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ALONGKORN LAMOM: STRUCTURAL ANALYSIS PROGRAM FOR EDUCATION
THESIS ADVISOR: Dr. TANONGSAK BISARNSIN
ISBN 974-7359-85-5

The use of computer program for the analysis and design of structures is becoming more
and more widespread. Most computer programs employ the direct stiffness matrix method to
analyze forces and deflection in structures. Since the calculation is very lengthy and complicated
all programs to date only show the final results, which does not help the students to understand.
To overcome this problem the author develops a computer-assisted instruction (CAI) program
“SUTStructor” to mentor students in learning structural analysis.

The program analyzes two dimensional frame/truss. It has the abilities to display
graphically the following:

- Structure, member properties and loads

- Reactions

- Bending moment, shear force and axial force diagrams

- Deflection and point of inflection

The program can analyze several structures simultaneously and display the results on the
same page with graphical animation. It can analyze frame, truss, or combined frame and truss
structures. It can display and sort final results in order of magnitude. It can handle inclined
supports and members that are shorter or longer than designed. The program can compile

problems in the form of handbook to assist students’ learning.
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1. ¥eauane
9 4 ~ @ 1 1 9 1 = 9
2. Yeyanifo1nIngnIneglunquianaigdnu
9 = g’ @ v 9
5) ¥oya NIAIMUNUIIND IAUNUTDYA
Y
1. ¥emynNIaiuINuIIND
Y Y
a ° o 1 o o o I
2. ¥HaueInIA N nUIINN 1Y dinnussnnnsziuiluga
2 [
(concentrated load), ﬁTﬁuﬂ‘Uiﬁ{] ABUALKNNTEIAIN (uniform load),
Y v 1
WMV INIBUAUALDUTINABUANY (trapezoidal load)
Y
3. YUAYDIIHIINUTIND (load)
v Y
4. szeznvseramiminusinansziinuesdeIns
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3.3.2 MauUMImIndoya

1.

o o ! J 4

T5un319MMIAUIUNIAT YUUBIBIABIATT HAZAIIVEIIVDIBIADIATS
d‘ 9 a a

el uasnaalue

o o a J 4 a
Tlsunsuaziimstmuanamsvesesneimsive lduuuasnuilag

o a J A { [ { 1 J {
Tsunsuaziimsinsizd silavesnsossuigase uazdoyaoinoinsngn

iaoglungudeno@ernu uazdmuaninemuiinudwmvialumsdenieus

3.3.3 aaumsiszinana

1.

Tilsunswaziimsulasdoya fwwﬁﬂminﬂ finsemiiy esderns udazda
Tnaneidlu usefidaneBauiv [r]

Tlsunsuaziimssadeyansueuii isessuudasdalaslu waSnmsuey
(displacement matrix) [D]

Tsunsuaziimsiadoya 139719AA0 (nodal force) inszihfi 9nde uAazaA
Taslu waTausan1euensu (global external force matrix) [Q]
MnAquauiaiaaved 8980113 uAazdd TUsunTNITINITAMIUIUNT
anrluawasn (k'] Fezdrademiitaveudas eafo1ns

MINAINT 89701715 UAAZHT NI 1NUIIN (global axis) TUsunTILZ
MMIAUIUN waInudal (transformation matrix) [T] 11a2A1 transpose YD

wasnulad [T']
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11.

12.

13.

14.
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Tsunswaziimasiuasmmaauamasnvoaudas s uaiu (local
stiffness matrix) [k] #90z8198emiinavealnseadresaun [k] = [TIK IT']
Tsunsuazimsiaam usesiareBaniu k] Fezdresemiinaves
Taseadreswan [f] = [T'IIF ]

Tdsunsuaziinmsdan k] adlu g@aniueauasns Iy (global stiffness matrix)
[K] @ununeaymnua v uaves k]

Tdsunsuaziinisdan [f] aalu wasniatedauiiusau (global fixed-end
matrix) [F] AMUHUN8@IMAUR UK UV [{]

T15UATNIZHIMIAMUIUN ANTVOINNNUDATY (degree of freedom) VD4 1ATY
a$1991n

ANTUDIANINDATE = 9AAD  3+UIUWU (hinge) — 1UIULTIURNT N

Tlsunsuagiimsuds aawILeauaTng Iy (global stiffness matrix) [K] 991

1< 1 a A a Y]
WU 4 @Iun1N ANSUBIANNDETE ﬂl@ﬂiﬂi\iﬁiﬁi?ll

KL K]
K]{[Kﬂ [Ku}

TasNvuawasn [K1] M1nU ANFU0IANNDATE  ANTUBIANNDETE
< a o o .
1uay [K2] [K3] [K4] 1y a3 N6 Id (square matrix)
Tdsunsuazhiinmsuye wasniatedauiiusiu (global fixed-end matrix) [F]

poniilu 2 daumu ansvesnnuddse voelaseasesau
F] - |:[F1]i|
[F,]

° 1 a 1 . . S|
TU5un5u9LRINITUL WATANITUOU (displacement matrix) [D] ooty 2

AN ANSUDIANNDATZUDI IATIAI19IIY
[D,]
[D] =
[D,]

o 1 a { 4 .
Tlsunsyagsinmsuua wasnusandareeanesins (member end force matrix)

I (] A
[Q] o)1 2 AUAIN ARSVBIANNBATEVRd InTaaTeTIu
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|:[Q1]:| _ |:[K1] [Kz]} |7[D1]:|+|:[F1]i|
[Q,]1] [[K;] [K,1]|[D,]] [[F]

16. TisunsuazimsudaumsmaInsueuan
[Q,] = [K][D,H[K,I[D,]+[F,]

A o ~ 1 = 14 ! Y
ANNTAUNIT [Dl] ﬂﬂ@]’JLL‘iJi“V]UliJ‘ﬂﬂ‘]Jﬂ?“]N“Vﬂﬂﬁ!Lﬂﬁ1ﬂﬂﬂmﬂ

[D,]=[K,]'[QF,]

17. Tdsunsuazsimsmuamaussgnget [Q,] 91n

[Q,] = [K,][D,]+[K,I[D,]+[F,]

18. Tlsunsuasimamuruma usandate veaas 99A01A13 910
[q] = [kI[d]+[f]
3.3.4 AIUMTHAAINE

[ I~ [
uyadlu 2 @y

1. ugasnagane nasnnrunszuaumslszuiana anldninmsilszuae
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3 ~ 4 Aaaa [ dy
Haaziluusanlaleesnorns nazuslnien ualunszuiumsiiuenain
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A [ 1 dy Jasa A a 4
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HaAIHaNY 1uTENINMIAUIY HAINNFIUNTZUIUMIszuIama Wa

v I

1 dy = 9 q ¥ ' 4
awﬂumuuiﬂmﬂiummmmﬁll’ém”mflﬁl@lﬁz‘mnmﬁﬂizmawamuﬁﬂﬂﬂ

€

Uit Fasniimaaaludaui 1us (1, [T, k1. K], 1K, [£]. [FL. [D1. [Q]



20
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[ 1 dyd @ 1 oAa ' =
anvuzmwizas llidudnyuzmunlodluTlsunsy SUTStructor nazo19iilu

¥ 1 v
Tisunsududie Falisane T

1.

10.
11.
12.
13.

14.
15.
16.
17.

9 2 9 Y v A

Houdoyanvunsmidnuunihveuazuaasnnldimiunui
J % 1y 1 1

Houssnoimslalaslidetlouganenon

A 1a 1 o 4 o 2
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=~ Y o o 1 Aaq Y o v o v
onjUuuvvesntndaiaguinglieiilduazdununuauiiaon Tuda

leaN5095Y (support) LuUnT 1N

€

1 J A

A Y Y 1 < g . ! -4
ANANDIAD AT NLFDUNULUVUDNDLUY (rigid joint) ﬂ1ﬂiu@ﬂ@@ulﬂ

Q

2

= ] 9 9 . o Y 9 9
We1910a35191A598319 (structures wizard) M 1vaw1saa3alasaairanielu 2

k4

JUADU

Y

1 o o { 14 { 1 I a
Taihminus59nNodAo1n15 (member load) H30M190AD (nodal load) 11N 1WHN
Y Y
o o 1 o o o oI
Hiidnussnaldi@envatonuy wu diinussnonsgiuiuga (concentrated
Y ' v
load), WM U NUTINNFUALNNTL18AIN (uniform load), WM NVITINNIIN
Y ' ]
g1l (thermal load), 11 NUTINNITOI91NAWE1INHANAIA (fabrication
error)
OBI o =Y
waagdamueaiminussnnuuunsn
Y
@eniameveuihminussnauuunsvlin
1 :l % 9 qul 14 A 9
Taiinussnn lansamunuannuuesesfoimsniounusauIaseaig
@ 4 o Y I a 9 1
uaaIHadntmsmauntnseduns e 1aun upuaInusInuInY
(axial force diagram) LHUNIWLLT oy (shear force diagram) N UWNIWLLT a9
(bending-moment diagram) BHUNIWNT ou (deflected shape)
19 9 a Yo 1 A [ Yo A
lideadoananliduianou @onUaAINadNs lanua
A 1 . . 9
HAAININAADY 111IN15U81 (animation) 1A
Llﬁm%ﬁﬁlﬂﬂﬁul’lﬁ (point of inflection)
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inJ\‘ﬂHWﬁL’l]u@]']ﬁNulﬂ
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[ [ H 1 o
18. udangaga wag AmngalarevenazenoIns la
19. fimaon 1 w50 Maluaisralllaly Ms Word M58 MS Excel 18
o 4 1 o ] a a 1 4

20. HAAIHABNTILNININITAIUIN 1FY WA AAANIUTUIAALDIADIANT (local

stiffness matrix), wasnaaniue 374, wasnulag (transformation matrix) &

o 9 ] = 9
21. framateIasaaialuuruauden1a

o I ] @
22. dnmIaseade uunIassdouds naz Tnssdonyu lunduaudnu’ld
23, AAIUAUNIWLTIANLUIAY HTURDY 1TIaA MIUaUa? Tuuruau@ediuld

24. e Insead1antins0aSVUVIBH4 (inclined supports) 1@

4.2 tuulifsunsu
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GHTRLREACARI
M
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TandasIvaeu vianaav 1

lszan:
Y Aa
91904:

Tane:

Mruali

RGN

M =10kipein.,, L =10in,, Rx = — =

o Aaaa o @ < '
ATUIU Llj\iﬂgﬂﬁEJ”IET"IWT]JI?‘I?Q{J}@LL"]NLL‘]J‘]NWEJ
‘Strength of Materials’ Part-1 S. Timoshenko, NN 346, Problem No. 2.

aaa [~
s anser X ves Taseadedondadagl

x:p
ID“ :
3 4
d 3 ‘
10 ) 1 kip
2
l GFF
1
L3 —rT — — K

1
A=10in’, E = 3000 kip/ in” 1182 7 = 100 in* tnloufuvuannefeins

Mo .
L
FR .
3M 310

=1.500000000 kip
2L 2 10
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u591§n3en X, kip

ngwi 1.5000
STADD III 1.50
GRASP 1.5000
SUTStructor

1.5000 (1.5000000000 )

ANUUANAI SUTStructor ofeunuamapi] IneNasannaion 4 Aumie 1l

HuNgY3 ANUAAIAINTOY

v Y

WA A190U1N SUTStructor Miuaaslaninmsasliudasduaunaiion 4 dwmus
1 1 I~} I~ VoA qg.;l 9 a o = I o a ~
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szian: MILoUAIvee I Ity

91404: “Structural Analysis’ by Jack C. McCormack, Wi 271, Example 18-2.
¢ J @ A A

Tong: WM ILBUAMUILIAINYA A vouIaseasnInsadoryulugl
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. 11
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Myivuald NNFAUDIDIABIAT 1 D94 =11in,56=21in,78=1.5in>,910 11 =3 in’,
12 13 =4 in’, E = 30E3 ksi

78909.86671 78909.86671

fnow = 2.630328890 in.
E 30000
Seumauiinou:
MIUBUAY, in.
ngwi 2.630329
STADD I 2.630
GRASP 2.630329
SUTStructor 2.630329 (2.6303288904)
ANNIANAIY wieifeusuamgus Taefinsameiion 6 S lid
SUTStructor NUNGH) AMuAAIAINADY

v Y
WA A1AoU1N SUTStructor Miuaaslaninmsasldudgasduaunaiion 6 dwmuis
1 [ < I VoA o’/’ Y a ) = [ o a ~
ﬁ'JUﬂWGlU'JQLaUUJUﬂ'W]ﬂQGlW!Lﬁﬂ\iﬂﬁuﬂll 10 m!,muﬁclfuﬂumuauwﬁuﬂmpqm/l
SUTStructor ﬁ"uﬂ'ﬁflﬁﬁiﬁ!tﬁﬂﬁ@@ﬂﬂ?ﬂﬂﬂﬂWW ngﬂ'WﬁhlfgIIQWﬂIﬂﬁllﬂﬁll GRASP lag STAAD
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I Lﬂuﬂiﬁﬂﬂaﬁlﬂmmﬂmiuﬁﬂwa“uu%E)mwmummmﬁmwaumigmﬁumiﬂmﬂiu
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91404: ‘Strength of Materials’ Part-1 by S. Timoshenko, wih 97, Problem No. 1 l1ag 2.
d 1 [ A A dgl 9 [ 1 v A
I“l]"ﬂﬂ: WHINULIAAFIGANINAY Kluiﬂiﬂﬂiﬁﬂﬂzﬂ HAZHINITHDUAINNANATU
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fviualv WU1AAY09909A01A1TIIEUAIUFUINAIY 10 in., P = 26000 Ib, £ = 30E6
Ib/sq.in.
Maau
M A
¢
L

]
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\ d’ = % ! = a Lﬂl = % ' =
ANNUANAINE SUTStructor LW?]L“VIEJUﬂ‘iJﬂ']‘V]E]‘H;]I@EJW%WiﬂH INDIN EJ‘Uﬂ‘Uﬂ"I‘VIE]‘HJ;]IﬂEJ

fungui) natioy 3 S lifinnuaaa | farsannaien 6 Auma

A 1 4
vy ulﬂJiJﬂ’J'lﬂJﬂﬁWﬂ!ﬂﬁ@u

v 9
HI@IHA R1ADUUTIAADIN SUTStructor N maasIdanmsasliuaasdiavnaion 3

]
1A

o ] 1w ) ] 1 J I I 3 a o =
AUH U HAZHITUDUAD 6 AL UN E‘T'JLlﬂ”lblL!'NLaﬂlﬂuﬂ"lﬂﬁﬂjﬁ{uﬁﬂﬂﬂﬂu&ﬂ 10 GHLL‘H‘LN@Q
[ o a A o Y Ay Y
L‘IJH%']U'JH“VI?TUEJNQ\‘]Q@% SUTStructor ﬁ13J13ﬂﬁ'\‘liﬁllﬁﬂ\‘]@@ﬂﬂW\WﬂﬂWW LLﬁZﬂTﬂhlﬂ%Wﬂ

[ { o 1
Iﬂillﬂiu GRASP ttag STAAD III L‘]JUﬂ']ﬁﬂﬂa’f]ﬂl"]ﬂ’]ﬂﬂ’lﬁllﬁﬂ\jWauu%'ﬂﬂ’lwg}']llﬂ']ﬂ']ﬁ

u,amwammgmmaﬂﬂmﬂiu



27

J
TandnsIvaou vanaav 4

Uszian: Tasadeudafumadoadiuiig
91904 ‘Structural Analysis’ by Jack C. McCormack, g 385, Problem 22-6.
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Structural analysis program for education

Support
Transformation matrix
Trapezoidal load
Uniform load

User interface
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YoyaeaneIns
Members |Angle [Degree]| Long [m] Area [m”2] Elastic [KN/m*2] Inertia [m”4]
1 9.00E+01 5.00E+00 9.00E-02 2.00E+08 6.75E-04
2 0.00E+00 1.00E+01 6.25E-02 2.00E+08 3.26E-04
3 9.00E+01 | 5.00E+00 9.00E-02 2.00E+08 6.75E-04
Members Node i Node j |Member Properties Number| Member Load Number
1 1 2 2 -
2 2 3 1 1
3 4 3 2 .
Toagano
Node | Coordinate [m] Type Angle support [Degree]
1 (5,6) Fix 360
2 (5,11) Rigid 0
3 (15,11) Rigid 0
4 (15,6) Fix 360
Foyausefinsziniulaseas
Load ID Name Member| Type Ld | Direction Ld | Direction Axis |W1|X1|W2|X2
1 Load Number 1 2 Uniform Down Local 1010100
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Y

a ¢
mﬂﬁq{ﬁ!!iﬂﬂﬂa1ﬂi’)@ﬂﬂ1ﬂ1ﬁ

Member | Fx.i [KN] | Fy.i [KN] [Mz.i [KNem]| Fx.j[KN] | Fy.j [KN] |Mz.j [KNem]

1 5.00E+01 |-2.23E+01| -3.70E+01 |-5.00E+01| 2.23E+01 | -7.43E+01

2 2.23E+01 | 5.00E+01 | 7.43E+01 |-2.23E+01| 5.00E+01 | -7.43E+01

3 5.00E+01 | 2.23E+01 | 3.70E+01 |-5.00E+01|-2.23E+01| 7.43E+01

Y

VoYaMIUBUAINYAND

Node Dx [m] Dy [m] Dz [rad]

1 0.00E+00 | 0.00E+00 | 0.00E+00
2 8.91E-06 | -1.39E-05 | -6.91E-04
3 -8.91E-06 | -1.39E-05 | 6.91E-04

4 0.00E+00 | 0.00E+00 | 0.00E+00

Y

Toyausalnaen

Node Rx [KN] | Ry [KN] Mz [KNem]

1 2.23E+01 | 5.00E+01 | -3.70E+01

2 0.00E+00 | 0.00E+00 | 0.00E+00

3 0.00E+00 | 0.00E+00 | 0.00E+00

4 -2.23E+01| 5.00E+01 3.70E+01
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Yoyad 115 UaaNILIY
Member| Max Compression [KN] Max Tension [KN] Max Shear [KN]
1 5.00E+01 0.00E+00 2.23E+01
3 5.00E+01 0.00E+00 2.23E+01
2 2.23E+01 0.00E+00 5.00E+01
Member | Max Moment [+] [KNem] | Max Moment [-] [KN*m] | Max Abs(Deflection) [m]
1 3.70E+01 7.43E+01 5.05E-04 m
3 7.43E+01 3.70E+01 5.05E-04 m
2 5.07E+01 7.43E+01 5.74E-03 m




