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INTRODUCTION

1. Introduction

1.1 Disclaimer

RSTAB is a software package used by over 5000 engineers worldwide. It has been devel-
oped by a team of highly qualified engineers and programmers. All shipped versions of
RSTAB have been extensively tested before delivered to the users. Nevertheless Ing.-
Software Dlubal GmbH does not resume responsibility for the validity of the results ob-
tained from RSTAB and its modules or for the accuracy of this documentation.

The user must verify his own results

RSTAB is meant to be a tool used in structural analysis and design. The engineer working
with RSTAB is responsible for a correct structural model and the interpretation of the re-

sults.

ING.-SOFTWARE DLUBAL GMBH

1.2 Introduction

The following examples were selected to provide a representation of a wide range of model
types and analysis options. Yet they are kept simple to be able to manually follow the
analysis. This manual compares theoretical analysis results with the results obtained in
RSTAB. The examples were taken from available literature.

RSTAB 5 FOR WINDOWS © 2003 BY ING.-SOFTWARE DLUBAL GMBH
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EXAMPLES
2. Examples
2.1 Design of Beam for Moment (AISC
th - -
ASD 9™ Edition)
This example is taken from:
Applied Structural Steel Design (Third Edition)
by Leonard Spiegel, George F. Limbrunner
ISBN 0-13-381583-8
Pages 120 — 122
Geometry
The structural system is a two bay beam with a span of 14 ft each.
Material: Steel A36
Sections: W 24x76
Supports pinned at both ends
Loads: See below
Structural System
3.00 6.00 3.00
A 4
L Y 2 \ 3
= "w24x76 W 24x76 =N
«——— DX=14.000———p»' ¢ DX=14.000— >
2 RSTAB 5 FOR WINDOWS © 2003 BY ING.-SOFTWARE DLUBAL GMBH
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Shear Forces V:

-45.00

-

g1

3.00

g

45.00

Max V-3: 45.00, Min V-3: -45.00 kip

Bending Moments:

336.00

Max M-2: 336.00 kipft

Bending Stress Ratio:

96,6

Mex = 96.6%

This example shows no differences in the results of RSTAB and the analytical results in the
literature as can be seen on the following page.

RSTAB 5 FOR WINDOWS © 2003 BY ING.-SOFTWARE DLUBAL GMBH 3
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Example 4-7

Select the lightest W shape for the beam shown in Figure 4-16a. Assume full
lateral support (L, = 0) and A36 steel. Consider moment only.

FIGURE 4-16 Load, shear, and moment diagrams.

Solution:

The beam reactions are determined from the load diagram; the shear and
moment diagrams are drawn. These are shown in Figure 4-16b and c. Note
that no beam weight is included since the beam is unknown. An estimate of
the beam weight could be made and its effect on the moment included. This
is optional at this point. The beam weight must be included before the final
selection of section is made, however. The maximum moment is determined
to be 336 ft-kips, as shown in Figure 4-16c.

Select F,, if possible. In this case the A36 steel beam has full lateral support
and F, almost assuredly equals 0.66F,, since virtually all W shapes of A36
steel are compact. Therefore, assume that

F, = 0.66F, = 0.66(36) = 24 ksi
Determine the required S,:
M _336(12) _ -
7, 4 168.0 in.

From the ASDM, Part 2 (Allowable Stress Design Selection Table), select
a W24 X 76 with an S. = 176 in.* It is the lightest W shape that will furnish
the required section modulus. Note that the section selected weighs 76 Ib/ft.
Add in the effect of the beam weight:

wL? _ 0.076(28)?

required S, =

additional M = . 3 = 7.45 ft-kips
new total M = 336 + 7.45 = 343 ft-kips
. _M _343(12) _ -
new required S, = F, =4 - 171.5 in.

The W24 X 76 is satisfactory since 176 in.> > 171.5 in.? required. Also, now
check the assumed F,; the W24 X 76 is compact, since F; > F,, and

has adequate lateral support; therefore, the assumed F, is satisfactory. Use
W24 x 76.

4 RSTAB 5 FOR WINDOWS © 2003 BY ING.-SOFTWARE DLUBAL GMBH
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2.2 Multi-story frame (P-Delta)
This example is taken from:
Limits States Design in Structural Steel
by G.L. Kulak, P.F. Adams, M.I Gilmor
Canadian Institute of Steel Construction
4™ Edition 1990
Chapter 9.4
Geometry:
Dimensions: as shown below
Material: Steel with E=20410 kN/cm?
Sections: UB 533x210x122 (British steel I-beam)
Supports: pinned
30.00 30.00
50.00 Lz | VgV V) 14 V45 ¥ Y16
—_— 2
(=
50.00 50.00 ]
(3]
1 12 13 i
N
a
100.00 l, Y VY Y gV ¥V ] o | TR Y11 +
- °
50.00 50.00 ]
(3]
6 7 8 ]
N
a
100.00 ) Y | Y 4 ¥ Y | 4 | Y5 7¢ Yo %
- °
o
©
(3]
1 2 3 4
N
a
1 3 5 i
A A A
‘47 DX =9.000 ———— »'€¢—— DX =9.000 —— >

z

In the reference the maximum bending moment according theory second order for the col-

umn of element 3 is 388 kNm.

The RSTAB results are as following:

RSTAB 5 FOR WINDOWS © 2003 BY ING.-SOFTWARE DLUBAL GMBH
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VAN

-28A an
-213.68
-120.68 A71.34
-120.68 83.56 213.68
120.20 111.64
45¢.19 -426.49
-196.01 /-23 .64 /%
-31.681—164.33: -22. 8426074 444165 284.84
188.63 181.48
28.44, 1/20'07
+<165.75) +46-85 I 363.97 +65-36 384.87

Lo

Mex I\/I-27: 384.87, Min M-2: -594.89 kNm

The differences in this example to the analytical value in the literature reference are:

384,87/388=0.81%

6 RSTAB 5 FOR WiNDOWS © 2003 BY ING.-SOFTWARE DLUBAL GMBH
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2.3 Simple Frame (P-Delta)

This example is taken from:

Design of Steel Structures (Third Edition)

By Edwin H. Gaylord, Jr., Charles N. Gaylord, James E. Stallmeyer
ISBN 0-07-023054-4

Pages 446-447

Geometry:

Dimensions: as shown below
Material: Steel A 36
Sections: W 14x74

Supports: pinned

80.00

140.00

2

140.00

W 14x74

¢—— DX =10.000 »

DZ=18.000 ———»

W 14x74

DX =40.000

W 14x74

Jerm

RSTAB 5 FOR WINDOWS © 2003 BY ING.-SOFTWARE DLUBAL GMBH
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Results First-order elastic:

-2767.56 -2767.56
-2767.56
4432.44
12.81

> X <
12.81

1 60.00

\[100.00

2

Max M-2: 4432.44, Min M-2; -2767.56 kipin

In the literature the maximum bending moment is 2767 kip in. RSTAB gives 2767.56 kip
in. The difference is 0.02%.

Results Second-order elastic:

2767.56

-2651.84 -2804.32
-2651.84 : / 2894.32
4512.34
12.98
- X <
12.98
vl 60.51
\[29.50
4

Max M2: 4512.34, Min M-2: -2894.32 kipin

In the literature the maximum bending moment is 2889 kip in. RSTAB gives 2894.32 kip
in. The difference is 0.18%.. The corresponding pages from the literature follow.

8 RSTAB 5 FOR WiNDOWS © 2003 BY ING.-SOFTWARE DLUBAL GMBH
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Example 6-10-1. The single-bay frame shown in Fig. 6-22a is considered in this
example. All members are W14 x 74 of A36 steel, with the weak (y) axis in the plane
of the frame. The frame is braced in the direction perpendicular to its plane at the
top of the column, so (KL), = 18 ft.

Results of the first- and second-order analyses are shown in the figure.

Solution
Po effect
I 796 1 796
B —= = 1.66 Col P == = 3.68
M LT a0x 12 T T8 x 12
3.68 .
Gip = 166~ 22 Gy = 10 for pinned-end  (Art. 4-11)
From Fig. 4-28, K = 0.91,
% x 29,000 x 796
= = 5897 kips
E=7091 x 18 x 12)7 P
From Eq. (6-7)
M
C,=06—-04—L=06
M,
40%  8O* 40k
l l l 8.68*
- B C— /\,———_‘)
ﬂ.{ 3705™  1830" ' |
18’
40’
[L* f Trozx" T56‘
(a) (b) No translation
L ———
m938"” 937 | F\'2767”” 2767
4.34% 4.34*% 12.8* 12.8*
1 4% 14* T 0o+ Tb‘o’
(c) Transiation (d) First-order elastic
(b)+(c)
Nosar™ 2889 )
12.83*% 12.83*%
199.5* T60.5"
(e) Second-order elastic
FIGURE 6-22

RSTAB 5 FOR WINDOWS © 2003 BY ING.-SOFTWARE DLUBAL GMBH
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2.4 Cables

This example is analyzed according:
Statik der Seilkonstruktionen

By Szymon Palkowski

ISBN 0-387-51125-3

Geometry:
Cable with 10 m in length between to horizontally fixed supports

Inelastic cable

2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

135.10.

135,
10.00 H 1000

185.0

Distributed Load of 2 kN/m

The horizontal reaction in the support nodes is:

2 2
qu*l _2%10

= =135.14kN
8% £ 8+%0.185

RSTAB calculates 135.10 kN. The result may be even improved, if you insert more inter-
mediate nodes.

10

RSTAB 5 FOR WINDOWS © 2003 BY ING.-SOFTWARE DLUBAL GMBH
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2.5 Modal Analysis of Frame

This example i staken from:

Meskouris, Konstantin. (1999)
Baudynamik, Modelle Methoden Praxisbeispiele

Ernst & Sohn, Berlin
ISBN 3-433-01326-8

m1 10 14 1 15 12
X P::
7 8 9
m2 7 12 8 13 9
4 5| 6
m3 4 10 5 1 6
1 2 3
1 2

Example according Meskouris, K. (Page 99 ff. and 117 ff.)

Elr =32000 KNm?
Els = 30000 KNm?
ml=m2=30t
m3 =8t

According to this example the first three Eigen modes have been analyzed. After that the
response of the frame to the following excitation is analyzed in nodes 4, 7 and 10.

10,0
P(t)=[10,0 | ft); f(t)=(0sec=0KN;0,5sec=1KN; 1sec=0KN)
5,0

For all modal participations a damping of 2% has been chosen.

The following table shows the RSTAB-DYNAM Results and the literature results

Eigenmode Eigenperiod [sec]

No. RSTAB-DYNAM Literature
1 0.761587 0.755128
2 0.189607 0.181723
3 0.105814 0.105522

RSTAB 5 FOR WINDOWS © 2003 BY ING.-SOFTWARE DLUBAL GMBH 1
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Next there is a comparism of the internal forces in RSTAB and in the literature at the time

of 0,61 sec.
412 -3.63
4.26 7.92 363
4.26 3.80
16.72
/ -9.94
13.11 23.40 / 10.08
-2.65 2.1 0.14
15.76 |
-36.62 -36.09
/ 29.59 / 59.55// 30.00
7.18 13.33 6.08
36.7f 36.2
X
V
z
Bending moments M-2 in KNm in RSTAB- DYNAM at time = 0,61 sec
3,5 3,5 7,0 3.5
]” 3,5
13,7 13,7
174120 __— A 24, 120
2 3’4__/ 1.7 A s
13,7 13,7 7358
29,7
6,1 2
12,3 594 6,1 29,7

35,8 35,8
b b kN
2 A

Bending moments M-2 in KNm in literature at time t= 0,61 sec

12 RSTAB 5 FOR WINDOWS © 2003 BY ING.-SOFTWARE DLUBAL GMBH
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Project: TEST Position: Single Span Beam Page: 1
TEST for RSTAB
04/02/2003
sian
X
YP
XD
Y, z %
P(X,Y.2)
MATERIALS
Mat Material E Modulus Shear Mod Spec Weight Coeff Therm
No Description [ksi] [ksi] [kip/in3] [1/°C]
1| Steel A36 2.900E+04 1.115E+04 2.892E-04 1.200E-05
W 24x76 SECTIONS
Sec Mat Section 12 A A3
;‘,STE < No No Description [in4] [in2] [inq]
QFL 1 1 1 W 24x76 2100.00000 22.40000 9.85049
ELEMENTS
Elem Elem Nodes Beta Section Hinge Part Length Elem
No Type Begin‘ End [°] Begin‘ End Begin‘ End | No [ft] Location
1| Beam 1 2 0.0 1 1 - 14,000/ HORI
2| Beam 2 3 0.0 1 1 - 14.000, HORI

RSTAB 5.13.014 Spatial Framed Structures

Ing.-Software DLUBAL GmbH  www.dlubal.com
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STRUCTURE

Project: TEST Position: Single Span Beam Page: 2
TEST for RSTAB
04/02/2003
Local Element Axis System
SUPPORTS
Support| Supported Rotation [°] Fixed Support/Support Spring [kip/ft] [kipft/rad]
No Nodes Alpha ‘ Beta in X inY inZ ar X arY ‘ arZ
1 1 0.0 0.0 Yes Yes Yes Yes No Yes
Gelenkig
2| 3 0.0 0.0 No Yes Yes Yes No Yes
LOADS GENERAL DATA
LS No LS Description Factor Combination Type Dead Weight
1] Loadcase 1 1.00|Permanent
NODAL FORCES LS 1
Global Nodal Force
Loaded Nodal Forces
X /Node No Nodes Px [kip] \ Py [kip] \ Pz [ip]
§ z /O > P-X 1] 2 0.000] 0.000] 6.000
P- l P-z
, ELEMENT LOADS LS 1
1- Linear Load P - : -
1 Loaded Type Load Parameters [kip, kipft, ft, °C, kip/ft, kipft/ft]
No Elements No Direction P1 ‘ ‘ ‘
—=a 1 1.2 1 z 3.000] | |

Z - Global in Z-direction

N
NP
d

Referen/ce Length

RSTAB 5.13.014 Spatial Framed Structures

Ing.-Software DLUBAL GmbH  www.dlubal.com
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Project: TEST Position: Single Span Beam Page: 3
TEST for RSTAB
04/02/2003
LOADS
LS 1 - Loadcase 1 Opposite Y-direction
[kip], [kip/ft]
3.00 6.00 3.00

2
2.466 ft
INTERNAL FORCES BY ELEMENT
Elem LS/LG Node X Forces [kip] Moments [kipft
No No No [ft] N V2 V3 T M2 M3
1| LSt 1 .00 .00 .00 45.00 .00 .00 .00
2 14.00 .00 .00 3.00 .00 336.00 .00
Max N .00 .00 .00 45.00 .00 .00 .00
Min N .00 .00" .00 45.00 .00 .00 .00
Max V-3 .00 .00 .00 45.00 .00 .00 .00
Min V-3 14.00 .00 .00 3.00" .00 336.00 .00
Max M-2 14.00 .00 .00 3.00 .00 336.00" .00
Min M-2 .00 .00 .00 45.00 .00 .00" .00
2| Ls1 2 .00 .00 .00 -3.00 .00 336.00 .00
3 14.00 .00 .00 -45.00 .00 .00 .00
Max N .00 .00 .00 -3.00 .00 336.00 .00
Min N .00 .00" .00 -3.00 .00 336.00 .00
Max V-3 .00 .00 .00 -3.00 .00 336.00 .00
Min V-3 14.00 .00 .00 -45.00 .00 .00 .00
Max M-2 .00 .00 .00 -3.00 .00 336.00" .00
Min M-2 14.00 .00 .00 -45.00 .00 .00" .00
SUPPORT FORCES AND SUPPORT MOMENTS
Node LS/ILG Support Forces [kip] Support Moments [kipft]
No No Px Py Pz Mx My Mz
1] LSt .000 .000 45.000 .000 .000 .000
3| Ls1 .000 .000 45.000 .000 .000 .000
yLoads | LS1 .000 .000 90.000
sForces .000 .000 90.000
GLOBAL ELEMENT DEFORMATIONS
Elem LS/LG Node X Element Deformations [in]
No No No [ft] ux uy uz
1] LSt 1 .00 .00000 .00000 .00000
2 14.00 .00000 .00000 .79583
2| Ls1 2 .00 .00000 .00000 .79583
3 14.00 .00000 .00000 .00000

RSTAB 5.13.014 Spatial Framed Structures Ing.-Software DLUBAL GmbH  www.dlubal.com
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Project: TEST Position: Single Span Beam Page: 4
TEST for RSTAB
04/02/2003
RESULTS
LS 1 - Loadcase 1 Opposite Y-direction

Internal Forces M-2

R

\\\///
336.00
115.800 kipft
1.809 ft
Max M-2: 336.00 kipft
LS 1 - Loadcase 1 Opposite Y-direction
Internal Forces V-3
-45.00
-3.00.
. I
— K ,I
3.00 -
z
15.509 kig5.00
1.809 ft
Max V-3: 45.00, Min V-3: -45.00 kip
LS 1 - Loadcase 1 Opposite Y-direction

Deformations

Max u: 0.80 in 1.809 ft
Factor for Deformations: 39.3701

RSTAB 5.13.014 Spatial Framed Structures Ing.-Software DLUBAL GmbH  www.dlubal.com





