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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.
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1 Example Brief

Example 4

The building shown in Fig. 5 is subjected to an explosion. The air pressire wave
caused by the explosion varies in the form shown in Fig. 5(b). We are interested in
obtaining the response of the structure in the short direction, as shown in the
figure. Damping of the structure, for the displacement amplitude expected, is
estimated to be § = 2% of critical. ALl girders of the frames have width b = 0.40 m
and depth h=0.50 m. All columns are square with a section side dumension of h =
0.40 m. The modulus of elasticity of the structure is E =25 GPa. The building has a
mass per unit area of 1000 kg/m®.

The exploston occurred far away, therefore we can assume that the pressure
applied to the building doesn't vary with height and is applied uniformly to the
bullding facade. The tributary area for application of the pressure at the top story
is 10m - 1.5 m = 15 m* and for the other floors 10m - 3 m = 30 m*.

 w 5

3m 4
3m pressure s
(kPa)

Im

t(s)
b a1 0z 03 Wﬁ
Im -1

m

(a) (b)
Fig. 5- Example 4
Further aspects of the building/analysis model either discussed within the body of the example or not stated explicitly are:
1  Supports are fully fixed.
1 Floors act as rigid diaphragms.
1 Mass distribution is idealized as concentrated at the floors only i column and girders elements are massless.
1  Contribution to stiffness matrix of shear stiffness is not considered.
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2 S-FRAME Model

The frame is input as per the Example details and dimensions. One analysis element per beam/column is used. All
connections are rigid and supports are fully fixed (it was found that this is the case, though it is not explicitly stated in the
Example). The X-axis is chosen as the axis of displacement in S-FRAME.

Section Properties

I 1 - Girder Section

10
m [ 2 - Column Section
E
4< ™
E
E 4< o
- —— —
E
1< L]
E
L]
-
Sm " A
5m gm Y " X
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2.1 Sections

S-FRAMETamered secti on tool is ugéd atnad orCeod tuenntbh es e Gii rodhes

Sections thus created will render correctly and can be readily edited.

Editlocal section database

Cloze

Current Section 1

Girder Section
Column Section

Section Name Girder Section User Defined B Hide Section Murbers

[ Exponential Format

Inertia [y] |4166REE700.0 mmd

LCancel

Update

i

1=
=%
[=n

Delete

\\

H= 500

il

Edittapered section dimensians Add
Dbasze...
Section Mame Girder Section Cancel
- Custam...
Up
iy
Edit Dimensions Properties at 'Start Hode' =
ear
i 41EEEEEEEE BEEEY
@) Edit section at 'Start Hods! L=l e N
) . i 2EEEEEEREE. BEEEY Hew
! Edit section at 'End Hode' I ] e
= Rectangular Sections E
IR T
T L . o Bf= [ mm

LCancel

I

(sect

To give closer agreement with the example (which does not consider shear stiffness) the Shear Area (A,) of the sections is set
= 0. 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

e

X

Close

Current Section 1

Girder Section
Column Section

Section Name |Girder Section Uzer Defined [X Hide S ection Numbers

[ Exponential Farmat

Inertia [y) |41BEEEE700.0 mrirnd
Inertia z) |26EBEEEF00.0 omd

Tarzion Constant |5645653300.0 omd
Shear drea(y] |0.0 mm2

Curret Color Shear Area(z) |0.0 mm2
. Other... Gross Area [x) |200000.0 M2
Plastic zection moduli Stress Point (1) 007 mm

LCancel

Update

Delete

Dbase...

Cugtom...

s |
o |
o |
o |
o |
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Materials

Since the building mass in the example is idealized as
concentrated at the floors, again to give closer
agreement, a zero density material is created for the

Material Properties

]2 - Slab Material

I 1 - Frame Material Zero Mass

frame members so these do not introduce distributed
mass which would change the vibration characteristics
to some extent.

25000 N/mm?; (we note that this is a typical value for reinforced concrete for short term loading)

A second material with the specified force density (per
unit thickness) is created for the diaphragm panels
which are used to introduce the floor mass.

Material Modulus of Elasticity; E=25GPa=

| Material Properties Tool

|

Editlocal material database

Cloze

Material Marne |Frame Material Zero Mass

Current b aterial 1

] i
Slab Material

Note a sensible 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.
I' = Qace ® 1000 kg/m® = 0.
Gace = 9.807 m/s?)

Slab material force density;

(gravitational acceleration;

Cancel
[® Hide Material Hurnbers L
[ Exponential Format Update
‘oungs Modulus (E] |25000.0 N/mm2 Add
Shear Modulus [G] |10400.0 W/mm2 Delete

M /mm3

Faorce Density |0.0

0000098067 N/mm®

( Material Properties Tool

Edit local material database

|

-
X

Close

Material Mame |Slab I aterial

G |
[X Hide Material Numbers =anse

A

Curent Material 2
uirent Haena [ Exponential Format Update
Frame Material Zero Ma “foungs Modulus (E] |25000.0 M A2
5lab Material
Shear Modulus (G) [104000 Nimm2 QB
New
IForce Dengity D.DDDDDSSD?I NAmm3
. |
Since the 6Slab Materialdé is only applied to the Rigid @i pphr
are irrelevant.
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2.3 Rigid Diaphragm Floors

Since a oO6rigid diaphragm effectd i Panslgparecusetl fomatel thin behakiair. Ehese m
panels also provide a convenient method of introducing the floor mass. The panels are assigned thickness = 1000mm and a
material with appropriate force density (see above). S-FRAME automatically calculates the mass of the diaphragm and applies
it as a lumped mass at the centroid of the panel area. For convenience, since engineers usually work in terms of weight rather
than mass, S-FRAME describes mass in terms of force units.

Panel Elements

|_| Hole

|:| Rigid Diaphragm
General Liaphragm

I Vembrane Tri Mesh

[ Plate Tri Mesh ; B £ IO e e
I st Tri Mesh : -

I #rea Load Only j ' :
I Independent Diaphragm ; el . s
Il /2t Foundation B
I Vembrane Quad Mesh p i s |
Il Fiate Quad Mesh
I Shell Quad Mesh
7] Membrane Mixed Mesh
[ ] Plate Mixed Mesh
I shell Mixed Mesh

B el RG] Bl

Note - The E & G values of the material assigned to a Rigid Diaphragm Panel have no effect on its stiffness i the diaphragm is rigid
in-plane and has zero stiffness out of plane

Slab material force density; I = gacc ® 1000 kg/m® = 9.8073 10° N/mm?

B e s

o

Floor Volume:; Vi =10m 3 6m 3 1000mm = 60 m®
Floor Weight; wi=r3 V,=588.40 kN
Floor Mass; Mi =13 V; /gacc = 60.00 tonne

Although it is not necessary for analysis, the lumped mass of the panel can be exposed by running the S-FRAME command
EDIT/Mesh Generator/Generate Rigid Diaphragm Mass . Note that the diaphragm produces translational mass in both
lateral axes, as well as Z-rotational mass. The example only actually requires X-Translational Mass since it only considers one

direction of response.
1

Selected Object Murmbar 34 ok | ﬁ¥@>
[ —1

|D Step |1 Increment |0 et <__ >

Row Joint | X -Tran | Y -Tran |Z-Tran| X -Rot | Y -Rot Z -Rot = ] —

No No kN kN KN | kNm*2 | kN.mA2 | kN-mA2 Delete |

1 |31 |568.40 588.40 (0.00  0.00 0.00 6,668.56 '-(—7\_/:—_ = >‘_
2 |32 |568.40 (588.40 (0.00  0.00 0.00 6,668.56 Sort =
3 |33 568.40 |588.40 (0.00  0.00 0.00 6,668.56 |

4 [34 |588.40 588.40 0.00  0.00 0.00  6,668.56 <E =5 >_

pl e,
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3 Floor Numbers

Finally Floor Numbers are applied to joints to identify floors. Note that Floor Number = 1 is applied to the base support joints.
This is required for S-FRAME to calculate storey drifts, storey shears and floor forces. This completes the modeling process.

E3+ File Edit View Define Select Settings Options Run Window Help =
NEHS » tBRX2ESXEO Q- M@0 A & ] 3
i3y wire dims - B .5 i Base - G W - & dk I 1-GiderSection v
_I-_. 1 - Frame Material Zero = Member Types Beam -
Ok & Joints O Floor Numbers  Floor 1 v Apply AutoFindInZPlane = Hide Numbers gy
Shortcuts X My Structure X j
Geometry =
T & 4rea Load Members
-] [ Columns
? 1 Beams
! 23 ¥ Support Stubs
(3 Side
&
:1:1:3
==
==
G
&
Loads
Graphical ...
Spreadsh...
Mumerical...
Cad Detailz
Design Model Organizer ﬂ

@orr ot akori oo Sor o form [Lon | @orr Forn A o
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4 Vibration Analysis

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 10 Eigenvalues (mode shapes) requested.

( Analysis Type 1

II

Analysiz type options
I Linear Static
O P-Dea Static

" o Defaults
I@ Unsztressed Vibration
cﬁDn

Lancel

ek

() Manlinear Stressed Vibration Jacobi parameters

Ol Unstressed Flasponse Spectum

) Linear Dynamic Time History tax lterations a0

(@ Tolerance 1.000000E12
! P-Delta Buckling

C

) Linear Static Maoving loads ITotaI Eigervalues 10

) Marlinear Static Moving Loads
) P-Delta Stressed Response S pectm
) Nonlingar Steszed Fesponse Spectum

Unstressed Vibrations For

Solution trail detail @
|Sectiun Titles j O
Rigid Body Motion coefficient Load Case Number 1
Shift Factar 0 | J

Eigenvalue Extraction Method

) Wersion 5.4 Subspace |teration
Verzion 78 Subzpace [teration

® Jacobi Threshald [for small models) Help

:

With this 3D model, some modes are found which are not given in the Example. S-FRAME finds typical Y-direction and
torsional modes in addition to the required X-direction modes, since there is Y-Translational and Z-Rotational Mass.

DeE& & Pl @B Q
BH 5 [Made Shape 1 Frequency =1.708688 H

X iew Groups

[Shortcuts K Eigen Period (T) Angular Frequency (w) Frequency (F) Error X - Mass Y - Mass Z - Mas:
Geometny Mo Sec Rad/Sec Hertz % % % %
Loads 1 0.5852 10.7360 X-Mode 1.7087 0.0000 83.9874 0.0000 0.0000
| 2 0.5280 11.9010 Y-Mode 1.6941 0.0000 0.0000 85.1236 0.0000

Graphical ... - —
— 3 0.3520 17.8493 Torsional Mode [2.8408 0.0000 0.0000 0.0000 0.0000
Zhreatis 4 |0.1831 34.3063 X600 T-0000— T0.0628 — 0.0000 .0000
5 0.1697 37.0293 5.8934 0.0000 0.0000 10.3906 0.0000
6 0.1128 55.6878 8.8630 0.0000 0.0000 0.0000 0.0000
7 0.1016 61.8217 9.8392 0.0000 39129 0.0000 0.0000
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% Error =0

Mode Shape 2
Frequency =1.8941 Hertz
Y-Mode

Mass X =0%

Mass Z =0%

Part Factor X =0

Part Factor Y =451.9159

Part Factor Z =0

Undesired modes can be removed by deleting the Y-Transand Z-Rot at i on all

)
/Ay
7

<

Y
AT

",
!

\

i
\.

2V
U

e

Y
%
W

e

4

A
Y

% Error =0

Mode Shape 3

Frequency =2.8408 Hertz
Torsion-Mode

Mass X =0%

Mass Y =0%

s

Mass 7 =0%

Part Factor X =0
Part Factor Y =0

Part Factor Z =0

P
=
l e
=
=]

_<
(]

2
7A

This gives the following first 4 modes (only 4 Eigenvalues requested) which are all X-direction modes only. Removal of
undesired modes could also be achieved by preventing Y-translation and rotation with appropriate supports.

B

|

|

/

/

i

/

b

Y

Y

PN

Mode Shape 1

Frequency =1.7087 Hertz

4.1

Mode Shape 2

Frequency =5.46

Mode Shape 3

Hertz

Vibration Results Comparison

ComparingS-FRAME®S results to the exampl e
S-FRAME
Eigen Period (T) | Angular Frequency (w) | Frequency (F)
Mo Sec Rad/Sec Hertz
1 0.585 10.736 1.709
2 0.183 34.306 5.460
3 0.102 61.822 9.839
4 0.072 86.926 13.835
Reference
Mode o’ o f T
(rad/s)? (rad/s) (Hertz) (s)
1 115.22 10.73 1.708 0.59
2 1176.5 34.30 5.458 0.18
3 3820.2 61.80 0.836 0.10
4 7552.6 86.90 13.83 0.072

Frequency =9.8392 Hertz

there

| umped masses -axs.
4 /
¥ X
Mode Shape 4
Frequency =13.8348 Hertz
is excellent

a
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5 Time History Analysis

5.1

Time History Loads

The Example specifies the following linearly varying time dependent pressure vs time load which has; a total duration of 0.6s, a

maximum of 5 kPa @ 0.1s and minimum of -1
applied to discrete joints in the structure.

k Pa

@ 0. 4s.

Thi s

mu st

5
4 |
31l
pressure 2
(kPa)
0

t(s)
P o1 0z o3 \sz/a—&/as

be

6converteq(

Since the example considers only the displacement of the floors, it is sensible to apply the load at the beam/column intersection

joints. We calculate the tributary area of each joint and hence the maximum and minimum forces for the function at this joint.

Force for 5 kPa

18.75 37.5 18.75
B7.5 75 67.5
87.5 75 67.5
B1.5 75 87.5
Z
875 $15 | 18.75

Three functions are required;
Y Interior Joints;

1 Edge Joints; F_Max = 37.5 kN, F_Min =-7.5 kN

1 Corner Joints;

X

Force for 1 kPa

3.75 7.5 3.75
7.5 15 7.5
7.5 15 7.5
7.5 15 7.5

Z
3.75 7.5 ; 3.75
4 + Y X

F_Max = 75 kN, F_Min = -15 kN

F_Max = 18.75 kN, F_Min = -3.75 kN
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5.2 Inputting Time History Loads

First the required Force vs Time functions are created and saved to a file. Once the data is input and the curve Added the

function is plotted and can be verified graphically.: E.
Time (s) Force (kN)
0 0
0.1 75
0.4 -15
0.6 0

g

The Nodal Excitation  Type is set and the appropriate functions created and added to a Time History Data file (file type *.DTH)

with the Function Tool.

When all the required functions have been created the Time History Load file is saved. Note that this file is saved seperately
from the model file i i.e. the time history load data is not held in the *. TEL model file.
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