TRUSS STRUCTURE

(1) Parameters

Content
NNODE The maximum value of the number of node
NUMB The maximum value of the number of member
NTDIS The maximum value of the number of degree of freedom
NDIM 2 . .
The number of dimension ( plan truss element = 2)
2
NFREE The number of the degrees of freedom per one node
MFREE 4 _
The number of the degrees of freedom per one elefWfREE = NFREE*NCON)
2
NCON The number of the nodes per one member
(2) Variables
Content
NODE The number of nodeNODE =NNODE)
MEMB The number of membefMEMB =NUMB)
NSK The number of degree of freedoMSK=NTDIS)

(3) Dimension [main program]

Content
RA(NUMB) Cross-sectional area of a member
RL(NUMB) Member length of a member
YOUNG(NUMB) Young's modulus of a member
TZ(NUMB) The member rotation angle of a member
COSTZ(NUMB) The value of cog

SINTZ(NUMB) The value of sird

Nodal coordinates
COOD (1, M) : X coordinate of Node M
COOD (2, M) : Y coordinate of Node M

COOD(NDIM,NNODE)

Nodal applied load
PNODE(1,M) : Applied load which acts in the directiof X of Node M
PNODE(2,M) : Applied load which acts in the directiof Y of Node M

PNODE(NFREE,NNODE)

PLOAD(NTDIS) Load vector

SMJ(NTDIS,NTDIS) Overall stiffness matrix

SM(MFREE,MFREE) Stiffness matrix of a member

ROT(MFREE,MFREE) Rotation ( transfer) matrix of a member

DISP(NTDIS) Displacement vector

Table of node restricted condition

IRE(NFREE,NNODE) (=0: fix, =1:free

Table of unknown nodal displacement of node

IRO(NFREE,NNODE) (=0:fix, =1:fred

Table of unknown nodal displacement of member

INO(MFREE,NUMB) (=0:fix, =1:fred

Table of member combination
ICON(1,M) : The node number otnd of member M
ICON(2,M) : The node number pend of member M

ICON(NCON,NUMB)




Input manual

1. Component of Input Data

The input data of this program is carried in ordethe following; (1) The input about nodal coordiestand restricted
conditions, (2) The input about members and (3) ifipat about loading conditions. The method of mgkir input
data is explained by making into an example thestairucture (exercise 1) shown in Fig.1.

—— Exercise 1

50kN ——P, —e

The number of node 3,
The number of member3

Member (1)
Young's modulus: E = 205 kN/nfm
Area: A = 2000 mrh

Member (2), (3) :
Young's modulus: E = 205 kN/nfm
Area: A = 1000mrh

J 3000

Figure 1 Truss structure




2. Input of Nodal Coordinates and Restricted Conditions
In Subroutine INNODE, the nodal coordinates andréstricted conditions of the structure are inputted

2.1 Input of Nodal Coordinates
First, the number of nodes of the structure is ftgali

Column | Format Input data Comment
* * NODE The number of nodes of the structulODE=NNODE)
Next, only the number of nodes NODE, the inputhef hodal coordinates is repeated.
Column | Format Input data Comment
* * J Node number
* * cooD(d, 1) X coordinates of Node J
* * €00D (J, 2) Y coordinates of Node J

2.2 Input of Restricted Conditions of Nodes
The number NRZERO of nodes which should input restliconditions is inputted.

Column

Format

Input data

Comment

*

*

NRZERO

The number of nodes which should input restrictattt@mns

Next, only the number of nodes NRZERO, the inpuhefrestricted condition index, IRE, of node is répéa

Column | Format Input data Comment
* * J Node number
* * IRE(1, J) Restricted condition index of X direction of Node J
* * IRE (2, J) Restricted condition index of Y direction of Node J
=1 Free
REGe ) | Pix :
= -10XN + L Same displacement as the displacement
of L direction of Node N

The input example of nodal coordinates and restticenditions is shown below.

input example : nodal coordinates and restricted conditions

W N —= W Wb — W

3000. 0
0.0
3000. 0

3000. 0

0.0
0.0




3. Input of member properties and conditions of member connection
In Subroutine INMEMB, the cross-sectional propertémembers and conditions of member connectionngnated.

First, the number MEMB of members used for analigsisputted.
Column | Format Input data Comment
* * MEMB The number of memberé= NUNMB )

Next, only the number of members MEMB, the conneciidormation on each member, the Young's moduhasthe
cross-section area of each member are inputted.

Column | Format Input data Comment
* * J Member number
* * ICON(J, 1) The node number of the 1st end of Member J
* * ICON (J, 2) The node number of the 2nd end of Member J
* * YOUNG (J) Young's modulus of Member J
* * RA (J) Cross-section area of Member J

The input example of member properties and conditairmember connection is shown below.

input example: member properties and conditions of member connection
3

1 2 1 205.0 2000. 0

2 3 1 205.0 1000. 0

3 2 3 205.0 1000. 0

4. Input of load conditions
In Subroutine INLOAD, the conditions of the appliedds are inputted.

First, the number N of hodes on which nodal fortts & inputted.
Column | Format Input data Comment
* * N The number of nodes on which nodal force acts

Next, only the number of nodes N, the input of agpforces is repeated.

Column | Format Input data Comment
* * J Node number
* * PNODE (1, J) Applied load of X direction of Node J
* * PNODE (2, J) Applied load of Y direction of Node J

The input example of applied load conditions is dbed below.

input example: applied load conditions

1
1 50.0000 0. 0000




5. Output

The output result of this program is outputted #ndard output (screen output and equipment numégiard the
"OUTPUT" file. "OUTPUT OF NODAL DISPLACEMENT" expressemdal displacement, the row of "DISP(X)" and
“DISP(Y) express the displacements of X and Y dioexg respectively.

Example of TOUTPUT |
skk QUTPUT OF NODAL DISPLACEMENT stk
NODE = 3

NODE DISP (X) DISP (Y)
1 0.1766E+01 —0. 7317E+00
2 0.0000E+00 0. 0000E+00
3 0.0000E+00 0. 0000E+00

#iekk OUTPUT OF AXTAL FORCE stttk
MEMB = 3

MEMBER  AXTAL FORCE STRESS STRAIN
1 0. 7071E+02 0. 3536E-01 0. 1725E-03
2 —0. 5000E+02 -0. 5000E-01 -0. 2439E-03
3 0. 0000E+00 0. 0000E+00 0. 0000E+00




Example of output of display

NODE = 3
sk COOD ( SUB. INNODE ) stokeksk

1 3000.000 3000.000
2 0. 000 0. 000
3 3000. 000 0. 000
NRZERO =
sk SUB. INNODE : IRE () sk
1 1 1
2 0 0
3 1 0
MEMB = 3
sk OUTPUT OF SUB. INMEMB  sksksksk
MEMB = 3
1 2 1 0.2050E+03 0. 2000E+04
2 3 1 0.2050E+03 0. 1000E+04
3 2 3 0.2050E+03 0. 1000E+04
sk SUB. INLOAD skekeskek
1 0.5000E+02 0. 0000E+00
2 0. 0000E+00 0. 0000E+00
3 0.0000E+00 0. 0000E+00
fokkk SUB. RNMRG @ TRO () ok
NSK = 3
1 1 2
0 0
3 3 0
fokkck SUB. RNMRGP @ INO( ) skt
1 0 0 1 2
2 3 0 1 2
3 0 0 3 0

stk SUB. LENGTH stokstok

MEMBER  LENGTH SIN Cos
1 4242.6406  0.7071 0.7071
2 3000. 0000 1.0000  0.0000
3 3000. 0000  0.0000 1. 0000
sk SUB. STFEL sk [ K ( 1) ]
0. 9664E+02 0. 0000E+00 —0. 9664E+02 0. 0000E+00
0. 0000E+00 0. 0000E+00 0. 0000E+00 0. 0000E+00
-0. 9664E+02 0. 0000E+00 0. 9664E+02 0. 0000E+00
0. 0000E+00 0. 0000E+00 0. 0000E+00 0. 0000E+00
s%% SUB. MKROT #*#%% [ ROT ( 1) ]
0. 7071E+00 0. 7071E+00 0. 0000E+00 0. 0000E+00
-0. 7071E+00 0. 7071E+00 0. 0000E+00 0. 0000E+00
0. 0000E+00 0. 0000E+00 0. 7071E+00 0. 7071E+00
0. 0000E+00 0. 0000E+00 —0. 7071E+00 0. 7071E+00




SUB. ADDSM
0

. 4832E+02
. 4832E+02
. 4832E+02
. 4832E+02

SUB. STFEL
. 6833E+02
. 0000E+00
. 6833E+02
. 0000E+00

. 0000E+00
. 1000E+01
. 0000E+00
. 0000E+00

Hokok
INO

SUB. ADDSM
3

. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00

S O O O

SUB. STFEL
. 6833E+02
. 0000E+00
. 6833E+02
. 0000E+00

. 1000E+01
. 0000E+00
. 0000E+00
. 0000E+00

SUB. ADDSM
0

. 6833E+02
. 0000E+00
. 6833E+02
. 0000E+00

SUB. STFGL
STIFNESS
. 4832E+02
. 4832E+02
. 0000E+00

sk SUB. CALO

sk [ K (
0 1

0. 4832E+02
0. 4832E+02
-0. 4832E+02
—0. 4832E+02

sk [ K (
0. 0000E+00
0. 0000E+00
0. 0000E+00
0. 0000E+00

0. 1000E+01
0. 0000E+00
0. 0000E+00
0. 0000E+00

#xx [ K (
0 1

0. 0000E+00
0. 6833E+02
0. 0000E+00
-0. 6833E+02

sk [ K (
0. 0000E+00
0. 0000E+00
0. 0000E+00
0. 0000E+00

0. 0000E+00
0. 1000E+01
0. 0000E+00
0. 0000E+00

sk [ K (
0 3

2

SUB. MKROT % [ ROT (

2

SUB. MKROT sk [ ROT (

0

1) ]

-0. 4832E+02 0.
-0. 4832E+02 -0.
0.
0.

0. 4832E+02
0. 4832E+02

2) ]

-0. 6833E+02
0. 0000E+00
0. 6833E+02
0. 0000E+00

2) ]
0. 0000E+00
0. 0000E+00
0. 0000E+00
-0. 1000E+01

2) 1]

0. 0000E+00
0. 0000E+00
0. 0000E+00
0. 0000E+00

3) ]

-0. 6833E+02
0. 0000E+00
0. 6833E+02
0. 0000E+00

3) ]
0. 0000E+00
0. 0000E+00
0. 1000E+01
0. 0000E+00

3) 1]

0. 0000E+00 —0. 6833E+02
0. 0000E+00 0. 0000E+00
0. 0000E+00 0. 6833E+02
0. 0000E+00 0. 0000E+00

Hofok
MATRIX NSK

AD skekskok

O O O O

O O O O

O O OO S O O O

O O O O

3 skekek
0. 4832E+02 0. 0000E+00
0. 1167E+03 0. 0000E+00
0. 0000E+00 0. 6833E+02

4832E+02
4832E+02
4832E+02
4832E+02

. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00

. 0000E+00
. 0000E+00
. 1000E+01
. 0000E+00

. 0000E+00
. 6833E+02
. 0000E+00
. 6833E+02

. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00

. 0000E+00
. 0000E+00
. 0000E+00
. 1000E+01

. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00




PLOAD ( 1) = 0.5000E+02
PLOAD ( 2) = 0.0000E+00
PLOAD ( 3 ) = 0.0000E+00

sk SUB. OUTDISP : DISPLACMENT VECTOR stk

DISP( 1) = 0.1766E+01

DISP( 2 ) = —0.7317E+00

DISP( 3 ) = 0.0000E+00

sk DTSPLACEMNT AND FORCE OF MEMBER = 1
J  DISP(]) R*DISP(J)  FORCE ()
1 0.0000E+00 0.0000E+00 —0. 7071E+02
2 0.0000E+00 0. 0000E+00 0. 0000E+00
3 0.1766E+01 0.7317E+00 0. 7071E+02
4 -0. 7317E+00 —0. 1766E+01 0. 0000E+00

MEMBER = 1

AXTAL FORCE N = 0. 7071E+02

STRESS = 0. 3536E-01

STRAIN = 0. 1725E-03

sk DISPLACEMNT AND FORCE OF MEMBER = 2
J  DISP(]) R*DISP(J)  FORCE ()

1 0.0000E+00 0.0000E+00 0. 5000E+02
2 0.0000E+00 0. 0000E+00 0. 0000E+00
3 0.1766E+01 —0. 7317E+00 —0. 5000E+02
4 -0.7317E+00 -0. 1766E+01 0. 0000E+00

MEMBER = 2

AXTAL FORCE N = -0. 5000E+02
STRESS = —0. 5000E-01

STRAIN = -0. 2439E-03

sk DISPLACEMNT AND FORCE OF MEMBER = 3
J  DISP()) R*DISP(J)  FORCE(])
1 0.0000E+00 0. 0000E+00 0. 0000E+00
2 0.0000E+00 0. 0000E+00 0. 0000E+00
3 0.0000E+00 0. 0000E+00 0. 0000E+00
4 0.0000E+00 0. 0000E+00 0. 0000E+00

MEMBER = 3

AXTAL FORCE N = 0. 0000E+00

STRESS = 0. 0000E+00

STRAIN = 0. 0000E+00

fokklolikoolkkolkoliokoliokookiskoolkakoolokkodolok
* FINISH NO ERROR !! *

* 2D TRUSS PROGRAM VERSION 6.0 (2016/01/30) *
kool




Appendix: Comparison with a theoretical solution

[ 1] Calculation of the stiffness matrix of a member (STFGL)
(1) member(1) [Node@—Node®]
¢, =3000X /2 = 4242.6406 [mm]

0, = 45deg. cosf, = 1//2, sin6,= 1//2, cos 6, = % sinf6, = % Sing; cosb, = %
BCA _ 205¢2000 _ o4 cagrnimm]
‘ 4242 64
Stiffness matrix of member (1]
1 0 -10 96.638 0 - 96.638 [
i - EB[0 0 00 o 0 o0
¢, |1-1. 0 1 O -96.638 0 96.638 (
0O 0 0 O 0 0 0
Rotation matrix of member (1R]]
cos, sing, 0 0 0.7071 0.7071 0 0
[R] = -sing, cog, 0 0 | |-0.7071 0.7071 0 0
| o 0 cod, sig,| | O 0 07071 0.707
0 0 sing co¥, 0 0 -0.7071 0.707
Stiffness matrix[K,] =[R]"[K|[ R,
cos 6, sing, cod, - cd¥, - s c6s
(K] = E [A| sing, cod, siRg, - sif, co® - s,
' ¢, | -cogg  -sing, co8, co, sy cés
-sing, co®, - siAg, si®, cad SiA

48.319 48.319 - 48.319- 48.3190

48.319 48.319 -48.319- 48319 O

-48.319 -48.319 48.319 48319 1

-48.319 -48.319 48.319 48319 2
0 0 1 2

(2) member(2) [Node@—Node®)]
¢, =3000[mm] 6,=90deg. cosf,=0, sind,=1 cosh,=0, sirfd,=1 sind,cosd,=0
E,[A, _ 205x1000
¢, 3000
Stiffness matrix ;]

=[Ky =

= 68.333[kN/mm]

1 0-10 68.333 0 - 68.333 (
k] = E,(A|O0 O O O 0 0 0
4, |-10 1 0 -68.333 0 68.333 |
0 0 0O 0 0 0
Rotation matrix R;]
cosd, sirg, 0 0 0 10 O 0
[R] = -sing, codY, 0 0| |-20 0 o0 O
RE=1 o 0 co¥, s, | 0O 0 0 1.0
0 0 singd, co%, 0 0 -10 O

Stiffness matrix[K,] =[R] [ k][ R}



0 0 0 0 3

0 68.333 0 -68.33
(Kol =

0 0 0 0 1

0 -68.333 0 68.33

3 0 1 2

(3) member(3) [Node@—Node®]
¢, =3000 [mm]¥;=0deg, cosbd;=1, sinf;3=0, cosby=1 sinrh;=0, sind;cosl;=0

3

E A, _ 205¢1000 _ g0 saqien/mm]
‘, 3000

Stiffness matrix K]

1 0-10 68.333 0 - 68.333 |
k] = E,0A|O0 O O O] 0 0 0
7 4, |-1 0 1 0 |-68333 0 68333 (
0 0 0 O 0 0 0
Rotation matrix R3]
cosd, sing, 0 0 10 0 0 O
[R] = -sing, cod, 0 0 |0 10 0 O
RI=1 g 0 cod, sig| |0 O 1.0 O
0 0 sing, co¥, 0 0 0 10

Stiffness matrix[K,] =[R] [ k][ R}

68.333 0 - 68.333
0 0 0 ol C
-68.333 0 68.333
0 0 0 0] C
0 0 3 0

[Kyl =

[2] Calculation of the stiffness matrix of the whole structure (ADDSM)

48.319 48.319 0 48.319 48.319 0
[K] =148.319 48.319+ 68.333 0 =| 48.319 116.652
0 0 0+ 68.33 0 0 68.33¢

[3] Calcuration of applined load vector (CALOAD)

R 50.00
Pt =100
P, 0.0

[4] Solution of simultaneous equations (GAUSS)

48.319 48.319 0 |[Dy 50.9C
48.319 116.652 0 <D,; = 0.
0 0 68.333 | D, 0.0
D, 0.03533 - 0.01463 0 50.00 1.766¢

D, =|-0.01463 116.652 0 0.0 =<- 0.73
D, 0 0 0.01463 0.0 0.0



[5] Output of nodal displacemnets (OUTDISP)

nodal displacemnets [mm]

Node No. X direction Y direction
1 1.7665 -0.7317
2 0.00 0.00
3 0.00 0.00

[6] Calcuration of axial forces (OUTSTR)
(1) member (1) [Node@—Node®]

96.638 0 - 96.638 0.7071 0.7071 O 0

| o 0 0 0 _|-0.7071 07071 © 0
[l = -96.638 0 96.638 ’ (R = 0 0 0.7071 0.707
0 0 0 0 0 0 -0.7071 0.707

Nodal displacement vector of member (Dy)

0 0.00

0 0.00
tBF =15 (%1 17665

) .

D,| |-0.7317

Nodal displacement vector of member (8){

0.7071 0.7071 0 0 0.00 0.00
-0.7071 0.7071 0 0 0.00 0.00
d} 4 = =
{d} SR Dy 0 0 0.7071 0.707 1.766 0.7317.
0 0 -0.7071 0.7078| - 0.7317 |- 1.766!
Nodal force vector of member (1§}
96.638 0 - 96.638 0.00 - 70.71
K4, = 0 0 0 0 0.00 | _ 0.00
h ! 7| -96.638 0 96.638 0.73171 | 70.711:
0 0 0 0|| -1.766 0.00

Axial force of member (1N,

N, = 70.711 [ kN]

o =N o 70718 hanae [N/mn?] & = % = %6: 0.000172:

(2) member(2) [Node®@—Node®]
68.333 0 -68.333

kyj=| ° ° 0 0 [R] =
2 -68.333 0 68.333 ’ 0 0 0 1.0
0 0 0 0 0 0 -10 O

Nodal displacement vector of member (B}

D, 0.00
0 0.00
P =95 171 17665
) .
D,| |-0.7317

Nodal displacement vector of member ()



0 10 O 0 0.00 0.00

-10 0 0 O 0.00 0.00
d} 4 = =
{dj T R D, 0O 0O 0 10| 1.7665 - 0.731
0 0 -10 0f|-0.731 - 1.766
Nodal force vector of member (2i,f

68.333 0 - 68.333 0.00 50.0QC

() Tk g, = 0 0 0 0 0.00 | | 0.00

h 2 71-68.333 0 68.333 - 0.7317 |- 50.0

0 0 0 0| - 1.766 0.00

Axial force of member (2N,
N, = 70.711 [ kN]

2

g, = No = 30000 o5 [y/mme] g, =% = 2% 500024
A, 1000 E, 205
(3) member(3) [Node@—Node®]
68.333 0 -68.333 10 0 0O O
0 0 0 0 0O 10 0 O
] =1 65333 0 68.333 ’ RI=15 0 10 o
0 0 0 0 0O O 0 10
Nodal displacement vector of member 3}
0 0.00
0 0.00
B3 =15 151 0.00
5 .
0 0.00
Nodal displacement vector of member (&)
10 0 O O]} 0.0 0.0
0 10 0 0} 0.0 0.0
d} = = =
AR = g 5 10 ol 00 0.0
0O O 0 1.0 0.0 0.0
Nodal force vector of member (3]
68.333 0 -68.333 0.0 0.Q(
0 0 0 0/| 0.00 0.0
fl o k = =
{3 A 4 -68.333 0 68.333 0.0 0.qc

0 0 0 0| 0.00 0.0

Axial force of member (3)N;
N, = 0.000 [ kN]

I
o
o
S

Julis

o, = = 0.00 [kN/mm?] , &,

N,
A



