting from these forces does not equal that computed by
applying the MCM to the modal Storey Overturning moments:
The overturning moment, wn kN - m, computed for these equivalent lateral loads
IS
1417.6
951.9
710.5
559.8
440.3
247.6

M® = (0} [F*]={18 |15 [12 | 9 | 6 | 3} L =56742.1 kN-m

This result can be reproduced easily in S-FRAME using the option to Generate a Load case of Equivalent Lateral
Forces (ELF’s) from the results of a Response Spectrum Analysis Load case. This is performed in the Loads view
viathecommandEdi t / Gener ate Equival ent St atTheELEs@aeduomaticabym R
applied to the CMJ’s. Analysis of this load case produces the following result; the Base shear is the same as the
MCM base shear, but the OTM is not and is comparable to that computed from the ELF’s of the Example.

1393.89
fe
957.09
[
[ =
Ld Case 3
Shear X = -4360.11 kN J28.99
[ =
Shear ¥ =0 kN
Shear 7 = 0 kN 28389
Moment X = 0 kN-m
452.91
Moment Y = -56896.49 Ir.N-mI f
Moment Z = 26160.63 kN-m
243.37
|
# "
35.02 583.33 -435.02
{73—» X s ]
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12 F i

From the Example

nal

Compari son

Table 9 - Example 7 - Comparison of the results from Examples 5, 6, and 7

Example 5 Example 6 Example 7
Step-by-step Modnl spectral Modanl spectral
Paraweter S ,
Analysis Absolute value SRSS
|t
E.{DO-IC saternl 0.149 m 0.160 m. 0.149 m
Alsplacement
Base shear 4360 kN 6 170 kN 4 330 kN
Overtirnin . . |
g 54400 kN - 56 700 kM - v 53900 EM - m1
OMment
S-FRAME
Example 6 Example 7 Example 7
E le5
Parameter xe_erlie RSA RSA RSA
Absolute Combination* SRSS Combination CQC Combination
Roof lateral
displacement (mm) 146.4 158 146.9 146.8
Base shear (kN) 4 380 6 049 4 360 4372
Overturning
Moment (kNm) 54 588 57 498 54 374 54 368

*These Absolute Sum Combination values can be obtained directly from S-FRAME by choosing this as the MCM for the
Response Spectrum Load case.

13Concl

Generally we see excellent agreement in results between the example and S-FRAME. Small differences are
explained by for example: different method of time history solution (modal vs direct integration) involving different
damping % for some modes; some rounding in the Examples ‘hand’ computations; the Example does not consider
other phenomenon like elastic shortening of columns which are implicit in the S-FRAME analysis; possible
differences in the accelerogram and/or the displacement response spectrum data used by the Example.

USi on

It is interesting to note that S-FRAME'’s results for RSA SRSS Combination Base Shear and OTM agree almost
exactly with those of the Examples step-by-step (time history). S-FRAME'’s results for a CQC combination are also
included for comparison, showing that there is negligible difference to those of SRSS combination in this case.

© Copyright by S-FRAME Software Inc. — 2010

S-FRAME
SOFTWARE

www. s-frame.com

50




14Ref erences

[1] Luis E. Garcia & Mete A. Sozen, Multiple Degrees of Freedom Structural Dynamics, Purdue
University CE571 Earthquake Engineering, 2002

[2] Anil K. Chopra, Dynamics of Structures: Theory and Applications to Earthquake Engineering (2nd
Edition), Prentice Hall, 2000
[3] Roberto Villaverde, Fundamental Concepts of Earthquake Engineering, CRC Press, 2009

© Copyright by S-FRAME Software Inc. — 2010

S-FRAME
SOFTWARE

www. s-frame.com

51



15Suggested

Val ues f or

Thefollowing Table is reproduced from Reference [2].

Dampi ng

Stress Level

Type and Condition

Damping Ratio

Rat

of Structure (%)
Working stress, Welded steel, prestressed 2-3
no more than about concrete, welteinforced
% yield point concrete (only slight cracking)
Reinforced concrete with 35
considerable cracking
Bolted and/or riveted steel, 5-7
Wood structures with nailed or bolted
joints
Welded steel, prestressed 57
At or just below concrete (without complete loss in
yield point prestress)
Prestressed concrete with no prestress le 7-10
Reinforced concrete 7-10
Bolted and/or riveted steel, 10-15
Wood structures with
bolted joints
Wood structures with nailed 15-20
joints
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