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APSTRACT

Many programs are used for modern engineering analysis. Put programs for
computer based engineering education are not used often., In this paper
the unified classical and computerized method in structural analysis and
programs are introduced. The programs are parts of a 4-year joint re-
search project on 'Computer Based Education in Structural Engineering'
funded by the Croucher Foundation, The programs are used to analyse
Plane frames and plane trusses by stiffness method. More important, it
is used for users to learn computer stiffness method.

I. INTRODUCTION

Small computer has developed very fast during the last decade. The capa-
city and speed of operation of small computer have increased very fast
by a large reduction in cost. Now, more and more small computers come
into use in colleges and in design institutes., The enormous computing
power and speed of these machines have opened up new avenues of develop-
ment in all areas of structural engineering. It is clear that the small
ccemputer is already having a important influence on structural engineer-
ing education and practice. It is necessary to undertake a foundamental
review of curricula and syllatuses in structural engineering to take ad-
vantage of the small computer,

The logical approach requied by the computer forces the engineer to
change his way in engineering design process. The result of this is to
transfer the muncdane computations to the computer and free the designer
to act as a 'higher level' of decision meking in the design process.
This radical change in approach requires the development of new attitude
and expertise,

Therefore we need to develop the new knowledge of computing and computer
alongside, and intergrated with, our structural engineering studies. We
should have a unified classicel method and computerized method., We wish
outline some of the features in structural analysis in order that we can
fully use the computer so thet we can easily master the science of the
structural anslysis in classical and computerized method.

Now, many commerical packages are used in engineering cesign and in
engineering analysis., However, these packages are black toxes to stu-
dents because they can only produce calculation results btut they are not
able tc be used as learning tools. VWe thank Croucher Foundation to help
us to make 2 program-package for computer tased education with the coor-
poration of Hong Kong Polytechnic and Eetfield Polytechnic, England. Due
to the limited content required, we present the plane frame prosrame in
detzil.



II. PLANE TRUSS

Tn classical method we use the method of joints to analyse the internal
forces of determinate trusses and the force method and displzcement me-
thod to analyse the internal forces of indeterminate trusses. In compu-
terized method it is better to use stiffness method which is used to
solve problems of determinate trusses as well as indeterriinate trusses,

In the method of joint there are N+NR unknown forces ( N number of
memters and NR=3 reaction components ) to be determined. At each joint
we can set up two equilibrium equations, ZX=0 and XY=0. If a truss
satisfied the following equation

N+NR=2J
where J == numter of total joints,

The N+XR unknowns can be solved with 2J equaticns. This is the princia
ple of classical method - method of joint - to solve the protlem of de-
terminate truss. Of course we can easily make a program to solve these
oroblems,

StiffneQS method is a computerized method which should te emphasized in
modern eQucation. This method can solve problems of determinate trusses
as well a8 indeterminate trusses., There are two displacement components
( Ax; and‘Ayi ) in each joint. W%e need 2J equations to solve 2J disp-
lacement components in a truss with J joints. However, we need not care
whether the unknown forces is N+NR or more than that.

Ex.1 Fig.1 shows that four memters meet at one
Joint with external forces P, and PQ. #ind the
internal forces of the memters.

Solution: U, and U, are the unknowns of displce- ! 2\ 3/4
ments components. The ith tar will be lengthened
d. =0U.,1. + U, m, —=P)
i 171 2 i

where 1. and mi are the direction cosine of the
ith tar.
EAi
= = 1
P= ) ™)

From equilibrium equations of joint 1 we have

XEX=0 and XY=

that is
D s 0 = 8 ¥ Q T 2
1 =&F L = 5400y + 5450, (2
- =
o, =ZF.m. = 5,,0, +5,,0, (3)
where
EA A SA

i 2 - _ rl = _ i
311=ZTi—li n S =S = T l.m. and S > =X ——n°



Fror rg.(2) ané rq.(3) we can solve for U, and U, .

[

From Fo.(1) we can solve for member force

EAj
¥, &= (L1]j + U2mi)
i ) L;
Ex.2 (i) Fiz.2 shows a truss. If the lensth of L2 1
memter 3 is not equal to the theorectical length L, 4
feor example L3+e. Fing the internal forces in
the memters.
(i1) If the member 3 is under a temperature
change of T degree. Find the internal forces
in the memters.
Solution: (i) The effect of the erection of
member 3 is equal to that of two force
components acting on the Jjoint as shown in Fig.Z2. P,
The load vector is W S
’
EA,e J
P ——-Ll P2
11 _ L. 2
F2 EAe Fig.2
L
(s 7

Then we can solve for the internal forces as Ex.1.

(ii) The changed value of the length of member 3 is e = aTL (a is the
coefficient of linesr thermal expansion) . The procedure of solution
is the same as that of (i).

Ex.% Fig.3 shows 2 truss with elastic supports.
Find the internal forces of the bars and
reactions under loads. The stiffness of the
supports are SB’ 89 and 510.

Solution: Ve can use three substitute bars for
the three vertical springs. The length of the
substitute bar may bte of arbitrary value but
arezs of the three bars should te as follows

Lg L Lo
AB = -z Sa» A9 =3 S9 and Ao = E 310
Then ty stiffness method the internzl forces of L@ ® l@

members and the elastic rezctions can be sclved

easily,
Fag.3
Ex.4 If the truss shown in Fig.3 with different
support settlements. Find the internal forces and the support reactions.

Solution: Using equation

s (4)
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where 5 are the vectors of loads on free joints and unknown react-
ions on supports respectively.

D, D, are the vectors of unknown displacements of free joints and
the known settlements of supports.

From Eq.4 we can find the unknown displacements of the free joints

-1
D=8 (AD SDRDR)

and we can also find the unknown reactions of the supports

III. PLANE FRAME

The classical methods used in frame analysis are force method and dis-
placement method. And the axial deformations of the tars are ignored.
Tor example, if we want to analyse the frame shown in Fig.1, we must
determine the sidesway displacement relationship. This concept is not
easily grasped by undergraduate students.,

We use the stiffness method in the frame analysis with axial deformations
considered. This is like that the stiffness method to be used in truss
analysis, but in rigid frame there are three displacement components in
each joint instead of two in each joint in truss analysis.

Bx,1 A rigid frame shown in Fig.1. Find
the internal forces of each member.

Solution: Uy, U,, Us, Uy, Us and Ug are \” Pz.Uz Ps,Us
the unknown of disp acements compoaents, ‘\Fk,Ua
From the Fig. we can obtain
R, R,
d11 = U111 + U2m1 3\
d - ‘\r. '\r;
12 = U4y + Uol4
d =T
B3 7*1@ 1~\d26
dyy = W, ((i=1,2400.46 ) (1) y —— ——dy4
di3 34
d,, =U,1, + U.m \hﬁ., d’f\
34° 7437 7573 dr2 X
das
g = ~Us + Tely ) b1l \ \5
Sgg = Ug Fig. 1
where 11 = cos r,, m, = sin r,
13 = cos r3, m = sin r3



And we can obtain

EA,
S )
12E1, 6EI,
Fio =773 <0 -7 443
L] L,
6EI, 4EI,
Fiz = =7 dpp +—1 4¢3
L 1
-
o EAQd ) EAzd
21 = T, %21 7 T, ‘24
12EL, 6EL, 12E1, 6ET,
Foo =73 ‘22 * 2 Bo3 = T3 a5 * 7 %2
2 2 2 2
. 6E12d . 4EI?d ) 6212d . 2B1,
23 = T3 dpp * T dp3 7 dps * T Ugg
L 2 L 2
2 2
EA, EA,
Fou = L, dpq + L, doy (2)
121, 6EL, 12E1 6EL,
Fog = = 3 S22 T 7 Y23t T3 %257 7 26
2 2 2 2
6EL 2EI, 6E1, 4E1,
Fog =7 9pp + T 9p3 ~ 7 Gp5 t T 9o
L 2 I ?
2 2
EA 12ET 6EI
Faq = .o dgr  Fzg = =3935 - 2"7‘336
3 1] 15

6ET 4E1
= - ——293 —_
F36 = L§ 35 + d36

Lg

From equilibrium equations of each joint

Z¥X=0, ZY=0 and XMZ=O
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We ottain

Py = Fqly = Fyomy + ¥y

= 811U1 + S12U2 + 513U3 +'S14U4 + S15U5 + S16U6
where . EA112 . 12EI1 ° . EA2 s ) ( EA1 12EI1 )1 _

- m ’ = - - i

11 L1 1 L? 1 L2 12 L1 L? 171

6ET zA
S =_'1!l S =""_'2 S =35 =0
13 L2 10 14 L2 : 15 16
1

Do as above, we can obtain the following equation

‘ ‘ . /
Pq) S11 S12 Stz Sis Sy Sy 0, |
P, So1 Spp Spz Sy Spp Sy Us
Fs Brr Sy Byy Sy Bpy Sy U3
- i (3)
Py Sar Sg2 S43 S4s Sas Sge | | s
Ps 551 Sg2 953 Sgy Sgg Seg Us
LpeJ 561 Ss2 S63 Se4 Ses 866) LU5~)

Solving Eq.(3), we can obtain the displacement components, and we can
obtain the internal forces in each member by Zq.(1) and Eq.(2).

If there are loads act on members or there are some temperature changes
on members, we can first fix the member and calculate the eguivalent
joint loads, Then solve the problem as done in Ex.,1. The final inter-
nal forces can be obtained by fixed end forces + forces due to displace-
ments,

If there are support settlements, we can solve it as done in II. Ex.4.
IV. A PROGRAM OF CCMPUTER EASED =DUCATION FOR PLANE FRAMES

This program is one of a 4-year joint research project on 'Computer
Based #ducation in Civil Engineering' funded by the Croucher Foundation,
It is used to analyse plane frames by stiffness method. More important,
it is used to provide students a mean of learning stiffness method of
analysis step ty step.

This program-package is devided into three parts. In the first part the
students can urnderstand the terminology, data preparation and steps of

the computer stiffness method of the plane frame analysis with graphics.
In the second part a detail example is illustrated so that the students



cen study other probklems nore easuly. In the last part some protlems
and discuscsions are introduced according to the teaching experience of
the authors, so that the students can understand the analysis of plane
frame thoroughly. There is also a solution part in the package for stu-
dents to analyse other problems by themselves.

In the analysis there are many functions in our program:

1) Beside flexual deformations,the axial deformations and shear
deformations can be considered.

2) We can ignore shear deformations or axial deformations.
3) We can ignore both shear and axial deformations.
In the application there are many functions in our program too:
1) It can be used to analyse rigid frames with or without hinges. The
effects of temperature changes and effects due to support settle-
. ments are considered.
2) It can be used to analyse continuous beams and trusses.
3) Multiple loading cases are considered.
This program is written in BASIC language in APPLE II, in FORTRAN 77 in
CYB system and in IBM PC. So it can be used to teach students how to
realise mathematical model in program languages. All the steps in
analysis including problem solving are accompanied with detail graphics
to help users to understand them clearly.
V. PROGRAM SPECIFICATICN
This program-package consists of three parts and a plane frame program.
Users are suggested to follow the order of the parts. However, users
may take any one of the parts and any part may be repeated individally
if so required. The contents of the parts are given in the following
sections.
1. TERMINOLOGY
This part is a glossary of terminology including terms used in the
stiffness method introduced in this program. They are briefly explained
on the screen. They are:
1) Computer stiffness method
2) Local axes
3) Global axes
4) Coordinates transformation

5) Element stiffness matrix

6) Structural stiffness matrix



Also in this part, the stiffness method tased on matrix formation is
10 explained on the screen, It is illustrated step by step to help users
to understand this method. The steps are as' follows

1) To explain the structure identifications.

2) To choose a convenient set of coordinates axes and calculate the
length and cosine directions of memters.

3) To formulate element stiffness matrix using direct-stiffness
method. And to set up the structural stiffness matrix and
boundary conditions.

4) To solve the simultaneous equations for displacements and evalu-
ate the member forces.,

2. DATA PREPARATICN

In this part, how to prepare data for stiffness method especially for
our program is introduced. They are devided into several sets as
follows

1) Number of total joints, number of total members, number of load-
ing cases, elastic modulas and shear modulas,

2) Are there any hinges in the frame P
Consider axial deformations or not?
Consider shear deformations or not?

3) Joint ccordinates.

4) Member properties. They are number of 1st joint and number of
2nd joint of the member, moment of inertia of the member, area
of cross section of the member (if axial or shear deformations
are considered) and area shear factor of the member (if shear
deformations are considered).

5) Support condition and support settlements.

6) Loading condition and condition of temperatufe changes,
3+ EXAMPLE
In this part, a detail example is illustrated, It is analysed step by
step with graphics, and different conditions are considered, such as
whether we consider all the flexual, axial and shear deformations or
ignore axial deformations, etc.
4., PROBLEMS AND DISCUSSIONS
In this part, there are 18 problems displayed on the screen, such as

1) What are the effects on the internal forces due to flexual, axial

and shear deformations? The advantages and disadvantages of con-
sideration of axial or shear deformations.



2) The influence of ‘rearrange the member of frame,
3) How to treat the frame with members of variable moment of inertiay

4) How to choose a bettér form of structure in design work?
And so on,

After considering these problem by themselves, the users can get some
discussions on the screen.

VI. CONCLUSIONS

The present paper has shown a program for computer based education. It
has been used by some students and teachers and shown that it is a very
interesting package. It is said that this package is a very good tool
in study structural analysis. We thank for Croucher Foundation very
much. Other researches on 'Computer Based Education in Civil Engineer-
ing studied in South China Institute of Technology, Hong Kong Polytech-
nic and Hatfield Polytechnic will be issued soon,
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INTRODUCTION

Undergraduate Civil Engineering students are required to take at
least one course of structural analysis. Educators have been challenged
to preserve the fundamental nature of instruction in the classical
methods, while adequately preparing students for the industry where
computer based methodology is commonplace.

Many classical methods are introduced to give students a firm basis
in which there is almost no time left for the discussion of the computer
method. Therefore a computer aided instruction structure analysis
package has been developed with these students in mind. This has been
experimented at the University of Miami. Instructor spent about two
hours on the program, after that the students were assigned problems to
run with the program on their own time.

The program has been developed for the IBM personal computer
family, due to the availability of such machine throughout the campus.
The stiffness method is utilized. Emphasis is made on the graphical
displays which is the best way to comprehend the behaviors of structure
under load. User ‘s manual is built into the package. The limitations of
the program, sign conventions used, and concept of the stiffness method
are explained in this user’s manual.

PROGRAM DESCRIFTION

The program is divided into four major modules; the user’'s manual,
the input, the analysis, and the output modules. All modules reside in
the same diskette which is called the program diskette. User needs to
provide one data diskette for each problem solved.

User ‘s manual module is divided into three major portions. The
first portion is the limitation of that program version. The sign
convention used in the program is explained in the second portion. The
last portion gives a brief explanation of the stiffness method including
the flowchart of the method of analysis. Figure 1 <shows the sign
convention used for the element load. Flowchart of the analysis |is
illustrated in Figure 2.
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POSITIVE ELEMENT LOADS

T ]

— X i th element

initial node terninal node

Figure 1. Positive directions of element load as explained in user’'s
manual module.

In the input module, user has options to create a new data files for
new problem, nmodify the existing data files, or display the undeformed
structure geonmetry. The module is written such that user can
interactively communicate with the computer. Mistakes can be checked and
changed with ease. All the input data is stored in input data files on
the data diskette. There are total of eight input data files, namely,

PBID.DAT ~ probleam identification input data file,
CONO.DAT - control number input data file,
NOCO.DAT - nodal coordinate input data file,
ELCN.DAT - element connectivity input data file,
ELPR.DAT - element proporty input data file,

BCON. DAT - boundary condition input data file,
NOFO.DAT - nodal force input data file, and
ELLD.DAT - element load input data file.

Figure 3 gives a sample of input screen, while the editing wmode or
changing mode 1is shown in Figure 4. User may use graphical display
of the undeformed structure geometry option to check the input data for
nodal coordinates and element connectivities as shown in Figure S.
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ANALYSIS FLOWCHART

Caleulate element
stiffness matrix
in glolal
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enble o get
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M-next page, P-previeus page, I-exit

M-next page, P-previous page, I-exit

fhdd nodal force

{pply boundary condition

Calculate modal

displacenents in glahl—@

( : Y——Calculate structure
reactions in global

,[ Qilculate stress

(resultants 1n Jocal

L 1)

Bext element? TFinish analysis|

N-next page, P-previous page, E-exit

N-next page, P-previous page, I-exit

Figure 2. Flowchart of the analysis method as displayed on the screen.
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