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Abstract

An application program shall be developed for the elastic analysis of steel space
frame structures and design of the structure members. Matrix method for the analysis
of the structure and EBSC 3 1995 specifications for the design of members will be
implemented. Subsequently a small application program which provides user
interfaces in the input of data, analysis of the structure and design of members will be

generated.
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Chapter 1 INTRODUCTION

1.1. General

The primary function of any structure is to support and transfer externally applied
loads to the reaction points while at the same time being subjected to some specified
constraints and a known temperature distribution. In most civil engineering structures,
the reaction points are those points on the structure which are attached to a rigid

foundation.

The structural designer is, therefore, concerned with the analysis of known structural
configurations which are subjected to known distributions of static or dynamic loads,
displacements, and temperatures. Furthermore, the structural designer is also required
to perform the most efficient design (optimum design) for the set of specified loads.
Consequently, the ultimate objective in structural design should not be limited to the
analysis of a given structural configuration but must be followed by the most efficient

design for specified design criteria (Reference No. 2, 4, 10, 11, 13, 14, 15 and 18).

Analysis of structures predicts the behavior of a structure in its environment,
including mainly the assessment of the force actions and deformations induced by the
load system. It is required selection of configuration, member sizes and materials to
be performed in the most efficient design of the structure (Reference No. 1, 7, 8, 9, 12,
13 and 17).

1.2. Objective of the study

Recent advances in structural technology have required greater accuracy and speed in
the analysis of structural systems. The requirement of accuracy in analysis has been
brought about by a need for demonstrating structural safety. Consequently, accurate
methods of analysis had to be developed since the conventional methods, although
perfectly satisfactory when used on simple structures, have been found inadequate

when applied to complex structures.

The requirement of speed, on the other hand, is imposed by the need of having
comprehensive information on the structure sufficiently early in the design cycle so
that any structural modifications deemed necessary can be incorporated before the

final design is decided upon.
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Furthermore, in order to achieve the most efficient design a large number of different
structural configurations may have to be analyzed rapidly before a particular

configuration is selected for detailed study.

In efforts made to satisfy the need of accuracy and speed, a vast amount of data and
enormous computational programs of work, in valuing large number of simultaneous
equations are faced. Nowadays these can be handled more easily with digital
computers. Practicing engineers combine the analysis and design of various structures
using graphics with the help of computer programs. The accuracy and power that
practicing engineers acquired to perform various design and analysis works using

application softwares drive them to use it exceedingly in their day to day life.

In our country, many practicing engineers make use of available application softwares
for analysis and design of both concrete and steel structures. These softwares are
based on various national standards. These include European, German, British and

American codes, among others.

The softwares that are currently used by our practicing engineers do not consider local
conditions. This coerces these engineers to use other countries building code
standards and thus they may not be able to incorporate local condition that should be
included especially in the design of structures. The need to have application software

which includes local conditions and building code standards become unquestionable.

Therefore, the aim of this study is to develop an application program for the elastic
analysis of a steel space frame structures and design of members of the structure that

takes national code provisions and utilizes EBCS 3 1995 (EADoSSF).
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Chapter 2 ANALYSIS OF STRUCTURES

2.1. General

The structural analysis deals with the development of suitable arrangement of
structural elements for the structures to support the external loads or the various
critical combinations of the loads which are likely to act on the structure. The analysis
also deals with the determination of internal forces in the various members (namely
axial forces, bending moments and shear forces), state of stresses or critical
combination of the stresses of the various points (which includes the nature,
magnitude and direction of these stresses) and the external reactions due to the worst
possible combination of the loads. The external reactions are transmitted to the
foundation. The methods of structural analysis and the principles involved in them
remain independent of the materials used for all types of structures, whether the

structures are built of plastics, aluminum, timber, reinforced concrete or steel.

The structural analysis concept adopted in the study will be explained in this chapter.

2.2. Matrix method of structural analysis

As it is mentioned in chapter one the need for accuracy and speed in the analysis of

structural systems is an issue due to advances in structural technology.

The method of analysis which meets the requirement mentioned above uses matrix
algebra, which is ideally suited for automatic computation on high-speed digital
computers. The scope and power of matrix methods have been brought out by the
formulation of general matrix equations for the analysis of complex structures. In
these methods the digital computer is used not only for the solution of simultaneous
equation but also for the whole process of structural analysis from the initial input

data to the final output, which represents stress and force distribution, and deflections.

Matrix methods are based on the concept of replacing the actual continuous structure
by a mathematical model made up from structural elements of finite size having
known elastic and inertial properties that can be expressed in matrix form (Reference
No. 1, 2 and 8). The matrices representing these properties are considered as building
blocks, which, when fitted together according to a set of rules derived from the theory

of elasticity, provide static and dynamic properties of the actual structural system.
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The flexibility method (also called force method) and the stiffness method (also called
displacement method) use matrix formulation in the solution of the set of
simultaneous algebraic equation. The stiffness method is more suitable for computer

programming.

In the stiffness method, actions are expressed in terms of displacements. The

unknown quantities are the joint displacements in the structure.

In matrix method of structural analysis, the expressions involving actions in terms of
displacements are formulated for individual members of the structural system with the
help of superposition. These expressions should be assembled for the whole structure
from the contributions of individual members by a formal matrix multiplication
procedure. This matrix multiplication procedure involves a large and sparse
compatibility matrix-containing terms that are easy to evaluate correctly. Further
more, neither the generation of this matrix nor the multiplication process for assembly
would be suitable for computer programming. A better methodology incorporating
drawn ideas from superposition and formal matrix multiplication and adding a few
computer-oriented techniques is known as the direct stiffness method (Reference No.

8).
Direct stiffness method

In the analysis of space rigid-jointed frames, the following assumptions are made

(Reference No. 8).

1. There are no restrictions on the location of joints, directions of members, or
direction of loads.

2. The individual members may carry internal axial forces, torsional moments,
bending moments in both principal directions of the cross-section, and
shearing forces in both principal directions.

3. The members are assumed to have two axes of symmetry in the cross-section
so that bending and torsion occur independently of one another.

4. Each member has a straight axis and uniform cross-section throughout its
length.

5. All members behave in a linear elastic manner.

6. Changes of geometry are ignored due to sufficiently small deflection in the

structure.

Advisor Dr. Shifferaw Taye 4 Tamrat Tilahun ~ 9/17/2008



AAU, Faculty of Technology, Civil Engineering Department Thesis: EADoSSF

7. The members of the frame are assumed to be rigidly connected at the joints,
and each joint that is not restrained is assumed to translate and rotate in a
completely general manner in space.

Steps in direct stiffness method (Reference No. 8)
1. Idealizing the actual structure

In this step, information such as number of members, number of joints and
number of degrees of freedom will be determined. It is done through idealizing the
actual structure in a mathematical model. Furthermore, the elastic properties of the
material, the location of joints of the structure, the section properties of each
member in the structure and the condition of restraint at the supports of the

structure must be specified and identified
2. Constructing stiffness matrix

The stiffness matrix for individual member will be formed by setting up the force
deflection of each member. Individual member stiffness matrices summation
results formation of joint stiffness matrix. It is related to all possible joint
displacements, including a support displacement which is called the over-all joint

stiffness matrix.
3. Formation of combined load vector

The joint load vector and the
equivalent load vector will be

formed and added to form

combined load vector.

4. Computation of results

In the final phase of the analysis all
of the joint displacements, z Fig. 1: Space frame
reactions, and member end-actions are computed. The calculation of member end-

actions proceeds member by member instead for the structure as a whole.

The above procedure is explained with the following example. Consider a typical
space frame member i having a positive direction cosines as indicated in Fig. 2(a)

with joints at its ends denoted by j and k.
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In Fig. 2(a), the x,, axis is taken along the axis of the member. The y,, and z, axis are
selected as the principal axes of the cross section at end j of the member. The

complete 12 x 12 stiffness matrix Syg for the member axes is as shown below.

1 2 3 4 5 6 7 8 9 10 11 12
A2 0 0 0 0 0 -AI> 0 0 0 0 0 |
0 12, 0 0 0 6L 0 12, 0 0 0 6L
0 0 12, 0 -6L,L 0 0 0 12, 0 -6LL 0
0 0 0 GLLI 0 0 0 0 0 -6IL 0 0
0 0 6LL 0 42 0 0 0 6L 0 21 0
0 6LL 0 0 0 417 0 -6LL 0 0 0 2’ o0
-AL” 0 0 0 0 0 AL 0 0 0 0 0
0 12, O 0 0 -6,L 0 12, 0 0 0 -6IL
0 0 121, 0 GLL 0 0 0 12, 0 6LL 0
0 0 0 -GLL” 0 0 0 0 0 GLL* 0 0
0 0 -6L,L 0 21> 0 0 0 eL,L 0 4Ll 0
| 0 6LL 0 0 0O 2’ 0 -6L,L 0 0 0 4L |

This stiffness matrix must be transformed in to a matrix Sys; in the directions of

structure axes by means of a notation transformation matrix. The notation matrix Ry

R 0 00
is given by: R ROO (2.2a)
is given by: R; = 2a
0 0RO
0 0 0R
CX CY CZ
whereR = -CCycosa—C,sino C,, cosa -C,C,cosa+Cysinx (2.2b)
. CXZ . CXZ
CCysina—-C,cosx _Cy sina C,C,sina+Cy cosx
I Cy, Cxz i
Xy —X;
Cy = L (2.2¢)
Ye T Y
zZ, —Z,
C,= - 2.2e
. L (2.2¢)
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C,, =4C2 +C? (2.2f)

L:\/(xk—xj)z+(yk—yj)2+(zk—zj)2 (2.2g) and Xx,, y, and z, are member i

coordinates of end k; X;, y; and z; are member i coordinates of end j; L is the length

of the member and o is an angle measured (in the positive sense which is counter

clockwise direction) from that plane to one of the principal axes of the cross-section.

Once the member stiffness matrix Sy and
the rotation matrix formed as mentioned
above, the member stiffness matrix about
the structure axis may be computed by the
usual matrix multiplications:

Sus =R; SuR; (2.3)
The framed structure members and joints
are numbered in arbitrary sequence, but
each member and each joint must have a
number. The members are numbered
consecutively 1 through m, and the joints
are numbered consecutively 1 through n;.
The number of degrees of freedom n in a
space frame may be determined from the
number of joints n; and the number of
restraints n; as

n=n;-n 2.4)
For a member i in space frame having
joint numbers j and k at its ends, the six

possible displacements at a joint j are:

z

Ym '{1 li)v'%(m

|
%
47 »4: 12 |
LR )
/// I I
| |
| |
Zm L. |
T~
(a) *11
I
y 59 /_Z_LQ
/9:
Vi
g0 |
6 | :
| I
| |
] |
(b) Tt~

Fig. 2: Numbering system for a space frame

jl =6 xj -5, is index for translation in the x-direction;

j2 =6 xj—4,is index for translation in the y-direction;

j3 =6 xj—3, is index for translation in the z-direction;

j4 =6 xj—2,1s index for rotation in the x sense;

j5 =6 xj— 1, is index for rotation in the y sense; and

j6 =6 x j, is index for rotation in the z sense.

Advisor Dr. Shifferaw Taye 7
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Like wise at a joint k

kl=6xk-35, kd=6xk-2,
k2=6xk-4, kS§=6xk-1,
k3=6xk-3, k6=6xk.

In the construction of the joint stiffness matrix in an orderly fashion; first the 12 x 12
stiffness matrix Sys;j, for structure axes is generated for i-th member in the frame as
shown above. Member i contributes to the stiffness of joints j and k at the ands of the
member. Therefore, appropriate elements from the matrix Syg; for this member may
be transferred to the over all joints stiffness matrix Sy through an organized handling
of subscripts. For example, the first column in the matrix Sys; contributes to the joint

stiffness matrix Sy as follows.

the vector Ay to form the combined load

vector Ac. ~—_

(Sy), = }
(SJ )Jz i ZSMS + (SMS2 1 )1 (SJ )kz i (SMSS 1)
(SJ )Jz i ZSMS + (SMS3 1 )1 (SJ )k3,jl = (SMS9 1)
(2.5)
(SJ )J4 jl = ZSMs + (SMS4 1 )1 (SJ )k4,jl = (SMSIO 1)
(s, )15 W= ZSMS + (SMss,l )1 (S, )kS,jl = (SMsn,l)
(SJ )16 i ZSMS + (SM86,1 )1 (SJ )k6,j1 = (SM512,1)
Eleven other sets of expressions similar
. . $k11
to the above equation may be written to
. k8
make a total of twelve sets of equations. y $1'5 @ T—k7—>>
The next step is forming the joint load Tiz ,{'9 k10
vector Ay and transferring the equivalent /:—ﬁ —72 Kkl :
load vector, Ag formed for member axis / 13: :
: [
to structure axes. Following the i6 : :
calculation of Ag, this vector is added to i : X
! I
|
| |
|
i

The relationship between end actions /7 Fig. 3: End-displacements for space frame member
and end displacement for the space frame

element i in a compact form is

A, =S,D, (2.6)
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When it is expanded through partitioning the joint stiffness matrix Sy in to sub-
matrices pertaining to the free joint displacements Dp, the support displacements Dg,

and their corresponding actions, Ay and Ag, it will have a form of

v o
A, SprSr | Dr

Then solve for free joint displacements Dy (translations and rotations in the x, y, and z
directions), using

D, =S, A (2.8)
where Agc is a vector of combined joint loads corresponding to Dy.

A =—Ag. +SgD; (2.9)
Equation (2.9) will be used to solve for support reactions. And finally the member
end-actions for each member are computed by substituting the member stiffness
matrix Sy for member axes and the appropriate form of the rotation transformation
matrix Ry; into the following equation:

Ayi = Aw +sMiRTiDji (2.10)
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Chapter 3 STRUCTURAL MEMBERS DESIGN

3.1. General

The structural design deals with the selection of proper material, proper sizes,
proportions and shape of each member and its connecting details. The selection is
such that it is economical and safe, satisfies all the stress requirements imposed by the
most sever combination of the loads to which the structure is required to transmit or
resist including its self-weight. The structural design in a limited sense also deals with

the design of various parts or member of a structure.

Among the different methods of design, the limit state design method is adopted for
this study.

This chapter describes the method used to design members and the application of this

method for member design as follows.

A structure or part of a structure is considered unfit for use when it exceeds a
particular state, called a [limit state, beyond which it infringes one of the criteria

governing its performance or use.

The limit states as per EBCS 3 1995 are categorized in to two states (Reference No.
3).

a) The ultimate limit states: These are associated with collapse or with other forms of
structural failure which may endanger the safety of people. States prior to
structural collapse which for simplicity are considered in place of the collapse
itself are also treated as ultimate limit states. Loss of equilibrium of a part or the
whole of the structure which is considered as a rigid body; and failure by
excessive deformation, rupture or loss of stability of the structure or any part of it
including supports and foundations are the considerations that must be included in

this limit states.

b) The serviceability limit states: These correspond to states beyond which specified

service requirements are no longer met. In this limit states consideration includes:

e  Deformations or deflections which affect the appearance or effective use of

the structure or cause damage to finishes of non-structural elements.
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e Vibration, which causes discomfort to people, damage to the building or its

contents, or which limits its functional effectiveness.

All relevant limit state shall be considered in the design so as to ensure an adequate
degree of safety and serviceability. The usual approach will be to design on the basis
of the most critical limit state and then to check that the remaining limit states will not
be reached.

A limit state is defined as a condition in which a structure or structural component
becomes unsafe (that is, a violation of the strength limit state) or unsuitable for its
intended function (that is, a violation of the serviceability limit state). In a limit state
design, the structure or structural component is designed in accordance to its limits of

usefulness, which may be strength-related or serviceability related.

In the limit state format as is adapted in the EBCS 3 1995, mathematically, this design

concept is expressed as:

E, <C, 3.1)

where Eg4 is the design value of the particular effect of actions being considered and

C4 is the design capacity of the effect of actions.

3.2. Design of steel beams

A beam, otherwise flexural member, is defined as a structural member subjected to
transverse loads. The plane of transverse load is parallel to the plane of symmetry or
the cross-section of the beam and it passes through the shear center, so that simple
bending occurs. The transverse loads produce bending moments and shear forces in

the beams at all the section of the beam.

According to the width thickness ratios of the component elements steel sections used
for flexural members are classified into a member of classes depending on the
standard specification implemented for design. Accordingly EBCS 3 1995 classifies

flexural members into four classes which are:

Class 1 or Plastic sections: develop their plastic moment resistance with the rotation
capacity required for plastic analysis and may only be

used for plastic design.

Class 2 or Compact sections: develop their plastic moment resistance but with limited

rotation capacity.
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Class 3 or Semi-Compact sections: those which can reach their ‘yield’ moment
resistance but local buckling prevents the development

of the plastic moment resistance.

Class 4 or thin-walled sections: those which contain thin walled elements subject to
compression due to moment or axial force. Local
buckling may prevent the stress in a thin-walled section

from reaching the design strength.

According to EBCS 3 1995 the classification of sections depends on the classification
of flange and web elements, the classification also depends on whether the
compression elements are in pure compression, pure bending or under the influence of

combined axial force and bending.
Design criteria

For establishing the moment resistance of flexural members, the criteria that should

be considered are:

i. Yielding of the cross section or its flexural strength;
ii. Local buckling (this applied only for class 4 sections);
iii. Lateral torsional buckling;
iv. Shear strength including shear buckling ;
v. Local strength at points of loading or reaction, i.e. criteria for concentrated
loads and with respect to serviceability limits states.; and

vi. Deflection criterion.

Beams are to be designed in such a way that both the cross-sections resistance to
applied loads be established and member capacity verified against possible buckling

failures.
Some EBCS 3 1995 design criteria’s (Reference No. 3)

Cross-section resistance to pure bending

Members designed to resist a factored uni-axial bending Mgy, calculated using
appropriate load combinations, must satisfy the condition

Mg <M gy (3.2)

Advisor Dr. Shifferaw Taye 12 Tamrat Tilahun  9/17/2008



AAU, Faculty of Technology, Civil Engineering Department Thesis: EADoSSF

where Mc,rq is the design moment resistance of the cross-section in the absence of

fasteners hole. It is taken as the smallest of:
a) Design plastic resistance moment of the gross section Mpj,rq

plfy

pLRd = for class 1 or 2 cross-sections (3.3a)

Mo

b) Design elastic resistance moment of the gross section Mcj,rd

f
M, g =—— for class 3 cross-sections and (3.3b)

Mo

c) Design local buckling resistance moment of the gross section, Mo,rq

f
—Y for class 4 cross-sections (3.3¢)

Y

where W, is plastic section modulus, W, is elastic section modulus, W is effective

Mo,Rd =

section modulus, fy yield strength of the section and vy, is partial safety factor, where
Ymo = Ym1 = 1.1.
Resistance to plastic shear

The shear resistance is limited by the shear plastic resistance, Vg,

Members designed to resist a factored shear force, Vsq, calculated using appropriate

load combinations, must satisfy the condition:

Vg < Vpl,Rd (3.4a)

where V,rq is the plastic shear resistance to a cross-section given by:

A, 743)
Vora =———— (3.4b)
?/Mo
in which A, is the shear area, normally given by h X t,, where h is the overall depth of

the web and t, is the web thickness.
Shear buckling resistance

According to EBCS 3 1995 of the simple post-critical method, the design shear

buckling resistance, Vy,r4, may be obtained from:

dt 7
Viara = 7“’ o (3.5)
Ml

where Ty, is the simple post-critical shear strength which is obtained from;
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—( /\/_) it 7, <08
 =l1-0.625(Z, -03)t,, /+3) if08<7 <12 > (3.60)
=(0-9//1w)( yw/x/_) it 1 >12,

in which 7» is the web slenderness given by

\/Kfyw/\/_)/TcJ T 43\/_ (3.6b)

T.r = the elastic critical shear strength
= 5.34 if transverse stiffness are arranged at supports only;
=4 + 5.34 (a/d) 2 if transverse stiffness are arranged at and between
supports and if a/d < 1; and
ki =534 + 4 (a/d)2 if transverse stiffness are arranged at and between
supports and if a/d > 1;

a is the distance between transverse stiffness.

Lateral torsional buckling of beams
If the member bending only takes place about the minor axis, or if beams laterally
restrained throughout their length by adequate bracing or if the lateral slenderness

parameter /TLT < 0.3 , then the possibility of lateral torsional bucking may not be

considered. Otherwise, the design bucking resistance moment of a laterally

unrestrained beam shall be taken as:

X B W

pLy y
My gg=—"——"""—"2M (3.7)
Vi
where S, = for class 1 or 2 cross-sections ;
Wel,y .
for class 3 cross-sections;
W
Weff .
for class 4 cross-sections.
Wpl,y

W,y is plastic modulus of cross-section about the major axis,
Wi,y is elastic modulus of cross-section about the major axis,
Weiry is elastic modulus of effective cross-section about the major axis.

¥Lris a reduction factor accounting for lateral torsional buckling and given by:
=1 for A, <0.4
1

= for A, >04,but y,, <1
- |05 T LT
¢LT + [¢L2T - ﬂ’ET:I
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P+ :0.5[1+05LT (ﬂ_LT _0,2)+ ,giT] and 7, = ﬂw::;pl,yfy ’

M, is elastic critical moment for lateral-torsional buckling which is given by the
general formula for uniform cross-section beam symmetrical about the minor

axis:

2 2
cr :Cl ﬂEIZg L I_W"'(I(Lz)&"‘[czzg _C3Zj]2 _[CZZg _C3zj]
(kL) ky ) 1, #ElL

k refers to end rotation in plane,
ky, refers to end warping,
both values are 0.5 for full fixity;
1.0 for no fixity; and
0.7 for one end fixity and one end free.
Ci, C; and Cj are factors depending on the loading and end restraint given in
Tables 4.12 and 4.13 of EBCS 3 1995.
L is system length of the member between points of lateral restraint
Zy=7,-7Z,
Z, is the co-ordinate of the point of load application

Z, is the coordinate of the shear center.

Resistance to bending and shear

When the design value of the shear force, Vgq exceeds 50% of the design plastic shear
resistance, Vi rq, the design resistance moment of the cross-section should be reduced

to My rq (the reduced design plastic resistance moment allowing for the shear force).

¢ For cross-sections with equal flanges, bending about the major axis:

2
f
M, ra :|:Wpl _&}_y but M, zq S M g (3.3)
4'tw ?/Mo
where p = (2Vy, /V, 0 —1)
¢ For other cases M, rq should be taken as the design plastic resistance moment

of the cross-section using a reduced strength (1— p)fy for the shear area, but

not more then M, rq Which is the appropriate value in cross-section resistance

to pure bending. This applies to class 1, 2, 3 and 4 cross-sections.
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Design steps for members subjected to bending are:

3.3.

1. Maximum bending moment determination;

2. Required plastic modulus determination from W, =M%, /f, , Msq is the

actual bending moment and fy is the yield strength;
Checking whether the provided Wy, is grater than the required W;;
Determination of moment resistance, considering the shear effect (if any);

Checking for shear resistance of the section;

S AW

Checking for lateral torsional buckling and then either provide intermediate

lateral support for the compression flange or choose a larger profile (if any).

Design of steel columns

A column is defined as a structural member subjected to compressive force in a

direction parallel to its longitudinal axis and/or bending moment.

Nearly all members in a structure are subjected to both bending moment and axial
force-either tension or compression. When the magnitude of one or the other is
relatively small, its effect is usually neglected and the member is designed either
as a beam, or as an axially loaded column. For many situations neither effect can
properly be neglected and the behavior under combined loading must be
considered in design. A special class of such members that are subjected to both
axial compression force and bending moment are called beam-columns. They

represent the general load case of an element in a structural frame.

There are a number of factors that affect the performance of a member under

combined axial force and bending moment. A number of categories of combined

bending and axial load along with the likely mode of failure may be summarized

as follows:

a. Axial tension and bending: failure usually by yielding.

b. Axial compression and bending about one axis: failure by instability in the
plane of bending, with out twisting.

c. Axial compression and bending about the strong axis: failure by lateral-
torsional buckling.

d. Axial compression and biaxial bending-torsionally stiff sections: failure by

instability in one of the principal directions.
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e. Axial compression and biaxial bending thin-walled open sections: failure by
combined twisting and bending on these torsionally weak sections.
f. Axial compression, biaxial bending and torsion: failure by combined twisting

and bending when plane of bending does not contain the shear center.

In addition to mode of moment application as noted above, the behavior of a beam-
column also depends on its length on its lateral support conditions. In this later
context, and with special reference to beam-columns, the behavior can be classified

into the following five cases.

Case I: A short column subjected to axial load and uni-axial bending about either axis
or biaxial bending;
Failure generally occurs when the plastic capacity of the section is reached.

Note limitations set in case (2) below.

Case 2: A slender column subjected to axial load and uni-axial bending about the

major axis;

If the column is supported laterally against buckling about the minor axis out
of the plane of bending, the column fails by buckling about the major axis.
This is not a common case. At low axial loads or if the column is not very

slender a plastic hinge forms at the end or point of maximum moment.

Case 3: A slender column subjected to axial load and uni-axial bending about the

minor axis;

The column does not require lateral support and there is no buckling out of the
plane of bending. The column fails by buckling about the minor axis. At very

low axial loads it will reach the bending capacity for minor axis.
Case 4: A slender column subjected to axial load and uni-axial bending about the
major axis;

This time the column has no lateral support. The column fails due to a
combination of column buckling about the minor axis and lateral torsional
buckling where the column section twists as well as deflecting in the major

and minor planes.

Case 5: A slender column subjected to axial load and biaxial bending;
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The column has no lateral support. The failure is the same as in case 4 above
but minor axis buckling will have the greatest effect. This is the general

loading case.
Some EBCS 3 1995 design criteria (Reference No. 3)

Resistance of cross-section to bending and axial force

Members designed to resist factored bending moments My sq and M, sq, calculated

using appropriate load combinations, must satisfy:

ALlE, /43)

a) When Vg, <050V oy =—"""

7M0
Nog |, Myso #NooCny Moo #Naew, g (3.92)
NRd Mc,y,Rd MC,Z,Rd

where Ny, My sq, M, sq are the design forces acting at the cross-section
Nrq is design compressive resistance of the cross-section which is the smaller

of:
® Design plastic resistance, Npjrq of the gross section for class 1, 2 or 3
, Af
givenby N, =— and (3.9b)
7M0
e Design local buckling resistance of the gross section of class 4 given
— Aefffy

by No,Rd
Y

(3.9¢)

M,y ra and M., rq are the resistances to uni-axial moment respectively
eny, en; are the shifts in the neutral axis when the cross-section is

subjected to uniform compression.

b) When Vg, >0.50V, , = M
Mo

The design resistance of the cross-section to the combination of moment

and axial force should be calculated using a reduced yield strength

(1- p)f, for the shear where p = (2VSd/Vpl,Rd - 1)2 .

Buckling resistance of compression member with moments
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For members subjected to combined bending and axial compressive load, interaction
effects should be considered between bending moments and axial compression load.

One may use the following interaction criteria.
1. Axial compression and uni-axial major axis moment:

i. To avoid buckling about the major axis:

Ng, N l‘SMy,Sd + NSdeNy
N

<1.0 (3.10a)
b,y,Rd le,prl,yfy /?/Ml

ii. To avoid buckling about the minor axis (for members subjected to lateral

torsional buckling):

Ny N My,Sd +Nge

N <1.0 3.10b
N ( )

b,x,Rd M b,Rd
2. Axial compression and uni-axial minor axis moment:

To avoid buckling about the minor axis:

Ny 15Mys + Nsoeny <1.0 (3.11)
Nb,x,Rd ﬁw,xwpl,xfy /7M1

3. Axial compression and biaxial moments.

i. All members should satisfy:

Ng, L5SM g +Ngey, LSM, g + Ngey, <1.0 (3.122)
(Nb,Rd )min le,prl,yfy /7M1 ﬁw,xwpl,xfy /7M1
ii. Members potentially subject to lateral torsional buckling should also
satisfy;

Ny, + M, +Ngen, 1.5M g, + Ngey, <10 (3.12b)
Ny < ra M, rd ﬂw,zwpl,zfy/yMl

Where Nq, eny, and ey, are defined previously

Mysq and M,sq are the maximum design moments, each considered
separately, occurring in the member.

Np,yra and Ny, rq are the flexural buckling resistances for the major and
minor axis respectively.

The design flexural buckling resistance, Ny rq is determined as follows.

Af
Nyra = 22 - (3.13)

?/Ml

where Ba = 1 for class 1, 2 or 3 cross-sections;
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Ba = Acr /A for class 4 cross-sections

X is a reduction factor accounting for buckling given by

sz but 3 < 1.0 for 0.2 < A <3.0.

For X <0.2, = 1.0. In which ¢ =0.5(1+ {2 — 0.2+ 22))
o is an imperfection factor

=0.21  for buckling curve a

=0.34  for buckling curve b

=0.49 for buckling curve c and

=0.76  for buckling curve d.

~ [BAf, 2
PN T

L
A is the slenderness for the relevant buckling mode = ?ff , Lefr 1S
i

effective length of member and i is radius of gyration of the gross cross-

section.

A=r E =939¢, e= 235 (fy in MPa)
fy fy

N, is the elastic critical force for the relevant buckling mode.

(Nb,Rd )min is the lesser of Npyra and Np,rq (all buckling modes

considered).
Bwy and By, are the values of B, determined for major and minor axes
respectively in which By, = 1 for class 1 or 2 cross-sections;
= We/ Wy, for class 3 cross-sections;
= Wes/ W, for class 4 cross-sections.
W,y and Wy, are the plastic moduli for the major and minor axes
respectively
MyRrq is the lateral torsional buckling moment (see Section 3.2 of this

material).
Biaxial bending resistance of cross-section

Check must be done for cross-sectional resistance as provided earlier as well as the

general requirements for beam members.
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The following interaction criteria are suggested for verification of buckling resistance

for biaxial bending in the absence of axial compression:

My Sd Mz Sd
’ + ’ <1.0 (3.14a)
ﬁw,ywpl,yfy/yMl ﬁw,zwpl,zfy/yMl

and where lateral torsional buckling is a possible buckling mode:

M M
¥y =54 <1.0 (3.14b)
Mb,Rd IBW,ZWpLny /7M1

in which all quantities are defined before.

One may follow the design steps described below to design columns subjected to both

axial load and bending moment.

1. Determine the axial loads and bending moments;

2. Determine the effective length of the column;

3. Check selected section for local buckling;

4. Check resistance of cross-section to compression, pure bending (with
reduced resistant moment if any), to shear and combined action of M-V-N;

5. Check member stability against axial force and moment separately, i.e.,
buckling resistance of axially loaded member and lateral torsional
buckling of the bending member;

6. Check interaction of compression members with moments.
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Chapter 4 EADoSSF PROGRAM

4.1. General

The use of computer in structural design greatly increases speed of calculation and
numerical accuracy. The ultimate target of this thesis was to develop an application
program capable of performing elastic analysis of steel space frame structures and

designing members of the structure according to EBCS 3 1995 specifications.

4.2. Input data

As the end user of the EADoSSF program starts to execute it initially requires a file
name to write on the input and output data (Fig. 4). This is also necessary to start any
new work irrespective of the previous work state. It is a must to specify a file to
proceed to the next activity as the program writes on the file during data input,
analysis of the structure under consideration and design of its members. The end user

of EADoSSF can either give a new file name or accept the default file name.

Once a file name is specified input data forms automatically activate step by step from

entering control data till entering load data.

Control data
The control data includes:
Structure number, which specifies the number of the structure that you

consider. It can be 1 for the first structure, 2 for the second structure, etc.

The type of the structure, which is always 6, to specify the structure is space

frame.

The number of loading systems indicates the number of sets of load data that

accompany a given set of structural data (Fig. 5).
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EAD0SSF: Give the file name for your work.

Save in: ]bEADDSSFAugusI 30 Afternon _'_I o= [ '

[2] EADGSSF Input_Gutputl

by Recent
Documents

@

Desktop

=

-
%‘LEL

& ‘

=

3

&

2L

My Computer

&

My Metwark File name:
Places

g Dulput k| save |
Save as type: !Text files _-_J Cancel
y

i untitled - Paint

Fille Edit Imput or Window  Help

=% FAD0SSF: Control Data Form

- S8tructure Number, ISN - X
o]
’Structure Humber | o
I |
Cancel
- Type of Structure, ITS | _—

iType of Structure 16 |%

- Mumber of Loading Systems, NLS -

umber of Loading '1—
System(s)

4 - o3 = i
«5 start -z B 5 i .. | i untitled - Paint

Fig. 5: Control data form
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Space Frame Analysis and Design as per EBCS 3, 1995 || o Dr Shifferaw\EADoSSF August 30 Afternon\EADoSSF Input_QOutput1.ixt]
File Edit  Input Desiar Window Help

¥ EADoSSF: Structural Data

-Control Data-

Structure |1 Structure
numnber, ISH type, ITS

Humber of Loading
6, 8pace Frame Syetens, HIS Jl

Structural l?arametersT Joint Information T Member Information

P\Iumber of members, M |39 INumber of joints, NJ 124
umber of restrainad |6 |1\m“‘13‘91"‘3f sSupport 26
joints, MRJ restraints., HNR

odulus of elasticity
F\!umber of degreesz of |1DB for tension or =210 -
fresdom, N compression in GPa, E

odulus of elasticity ] haracterstlc strengths
for shear in GPa, & in MPa,

Save Structural Parameters I

Ok Cancel Help

Fig. 6: Structural parameters tab in structural data form

EADoSSF: Space Frame Analysis and Design as per EBCS 3, 1995 [D:\To Dr. Shifferaw\EADoSSF August 30 Afternon\EADoSSF Input_Outputi.ixt]
File Edit Input e Desigl

Window Help

¥ EADoSSF: Structural Data

Control Data-

Structure |1 Structure |5, g F Humber of Loading |1
nunber, TSH | type i Bt ESIL Systems, NLS
[ bt b bo write the structural elsmnt Tdentification number. Please, give one sequence For one bype of sturucture bype. |
Structural Parameters| Joint Information | Member Information
-Joint Coordinates JoirtlRestr it
IMurnber of joints, NJ 22 INumber of restrained joints, MRJ B
|Joint number, I 5] ]Joint number, K ‘1
IX Coordinate in m 14-5 ]X—displacement, TR1 | Resrained” Free
|Y Coordinate in m JlD.S ﬁfdisplacement, JR2 |* Resraed! Free |
[z coordinate in m [o.000  [z-displacement, JR3 [¢ Resbained” Free |
Restrained? - - Loaded? Next ]X— rotation, JR4 & Restrained Free.
 No _— ]Y— rotation, JRS & Restained” Free |
 Yes Erevious XZfrotation, JRE % Restrained ™ Free |
gave Joint Information] LEVIOD Next

ok Cancel Help

Fig. 7: Joint information tab in structural data form
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™ EADoSSF: Space Frame Analysis and Design as per EBCS 3, 1995 [D:\To Dr Shifferaw\EADoSSF August 30 Afternon\EADOSSF Input_Qutputl.txi]

File Edit Input Window  Help

¥ EADoSSF: Structural Data

-Control Data-

Structure |1 Structure
numnber, ISH type, ITS

Humber of Loading
6, 8pace Frame Syetens, HIS Jl

Structural ParamefersT Joint Information T Member Information

- Member Information

P
‘Number of members, M ]3 9 (Lﬂo?jd lJointNu for upper or [eft end of the member, 1) |2
‘I\u’lember 1D Nurnber, | ]2 i ieg _lJninth far lower or right end of the member, JK I3

olumn-:]Cross-sectomal area of member in sq. m., AX |2.13E-02

Member type * Beam
e nihEE Septen Hanie = ITorsion constant of memberin md, X1 IS S9E-04
JMoment of inettia about the Ym axis in md, ¥l ]9_88E-05

Identifier used to indicate whether m
or not the angle alpha is zero, 1A |Momem of inetia about the Zm axis in md, Z1 ]3_00E-04

Prev;ous‘ Next } Save Member Information]

Ok Cancel Help

Fig. 8: Member information tab in structural data form with IA =0

@ EADoSSF: Space Frame Analysis and Design as per EBCS 3, 1995 [D:\To Dr. Shifferaw\EADoSSF August 30 Afternon\EADoSSF Input_Outputi.txi]
File Edit Input - o

Window Help

¥ EADoSSF: Structural Data

Control Data-

Structure |1 Structure
number. ISH type. ITS

Humber of Loading
6, Bpace Frame Systems. NIS Il

Structural Parame;cersT Joint Information T Member Information

- Member Information

i~ Loaded?

|Nurnber of members, M |3 ] FiNe 'pulni No. for upper or left end of the member, JJ Il
|Member 1D Mumber, | Is T ieg .pninth for lower or right end of the mernber, JK |7
,W Chean T Qolumnr JCross—sectoinal ares of member in sq. m., AX 12_13E.02
|Member seation na.r-'ne. |ISECTION —._J hcrswn constant of member in m4, X 13_99E.04

[attine iz oo ndic g aihel ’l—J JMoment of inertia about the Ym axis in md, Y1 ]9 $88E05
or not the angle alpha is zero, 1A {Moment of ineria about the Zm axis in md, ZI 13_00E-04
|Member numnbet, | |8 I)(coordinales of point p, XP [ [Y coordinates of point p, YP ]D. 1]

[ coordinates of pointp, 2P [0.0  Previous ‘ Next | Save Member \nformat\on}

ok Cancel Help

i4 start

Fig. 9: Member information tab in structural data form with |A = 1
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™ EADoSSF: Space Frame Analysis and Design as per EBCS 3, 1995 [D:\To Dr Shifferaw\EADoSSF August 30 Afternon\EADOSSF Input_Qutputl.txi]
File Edit Imput fnslvse  Design Output Window  Help

-Contrel Data-

Structure Jl 6, Space Frame

number, ISH

Structure

gtructural Eg b BT it e r'— SN Tnformation
- Member Info] | Secticns Name 8ections Type
m er, JJ ]1
Member ID Numbe ﬂ]Z
[ Wembertype | Wodify/Show Section b F |0-°
0.0

Member section nal

Identifier used to ing | Delete Seclion ‘ md, ¥l ID-U
or not the angle alpll | I L md, 2l ]0_0
Ok ‘ Cancel ‘

] Next J Save Member Information]

Ok Cancel Help

74 start cEe

Fig. 10: A from used to define and/or modify section name and its shape

. FADoSSF: Space Frame Analysis and Design as per EBCS 3, 1995 [D:\To Dr, Shifferaw\EADoSSF August 30 Afternon\EADoSSF Input_Qutput1.txi]
File Edit Input Analyse Ee

Fpub Miéindow  Help

EADoSSF: Section Detail

-Control ¢

Structu ]Seclion Mame |ISECTION ’Section Properties 1
nunber.

. - . WE10x 195 -
Structul -Properties- SllE wiet0x113 mation
e Section Properties ﬁiateri N3E0x7S

Mumber z - ! i 3

rDimenslions -

Member ¥ | mmm |

ma

’—Membe |Overzll Depth (D) in m ]u . 289 = e

Mamber § | [Top flange width (b) in m ]D 265 P R SaE04

Identifisr § | [Top Flange thickness (if) in m ]u kR ERmEE: mEmEEmEEE il

Enea—] |
FHEA Wb thickness (w) in m ]D. 019 EREE AmmmaE R e o
[Bottom flange width () in m ]D .265 I Ok
——  |ormation
[Bottom flange thickness (if) in m ]D. 03z Cancel -

'J start cEE ”

Fig. 11: Section detail form used to view the detail of a selected section (a)
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& EADoSSF: Space Frame Analysis and Design as per EBCS 3, 1995 [D:\To Dr Shifferaw\EADoSSF August 30 Afternon\EADoOSSF Input_Qutput1.txi]

-8 Edit  Input tout Window  Help
m =¥ EADoSSE: Section Detail
-Control ol
’_Sm Section Name I ]ﬁ
nunber,
Struct Properties mation
- Membd Section Properties iMaterial lgﬁtﬁ% _']
Number = - L
Dimensions
IMember P
m [Qutside Depth (D) in m [0.254 13E02
Member § | |Qutside Width (b in m [0. 1524 i G9E 04
Identifier § | Wall thickness (t) in m [0 oos3s 88E-05
or not the| O0ED4
Qk
ormation
Cancel —

L | o —
4 stant &’ B Litrature Pict. .

it untitled - Paint

Fig. 12: Section detail form used to view the detail of a selected section (b)

™ EADoSSF: Space Frame Analysis and Design as per EBCS 3, 1995 [D:\To Dr Shifferaw\EADoSSF August 30 Afternon\EADOSSF Input_Qutputl.txi]
File Edit Input Anshes  Desior

tout Window  Help

]Section Name |}z

[sedtion Propetties | 55323 9x11.13

F|

Struct Properties mat ion
- Membd Section Properties iMaterial Igﬁtﬁ’gé _‘]
Hurnber = - L
Dimensions
Member i
m {Outswde diameter (0} inm ID. 3239 {3ED
Wembear 2 S99E04
Identifier 88E05
or not the| O0E-04
Ok
ormation ]
Lanced

=

‘s start

= & "~

i untitled - Paint

Fig. 13: Section detail form used to view the detail of a selected section (c)
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o Dr Shifferaw\EADoSSF August 30 Afternon\EADoSSF Input_QOutput1.ixt]

™ EADoSSF: Space Frame Analysis and Design as per EBCS 3, 1995 [D:
et Window Help

File Edit Input

&% EAD0SSF: Property Data

I Section Name

~Properties

| ]P\astic modulus about Z axis in cu. m.
| ]P\astic rodulus about Y axis in cu. m. @c ’E-

]Radius of gyration about £ axis inm

1Cruss-sectmn (aial) areain sq. m.

e
il\ﬂoment of inertia about 2 in m4 E%‘@;E
1M0ment of inertia about ¥ in md :
iSectmn rodulus about Z axis in cu. m. @ﬂm o iWarping Constant, b in mé
iSectmn madulus ahout Y axis in cu. m [%74&;@3@4 '

1T0rsi0na| constant, Itin m4

1Radius of gyration ahout ¥ axis in m

- Paint

Fig. 14: Property data form
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File Edit Input Analyse Desion Output Window  Help

¥ EAD0SSF: Load Data Form

Member Loads
‘Moment Load in kNm

Tﬁunher of loaded members. HLH = =
Ahout ¥m-axis
iMember e J33 |Moment Load in kNm 10. oooo T
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7 Aol - axis
!D\siance from Ieﬂfupper endinm [0. 000D |Lucatmnfr0m lefitupper end in miD SO0 & apout Zmeaxis
Load [kN] 0. 0000 | © Xm-ads® Vin-ads © Zm-ads | - -
- Uniformly Distributed Load in Nfm Previous
!D\Sfance from leffupper end inm jD -oooo m © Tmeaxis % iv-axis C n-axis Member
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MNext Additional
‘D\stance from leffupper end in m 10 .ooon Lo
;Joint Loads - -
jNumber of loaded joints, NLJ IB_ iJoint number, K IlE Previous

1X—Force in kM, AJ1 ]D.DDDD }x—Moment in kNw, AJ4 ]I].I]EII]EI Joint

ﬁ—Eorce in kN, AJZ 'D.DDDD i’f—Moment in kNw, AJS ]n.nnnn

]Z—Eorce in kN, AJ3 ]—14.1nnn ]Z—Moment in kNum, AJGID.DDDD

Help

ok ‘ Cancel

Fig. 15: A form used to input load data on members and joints of the structure
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Structural data
This includes both member information and the structure information as a whole.
Data for the structure information as a whole (Fig. 6 and Fig. 7) are:

e Number of members;

® number of joints;

® number of restraints obtained by count up the restraint in each joint in either

some or all of displacements and rotations;

e number of restrained joints;

e the elastic modulus E;

e the shear modulus G;

e the yield strength;

e joint coordinates; and

e joint restraint lists.

The user is expected to define a global coordinate axis, its origin can be located any

where but the orientation must be similar as it is shown in Fig. I of chapter 2.

Member information includes:

e member number;

e the left or upper end and right or lower end joint number;

e the section type (beam or column);

e section name;

e section shape (I/wide flange, box or tube and circular pipe);

e their properties such as total depth, width, web thickness, etc.; and

e also an identifier 0 or 1 whether the member is oriented inclined to all the

global coordinate axes.

The section properties are obtained from the database by selecting the appropriate trial
section in the list on the section detail form. If the member is oriented inclined,
indicated by 1, and then select a point p in the member and give the coordinates of
this point (Fig. 8 and 9; also refer Fig. 7). p is an arbitrary point in the Xp,-yn plane,
but not in the axis of the member (Fig. 3), of which the x, y and z coordinates are
denoted as x;, yp and z,. These coordinates are used to obtain the rotation matrix of

member axis and the related expressions to the global axis.
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Load data

Loads are mainly classified into two; member loads and joint loads (Fig. 15). The
member loads include concentrated, uniformly distributed and moments (about
member axes Yym, Zm, and Xy, which is torsion). EADoSSF allows entering 6
concentrated loads on a member (if any) with its location from the left or upper end of
the member and the direction of the load along the member axis. It also allows
entering one uniformly distributed load with direction in the member axis and 4
moments with their location from the left or upper end of the member. All member
loads direction is in the sense of member axes. Fig. 2(a) shows orthogonal member-
oriented axes with the origin always located at the left or upper end (end j). The x,
axis coincides with the centroidal axis of the member and is positive in the sense from
the upper/left end (end j) to the lower/right end (end k). The y, and z, axes are
principal axes for the member; that is, the Xyu-ym and x,-zm planes are principal planes
of bending. Right hand rule is used to orient member axis in which the yp axis

coincides the thumb.

The joint loads, forces in each global coordinate axis and moments in the sense of

each global coordinate axis can be entered for the respective joint if any (Fig. 15).

Once all the data are entered the analysis will be triggered by clicking the run
command under the analysis menu. Then the design can be performed through

clicking the start command under the design menu.

4.3. Output data

From the analysis of space frame structure, EADoSSF results joint deflections in the
sense of global (structure) axes, both translation and rotation at each joints. Member
end-actions at each end of a member, each axis forces and moments about each axis
are also the outputs of EADoSSF in the sense of member axes. In addition, EADoSSF
also computes and stores permanently support reactions both forces and moments in
the sense of structure axes. It also shows axial and shear force diagrams and bending

moment diagrams for each member of the structure as required (Fig. 19 and Fig. 20).

Adequacy of trial beam section for bending moment, shear force, axial force and any
combination of these are the output of design for beam. In design of column the
output of EADoSSF are computed values of the critical compressive stress resistance,

bending resistance and buckling resistance moment capacity (in the major and minor
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axis, if any) and various stress ratios between the load and the resistance capacity.
Besides, an insufficient capacity for any requirement of member design will be

showed with red color on the 3D view of the structure after design (Fig. 21).

4.4. Program description

The EADoSSF program is described hereafter. EADoSSF is written with Visual Basic
6.0 (VB 6.0) programming language to run on IBM compatible personal computer. It
is developed based on the requirement of EBCS 3, 1995. It has various forms to
provide user interface in the input of data, in the analysis of the structure and design
of members. The main form is known as multiple document interface (MDI) (Fig.
16), the one with the menu and the rest forms are child of the MDI. The forms are

presented with their feature in the preceded articles and below.

The child forms are used to input data used for the analysis of the structure and design
of members. Some of the forms are used to display the analysis and design result

graphically (Fig. 19 through Fig. 21).

EADoSSF may be interpreted into three components: the input, the analysis and the
design components. In addition to this, EADoSSF also provides features such as

editing input data, displaying output results, etc.
i. Entering/Editing input data

Any end user is expected to prepare input data as per the requirement of EADoSSF.
Initially the end user must define the global coordinates of the space frame structure.
Numbering joints is the next step, 1 through the total number of joints, NJ
consecutively. The members are numbered consecutively 1 through total number of
members, M. The sequence of numbering is arbitrary, but each member and each joint
must have a number. Fig. 22 shows member numbers in a square box and joint
numbers in a circle. Member dimensions, imposed load(s), joint restraint(s); and etc.
are better to be prepared as shown in Fig. 22, which makes the application of
EADoSSF for the analysis of the structure and/or design of members painless and

straightforward.

When EADoSSF run initially or when new command triggered in the file menu, it
asks a file name for working space in storing the input and output data permanently in

simple text file format (Fig. 4). Following it, control data form will activate to allow
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users to input or edit control data (Fig. 5). This form and almost all data input form
have their own default values to avoid possible error in the execution of EADoSSF. In
the control data the end user is expected to change only number of loading system
which is the value in the third text box. This text box allows the end user to analyze

the structure for different possible loading systems. As the end user allows EADoSSF
to store the input control data through clicking ‘OK’ command, the structural and

member data form will activate (Fig. 6). This form allows the user to enter data like
number of members, number of restraint (which is equal to the sum of restraints in
restrained joints), number of joints, number of restrained joints, elastic modulus, shear
modulus and yield strength. Once these data are inserted properly one can
permanently store them by clicking the “Save Structural Parameters”
command (Fig. 6). This shifts the form to the second tab, joint information tab in
which joint coordinates, their loading and restrain condition (if any) are defined (Fig.
7). Clicking the “Save Joint Information” command permanently stores the
joint information and proceeds to the third tab, member information tab. When the
third tab got focus on the structural data form a new form will popup to define section
name(s), shape(s) and section properties (Fig. 10). As the user tries to modify the
section properties of a given section or tries to add additional shape the section detail
form popup (Fig. 11, 12 and 13). This form enables the user to select the appropriate
section from the list obtained from the database and populated in the dropdown list
box of the section detail form automatically. It is possible to view details of the
section properties by clicking the section properties command button, which results a
view of property data form (Fig. 14). As the user clicks ‘OK’ command of the section
detail forms, the defined or modified section name will be inserted in the “Sections
Name” list box of the define section form (Fig. 10). While the section details saved at
the back, the section names defined in the “Sections Name” list box of the define
section form will be inserted to the dropdown list box of the member information tab

in structural data form. Pressing the “Save Member Information” command
permanently saves member information defined in the respective tab. ‘OK’ command

of the structural data form allows EADoSSF to verify the need to store the input

structural data and proceed the user to the next step.
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Here one can see the 3D skeleton of the structure by clicking the 3D view under the
output main menu. The next step is entering load data using the load data input/edit
form (Fig. 15). The load data form allows the user to enter concentrated loads,
uniformly distributed load, bending moments as a member load in the sense of

member axes and joint loads in the sense of structure axes (Fig. 15). The load data
will be stored permanently as the user clicks the ‘OK’ command. At this stage the

input process completed.
ii. Analysis of the structure

The analysis of the space frame structure is performed as the user clicks the run
command under the analysis menu during which the analysis sub-procedure started to
execute. In the analysis, joint deflections, member end-actions and support reactions
are computed and stored permanently. In addition, member loads are converted into
equivalent joint load and summed up to the actual joint loads. As the analysis ends
EADoSSF displays a message box that indicates the completion of the analysis if you
enter appropriate data other wise EADoSSF displays a message that tells wrong data
were enter and EADoSSF terminates it self properly. After the analysis, axial force
diagram, shear force diagram and bending moment diagram can be viewed using a
form used to select element force (Fig. /9) and a form used to display element force,
bending moment diagram (Fig. 20) once the user clicks on element force/stresses

menu under the output menu on the MDI form.

The analysis can be done for any number of members in a structure and for any
number of loadings on a structure. It does not have any limitation in the degree of
freedom. Besides, it can perform the analysis and/or design of members of any

number of structures either on the same file or on different file.
iti. Design of members

The sub-procedures which design a beam and a column will be executed for the
number of beams and columns of the structure, as the user clicks on the start
command under the design menu. The sub-procedures will save their outputs
permanently on the specified file. These procedures are written as per the
requirements of Ethiopian Building Code Standards EBCS 3, 1995. As soon as the
design task completed, EADoSSF displays a message box that indicates the

completion of the design task. Under the output menu by clicking on the design result,
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one can view the output of the design whether there is any member insufficient to any
of beam or column design criteria in EBCS 3, 1995. Insufficient section of a member
is identified by the red color of the member itself on the 3D view of this command. If
the user wants to know for which criteria the member(s) is/are insufficient, she/he has

to see the input output file properly.

® EADoSSF: Space Frame Analysis and Design as per EBCS 3, 1995 [D:\To Dr Shifferaw\EADoSSF August 30 Afternon\EADoSSF Input_Qutput1.txt] |z||E|rz|

File Edit B8 Analyse Desion Output Window  Help

Define Section  Shift+F2
Structural Data Chri+l)
Load Data Crl+z
Control Data  Shift+F3

Structural Data Crl+k
Load Data Chrl++
Draw skeleton

‘4 start @€ 7 | tetwepict.. | BI2Morosoft.. « | vy Thesis-Micr., s EAD .. | unitled - Paint

Fig. 16: Multiple document interface (the main form)
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™ EADoSSF: Space Frame Analysis and Design as per EBCS 3, 1995 |Z||E|rzl

File Edit Input crsless Deson Outpot Window  Help

Flastic Analysis and Design of Steal Space Frame
Structures, EADOSSF as pear EBCS 5, 1995

Addis Ababa University, Faculty of Technology, Civil Engineering Department
Elastic Analysis and Design of

EADoSSF as per EBCS 3, 1995
AAU, Faculty of
Technology, Civil
Engineering Department
Version 1.0.1

] o Tamrat Tilahun
This programme is portected by Capyright 2006

Ethiopian copyright law Licensed fo AAU, Faculty of Technology,
Civil Engineering Department

4 start T B @ 7 | ®espossrau. | O Thesischoft., | O Documentz-.. | e Th ficr... @ EAD D &L 213 P

Fig. 17: A splash form displayed when the EADoSSF starts to run describing about the program

® EADoSSF: Space Frame Analysis and Design as per EBCS 3, 1995 [D:\To Dr Shifferaw\EADoSSF August 30 Afternon\EADoSSF Input_Qutput1.txt] |z||E|rz|

File Edit Input Analyse Design Output  Window Help

<% 3D view of the structure

Draw

‘s start TEE

i untitled - Paint

Fig. 18: A form used to display 3D view of the structure
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& FADOSSF: Space Frame Analysis and Design as per EBCS 3, 1995 [D:\To Dr Shifferaw\EADoSSF August 30 Afternom\EADGSSF Input_Dulput?.ixt] LFEX]
File Edit Input Analyse Design Output Window Help

2% Member ID No., Force or Stresses rg|

Member ID Humber-
ﬁ E Display

Force or Slresses -
@ Axial Force T Shear Force Ym

© MomentYm © Shear Eorce Zm

© Maoment Zm

‘4 start “ B & 7 | ivotwepct. | [G2m e .. W EAD o [ untided - Paint
Fig. 19: A form used to select element force

& EADoSSF: Space Frame Analysis and Design as per EBCS 3, 1995 [D:\To Dr Shifferaw\EADGSSF August 30 Afternon\EADoSSF Input_Output?.txt] EEX

File Edit Input Analyse Design Output Window Help

24 BMD about Zm-axis

H5-1:15
WS- 1400 485 kM
-61.762 Member (D,

-61.762 kM

‘4 start T EE 7 | W irstwericu. | [ oy " EEA o [l e fa

Fig. 20: A form used to display element force, bending moment diagram
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® FADoSSF: Space Frame Analysis and Design as per EBCS 3, 1995 [D:\To Dr, Shifferaw\EADoSSF August 30 Afternon\EADoSSF Input_Qutput1.txi]

=X
File Edit Input Analyse Design Output Window Help

~¥ 3D view of the structure

+4 start “EE ”

" ToDrShifFe.. | O Thesisdraft.. | {6 untitled- Paint

Fig. 21: Design output displayed graphically with red color for insufficient section of a member

™ EADoSSF: Space Frame Analysis and Design as per EBCS 3, 1995 [D:\To Dr Shifferaw\EADoSSF August 30 Afternon\EADOSSF Input_Qutputl.txi]

(SIS
File Edit Input Anslese Desion Oubpub Window  Help

=% 3D view of the structure [‘Z"Elgl =|

1 Shear force diaaram ...

Fig. 22: Sample problem 3D view

oy, 2 Wisual Basic
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77 }@ o
— 777

3| - Member ID Number

- Joint ID Number

:

Fig. 23: A space frame for the sample problem
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™ EADoSSF: Space Frame Analysis and Design as per EBCS 3, 1995 [D:\To Dr Shifferaw\EADoSSF August 30 Afternon\EADOSSF Input_Qutputl.txi]

=X

File Edit Input Analyse Design Output  Window Help

+4 start cEe ”

<% 5FD along Ym-axis

HE-1:15

W8-1:400

=41 24 kM

B

% ToDr Shiffe. .

T Thesis draft. ..

| untitled - Paint

Fig. 24: Shear force diagram of the sample problem for member 20

. EADoSSF: Space Frame Analysis and Design as per EBCS 3, 1995 [D:\To Dr, Shifferaw\EADoSSF August 30 Afternon\EADoSSF Input_Output1.txi]

File Edit Input Analyse Design Output  Window Help

=% AF diagram

HE-1:18

WE-1 100

1

tember|D. 7

| ®% 7o Dr Shifferaw

| Thesis drafts - Mic...

Fig. 25: Axial force diagram of the sample problem for member 7
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4.5. Flow chart of EADOSSF

The flowchart of EADoSSF is presented in Annex 1. The flow chart describes
mainly the steps followed in the use of EADoSSF to analyze a structure and

design its member.

4.6. Sample problem

A structure shown in Fig. 22 is solved with the EADoSSF and the input-output file is
presented below with some of the graphical outputs in Fig. 23, Fig. 24 and Fig. 25.

EADoSSF: Elastic Analysis and Design of Steel Space Frame as per EBCS 3, 1995 9/12/2006 2:33:43 PM

Input data

STRUCTURE NUMBER =1, SPACE FRAME

NUMBER OF LOADING SYSTEMS = 1

STRUCTURAL PARAMETERS

M N NJ NR NRJ E in N/m2 Gin N/m2

39 108 24 36 6 210000000000.0 80000000000.0
JOINT COORDINATES

JOINT  Xinm Yinm Zinm

0.0000  10.5000  0.0000
0.0000  10.5000  -5.0000
0.0000  10.5000  -12.0000
45000  10.5000  -12.0000
45000  10.5000  -5.0000
45000  10.5000  0.0000
0.0000  7.5000  0.0000
0.0000  7.5000  -5.0000
0.0000  7.5000  -12.0000
10 45000  7.5000  -12.0000
11 45000 7.5000  -5.0000
12 45000  7.5000  0.0000
13 0.0000  4.5000  0.0000
14 0.0000  4.5000  -5.0000
15 0.0000  4.5000  -12.0000
16 45000  4.5000  -12.0000
17 45000 45000  -5.0000
18 45000  4.5000  0.0000
19 0.0000  0.0000  0.0000
20 0.0000  0.0000  -5.0000
21 0.0000  0.0000  -12.0000
22 45000  0.0000  -12.0000

O©CooO~NoO o~ wiN —
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23 4.5000 0.0000 -5.0000
24 45000 0.0000 0.0000

MEMBER INFORMATION

MEMBER JJ JK AXinm2 Xlinm4 Ylinm4 Zlinmd IA Type Shape  Section Name
1 1 2 0.0213 0.0004 0.0001 0.0003 0 Beam I/WideFlange ISECTION
2 2 3 00049 0.0001 0.0000 0.0000 0 Beam Box/Tube BOXorTUBE
3 3 4 0.0109 0.0003 0.0001 0.0001 0 Beam Pipe PIPE
4 5 4 0.0213 0.0004 0.0001 0.0003 0 Beam I|/WideFlange ISECTION
5 6 5 00049 0.0001 0.0000 0.0000 0 Beam Box/Tube BOXorTUBE
6 1 6 0.0109 0.0003 0.0001 0.0001 0 Beam Pipe PIPE
7 2 5 00213 0.0004 0.0001 0.0003 0 Beam I/WideFlange ISECTION
8 1 7 0.0213 0.0004 0.0001 0.0003 0 Column I/Wide Flange  ISECTION
9 2 8 0.0049 0.0001 0.0000 0.0000 0 Column Box/Tube BOXorTUBE
10 3 9 0.0109 0.0003 0.0001 0.0001 0 Column Pipe PIPE
1 4 10 0.0213 0.0004 0.0001 0.0003 0 Column I/Wide Flange  ISECTION
12 5 11 0.0049 0.0001 0.0000 0.0000 0 Column Box/Tube BOXorTUBE
13 6 12 0.0109 0.0003 0.0001 0.0001 0 Column Pipe PIPE
14 7 8 0.0213 0.0004 0.0001 0.0003 0 Beam I/WideFlange ISECTION
15 8 9 0.0049 0.0001 0.0000 0.0000 0 Beam Box/Tube BOXorTUBE
16 9 10 0.0109 0.0003 0.0001 0.0001 0 Beam Pipe PIPE
17 1110 0.0213 0.0004 0.0001 0.0003 0 Beam I/Wide Flange ISECTION
18 12 11 0.0049 0.0001 0.0000 0.0000 0 Beam  Box/Tube BOXorTUBE
19 7 12 0.0109 0.0003 0.0001 0.0001 0 Beam Pipe PIPE
20 8 11 0.0213 0.0004 0.0001 0.0003 0 Beam I/Wide Flange ISECTION
21 7 13 0.0213 0.0004 0.0001 0.0003 0 Column I/Wide Flange ISECTION
22 8 14 0.0049 0.0001 0.0000 0.0000 0 Column  Box/Tube BOXorTUBE
23 9 15 0.0109 0.0003 0.0001 0.0001 0 Column Pipe PIPE
24 10 16 0.0213  0.0004 0.0001 0.0003 0 Column I/Wide Flange  ISECTION
25 1117 0.0049 0.0001 0.0000 0.0000 0 Column Box/Tube  BOXorTUBE
26 1218 0.0109 0.0003 0.0001 0.0001 0 Column Pipe PIPE
27 13 14 0.0213 0.0004 0.0001 0.0003 0 Beam I/WideFlange ISECTION
28 14 15 0.0049 0.0001 0.0000 0.0000 0 Beam Box/Tube BOXorTUBE
29 1516 0.0109 0.0003 0.0001 0.0001 0 Beam Pipe PIPE
30 17 16 0.0213  0.0004 0.0001 0.0003 0 Beam I/WideFlange ISECTION
31 18 17 0.0049 0.0001 0.0000 0.0000 0 Beam Box/Tube BOXorTUBE
32 1318 0.0109 0.0003 0.0001 0.0001 0 Beam Pipe PIPE
33 1417 0.0213 0.0004 0.0001 0.0003 0 Beam I/WideFlange ISECTION
34 1319 0.0213 0.0004 0.0001 0.0003 0 Column I/Wide Flange ISECTION
35 14 20 0.0049 0.0001 0.0000 0.0000 0 Column  Box/Tube BOXorTUBE
36 15 21 0.0109 0.0003 0.0001 0.0001 0 Column Pipe PIPE
37 16 22 0.0213  0.0004 0.0001 0.0003 0 Column I/Wide Flange ISECTION
38 17 23 0.0049 0.0001 0.0000 0.0000 0 Column  Box/Tube BOXorTUBE
39 18 24 0.0109 0.0003 0.0001 0.0001 0 Column Pipe PIPE

LOAD PARAMETERS

LOADING NUMBER (LN) is 0

NLJ NLM

6 21
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ACTIONS AT JOINTS

JOINT X-Force [kN] Y-Force [kN] Z-Force [kN] X-Moment [kNm] Y-Moment [kKNm] Z-Moment [kNm]

1 0.0000 0.0000 -9.3500 0.0000 0.0000 0.0000

6  0.0000 0.0000 -9.3500 0.0000 0.0000 0.0000

7 0.0000 0.0000 -16.3000 0.0000 0.0000 0.0000

12 0.0000 0.0000 -16.3000 0.0000 0.0000 0.0000

13 0.0000 0.0000 -14.1000 0.0000 0.0000 0.0000

18 0.0000 0.0000 -14.1000 0.0000 0.0000 0.0000
ACTIONS ON MEMBER
MEMBER 1
Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

Location from left/upper endinm  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000
Location from left/upper endinm  0.0000 0.0000 0.0000 0.0000
Moment About

Uniformly Distributed Load in [kN/m] ~ -30.0000  Load Direction Y
MEMBER 2
Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

Location from left/upper endinm ~ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000
Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000
Moment About

Uniformly Distributed Load in [kN/m] ~ -30.0000  Load Direction Y
MEMBER 3
Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

Location from left/upper end inm  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000 0.0000 0.0000 0.0000
Location from left/upper end inm  0.0000 0.0000 0.0000 0.0000
Moment About

Uniformly Distributed Load in [kN/m] ~ -25.0000  Load Direction Y
MEMBER 4
Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000

Location from left/upper endinm  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Concentrated Load Direction
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Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upper end in m 0.0000 0.0000 0.0000 0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -30.0000  Load Direction Y

MEMBER 5

Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Location from left/upperendinm  0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -30.0000  Load Direction Y

MEMBER 6

Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Location from left/upperendinm  0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -25.0000  Load Direction Y

MEMBER 7

Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -25.0000  Load Direction Y

MEMBER 14

Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Location from leftiupperendinm ~ 0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upper endinm  0.0000 0.0000 0.0000 0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -60.0000  Load Direction Y
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MEMBER 15

Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upper endinm  0.0000 0.0000 0.0000 0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -60.0000  Load Direction Y

MEMBER 16

Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -40.0000  Load Direction Y

MEMBER 17

Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upper endinm  0.0000 0.0000 0.0000 0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -60.0000  Load Direction Y

MEMBER 18

Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upper endinm  0.0000 0.0000 0.0000 0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -60.0000  Load Direction Y

MEMBER 19

Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
Location from leftiupperendinm ~ 0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Concentrated Load Direction
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Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upper endinm  0.0000 0.0000 0.0000 0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -40.0000  Load Direction Y

MEMBER 20

Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upper endinm  0.0000 0.0000 0.0000 0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -40.0000  Load Direction Y

MEMBER 27

Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -67.0000  Load Direction Y

MEMBER 28

Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -67.0000  Load Direction Y

MEMBER 29

Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
Location from leftiupperendinm ~ 0.0000  0.0000  0.0000  0.0000  0.0000 0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upper endinm  0.0000 0.0000 0.0000 0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -45.0000  Load Direction Y
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MEMBER 30

Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upper endinm  0.0000 0.0000 0.0000 0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -67.0000  Load Direction Y

MEMBER 31

Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -67.0000  Load Direction Y

MEMBER 32

Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upper endinm  0.0000 0.0000 0.0000 0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -45.0000  Load Direction Y

MEMBER 33

Concentrated Load in [kN] 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
Location from left/upperendinm ~ 0.0000  0.0000  0.0000  0.0000  0.0000  0.0000
Concentrated Load Direction

Moment Load in [kNm] 0.0000  0.0000  0.0000  0.0000

Location from left/upper endinm  0.0000 0.0000 0.0000 0.0000

Moment About

Uniformly Distributed Load in [kN/m] ~ -45.0000  Load Direction Y
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Analysis result

JOINT DISPLACEMENTS

JOINT X-Disp.[m] Y-Disp.[m] Z-Disp.[m] X-Rotat.[rad] Y-Rotat.[rad.] Z-Rotat. [rad.]

1 477E-06 -9.09E-07 1.57E-05 3.77E-07 8.01E-07 -9.14E-07
2 7.21E-07 -8.19E-06 1.58E-05 -3.45E-06 8.40E-07 -1.28E-06
3 -4.83E-06 -2.39E-06 1.63E-05 6.05E-06 9.49E-07 -4.18E-07
4 -4.87E-06 -1.25E-06 1.19E-05 4.40E-06 8.14E-07 9.43E-07
5 7.21E-07 -7.76E-06 1.18E-05 -2.63E-06 8.29E-07 1.47E-06
6 4.72E-06 -1.92E-06 1.16E-05 1.15E-06 8.93E-07 4.55E-07
7 3.07E-06 -8.23E-07 6.43E-06 1.31E-06 6.18E-07 -1.71E-07
8 1.88E-07 -7.50E-06 6.44E-06 -4.99E-06 6.64E-07 -1.97E-06
9 -3.10E-06 -2.18E-06 6.54E-06 5.72E-06 7.47E-07 -8.55E-08
10 -3.11E-06  -1.14E-06 3.21E-06 4.97E-06 5.78E-07 7.82E-07
1 1.88E-07 -7.07E-06 3.16E-06 -4.62E-06 6.17E-07 2.16E-06
12 3.06E-06 -1.75E-06 3.01E-06 1.53E-06 7.40E-07 1.16E-07
13 1.37E-06 -5.87E-07 -1.34E-06 -3.77E-07 3.03E-07 -1.01E-06
14 -1.10E-09  -5.44E-06 -1.40E-06 -4.07E-06 3.31E-07 -2.29E-06
15 -141E-06 -1.57E-06 -1.71E-06  6.24E-06 3.67E-07 -1.48E-07
16 -1.38E-06  -8.23E-07 -3.03E-06  4.88E-06 2.63E-07 1.01E-06
17 6.67E-09 -5.11E-06 -2.97E-06 -5.05E-06 2.93E-07 2.45E-06
18 141E-06 -1.26E-06 -2.77E-06 -1.91E-06 3.74E-07 7.70E-07
19 0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
20 0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
21 0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
22 0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
23 0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
24 0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
MEMBRER END-ACTIONS

MEMBER Joint X-force [kN] Y-force [kN] Z-force [kN] X-moment [kNm] Y-moment [KNm] Z-moment [kNm]

1 1 728055 726071  -0.1155 -2.3630 0.1274 104.7160

1 2 -72.8055 77.3929 0.1155 2.3630 0.4502 -116.6806
2 2 73.2350 105.0000 0.0000 0.9893 0.0000 122.5000
2 3 -73.2350 105.0000 0.0000 -0.9893 0.0000 -122.5000
3 3 231721 56.3657 1.0004 8.8371 -1.6205 36.0953
3 4 -231721 56.1344  -1.0004 -8.8371 -2.8811 -35.5749
4 5 508319 104.2590  -0.1155 -2.3933 0.4496 56.6806
4 4 -50.8319 105.7410 0.1155 2.3933 0.3591 -61.8673
5 6 51.2619 75.0000 0.0000 1.6192 0.0000 62.5000
5 5 -51.2619  75.0000 0.0000 -1.6192 0.0000 -62.5000
6 1 234559  56.1892 0.7355 -4.1221 -2.0826 35.6613
6 6 -23.4559 56.3109  -0.7355 4.1221 -1.2270 -35.9351
7 2 01155 56.1033 0.4296 -5.8195 -0.9173 3.3523
7 5 0.1155 56.3967  -0.4296 5.8195 -1.0159 -4.0125
8 1 1287963 -23.3403  62.7188  -1.9552 -100.5938 -38.0243
8 7 -128.7963 23.3403 -62.7188 1.9562 -87.5626 -31.9967
9 2 2384959  0.0000 0.0000  -0.4671 0.0000 0.0000
9 8 -238.4959  0.0000 0.0000 0.4671 0.0000 0.0000
10 3 161.3657 -23.1718 -74.2349  -1.6205 113.6629 -37.0846
10 9 -161.3657 231718  74.2349 1.6205 109.0417 -32.4308
1 4 1618754 23.0565 -49.8297  -2.5220 70.7044 37.9683
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11 10 -161.8754 -23.0565  49.8297 2.5220 78.7848 31.2013
12 5 235.6557  0.0000 0.0000  -0.5664 0.0000 0.0000
12 11 -235.6557  0.0000 0.0000 0.5664 0.0000 0.0000
13 6 131.3108 234558 426466  -1.2270 -66.6221 37.5543
13 12 -131.3108 -23.4558 -42.6466 1.2270 -61.3177 32.8132
14 7 14.0811 1347575  -0.6492 -7.6698 1.4276 166.1872
14 8 -14.0811 165.2425  0.6492 7.6698 1.8186 -242.3999
15 8 15.1754 210.0000  0.0000 2.1528 0.0000 245.0000
15 9 -15.1754 210.0000  0.0000 -2.1528 0.0000 -245.0000
16 9 42332 914661  0.9798 3.9985 -1.4161 66.7496
16 10 42332 885339 -0.9798 -3.9985 -2.9930 -60.1520
17 11 30.8419 199.6367  -0.6493 -6.2974 2.3898 122.3999
17 10 -30.8419 220.3633  0.6493 6.2974 2.1550 -194.9428
18 12 31.9362 150.0000  0.0000 3.2697 0.0000 125.0000
18 11 -31.9362 150.0000  0.0000 -3.2697 0.0000 -125.0000
19 7 44072 88.4879  1.0058 -1.1786 -2.8305 59.9586
19 12 44072 915121  -1.0058 1.1786 -1.6956 -66.7630
20 8  -0.6492 90.0568  1.0948 -2.6002 -2.2404 9.8226
20 11 0.6492 89.9432 -1.0948 2.6002 -2.6863 -9.5671
21 7 352.0417 -27.0986 59.4946 -3.3581 -77.4460 -35.6317
21 13 -352.0417  27.0986 -59.4946 3.3581 -101.0379 -45.6641
22 8 703.7952  0.0000  0.0000 -0.8889 0.0000 0.0000
22 14 -703.7952  0.0000  0.0000 0.8889 0.0000 0.0000
23 9 4628315 -27.4047 -90.3899  -3.0366 131.9600 -36.4716
23 15 -462.8315 27.4047  90.3899 3.0366 139.2098 -45.7424
24 10 4707729 26.6411 -79.6916  -3.3601 120.1565 35.2481
24 16 -470.7729 -26.6411 79.6916 3.3601 118.9182 44.6751
25 11 6752360 0.0000  0.0000  -0.8630 0.0000 0.0000
25 17 6752360  0.0000  0.0000 0.8630 0.0000 0.0000
26 12 372.8222 27.8628 59.2887  -2.9226 -64.8609 37.2196
26 18 -372.8222 -27.8628 -59.2887 2.9226 -113.0051 46.3688
27 13 -47.0289 129.6905 -0.4227  -8.1906 0.9391 91.5421
27 14 47.0280 2053095  0.4227 8.1906 1.1744 -280.5897
28 14 -46.5614 234.5000  0.0000 1.7620 0.0000 273.5833
28 15 46.5614 234.5000  0.0000 -1.7620 0.0000 -273.5833
29 15 -18.8443 100.7967  -0.2633 7.2321 1.0796 66.7305
29 16 18.8443 101.7033  0.2633 -1.2321 0.1053 -68.7706
30 17 411736 223.7649  -0.4227 -6.5891 1.5710 146.5897
30 16 411736 245.2351 0.4227 6.5891 1.3879 -221.7357
31 18 -40.7063 167.5000 0.0000 2.6853 0.0000 139.5833
31 17 40.7063 167.5000  0.0000 -2.6853 0.0000 -139.5833
32 13 -19.1842 101.6196  -0.2646 8.1747 0.2636 68.4655
32 18 191842 100.8804  0.2646 -8.1747 0.9270 -66.8022
33 14 04227 1014007  0.4674 7.0064 -0.8741 9.9525
33 17 04227 101.0993  -0.4674 -7.0064 -1.2291 -9.2744
34 13 5833519  -7.4917  -1.3698 -2.1554 1.3211 -30.9919
34 19 -583.3519  7.4917  1.3698 2.1554 4.8428 -2.7208
35 14 1245.0050  0.0000  0.0000 -0.5886 0.0000 0.0000
35 20 -1245.0050  0.0000  0.0000 0.5886 0.0000 0.0000
36 15 7981281  -8.5603 -43.5652 -1.9570 127.1415 -22.7501
36 21 -798.1281 8.5603 43.5652 1.9570 68.9020 -15.7712
37 16 817.7113  7.3742 -38.7813 -1.8670 110.0497 30.6846
37 22 -817.7113  -7.3742 38.7813 1.8670 64.4663 2.4995
38 17 1167.6010 0.0000  0.0000 -0.5210 0.0000 0.0000
38 23 -1167.6010 0.0000  0.0000 0.5210 0.0000 0.0000
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39 18 641.2027 8.6786 4.2177 -1.9956 -18.4036 23.1187
39 24 6412027  -8.6786 -4.2177 1.9956 -0.5762 15.9351
SUPPORT REACTIONS

JOINT X-force [kN] Y-force [kN] Z-force [kN] X-moment [kNm] Y-moment [kNm] Z-moment [kNm]

19 74917  583.3519  1.3698 48428 -2.1554 -2.7208

20 0.0000  1245.0050  0.0000 0.0000 -0.5886 0.0000

21 8.5603  798.1281 43.5652 68.9020 -1.9570 -15.7712

22 -1.3742  817.7113 38.7813 64.4663 -1.8670 2.4995

23 0.0000 1167.6010  0.0000 0.0000 -0.5210 0.0000

24 -8.6786  641.2027 -4.2177 -0.5762 -1.9956 15.9351
Design Output

Member ID No. is 1, Member shape is I/Wide Flange and it is a Beam identified by W250x167.

h=0.289 m,
b=0.265m,

tf =0.032 m,
tw=0.019 m,
A=0.0213 m2,
Iz=10.0003 m4,
Wez =0.00208 m3,
Wpz = 0.00258 m3,
rz=0.119m,

ly = 0.0000988 m,
Wey = 0.000746 m3,
Wpy =0.00112 m3,
ry =0.0681 m,

It =0.000399 m4,

Iw = 0.00000207 m6,

Flange is class 1.

Web is class 3.

Over all section is class 3.

MsdY = 0.4501 kNm and McRdY = 159.3727 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 116.6032 kNm and McRdZ = 444.3636 kNm

Section is sufficient for moment about the major axis, Z!
SigmaXEd = 60240.2687 KN/m2, and fyd = 213636.3590 kN/m2
Section is sufficient for combined effects including shear effect, if any!
VsdY = 77.3629 kN, and VpIRdY = 610.3012 kN

Section is sufficient for shear resistance about the minor axis!
VsdZ = 0.1155 kN, and VpIRdZ = 610.3012 kN

Section is sufficient for shear resistance about the major axis!
MbRd = 551.1818 kNm, and MsdY = 0.4501 kNm

Section is sufficient for lateral-torsional buckling!
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Member ID No. is 2, Member shape is Box/Tube and it is a Beam identified by HSS254.0x152.4x6.35.

h=0.254 m,
b=0.1524 m,
t=10.00635m,

A =0.0049 m2,
[z=10.0000429 m4,
Wez = 0.000338 m3,
Wpz = 0. 000435 m3,
rz=0.0936 m,

ly = 0.0000195 m4,
Wey = 0.000256 m3,
Wpy = 0. 000142 m3,
ry =0.0631 m,

[t =0.0000624 m4,

Section is assumed to be class 2!

MsdY = 0 kNm, and McRdY = 78.0235 kNm

Section is sufficient for moment about the minor axis, Y!
MsdZ = 122.5 kNm, and McRdZ = 110.2300 kNm

Section is insufficient for moment about the major axis, Z!
MsdY = 0 kNm, and MNRdY = 87.2345 kNm

Section is sufficient for axial force and uni-axial bending including shear effect, if any!
VsdY =105 kN, and VpIRdY = 226.6428 kN

Section is sufficient for shear resistance about the minor axis!
VisdZ = 0 kN, and VpIRdZ = 226.6428 kN

Section is sufficient for shear resistance about the major axis!

Member ID No. is 3, Member shape is Pipe and it is a Beam identified by SS323.9x11.13.

D =0.3239 m,
t=0.01113m,

A =0.0109 m2,
[z=0.000134 m4,
Wez = 0.000827 m3,
Wpz =0.0011 m3,
rz=0.111m,

It =0.000268 m4,

Section is class 1.

MsdY =2.8801 kNm, and McRdY = 234.9999 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 36.0953 kNm, and McRdZ = 234.9999 kNm

Section is sufficient for moment about the major axis, Z!

Nsd = 23.1721 kN, NpIRd = 2328636.3131 kN, MsdY = 2.8801 kNm, McRdZ = 234.9999 kNm, MsdZ =
36.0953 kNm and McRdY = 234.9999 kNm.

((Nsd / NpIRd) + (MsdY / McRdZ) + (MsdZ / McRdY)) = 0.1658
Section is sufficient for combined effects including shear effect, if any!
VsdY = 56.3656 kN and VpIRdY = 855.8963 kN

Section is sufficient for shear resistance about the minor axis!
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VsdZ = 1.0003 kN and VpIRdZ = 855.8963 kN
Section is sufficient for shear resistance about the major axis!

Member ID No. is 4, Member shape is |/Wide Flange and it is a Beam identified by W250x167.

h=0.289 m,

b =10.265m,
tf=0.032 m,
tw=0.019 m,
A=0.0213 m2,
Iz=10.0003 m4,
Wez = 0.00208 m3,
Wpz = 0.00258 m3,
rz=0.119m,

ly = 0.0000988 m,
Wey = 0.000746 m3,
Wpy =0.00112 m3,
ry =0.0681 m,

It = 0.000399 m4,

Iw = 0.00000207 m6,

Flange is class 1.

Web is class 3.

Over all section is class 3.

MsdY = 0.4496 kNm and McRdY = 159.3727 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 124.4852 kNm and McRdZ = 444.3636 kNm

Section is sufficient for moment about the major axis, Z!
SigmaXEd = 63004.4458 KN/m2, and fyd = 213636.3590 kN/m2
Section is sufficient for combined effects including shear effect, if any!
VsdY =105.71095 kN, and VpIRdY = 610.3012 kN

Section is sufficient for shear resistance about the minor axis!
VsdZ = 0.1155 kN, and VpIRdZ = 610.3012 kN

Section is sufficient for shear resistance about the major axis!
MbRd = 522.4946 kNm, and MsdY = 0.4496 kNm

Section is sufficient for lateral-torsional buckling!

Member ID No. is 5, Member shape is Box/Tube and it is a Beam identified by HSS254.0x152.4x6.35.

h=0.254 m,
b=0.1524 m,
t=10.00635m,

A =0.0049 m2,
[z=0.0000429 m4,
Wez = 0.000338 m3,
Wpz = 0. 000435 m3,
rz=0.0936 m,

ly = 0.0000195 m4,
Wey = 0.000256 m3,
Wpy = 0. 000142 m3,
ry =0.0631 m,
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It =0.0000624 m4,

Section is assumed to be class 2!

MsdY = 0 kNm, and McRdY = 65.2300 kNm

Section is sufficient for moment about the minor axis, Y!
MsdZ = 62.5 kNm, and McRdZ = 25.4621 kNm

Section is insufficient for moment about the major axis, Z!
MsdY = 0 kNm, and MNRdY = 34.5263 kNm

Section is sufficient for axial force and uni-axial bending including shear effect, if any!
VsdY = 75 kN, and VpIRdY = 226.6427 kN

Section is sufficient for shear resistance about the minor axis!
VisdZ = 0 kN, and VpIRdZ = 226.6427 kN

Section is sufficient for shear resistance about the major axis!

Member ID No. is 6, Member shape is Pipe and it is a Beam identified by SS323.9x11.13.

D=0.3239 m,
t=0.01113m,
A=0.0109 m2,
Iz=10.000134 m4,
Wez =0.000827 m3,
Wpz =0.0011 m3,
rz=0.111m,

It = 0.000268 m4,

Section is class 1.

MsdY = 2.0825 kNm, and McRdY = 234.999 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 35.8788 kNm, and McRdZ = 234.9999 kNm

Section is sufficient for moment about the major axis, Z!

Nsd = 23.4559 kN, NpIRd = 2328636.3131 kN, MsdY = 2.0825 kNm, McRdZ = 234.9999 kNm, MsdZ =
35.878 kNm and McRdY = 234.9999 kNm.

((Nsd / NpIRd) + (MsdY / McRdZ) + (MsdZ / McRdY)) = 0.1615
Section is sufficient for combined effects including shear effect, if any!
VsdY =56.2858 kN and VpIRdY = 855.8963 kN

Section is sufficient for shear resistance about the minor axis!

VsdZ = 0.7355 kN and VpIRdZ = 855.8963 kN

Section is sufficient for shear resistance about the major axis!

Member ID No. is 7, Member shape is |/Wide Flange and it is a Beam identified by W250x167.

h=0.289 m,
b=0.265m,
tf=0.032 m,
tw=0.019 m,
A=0.0213 m2,
Iz=0.0003 m4,
Wez = 0.00208 m3,
Wpz = 0.00258 m3,
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rz=0.119m,

ly = 0.0000988 m,
Wey = 0.000746 m3,
Wpy =0.00112 m3,
ry =0.0681 m,

It =0.000399 m4,

Iw = 0.00000207 m6,

Flange is class 1.

Web is class 3.

Over all section is class 3.

MsdY = 1.0155 kNm and McRdY = 159.3727 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 59.5992 kNm and McRdZ = 444.3636 kNm

Section is sufficient for moment about the major axis, Z!
SigmaXEd = 30197.6472 KN/m2, and fyd = 213636.3590 kN/m2
Section is sufficient for combined effects including shear effect, if any!
VsdY =56.3717 kN, and VpIRdY = 610.3012 kN

Section is sufficient for shear resistance about the minor axis!
VsdZ = 0.4296 kN, and VpIRdZ = 610.3012 kN

Section is sufficient for shear resistance about the major axis!
MbRd = 551.1818 kNm, and MsdY = 1.0155 kNm

Section is sufficient for lateral-torsional buckling!

Member ID No. is 8, Member shape is I/Wide Flange and it is a Column identified by W250x167.

h=0.289 m,

b =10.265m,
tf=0.032 m,
tw=0.019 m,
A=0.0213 m2,
Iz=0.0003 m4,

Wez = 0.00208 m3,
Wpz = 0.00258 m3,
rz=0.119m,

ly = 0.0000988 m,
Wey = 0.000746 m3,
Wpy =0.00112 m3,
ry =0.0681 m,

It =0.000399 m4,

Iw = 0.00000207 m6,
Leffis 3.0 m.

Flange is class 1.

Web is class 3.

Over all section is class 3.

Nsd = 128.7962 kN and NpIRd = 4550.4544468261 kN
Section is sufficient to axial compression force!

MsdY = 100.5938 kNm and McRdY = 159.3727 kNm
Section is sufficient for moment about the minor axis, Y!
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MsdZ = 38.0242 kNm and McRdZ = 444.3636 kNm

Section is sufficient for moment about the major axis, Z!

SigmaXEd = 171485.3577 kN/m2, fyd = 213636.3590 kN/m2

Section is sufficient for combined effects including shear effect, if any!
VpIRdY = 610.3012 kN, VsdY = 23.3403 kN

Section is sufficient for shear resistance about the minor axis!

VsdZ = 62.7188 kN, VpIRdZ = 610.3012 kN

Section is sufficient for shear resistance about the major axis!

Nsd = 128.7963 kN, NbRd = -493.9979 kN

Section is insufficient for the axial force when there is no bending!

MbRd = 551.1818 kNm, MsdY = 100.5938 kNm

Section is sufficient for lateral-torsional buckling!

((Nsd / (Xmin * Area * fy / GammaM1 )) + (KY * MsdY / (Wpy * fy / GammaM1))+ (KZ * MsdZ / (Wpz * fy
/ GammaM1))) = 0.2312

Section is sufficient for combined axial force and bending moment resistance!

Member ID No. is 9, Member shape is Box/Tube and it is a Column identified by HSS254.0x152.4x6.35.

h=0.254 m,
b=0.1524 m,
t=10.00635m,

A =0.0049 m2,
[z=10.0000429 m4,
Wez = 0.000338 m3,
Wpz = 0. 000435 m3,
rz=0.0936 m,

ly = 0.0000195 m4,
Wey = 0.000256 m3,
Wpy = 0. 000142 m3,
ry =0.0631 m,

It =0.0000624 m4,
Leffis 3.0 m.

Section is assumed to be class 2!

Nsd = 238.4959 kN, NpIRd = 1046.8182 kN

Section is sufficient to axial compression force!

MsdY = 0 kNm, McRdY = 14.2356 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 0 kNm, McRdZ = 9.2374 kNm

Section is sufficient for moment about the major axis, Z!

VsdY =0 kN VpIRdY = 226.6428 kN

Section is sufficient for shear resistance about the minor axis!
VsdZ = 0 kN VpIRdZ = 226.6428 kN

Section is sufficient for shear resistance about the major axis!
Nsd = 238.4959 kN NbRd = -20.4232 kN

Section is insufficient for the axial force when there is no bending!
Section is sufficient for combined axial force and bending moment resistance!

Member ID No. is 10, Member shape is Pipe and it is a Column identified by SS323.9x11.13.
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D=0.3239 m,
t=0.01113m,

A =0.0109 m2,
Iz=10.000134 m4,
Wez = 0.000827 m3,
Wpz =0.0011 m3,
rz=0.111m,

It =0.000268 m4,
Leffis 3.0 m.

Section is class 1.

Nsd = 161.3657 kN NpIRd = 2328.6363 kN

Section is sufficient to axial compression force!

MsdY = 113.6629 kNm McRdY = 234.9999 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 37.0846 kNm McRdZ = 234.9999 kNm

Section is sufficient for moment about the major axis, Z!

Nsd = 161.36571 kN, NpIRd = 2328.6363 kN, MsdY = 113.6629 kNm, McRdZ = 234.9999 kNm, MsdZ =
37.0848 kNm, McRdY = 234.9999 kNm

((Nsd / NpIRd) + (MsdY / McRdZ) + (MsdZ / McRdY)) = 0.7108

Section is sufficient for combined effects including shear effect, if any!

VsdY =23.1718 kN VpIRdY = 855.8963 kN

Section is sufficient for shear resistance about the minor axis!

VsdZ = 74.2349 kN VpIRdZ = 855.8963 kN

Section is sufficient for shear resistance about the major axis!

Nsd = 161.3657 kN NbRd = -46.0168 kN

Section is insufficient for the axial force when there is no bending!

MbRd =234.9999 kNm MsdY = 113.6629 kNm

Section is sufficient for lateral-torsional buckling!

Section is sufficient for combined axial force and bending moment resistance!

Member ID No. is 11, Member shape is I/Wide Flange and it is a Column identified by W250x167.

h=0.289 m,
b=0.265m,

tf =0.032 m,
tw=0.019 m,
A=0.0213 m2,
Iz=0.0003 m4,
Wez =0.00208 m3,
Wpz = 0.00258 m3,
rz=0.119m,

ly = 0.0000988 m,
Wey = 0.000746 m3,
Wpy = 0.00112 m3,
ry = 0.0681 m,

It =0.000399 m4,

Iw = 0.00000207 m6,
Leffis 3.0 m.
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Flange is class 1.

Web is class 3.

Over all section is class 3.

Nsd = 161.8754 kN and NpIRd = 4550.4544 kN

Section is sufficient to axial compression force!

MsdY = 78.7349 kNm and McRdY = 159.3727 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 37.9683 kNm and McRdZ = 444.3636 kNm

Section is sufficient for moment about the major axis, Z!

SigmaXEd = 141041.6518 kN/m2, fyd = 213636.3590 kN/m2

Section is sufficient for combined effects including shear effect, if any!
VpIRdY =610.3012 kN, VsdY = 23.0565 kN

Section is sufficient for shear resistance about the minor axis!

VsdZ = 49.8297 kN, VpIRdZ = 610.3012 kN

Section is sufficient for shear resistance about the major axis!

Nsd = 161.8754 kN, NbRd = -493.9979 kN

Section is insufficient for the axial force when there is no bending!
MbRd = 551.1818 kNm, MsdY = 78.7349 kNm

Section is sufficient for lateral-torsional buckling!

((Nsd / (Xmin * Area * fy / GammaM1 )) + (KY * MsdY / (Wpy * fy / GammaM1))+ (KZ * MsdZ / (Wpz * fy
| GammaM1))) = -74.5526

Section is sufficient for combined axial force and bending moment resistance!

Member ID No. is 12, Member shape is Box/Tube and it is a Column identified by
HSS254.0x152.4x6.35.

h=0.254 m,
b=0.1524 m,
t=10.00635m,

A =0.0049 m2,
Iz=10.0000429 m4,
Wez = 0.000338 m3,
Wpz = 0. 000435 m3,
rz=0.0936 m,

ly = 0.0000195 m4,
Wey = 0.000256 m3,
Wpy = 0. 000142 m3,
ry =0.0631 m,

[t =0.0000624 m4,
Leffis 3.0 m.

Section is assumed to be class 2!

Nsd = 235.6557 kN, NpIRd = 1046.8182 kN

Section is sufficient to axial compression force!

MsdY = 0 kNm, McRdY = 11.4387 kNm

Section is sufficient for moment about the minor axis, Y!
MsdZ = 0 kNm, McRdZ = 22.1053 kNm

Section is sufficient for moment about the major axis, Z!
VsdY = 0 kN VpIRdY = 226.6428 kN
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Section is sufficient for shear resistance about the minor axis!

VsdZ = 0 kN VpIRdZ = 226.6428 kN

Section is sufficient for shear resistance about the major axis!

Nsd = 235.6557 kN NbRd = -20.4232 kN

Section is insufficient for the axial force when there is no bending!

Section is sufficient for combined axial force and bending moment resistance!

Member ID No. is 13, Member shape is Pipe and it is a Column identified by SS323.9x11.13.

D=0.3239 m,
t=0.01113m,

A =0.0109 m2,
[z=10.000134 m4,
Wez = 0.000827 m3,
Wpz =0.0011 m3,
rz=0.111m,

It =0.000268 m4,
Leffis 3.0 m.

Section is class 1.

Nsd = 131.3108 kN NpIRd = 2328.6363 kN

Section is sufficient to axial compression force!

MsdY = 66.6221 kNm McRdY = 234.9999 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 37.5543 kNm McRdZ = 234.9999 kNm

Section is sufficient for moment about the major axis, Z!

Nsd = 131.3108 kN, NpIRd = 2328.6363 kN, MsdY = 66.6221 kNm, McRdZ = 234.9999 kNm, MsdZ =
37.5543 kNm, McRdY = 234.9999 kNm

((Nsd / NpIRd) + (MsdY / McRdZ) + (MsdZ / McRdY)) = 0.4997

Section is sufficient for combined effects including shear effect, if any!

VsdY = 23.4558 kN VpIRdY = 855.8963 kN

Section is sufficient for shear resistance about the minor axis!

VisdZ = 42.6466 kN VpIRdZ = 855.8963 kN

Section is sufficient for shear resistance about the major axis!

Nsd = 131.3108 kN NbRd = -46.0168 kN

Section is insufficient for the axial force when there is no bending!

MbRd = 234.9999 kNm MsdY = 66.6221 kNm

Section is sufficient for lateral-torsional buckling!

Section is sufficient for combined axial force and bending moment resistance!

Member ID No. is 14, Member shape is |/Wide Flange and it is a Beam identified by W250x167.

h=0.289 m,
b=0.265m,
tf=0.032 m,
tw=0.019 m,
A=0.0213 m2,
Iz=0.0003 m4,
Wez = 0.00208 m3,
Wpz = 0.00258 m3,
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rz=0.119m,

ly = 0.0000988 m,
Wey = 0.000746 m3,
Wpy =0.00112 m3,
ry =0.0681 m,

It =0.000399 m4,

Iw = 0.00000207 m6,

Flange is class 1.

Web is class 3.

Over all section is class 3.

MsdY = 1.8179 kNm and McRdY = 159.3727 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 242.2347 kNm and McRdZ = 444.3636 kNm

Section is sufficient for moment about the major axis, Z!
SigmaXEd = 119996.2863 KN/m2, and fyd = 213636.3590 kN/m2
Section is sufficient for combined effects including shear effect, if any!
VsdY = 165.1825 kN, and VpIRdY = 610.3012 kN

Section is sufficient for shear resistance about the minor axis!
VsdZ = 0.6492 kN, and VpIRdZ = 610.3012 kN

Section is sufficient for shear resistance about the major axis!
MbRd = 551.1818 kNm, and MsdY = 1.8179 kNm

Section is sufficient for lateral-torsional buckling!

Member ID No. is 15, Member shape is Box/Tube and it is a Beam identified by HSS254.0x152.4x6.35.

h=0.254 m,
b=0.1524 m,
t=10.00635m,

A =0.0049 m2,
Iz=10.0000429 m4,
Wez = 0.000338 m3,
Wpz = 0. 000435 m3,
rz=0.0936 m,

ly = 0.0000195 m4,
Wey = 0.000256 m3,
Wpy = 0. 000142 m3,
ry =0.0631 m,

[t =0.0000624 m4,

Section is assumed to be class 2!

MsdY = 0 kNm, and McRdY = 34.7258 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 245 kNm, and McRdZ = 114.7138 kNm

Section is insufficient for moment about the major axis, Z!

MsdY = 0 kNm, and MNRdY = 14.7183 kNm

Section is sufficient for axial force and uni-axial bending including shear effect, if any!
VsdY =210 kN, and VpIRdY = 226.6428 kN

Section is sufficient for shear resistance about the minor axis!

VsdZ = 0 kN, and VpIRdZ = 226.6428 kN
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Section is sufficient for shear resistance about the major axis!

Member ID No. is 16, Member shape is Pipe and it is a Beam identified by SS323.9x11.13.

D=0.3239 m,
t=0.01113m,
A=0.0109 m2,
Iz=10.000134 m4,
Wez = 0.000827 m3,
Wpz =0.0011 m3,
rz=0.111m,

It =0.000268 m4,

Section is class 1.

MsdY = 2.9921 kNm, and McRdY = 234.9999 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 66.7496 kNm, and McRdZ = 234.9999 kNm

Section is sufficient for moment about the major axis, Z!

Nsd = 4.2332 kN, NpIRd = 2328636.3132 kN, MsdY = 2.9921 kNm, McRdZ = 234.9999 kNm, MsdZ =
66.7496 kNm and McRdY = 234.9999 kNm.

((Nsd / NpIRd) + (MsdY / McRdZ) + (MsdZ / McRdY)) = 0.2968
Section is sufficient for combined effects including shear effect, if any!
VsdY =91.4661 kN and VpIRdY = 855.8963 kN

Section is sufficient for shear resistance about the minor axis!

VsdZ = 0.9798 kN and VpIRdZ = 855.8963 kN

Section is sufficient for shear resistance about the major axis!

Member ID No. is 17, Member shape is |/Wide Flange and it is a Beam identified by W250x167.

h=0.289 m,
b=0.265m,

tf =0.032 m,
tw=0.019 m,

A =0.0213 m2,
Iz=10.0003 m4,
Wez =0.00208 m3,
Wpz = 0.00258 m3,
rz=0.119m,

ly = 0.0000988 m,
Wey = 0.000746 m3,
Wpy =0.00112 m3,
ry =0.0681 m,

It =0.000399 m4,

Iw = 0.00000207 m6,

Flange is class 1.

Web is class 3.

Over all section is class 3.

MsdY = 2.3898 kNm and McRdY = 159.3727 kNm
Section is sufficient for moment about the minor axis, Y!

Advisor Dr. Shifferaw Taye 59 Tamrat Tilahun ~ 9/17/2008



AAU, Faculty of Technology, Civil Engineering Department Thesis: EADoSSF

MsdZ =209.7236 kNm and McRdZ = 444.3636 kNm

Section is sufficient for moment about the major axis, Z!

SigmaXEd = 105960.0184 KN/m2, and fyd = 213636.3590 kN/m2
Section is sufficient for combined effects including shear effect, if any!
VsdY =220.3033 kN, and VpIRdY = 610.3012 kN

Section is sufficient for shear resistance about the minor axis!

VsdZ = 0.6493 kN, and VpIRdZ = 610.3012 kN

Section is sufficient for shear resistance about the major axis!

MbRd = 523.2905 kNm, and MsdY = 2.3898 kNm

Section is sufficient for lateral-torsional buckling!

Member ID No. is 18, Member shape is Box/Tube and it is a Beam identified by HSS254.0x152.4x6.35.

h=0.254 m,
b=0.1524 m,
t=10.00635m,

A =0.0049 m2,
[z=0.0000429 m4,
Wez = 0.000338 m3,
Wpz = 0. 000435 m3,
rz=0.0936 m,

ly = 0.0000195 m4,
Wey = 0.000256 m3,
Wpy = 0. 000142 m3,
ry =0.0631 m,

[t =0.0000624 m4,

Section is assumed to be class 2!

MsdY = 0 kNm, and McRdY =5.1247 kNm

Section is sufficient for moment about the minor axis, Y!
MsdZ = 125 kNm, and McRdZ = 113.1245 kNm

Section is insufficient for moment about the major axis, Z!
MsdY = 0 kNm, and MNRdY = 51.4381 kNm

Section is sufficient for axial force and uni-axial bending including shear effect, if any!
VsdY = 150 kN, and VpIRdY = 226.6428 kN

Section is sufficient for shear resistance about the minor axis!
VisdZ = 0 kN, and VpIRdZ = 226.64278 kN

Section is sufficient for shear resistance about the major axis!

Member ID No. is 19, Member shape is Pipe and it is a Beam identified by S$323.9x11.13.

D =0.3239 m,
t=0.01113m,
A=0.0109 m2,
Iz=10.000134 m4,
Wez = 0.000827 m3,
Wpz =0.0011 m3,
rz=0.111m,

It =0.000268 m4,
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Section is class 1.

MsdY = 2.8305 kNm, and McRdY = 234.9999 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 66.6716 kNm, and McRdZ = 234.9999 kNm

Section is sufficient for moment about the major axis, Z!

Nsd = 4.4072 kN, NpIRd = 2328636.3132 kN, MsdY = 2.8305 kNm, McRdZ = 234.9999 kNm, MsdZ =
66.671555 kNm and McRdY = 234.9999 kNm.

((Nsd / NpIRd) + (MsdY / McRdZ) + (MsdZ / McRdY)) = 0.2958
Section is sufficient for combined effects including shear effect, if any!
VsdY = 91.4721 kN and VpIRdY = 855.8963 kN

Section is sufficient for shear resistance about the minor axis!

VsdZ = 1.0058 kN and VpIRdZ = 855.8963 kN

Section is sufficient for shear resistance about the major axis!

Member ID No. is 20, Member shape is I/Wide Flange and it is a Beam identified by W250x167.

h=0.289 m,

b =10.265m,
tf=0.032 m,
tw=0.019 m,
A=0.0213 m2,
Iz=10.0003 m4,
Wez = 0.00208 m3,
Wpz = 0.00258 m3,
rz=0.119m,

ly = 0.0000988 m,
Wey = 0.000746 m3,
Wpy =0.00112 m3,
ry =0.0681 m,

It =0.000399 m4,

Iw = 0.00000207 m6,

Flange is class 1.

Web is class 3.

Over all section is class 3.

MsdY = 2.6852 kNm and McRdY = 159.3727 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 91.5552 kNm and McRdZ = 444.3636 kNm

Section is sufficient for moment about the major axis, Z!
SigmaXEd = 48056.8606 KN/m2, and fyd = 213636.3590 kN/m2
Section is sufficient for combined effects including shear effect, if any!
VsdY =90.0568 kN, and VpIRdY = 610.3012 kN

Section is sufficient for shear resistance about the minor axis!
VsdZ = 1.0948 kN, and VpIRdZ = 610.3012 kN

Section is sufficient for shear resistance about the major axis!
MbRd = 551.1818 kNm, and MsdY = 2.6852 kNm

Section is sufficient for lateral-torsional buckling!

Member ID No. is 21, Member shape is |/Wide Flange and it is a Column identified by W250x167.
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h=0.289 m,
b=0.265m,

tf =0.032 m,
tw=10.019 m,

A =0.0213 m2,
Iz=10.0003 m4,
Wez =0.00208 m3,
Wpz = 0.00258 m3,
rz=0.119m,

ly = 0.0000988 m,
Wey = 0.000746 m3,
Wpy = 0.00112 m3,
ry =0.0681 m,

It =0.000399 m4,

Iw = 0.00000207 m6,
Leffis 3.0 m.

Flange is class 1.

Web is class 3.

Over all section is class 3.

Nsd = 352.0417 kN and NpIRd = 4550.4544 kN

Section is sufficient to axial compression force!

MsdY = 100.9784 kNm and McRdY = 159.3727 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 45.6370 kNm and McRdZ = 444.3636 kNm

Section is sufficient for moment about the major axis, Z!

SigmaXEd = 186195.5966 kN/m2, fyd = 213636.3590 kN/m2

Section is sufficient for combined effects including shear effect, if any!
VpIRdY =610.3012 kN, VsdY = 27.0986 kN

Section is sufficient for shear resistance about the minor axis!

VsdZ = 59.4946 kN, VpIRdZ = 610.3012 kN

Section is sufficient for shear resistance about the major axis!

Nsd = 352.0417 kN, NbRd = -493.9979 kN

Section is insufficient for the axial force when there is no bending!
MbRd = 551.1818 kNm, MsdY = 100.9784 kNm

Section is sufficient for lateral-torsional buckling!

((Nsd / (Xmin * Area * fy /| GammaM1)) + (KY * MsdY / (Wpy * fy / GammaM1)) + (KZ * MsdZ / (Wpz * fy
| GammaM1))) = -201.6097

Section is sufficient for combined axial force and bending moment resistance!

Member ID No. is 22, Member shape is Box/Tube and it is a Column identified by
HSS254.0x152.4x6.35.

h=0.254 m,

b =0.1524 m,
t=0.00635 m,

A =0.0049 m2,

|z =0.0000429 m4,
Wez = 0.000338 m3,
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Wpz = 0. 000435 m3,
rz=0.0936 m,

ly = 0.0000195 m4,
Wey = 0.000256 m3,
Wpy = 0. 000142 m3,
ry =0.0631 m,

[t =0.0000624 m4,
Leffis 3.0 m.

Section is assumed to be class 2!

Nsd = 703.7952 kN, NpIRd = 1046.8182 kN

Section is sufficient to axial compression force!

MsdY = 0 kNm, McRdY = 18.4297 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 0 kNm, McRdZ = 41.2726 kNm

Section is sufficient for moment about the major axis, Z!

VsdY =0 kN VpIRdY = 226.6428 kN

Section is sufficient for shear resistance about the minor axis!
VisdZ = 0 kN VpIRdZ = 226.6428 kN

Section is sufficient for shear resistance about the major axis!
Nsd = 703.7952 kN NbRd = -20.4232 kN

Section is insufficient for the axial force when there is no bending!
Section is sufficient for combined axial force and bending moment resistance!

Member ID No. is 23, Member shape is Pipe and it is a Column identified by SS323.9x11.13.

D =0.3239 m,
t=0.01113m,
A=0.0109 m2,
[z=0.000134 m4,
Wez = 0.000827 m3,
Wpz =0.0011 m3,
rz=0.111m,

It =0.000268 m4,
Leffis 3.0 m.

Section is class 1.

Nsd = 462.8315 kN NpIRd = 2328.6363 kN

Section is sufficient to axial compression force!

MsdY = 139.1194 kNm McRdY = 234.9999 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 45.71503 kNm McRdZ = 234.9999 kNm

Section is sufficient for moment about the major axis, Z!

Nsd = 462.8315 kN, NpIRd = 2328.6363 kN, MsdY = 139.1194 kNm, McRdZ = 234.9999 kNm, MsdZ =
45,7150 kNm, McRdY = 234.9999 kNm

((Nsd / NpIRd) + (MsdY / McRdZ) + (MsdZ / McRdY)) = 0.9852
Section is sufficient for combined effects including shear effect, if any!
VsdY = 27.4047 kN VpIRdY = 855.8963 kN

Section is sufficient for shear resistance about the minor axis!
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VsdZ = 90.3899 kN VpIRdZ = 855.8963 kN

Section is sufficient for shear resistance about the major axis!

Nsd = 462.8315 kN NbRd = -46.0168 kN

Section is insufficient for the axial force when there is no bending!

MbRd = 234.9999 kNm MsdY = 139.1194 kNm

Section is sufficient for lateral-torsional buckling!

Section is sufficient for combined axial force and bending moment resistance!

Member ID No. is 24, Member shape is |/Wide Flange and it is a Column identified by W250x167.

h=0.289 m,
b=0.265m,
tf=0.032 m,
tw=0.019 m,
A=0.0213 m2,
Iz=0.0003 m4,
Wez =0.00208 m3,
Wpz = 0.00258 m3,
rz=0.119m,

ly = 0.0000988 m,
Wey = 0.000746 m3,
Wpy = 0.00112 m3,
ry = 0.0681 m,

It =0.000399 m4,

Iw = 0.00000207 m6,
Leffis 3.0 m.

Flange is class 1.

Web is class 3.

Over all section is class 3.

Nsd = 470.7729 kN and NpIRd = 4550.4544 kN

Section is sufficient to axial compression force!

MsdY = 120.1565 kNm and McRdY = 159.3727 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 44.6484 kNm and McRdZ = 444.3636 kNm

Section is sufficient for moment about the major axis, Z!

SigmaXEd = 219342.6296 kNm, fyd = 213636.3590 KNm

Section is insufficient for combined effects including shear effect, if any!
VpIRdY =610.3012 kN, VsdY = 26.6411 kN

Section is sufficient for shear resistance about the minor axis!

VsdZ = 79.6916 kN, VpIRdZ = 610.3012 kN

Section is sufficient for shear resistance about the major axis!

Nsd = 470.7729 kN, NbRd = -493.9979 kN

Section is insufficient for the axial force when there is no bending!
MbRd = 551.1818 kNm, MsdY = 120.1565 kNm

Section is sufficient for lateral-torsional buckling!

((Nsd / (Xmin * Area * fy / GammaM1)) + (KY * MsdY / (Wpy * fy / GammaM1))+ (KZ * MsdZ / (Wpz * fy
| GammaM1))) = -331.3391

Section is sufficient for combined axial force and bending moment resistance!
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Member ID No. is 25 Member shape is Box/Tube and it is a Column identified by

HSS254.0x152.4x6.35.

h=0.254 m,
b=0.1524 m,
t=10.00635m,

A =0.0049 m2,
[z=0.0000429 m4,
Wez = 0.000338 m3,
Wpz = 0. 000435 m3,
rz=0.0936 m,

ly = 0.0000195 m4,
Wey = 0.000256 m3,
Wpy = 0. 000142 m3,
ry =0.0631 m,

It =0.0000624 m4,
Leffis 3.0 m.

Section is assumed to be class 2!

Nsd = 675.2359 kN, NpIRd = 1046.8182 kN

Section is sufficient to axial compression force!

MsdY = 0 kNm, McRdY = 14.2543 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 0 kNm, McRdZ = 16.4234 kNm

Section is sufficient for moment about the major axis, Z!

VsdY = 0 kN VpIRdY = 226.6428 kN

Section is sufficient for shear resistance about the minor axis!
VsdZ = 0 kN VpIRdZ = 226.6428 kN

Section is sufficient for shear resistance about the major axis!
Nsd = 675.2359 kN NbRd = -20.4232 kN

Section is insufficient for the axial force when there is no bending!
Section is sufficient for combined axial force and bending moment resistance!

Member ID No. is 26, Member shape is Pipe and it is a Column identified by SS323.9x11.13.

D=0.3239 m,
t=0.01113m,

A =0.0109 m2,
[z=10.000134 m4,
Wez = 0.000827 m3,
Wpz =0.0011 m3,
rz=0.111m,

It =0.000268 m4,
Leffis 3.0 m.

Section is class 1.

Nsd = 372.8222 kN NpIRd = 2328.6363 kN

Section is sufficient to axial compression force!

MsdY = 112.9458 kNm McRdY = 234.9999 kNm
Section is sufficient for moment about the minor axis, Y!
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MsdZ = 46.3409 kNm McRdZ = 234.9999 kNm

Section is sufficient for moment about the major axis, Z!

Nsd = 372.8222 kN, NpIRd = 2328.6363 kN, MsdY = 112.9458 kNm, McRdZ = 234.9999 kNm, MsdZ =
46.3409 kNm, McRdY = 234.9999 kNm

((Nsd / NpIRd) + (MsdY / McRdZ) + (MsdZ / McRdY)) = 0.8379

Section is sufficient for combined effects including shear effect, if any!

VsdY = 27.8628 kN VpIRdY = 855.8963 kN

Section is sufficient for shear resistance about the minor axis!

VsdZ = 59.2887 kN VpIRdZ = 855.8963 kN

Section is sufficient for shear resistance about the major axis!

Nsd = 372.8222 kN NbRd = -46.0168 kN

Section is insufficient for the axial force when there is no bending!

MbRd = 234.9999 kNm MsdY = 112.9458 kNm

Section is sufficient for lateral-torsional buckling!

Section is sufficient for combined axial force and bending moment resistance!

Member ID No. is 27, Member shape is I/Wide Flange and it is a Beam identified by W250x167.

h=0.289 m,
b=0.265m,

tf =0.032 m,
tw=10.019 m,

A =0.0213 m2,
Iz=10.0003 m4,
Wez =0.00208 m3,
Wpz = 0.00258 m3,
rz=0.119m,

ly = 0.0000988 m,
Wey = 0.000746 m3,
Wpy =0.00112 m3,
ry =0.0681 m,

It =0.000399 m4,

Iw = 0.00000207 m6,

Flange is class 1.

Web is class 3.

Over all section is class 3.

MsdY = 1.1739 kNm and McRdY = 159.3727 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 280.3844 kNm and McRdZ = 444.3636 kNm

Section is sufficient for moment about the major axis, Z!
SigmaXEd = 138976.7698 KN/m2, and fyd = 213636.3590 kN/m2
Section is sufficient for combined effects including shear effect, if any!
VsdY =205.2425 kN, and VpIRdY = 610.3012 kN

Section is sufficient for shear resistance about the minor axis!
VisdZ = 0.4227 kN, and VpIRdZ = 610.3012 kN

Section is sufficient for shear resistance about the major axis!
MbRd = 551.1818 kNm, and MsdY = 1.1739 kNm

Section is sufficient for lateral-torsional buckling!
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Member ID No. is 28, Member shape is Box/Tube and it is a Beam identified by HSS254.0x152.4x6.35.

h=0.254 m,
b=0.1524 m,
t=10.00635m,

A =0.0049 m2,
[z=10.0000429 m4,
Wez = 0.000338 m3,
Wpz = 0. 000435 m3,
rz=0.0936 m,

ly = 0.0000195 m4,
Wey = 0.000256 m3,
Wpy = 0. 000142 m3,
ry =0.0631 m,

[t =0.0000624 m4,

Section is assumed to be class 2!

MsdY = 0 kNm, and McRdY =-33717.5378 kNm

Section is insufficient for moment about the minor axis, Y!
MsdZ = 273.5833 kNm, and McRdZ = 225.4573 kNm

Section is insufficient for moment about the major axis, Z!
MsdY = 0 kNm, and MNRdY = 20.1245 kNm

Section is sufficient for axial force and uni-axial bending including shear effect, if any!
VsdY = 234.5 kN, and VpIRdY = 226.6428 kN

Section is insufficient for shear resistance about the minor axis!
VisdZ = 0 kN, and VpIRdZ = 226.6428 kN

Section is sufficient for shear resistance about the major axis!

Member ID No. is 29, Member shape is Pipe and it is a Beam identified by SS323.9x11.13.

D =0.3239 m,
t=0.01113m,

A =0.0109 m2,
[z=0.000134 m4,
Wez = 0.000827 m3,
Wpz =0.0011 m3,
rz=0.111m,

It =0.000268 m4,

Section is class 1.

MsdY = 1.0796 kNm, and McRdY = 234.9999 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 68.6689 kNm, and McRdZ = 234.9999 kNm

Section is sufficient for moment about the major axis, Z!

Nsd = 18.8443 kN, NpIRd = 2328636.3132 kN, MsdY = 1.0796 kNm, McRdZ = 234.9999 kNm, MsdZ =
68.6689 kNm and McRdY = 234.9999 kNm.

((Nsd / NpIRd) + (MsdY / McRdZ) + (MsdZ / McRdY)) = 0.2968
Section is sufficient for combined effects including shear effect, if any!
VsdY = 101.6583 kN and VpIRdY = 855.8963 kN

Section is sufficient for shear resistance about the minor axis!
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VsdZ = 0.2633 kN and VpIRdZ = 855.8963 kN
Section is sufficient for shear resistance about the major axis!

Member ID No. is 30, Member shape is |/Wide Flange and it is a Beam identified by W250x167.

h=0.289 m,

b =10.265m,
tf=0.032 m,
tw=0.019 m,
A=0.0213 m2,
Iz=10.0003 m4,
Wez = 0.00208 m3,
Wpz = 0.00258 m3,
rz=0.119m,

ly = 0.0000988 m,
Wey = 0.000746 m3,
Wpy =0.00112 m3,
ry =0.0681 m,

It = 0.000399 m4,

Iw = 0.00000207 m6,

Flange is class 1.

Web is class 3.

Over all section is class 3.

MsdY = 1.5710 kNm and McRdY = 159.3727 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 227.0723 kNm and McRdZ = 444.3636 kNm

Section is sufficient for moment about the major axis, Z!
SigmaXEd = 113603.9438 KN/m2, and fyd = 213636.3590 kN/m2
Section is sufficient for combined effects including shear effect, if any!
VsdY = 245.1681 kN, and VpIRdY = 610.3012 kN

Section is sufficient for shear resistance about the minor axis!
VsdZ = 0.4227 kN, and VpIRdZ = 610.3012 kN

Section is sufficient for shear resistance about the major axis!
MbRd = 523.1190 kNm, and MsdY = 1.5710 kNm

Section is sufficient for lateral-torsional buckling!

Member ID No. is 31, Member shape is Box/Tube and it is a Beam identified by HSS254.0x152.4x6.35.

h=0.254 m,
b=0.1524 m,
t=10.00635m,

A =0.0049 m2,
[z=0.0000429 m4,
Wez = 0.000338 m3,
Wpz = 0. 000435 m3,
rz=0.0936 m,

ly = 0.0000195 m4,
Wey = 0.000256 m3,
Wpy = 0. 000142 m3,
ry =0.0631 m,
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It =0.0000624 m4,

Section is assumed to be class 2!

MsdY = 0 kNm, and McRdY = 22.4218 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 139.58332824707 kNm, and McRdZ = 102.5729 kNm
Section is insufficient for moment about the major axis, Z!
MsdY = 0 kNm, and MNRdY =40.1729 kNm

Section is sufficient for axial force and uni-axial bending including shear effect, if any!
VsdY = 167.5 kN, and VpIRdY = 226.6428 kN

Section is sufficient for shear resistance about the minor axis!
VisdZ = 0 kN, and VpIRdZ = 226.6428 kN

Section is sufficient for shear resistance about the major axis!

Member ID No. is 32, Member shape is Pipe and it is a Beam identified by SS323.9x11.13.

D =0.3239 m,
t=0.01113m,
A=0.0109 m2,
[z=0.000134 m4,
Wez = 0.000827 m3,
Wpz =0.0011 m3,
rz=0.111m,

It =0.000268 m4,

Section is class 1.

MsdY = 0.9267 kNm, and McRdY = 234.9999 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 68.4655 kNm, and McRdZ = 234.9999 kNm

Section is sufficient for moment about the major axis, Z!

Nsd = 19.1842 kN, NpIRd = 2328636.3132 kN, MsdY = 0.9267 kNm, McRdZ = 234.9999 kNm, MsdZ =
68.4655 kNm and McRdY = 234.9999 kNm.

((Nsd / NpIRd) + (MsdY / McRdZ) + (MsdZ / McRdY)) = 0.2953
Section is sufficient for combined effects including shear effect, if any!
VsdY = 101.6196 kN and VpIRdY = 855.8963 kN

Section is sufficient for shear resistance about the minor axis!

VsdZ = 0.2646 kN and VpIRdZ = 855.8963 kN

Section is sufficient for shear resistance about the major axis!

Member ID No. is 33, Member shape is I/Wide Flange and it is a Beam identified by W250x167.

h=0.289 m,

b =10.265m,
tf=0.032 m,
tw=0.019 m,
A=0.0213 m2,
Iz=0.0003 m4,
Wez = 0.00208 m3,
Wpz = 0.00258 m3,
rz=0.119m,
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ly = 0.0000988 m,
Wey = 0.000746 m3,
Wpy = 0.00112 m3,
ry = 0.0681 m,

It = 0.000399 m4,

Iw = 0.00000207 m,

Flange is class 1.

Web is class 3.

Over all section is class 3.

MsdY = 1.2286 kNm and McRdY = 159.3727 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 104.2930 kNm and McRdZ = 444.3636 kNm

Section is sufficient for moment about the major axis, Z!
SigmaXEd = 52051.2813 KN/m2, and fyd = 213636.3590 kN/m2
Section is sufficient for combined effects including shear effect, if any!
VsdY = 101.4007 kN, and VpIRdY = 610.3012 kN

Section is sufficient for shear resistance about the minor axis!
VsdZ = 0.4674 kN, and VpIRdZ = 610.3012 kN

Section is sufficient for shear resistance about the major axis!
MbRd = 551.1818 kNm, and MsdY = 1.2286 kNm

Section is sufficient for lateral-torsional buckling!

Member ID No. is 34, Member shape is I/Wide Flange and it is a Column identified by W250x167.

h=0.289 m,
b=0.265m,

tf =0.032 m,
tw=10.019 m,
A=0.0213 m2,
Iz=0.0003 m4,
Wez =0.00208 m3,
Wpz = 0.00258 m3,
rz=0.119m,

ly = 0.0000988 m,
Wey = 0.000746 m3,
Wpy = 0.00112 m3,
ry = 0.0681 m,

It =0.000399 m4,

Iw = 0.00000207 m6,
Leffis 4.5 m.

Flange is class 1.

Web is class 1.

Over all section is class 1.

Nsd = 583.3519 kN and NpIRd = 4550.4544 kN

Section is sufficient to axial compression force!

MsdY = 4.8414 kNm and McRdY = 239.2727 kNm
Section is sufficient for moment about the minor axis, Y!
MsdZ = 30.9919 kNm and McRdZ = 551.1818 kNm
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Section is sufficient for moment about the major axis, Z!

Nsd = 583.3519 kN, NpIRd = 4550.4544 kN, MsdY = 4.8414 kNm, McRdZ = 551.1818 KNm, MsdZ =
30.9919 kNm and McRdY = 239.2727 kNM

((Nsd / NpIRd) + (MsdY / McRdZ) + (MsdZ / McRdY)) = 0.2665

Section is sufficient for combined effects including shear effect, if any!

VpIRdY =610.3012 kN, VsdY = 7.4917 kN

Section is sufficient for shear resistance about the minor axis!

VsdZ = 1.3698 kN, VpIRdZ = 610.3012 kN

Section is sufficient for shear resistance about the major axis!

Nsd = 583.3519 kN, NbRd = -89.9227 kN

Section is insufficient for the axial force when there is no bending!

MbRd = 551.1818 kNm, MsdY = 4.8414 kNm

Section is sufficient for lateral-torsional buckling!

((Nsd / (Xmin * Area * fy / GammaM1 )) + (KY * MsdY / (Wpy * fy / GammaM1))+ (KZ * MsdZ / (Wpz * fy
| GammaM1))) = -126.2234

Section is sufficient for combined axial force and bending moment resistance!

Member ID No. is 35 Member shape is Box/Tube and it is a Column identified by
HSS254.0x152.4x6.35.

h=0.254 m,
b=0.1524 m,
t=10.00635m,

A =0.0049 m2,
[z=0.0000429 m4,
Wez = 0.000338 m3,
Wpz = 0. 000435 m3,
rz=0.0936 m,

ly = 0.0000195 m4,
Wey = 0.000256 m3,
Wpy = 0. 000142 m3,
ry =0.0631 m,

[t =0.0000624 m4,
Leffis 4.5 m.

Section is assumed to be class 2!

Nsd = 1245.0052 kN, NpIRd = 1046.8182 kN

Section is sufficient to axial compression force!

MsdY = 0 kNm, McRdY = 14.7249 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 0 kNm, McRdZ = 17.5781 kNm

Section is sufficient for moment about the major axis, Z!

VsdY = 0 kN VpIRdY = 226.6428 kN

Section is sufficient for shear resistance about the minor axis!
VsdZ = 0 kN VpIRdZ = 226.6428 kN

Section is sufficient for shear resistance about the major axis!
Nsd = 1245.0052 kN NbRd = -127.2114 kN

Section is insufficient for the axial force when there is no bending!
Section is sufficient for combined axial force and bending moment resistance!
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Member ID No. is 36, Member shape is Pipe and it is a Column identified by SS323.9x11.13.

D =0.3239 m,
t=0.01113m,

A =0.0109 m2,
[z=0.000134 m4,
Wez = 0.000827 m3,
Wpz =0.0011 m3,
rz=0.111m,

It = 0.000268 m4,
Leffis 4.5 m.

Section is class 1.

Nsd = 798.1281 kN NpIRd = 2328.6363 kN

Section is sufficient to axial compression force!

MsdY = 127.1415 kNm McRdY = 234.9999 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 22.7501 kNm McRdZ = 234.9999 kNm

Section is sufficient for moment about the major axis, Z!

Nsd = 798.1281 kN, NpIRd = 2328.6363 kN, MsdY = 127.1415 kNm, McRdZ = 234.9999 kNm, MsdZ =
22.7501 kNm, McRdY = 234.9999 kNm

((Nsd / NpIRd) + (MsdY / McRdZ) + (MsdZ / McRdY)) = 0.9806

Section is sufficient for combined effects including shear effect, if any!

VsdY =8.5603 kN VpIRdY = 855.8963 kN

Section is sufficient for shear resistance about the minor axis!

VisdZ = 43.5652 kN VpIRdZ = 855.8963 kN

Section is sufficient for shear resistance about the major axis!

Nsd = 798.1281 kN NbRd = -55.9535 kN

Section is insufficient for the axial force when there is no bending!

MbRd = 234.9999 kNm MsdY = 127.1415 kNm

Section is sufficient for lateral-torsional buckling!

Section is sufficient for combined axial force and bending moment resistance!

Member ID No. is 37, Member shape is I/Wide Flange and it is a Column identified by W250x167.

h=0.289 m,
b=0.265m,

tf =0.032 m,
tw=0.019 m,
A=0.0213 m2,
Iz=0.0003 m4,
Wez =0.00208 m3,
Wpz = 0.00258 m3,
rz=0.119m,

ly = 0.0000988 m,
Wey = 0.000746 m3,
Wpy = 0.00112 m3,
ry =0.0681 m,

It =0.000399 m4,

Iw =0.00000207 m6,
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Leff is 4.5 m.

Flange is class 1.

Web is class 1.

Over all section is class 1.

Nsd = 817.7113 kN and NplIRd = 4550.4544 kN

Section is sufficient to axial compression force!

MsdY = 110.0497 kNm and McRdY = 239.2727 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 30.6846 kNm and McRdZ = 551.1818 kNm

Section is sufficient for moment about the major axis, Z!

Nsd = 817.71130 kN, NpIRd = 4550.4544 kN, MsdY = 110.0497 kNm, McRdZ = 551.1818 KNm, MsdZ
= 30.6846 kNm and McRdY = 239.2727 kNM

((Nsd / NpIRd) + (MsdY / McRdZ) + (MsdZ / McRdY)) = 0.5076

Section is sufficient for combined effects including shear effect, if any!
VpIRdY =610.3012 kN, VsdY = 7.3742 kN

Section is sufficient for shear resistance about the minor axis!

VsdZ = 38.7813 kN, VpIRdZ = 610.3012 kN

Section is sufficient for shear resistance about the major axis!

Nsd = 817.7113 kN, NbRd = -109.3403 kN

Section is insufficient for the axial force when there is no bending!

MbRd = 551.1818 kNm, MsdY = 110.0497 kNm

Section is sufficient for lateral-torsional buckling!

((Nsd / (Xmin * Area * fy / GammaM1)) + (KY * MsdY / (Wpy * fy / GammaM1))+ (KZ * MsdZ / (Wpz * fy
/ GammaM1))) = -655.6365

Section is sufficient for combined axial force and bending moment resistance!

Member ID No. is 38, Member shape is Box/Tube and it is a Column identified by
HSS254.0x152.4x6.35.

h=0.254 m,
b=0.1524 m,
t=10.00635m,

A =0.0049 m2,
[z=10.0000429 m4,
Wez = 0.000338 m3,
Wpz = 0. 000435 m3,
rz=0.0936 m,

ly = 0.0000195 m4,
Wey = 0.000256 m3,
Wpy = 0. 000142 m3,
ry =0.0631 m,

[t =0.0000624 m4,
Leffis 4.5 m.

Section is assumed to be class 2!

Nsd = 1167.6008 kN, NpIRd = 1046.8182 kN
Section is sufficient to axial compression force!
MsdY = 0 kNm, McRdY = 13.2452 kNm
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Section is sufficient for moment about the minor axis, Y!

MsdZ = 0 kNm, McRdZ = 28.1927 kNm

Section is sufficient for moment about the major axis, Z!

VsdY =0 kN VpIRdY = 226.6428 kN

Section is sufficient for shear resistance about the minor axis!

VsdZ = 0 kN VpIRdZ = 226.6428 kN

Section is sufficient for shear resistance about the major axis!

Nsd = 1167.6008 kN NbRd = -127.2114 kN

Section is insufficient for the axial force when there is no bending!

Section is sufficient for combined axial force and bending moment resistance!

Member ID No. is 39, Member shape is Pipe and it is a Column identified by SS323.9x11.13.

D =0.3239 m,
t=0.01113m,

A =0.0109 m2,
Iz=10.000134 m4,
Wez =0.000827 m3,
Wpz =0.0011 m3,
rz=0.111m,

It = 0.000268 m4,
Leffis 4.5 m.

Section is class 1.

Nsd = 641.2027 kN NpIRd = 2328.6363 kN

Section is sufficient to axial compression force!

MsdY = 18.4036 kNm McRdY = 234.9999 kNm

Section is sufficient for moment about the minor axis, Y!

MsdZ = 23.1187 kNm McRdZ = 234.9999 kNm

Section is sufficient for moment about the major axis, Z!

Nsd = 641.2027 kN, NpIRd = 2328.6363 kN, MsdY = 18.4036 kNm, McRdZ = 234.9999 kNm, MsdZ =
23.1187 kNm, McRdY = 234.9999 kNm

((Nsd / NpIRd) + (MsdY / McRdZ) + (MsdZ / McRdY)) = 0.4520

Section is sufficient for combined effects including shear effect, if any!

VsdY = 8.6786 kN VpIRdY = 855.8963 kN

Section is sufficient for shear resistance about the minor axis!

VsdZ = 4.2177 kN VpIRdZ = 855.8963 kN

Section is sufficient for shear resistance about the major axis!

Nsd = 641.2027 kN NbRd = -55.953 kN

Section is insufficient for the axial force when there is no bending!

MbRd = 234.9999 kNm MsdY = 18.4036 kNm

Section is sufficient for lateral-torsional buckling!

Section is sufficient for combined axial force and bending moment resistance!
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Chapter 5 CONCLUSIONS AND RECOMMENDATIONS

Because of advances in structural technology, greater accuracy and speed in the
analysis of structural systems and a number of alternatives to be evaluated in the
design of structures are required. As a result practicing engineers make use of
available application softwares for analysis and design of structures. The softwares
that are currently used by our practicing engineers do not consider local conditions.
Thus these engineers may not be able to incorporate local condition that should be

included.

In this study an effort has bean made to develop an application program for the
analysis of steel space frame structures and design of members of the structure that
takes national code provisions and utilizes EBCS 3 1995 specification . The program
being unique in that it provides a user interface in each of tasks to be performed in
the input of data, analyzing the structure and designing members with graphical
presentation of results such as axial force, shear force and bending moment diagrams,

etc.

Practicing engineers may be used EADoSSF at least for preliminary analysis and

design of steel space frame structures.

Further more it can be used as a base to a complete application program software in

the analysis and design of structures which accounts local conditions.

The author also believes that the study can be used as a teaching tool specifically in

the study of matrix method of structural analysis and in some design courses.

Advisor Dr. Shifferaw Taye 75 Tamrat Tilahun  9/17/2008



AAU, Faculty of Technology, Civil Engineering Department Thesis: EADoSSF

10.

11.

12.
13.

14.

15.

16.

Reference

. Adil Zekaria, Analysis and Design of Reinforced Concrete Framed Structures

using Personal Computers, M. Sc. Thesis in Civil Engineering (1990), Addis
Ababa University.

A. Gahli and A. M. Neville, Structural Analysis: A unified Classical and Matrix
Approach, 4" edition, E & FN Spon, United Kingdom.

C. G. Salmon and J.E. Johnson (1996), Steel structures design and Behavior, 4t
edition, Prentice hall, New Jersey.

EBCS 3 (1995), Design of steel structures, Ministry of Works and Urban
Development, Addis Ababa.

E. H. Gaylord, Jr., C. N. Gaylord and J. E. Stallmeyes (1992), Design of steel
structures, 3" edition, McGraw Hill, New York.

F. Balena (1999), Programming Microsoft Visual Basic 6.0, Microsoft Press,
Washington.

H. M. Deitel, P. J. Deitel and T. R. Nieto (1999), Visual Basic 6 how to program,
Prentice hall, New Jersey.

J. J. Azar (1972), Matrix structural Analysis, Pergamon, New York.

Jr. W. Weaver and J. M. Gere (1986), Matrix Analysis of Framed structures, nd
edition, CBS, New Delhi.

J. S. Przemieniecki, Theory of Matrix Structural Analysis, Courier Dover
Publications, New York.

L. J. Morris and D. R. Plum (1988), Structural steelwork design BS 5950, ond
edition.

Lecture Notes

R. Chandra (1992), Design of steel structures volume I, 10" edition, Standard
book house, New Delhi.

R. K. Livesley (1975), Matrix methods of structural analysis, pnd edition,
Pergamon New York.

R. L. Brockenbrough and F. S. Merritt, Structural Steel Designer’s Handbook, 3"
edition, McGraw Hill, New York.

S. Ramamrutham and R. Narayanan (1998), Design of steel structures, 4t edition,

Dhanpat Rai, New Delhi.

Advisor Dr. Shifferaw Taye 76 Tamrat Tilahun  9/17/2008



AAU, Faculty of Technology, Civil Engineering Department Thesis: EADoSSF

17. T. J. MacGinley and T. C. Ang (1999), Structural steelwork: Design to limit state
Theory, Butterworth-Heinemann, Oxford.

18. V. K. Pachghare (2002), Comprehensive Computer Graphics (including C++),
Laxmi Publications NewDelhi

19. W. McGuire and R. H. Gallagher (1979), Matrix structures analysis, John Wiley
and Sons, New York.

20. W. M. C. M‘KenZie (1998), Design of structural steelwork to BS 5950,
MacMillan London.

Advisor Dr. Shifferaw Taye 71 Tamrat Tilahun ~ 9/17/2008



AAU, Faculty of Technology, Civil Engineering Department Thesis: EADoSSF

Annexes
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Annex 1 Flowchart

Please refer a file named by “Thesis Flowchart.pdf’ on the CD attached with this paper at the
inside of back cover.
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Annex 2 Source code

Please refer to a file named by “Thesis Source Code.pdf’ on the CD attached with this paper at
the inside of back cover.
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