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T
. Abstract

This module calculates the transient (history) response of a model subject to dynamic loads in
which viscous damping is present. It enables the dynamic analysis of models subject to impact,
impulse or cyclic loads or any other type of load that varies with time.

The stages in solving a STRAP model for this type of dynamic loading are:
e Geometry definition.

Definition of masses.

Calculation of natural frequency.

Definition of the time-history function and associated loads.

Display of results and transfer to STRAP

2. Geometry definition

Because the aim of this example is to describe the method to do Time-History Analysis, we will
use a simple frame structure with a span of 8 meters and height of 3 meters. A ZIP file containing
model files may be downloaded by clicking on this link: Model's geometry
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In the STRAP main menu:

e Click on Files and select Unzip a model; select the downloaded file.

e Click and highlight the model and click | “°P¥ |

3. Modal analysis

e Click the "eights | 1o

@ Add weights

e Select the option in the side menu
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¢ Define a weight = 50 kN on node 5:

Wweight = |50
] | Eann::el|

Advanced... |

e Select node 5.

= Mode shap..|. . ; i i
£ = Mode shap in the side menu and specify the following options:

e Select

|| Mo of mode shapes to be calculated = E

Calculate natural frequencies _ |3—
within a convergence tolerance of @ 10

Height direction: |x2 -

Apply weight in Default Ecoentricity :
W %1 direction del=0.
[ %2 direction
-

[v Calculate soft stories and shear center

Stories | E coentricities |
(1] | Cancel |
1= Salve . .
o Select|'*” in the side menu to calculate the mode shapes.

4. Time history analysis

4.1 Load suddenly released
Calculate the cycles of vibration if a horizontal load is applied to the top of the frame and then

suddenly released. Assume 4% damping.
e Click on Timehis. i the menu bar.

. 4% New load . .
e Click on in the side menu.

e Type in the name of the load case, e.g. "Load suddenly removed".

. 4+ Add . .
e Click on in the side menu.

L3
4
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e Define a horizontal load of 100 kN:

Joint loads Note:

Forces Moments To display the load, set ¥ Joint loads" in the

Fxe1= 1100 b3 = Display option:
Fe2=|0. Mi2=
F><3=|7 |".'1><3=||:I.7 Display | ReMove Combina

MNode numbers

(] | Cancel Beam numbers

Element numbers
Property numbers
Beams end condition

Springs

Joint Loads

There are several ways to apply the load. We will apply it gradually and linearly so that the load
is applied fully at t=30 sec, then reduce it to a zero load at t =30.01 sec.

Iﬁv History

¢ Define the first segment of the load - 0 to 30 sec - as follows:

e Click on in the side menu

History function f(t)
(1. 4. Click
=
1.14 %—;ﬁl to apply
11 =
sl L]
0.8+ [ -
0.7+ delete
0.67 e
0.5 presy,
041 [ =
0.3+ et
0.2+ , 3. Enter "1." to
o1t = Enter_thetlme apply the full load Q
interval = 30 sec c y
T } } u
0 10 N} 20 Yy 30 T

[ Cyclic function Time point; £= |30, e Malue f)=]1. y
K.

* Linear  Sine

1. specify a linear load |
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¢ Define the second segment of load - 30. to 30.01 sec - similar to above:

History function f(t)
R [ o 2 Click
11 inzert to apply
11 \
[ o
0.3 revize
0.81 [ o
0.71 delete
0.67 <
0.5+ e,
041 =
0.3 et
0.2+ —
o1t 1. Enter the data (similar E
) to the previous step) sec ~
0 w27 20 30 %
[ Cyclic function |Time point; t= |30.01 sec Walue: flt)=|0. 3. C|i.[‘.|{t0
. : k continue
 sine

. % % Main menu .
e Click to continue.

f_:g Damping

¢ Define the damping: click on

Damping factors

in the side menu

Select mode shapes range:
Mode no. 1

1 Select the

4.00% mude shape(s)

|

Dramping factar; I

@r the damping factnr]
j@llck to asmgn]

Azzign damping factaor to zelected modes |

] | Cancel |

4. Click OK
to continue

Display the results.

e Natural frequency and period:
E Display la...

* Modal Data table

o Click on

o Select in the menu.

in the side menu.
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o The following table is displayed:

Mode Eigé'nvalue Natural Damping | Max translation
No. { Omega=2 )| Frequency | Period Coeil. (%) Node-DOF
1 344 672 29548 0.33844 4.00 5-1

¢ Displacements (graphic):

A time span must be defined before displaying the displacements. For example, display the
deflections from 0 to 35 sec:

dﬁ:b__ .
. - Display ar...| . .
o Click on == =52 8% |in the side menu.

o Specify the result type, direction and time span:

Graphic results

Select a

result type

Select a

Reszult typs Load cazes

) load case ~

* Nodal Deflections * Load case

(" Modal Yelocities ||EIE|I2| suddenly removed ﬂ

(" Modal Accelerations Defi

efine the

Start = 0. ZEC End=|35 ZEC .

" Modal Farces [ I
Directions

(" Beam end results JA

(" Beam end resultz JB , v =1 r
mo - Cancel

Select a global [ [ =5 Click to
direction

o Select node 2. The program displays the time-deflection diagram:

¥1 DEFLECTIONS
G.0563

0.04+

Q.02+

(i} } } } } } } }
0] a5 7 105 14 175 21 245 28 35

-0.02+

-0.0482--

a0, TBC End =|35. ZEC

Start
o Zoom in on the 30 to 35 sec range:

X1 DEFLECTIONS
0.0564

0.04+

ﬂﬂiv%ﬂwf}v%m@v&’w Ty )

0.0497--
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Note: The rate at which the displacements decrease is a function of the damping value.

¢ Displacements (tables):

A time span must be defined before displaying the displacements. For example, display the

deflections from 0 to 35 sec at node 2:

o Select "Time tables" in the menu bar:

| Time tables | Help

Click on this option j

| Define computed time table Ctrl+ to define the interval
Define times for display/print Cerl+T
Mode shape range Ctrl+M

Interval end  Interval step

Min= 0. b ax= 0.

1. Enter the Intewal end : 3. Click to
- " " [ngert interval continue
terval "end" value t= 3|:|

Delete interval

Interval step:
2. Enter the u:It=|I:| 2 Mu:u:hfy step
interval step

Cancel | QK

o Repeat to add t = 35 sec, then delete t = 0 sec:

Min= 0. M ax= 35,

Interval end : .
Ingert interval

Lh?g?ﬁlgﬁ?d = 35 ———— 2. Click to
Interval step: slEiE s delete

dt=| nz b odify step

Cancel
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o Click @ Display ta... in the side menu.

o Select the result type, etc.:

Display results tables,

All interval and
Result type Dizplay times step points

[ {* Maodal Defleu:tiu:uns] (" Single time paint .

(" Nodal Yesgities I {* Display time table points and maximumn resultsl
 Nod Result type " Mazimum results only

(" Modal Forces

[ Dizplay results for elements not on screen
" Beam end results

~
~

[ Dizplay general mazimum values
Load caze

* Single load case
" Allload caszes

Click to
. Ok, C |

o The program displays the table:

" Modal D ata kable

Node Time X1 X2 X6
2 30.00000 0.05639 0.00005 -0.0178
30.20000 -0.04425 -0.00004 0.0140
30.40000 0.02263 0.00002 -0.0071
30.60000 0.00000 0.00000 0.0000
30.80000 -0D.01682 -0.00002 0.0053
W 0.02443 0.00002 -0.0077

- =10l 000002 0.0073
3360001 MH 0.0048
33.80001 0.00108] T Uweer . ———al

34.00002 0.00069 0.00000] e

34.20002 -0.0018&1 0.00000 0.0006
34.40002 0.00212 0.00000 -0.0007
3460002 -0.00173 0.00000 0.0005
34.80002 0.00094 0.00000 -0.0003
35.00000 -0.00008 0.00000 0.0000
Node max 0.05639 0.00005 -0.0178
2 Time 30.00000 30.00000 30.00000

4.2 Periodic forcing function

The following motor is located at node 5:
e Weight = 40 kN.
e Horizontal period force = 8.5 kN at a frequency = 1.75 Hz.

e Damping ratio = 4%.

| IR encmesai sorrwase oeveiopment uro
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e Select the @ Add weights option in the side menu and define an additional weight = 40 kN
on node 5.

#1% Solve
o Select !

in the side menu to calculate the mode shapes.
e Click on Tmehis: i the menu bar.

. 4% New load . .
e Click on in the side menu

e Type in the name of the load case, e.g. "Periodic force"

e Define a horizontal load of 8.5 kN at node 2.

. Hist . .
e Click on o History in the side menu

e Enter the following history function (1.75 Hz = 0.5714 sec)

History function f(t)
1_ L
l] i , , , i i FeCc
’ 0.1 0.2 3 0.4 0.5 0.6

1. Enter

a4 the data
2. Click to
P | revis revise

[+ Cyclicdfunction Period T= |0.5714 B Amplitude= |1, y 3 Click to
" Linear | * Sine Start at t0= [0, ze0 _OE | continue

e Click % % Main menu

and display the results as described in the previous example.

K1 DEFLECTIONS

o X1 deflections (graphic):
0.0174—
0.01+

g
T VATVITTIOYS

0.01+
The deflections become stable after 7 sec.

o

-0.015
-0.0183-
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o the natural frequency:

Mode Eigenvalue Natural Damping Max translation
No. { Omega™2 )| Frequency | Period Coeff. (%) Node-DOF
1 101.485 2.2024 0.45406 4.00 5-1
e Click on [f Revise load in the side menu
e Click on 'mv History in the side menu and revise the "Period T" to 0.454 sec (the natural
frequency).

o The X1 deflections are:

K1 DEFLECTIONS
0.0584-

ERLTNEARCARATLAA
= T

-0.0593-

BN 2

* The steady-state deflection is 59.4 mm.
=  The horizontal deflection for a model with a horizontal static load = 8.5 kn is 4.83 mm.

* The Dynamic Load Factor (DLF) = 59.4/4.83 = 12.3.

4.3 Blast load

Calculate the deflections for a blast load of 30 kN that is applied at t =0 and decreases linearly to
0 kN antt = 0.16 sec.

. 4% New load . .
e Click on in the side menu

Type in the name of the load case, e.g. "Blast load"

Define a horizontal load of 30 kN at node 2.

. Hist . .
Click on P History in the side menu

Enter the following history function (as described in the first example) by defining two points:

t=0, f(t) =1.0 and t=0.16, f(t)=0.

Time history analysis I 11



History function f(t)

[ Cyclic function Time point; t= |06 o Walue: =0 {
K.

* Linear © Sine

e Click % % Main menu

&3 Damping

e Click on in the side menu and define 5% damping.

e Display the results as described in the previous examples.

o X1 deflections (graphic):

K1 DEFLECTIONS

03151
0012+

gi&?/\/\ﬂf\f\m .

oooal |05 U% v.’s,\/:’z\/sz & 3% 1 45 5
-0.008-+
-0.0129--

4.4 Ground motion

Calculate the deflections for a horizontal ground acceleration that increases linearly from 0 to
1.962 m/sec2 at 0.04 sec, then subsides linearly to 0 m/sec2 at 0.08 sec.

. 44 Mew load . .
e Click on in the side menu

e Type in the name of the load case, e.g. "Ground motion"

‘U Base accel,

e Clickon

in the side menu and define a magnitude = 0.2g (= 0.2x9.981 = 1.962
m/sec?).
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¢ Enter the following history function (as described in the first example):

msec

10 20 30 40 50 60 70 80
[T Cyclic function Time point: t= | sec  Value: f[t]=|l1

@ Linear " Sine

o Click 7S Mainmenu .04 display the results as described in the previous examples.

o X1 deflections (graphic):

lk1 NODAL FORCES
16.

12

: } /\ " /\ ; /\ 1/\ )
“FW 0.4Wo.a Uz 13 __¥6 18N\.2
9.

o Display the forces and the moments at the top end of the left column as they vary in time:

:g Display qr...

= Click on in the side menu and select the following options:

~Resulttypg———— r Load cases
¢ Nodal Deflections * Load case € Combination
" Nodal Velocities ‘ |ground motion
" Nodal Accelerations |
" Nodal Forces
" Beam end results JA
% Beam end results JB
" Elements results

[Start = |0 End=[2.
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= The program displays the results:

AXIAL FORCE
0.9967

0.4t /\ /\ /\ /\

0 4 } t } 1 1 ) + |
b, 02/ oa W 038 vz 1}\}6 1852

04t

0.8+

-1.1664--
V2 FORCE
4.4997-

-3.8449-+
M3 MOMENT
3.9866

\/ AT s

-4.6656--

These results can be transferred to STRAP and added as load case results:

‘% Update re...

e Click on in the main side menu

¢ Select the following options:

r~ Time domain ~ Load case

| € Single time point.  Single load

" Mawimurn values over time range " All load cases

" Minimum values over time range
Cancel

[f: Max . absolute values over time rangel

Click to
continue

e Select the "Ground motion" load case.
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Return to the STRAP results module and display the graphic results for this load case. For

example, moments:

o0
b -3.8

35 WMMME

M3 MOMENT LOAD NO. 3 TIME LOAD 4 ENVELOPE t= 0O fo 1

]
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