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Mente et manu

The EST method' is a method for solving boundary value problems for the structural
analysis of frames, beams and trusses. Differential equations are considered here
together with a set of boundary conditions:

e compatibility equations of the displacements at nodes,
e joint equilibrium equations,

e side conditions (hinges),

e restrictions on support displacements.

The EST method programs written in GNU Octave language assemble and solve
sparse systems of equations with unknown member-end displacements, member-end
forces and support reactions. The analysis technique is illustrated with numerous
examples accompanied with GNU Octave programs.

Andres Lahe
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1. First-order structural analysis

1.1 Computation of frames with the EST method

Example 1.1. A two-span frame (Fig. 1.1). Computation of the displacements,
internal forces M, @), N and support reactions.

Initial data are given in Table 1.1 (B denotes load case numbers), and free-body
diagrams are shown in Figs. 1.1 and 1.2.

The free-body diagram number N (circled numbers @, ey @ shown in Figs. 1.1
and 1.2) conforms with the numbers of GNU Octave programs for the EST method. The
programs can be downloaded from
spESTframeNLaheDefWEILm.zip'

. spESTframel LaheDefWFIL.m

. spESTframe2LaheDefWFI.m

. spESTframe3LaheDefWFIL.m
. spESTframe4LaheDefWFIL.m

. spESTframe5LaheDefWFIL.m
spESTframe6LaheDefWEI.m
spESTframe7LaheDefWFI.m

. spESTframe8LaheDefWFIL.m
. spESTframe9LaheDefWFI.m
. spESTframel0LaheDefWFI.m

In Fig. 1.3, the elements, and in Fig. 1.4, the sparsity pattern of matrix spA of a

two-span frame are shown.

SO 0N D G Lo~

Table 1.1. Dimensions and loads of a two-span frame”

B 1213|456 7|8]9]10

1 [m] 618|106 |8|10[6]|8]|10]12

h [m] 31444553445
I/1, 21212121123 |3[3]|3]3
pr[kN/m] 1200|140 |0|[8]0] 0|10
p2[kN/m]| 0|14 0|0 | 8|0]0]|16/0]0
pslkN/mllo|lo |80 |0 |12l0]|0|14] 0
Fi[kN] |50l 0040|000 |30[0] 01|20
Fo[kN] [o|50[ 0| 0]40/ 0030 0]0
F5[kN] oo |50[0]0]|40[0]0]30]| 0

L. /octavePrograms/spESTframeNLaheDefWFI.m.zip.
2http://digi.lib.ttu.ee/opik_eme/ylesanded.pdf#page=39. Web. 06 Jan. 2014.
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Structural systems of a two-span frame



1.1 Computation of frames with the EST method
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14 1. First-order structural analysis
spESTframe 1 DefWFI
-10 - Numeration of displacements and forces 7
uw fi N Q M at the beginning uw fi N QM at the end
78910 11 12 123456
-8 - 19 20 21 22 23 24 13 14 15 16 17 18 —|
31 32 33 34 35 36 25 26 27 28 29 30
43 44 45 46 47 48 37 38 39 40 41 42
55 56 57 58 59 60 49 50 51 52 53 54
-6 |- 67 68 69 70 71 72 61 62 63 64 65 66 —|
79 80 81 82 83 84 73 74 75 76 77 78
Support reactions: 85 86 87 88 89 90 91 92
-4 |
2L |
0L |
2 | | | | | | | | |
-4 -2 0 2 4 6 8 10 12 14 16
Figure 1.3. Elements of a two-span frame
0 spy(spA) — sparse matrix spA(92,92) non—zero elements [3%]
: -3 I \ T T T

90

I Basic equations of frame 1-42

| ‘ ‘ - Restrictions on supports displacements 85-92 |
i i | i ] ‘ i L |

0 10 20 30 40 50 66 70 80 90

Figure 1.4. Sparsity pattern of matrix spA of a two-span frame



1.1 Computation of frames with the EST method 15

Example 1.2. A frame with shear force hinge (Fig. 1.5). Computation of the
displacements, internal forces M, (), N and support reactions.

Initial data are given in Table 1.2 (B denotes load case numbers), and free-body
diagrams are shown in Figs. 1.5 and 1.6.

The free-body diagram number NM (circled numbers , @, , , and

shown in Figs. 1.5 and 1.6) conforms with the numbers of GNU Octave programs for
the EST method. The programs can be downloaded from

spESTframe NMWFEILm.zip 3

16. spESTframel6WFIL.m
27. spESTframe27WFIL.m
38. spESTframe38WFIL.m
49. spESTframe49WFI.m
50. spESTframe50WFEFIL.m

Table 1.2. Dimensions and loads of a frame with shear force hinge*

B 1234567890

1 [m)] 5068|9105 |6/|8]|9]10
hjm] |4 |56 |7|8|4|5|6|7]38
L)L, | 23|23 |23|2|3|2]3
pr[kN/m] | 8 | 0 |10] 0|12]/ 0|8 |0]|10]|0
p2 [kN/m] | 0 | 10| 0 | 12| 0 | 14| 0 | 16| 0 | 10
F/[kN] |10 0 |15 0 [20] 0 [12] 0 |14 O
FkN] | 0|14l 0 |16| 0 [18] 0 [20] 0 |16

3./octavePrograms/spESTframeNMWFI.m.zip.
4Compiled by Andrus Résimet, PhD: http://staff.ttu.ee/ raamet/Failid/Joumkodutoo.pdf.

Web. 06 Jan. 2014.


./octavePrograms/spESTframeNMWFI.m.zip
http://staff.ttu.ee/~raamet/Failid/Joumkodutoo.pdf
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Figure 1.5. Frames with shear force hinge*



1.1 Computation of frames with the EST method

Figure 1.6. Numeration of nodes and members of frames with shear force hinge
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18 1. First-order structural analysis

In Fig. 1.7, the elements, and in Fig. 1.8, the sparsity pattern of matriz spA of a
frame with shear force hinge are represented.

10 spESTframe16WFI
- I I
Numeration of displacements and forces
-8 uw fi N Q M at the beginning uw fi N QM at the end —
78910 11 12 123456
19 20 21 22 23 24 13 14 15 16 17 18
31 32 33 34 35 36 25 26 27 28 29 30
-6 43 44 45 46 47 48 37 38 39 40 41 42 —
55 56 57 58 59 60 49 50 51 52 53 54
Support reactions: 61 62 63 64 65 66
-4 4 |
4 6
2
-2 3 5 —
1
or 1 3 5 ]
2 | | | | | | | |
—4 -2 0 2 4 6 8 10 12 14

Figure 1.7. Elements of a frame with shear force hinge



1.1 Computation of frames with the EST method

spy(spA,14) — sparse matrix spA(66,66) non—zero elements [3.9%]

0 -3 | | | | E
. R Basic equations of frame 1-30 : 3
T S T — S M— —
ol e R - —
30 e e
- . ‘ .s Compatlblhty equations of dlsplacements 31 42 ‘ 3
P S - S SR O S
. . L. Jomt equ1hbr1um equauons 43-57 3'
50 e i e e
60 ,; _ ;';%L';'.L oo C ,,, oo oo ;,'; Il Io ,sl,d,e,c,(),rlfi,lflf){lé,??, ,6,(), [ ,;‘, P —
3 ‘ Re.stnctions on support displacements 61-66 ¥
| | | | L .
0 10 20 30 40 50 60

Figure 1.8. Sparsity pattern of matrix spA of a frame with shear force hinge
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20 1. First-order structural analysis

Example 1.3. A three-hinged frame (Fig. 1.9). Computation of the displacements,
internal forces M, QQ, N and support reactions.

Initial data are given in Table 1.3 (B denotes load case numbers), and free-body
diagrams are shown in Figs 1.9 and 1.10.

The free-body diagram number K (circled numbers @, e @ shown in Figs. 1.9
and 1.10) conforms with the numbers of GNU Octave programs for the EST method.
The programs can be downloaded from

spESTframeShinge KNQM.m. zip®

. spESTframe3hingeINQM.m
. spESTframe3hinge2NQM.m
. spESTframe3hinge3SNQM.m
. spESTframe3hinge4 NQM.m
spESTframe3hinge5NQM.m
. spESTframe3hinge6NQM.m
. spESTframe3hinge TNQM.m
. spESTframe3hingeSNQM.m
. spESTframe3hingeINQM.m
. spESTframe3hinge1 ONQM.m

S © 0D G Lo o

In Fig. 1.11, the elements, and in 1.12, the sparsity pattern of matrix spA of a
three-hinged frame are shown.

Table 1.3. Dimensions and loads of a three-hinged frame®

B 123|456 /|7]|8]9] 0
1 [m] 6|8 |10/6 |8 |10/6 |8/ 10| 6
hjm] |4 |56 | 4|56 /|4]|5]|6] 4

¢ 04104|04/05|05[05|06|06|0.6|0.75

F [kN] 3513025 30|25 |20 |25 |20 | 15| 20
p[kN/m] | 24 | 22 | 20 | 22 | 20 | 18 | 20 | 18 | 16 | 26

5. /octavePrograms/spESTframe3hingeKNQM.m.zip.
6Compiled by Andrus Rismet, PhD: http://staff.ttu.ee/ raamet/Failid/Raamikodutoo.
pdf. Web. 06 Jan. 2014.


./octavePrograms/spESTframe3hingeKNQM.m.zip
http://staff.ttu.ee/~raamet/Failid/Raamikodutoo.pdf
http://staff.ttu.ee/~raamet/Failid/Raamikodutoo.pdf
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Figure 1.9. Three-hinged frames®
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1. First-order structural analysis

Figure 1.10. Numeration of nodes and members of a three-hinged frame



1.1 Computation of frames with the EST method

spESTframe3hinge INQM
T T T T
Numeration of forces
-8 N Q M at the beginning N QM at the end —
456 123
10 11 12 789
16 17 18 13 14 15
22 23 24 19 20 21
-6 — 28 29 30 25 26 27 —
34 35 36 31 32 33
Support reactions: 37 38 39 40
4 2 3 4 5 |
4 3 2 4 - 6
-2 - 1 6 —
0 1 7 N
2 I I I I I I I
—4 -2 0 2 4 6 8 10

Figure 1.11. Elements of a three-hinged frame
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1. First-order structural analysis

spy(spA) — sparse matrix spA(40,40) non—zero elements [5.4%]
I I I I I

. : - Basic e(iuations of ffame 1—18
RREREEEEER """"""""" """"""""" """" Jointiequilibriumi equations 19-36 """"""""" —
. Sideconditons 3740 .
- L L Lo L L Lo \ 7777777777777777 \7 B
0 5 10 15 20 25 30 35 40

Figure 1.12. Sparsity pattern of matrix spA of a three-hinged frame
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1.2 Computation of beams with the EST method

Example 1.4. A continuous beam (Fig. 1.13). Computation of the displacements,
internal forces M, () and support reactions.

Initial data. The dead load g is given in Table 1.5, where B denotes load case
numbers. The forces F, = 80 kN and simultaneously acting F, = 60 kN and F,. = 40 kN
are live loads. Location of the points (see Fig. 1.13) a, b, ¢ at which concentrated
loads F,, Fy, and F,. act is indicated by numbers in Table 1.5. Versions (A) of beam
dimensions are giwen in Table 1./. The flexural rigidity EI is assumed to be constant
along the beam.

In Figs. 1.13 and 1.1/, free-body diagrams are shown. The GNU Octave pro-
gram  for continuous beam Il spESTbeam32Lahe WFIL.m can be downloaded from
spESTbeam32Lahe WFIL.m. zip .

Z 1 2 3 4 5 6 7 8 11 12 1314 15 16 17 18 19 2021 2223 24 25 26 27 2829 30 31

) ; —Q3 93
VA | 7.
-

A

Figure 1.13. Continuous beam II®

Table 1.4. Dimensions of continuous beam IT%

A 1(213|4|5]|16|7[8]19]0
[y [m] 110 8 10| 8 |10l 6 | 8| 8 | 6
lofm] |10[10| 8 | 8 |10| 8| 8|6 | 8|6
I3 [m)] 818101 8 10|10 8 | 8| 6 | 8
1 ololof1f1]1]1]12]12]2
Table 1.5. Loads of continuous beam II?
B 112134516 7[8]19]0
glEN/m] |12 14|16 |18 12|14 |16 |12 |14 | 16
a 31412 (2627181712624 |23

1211211314114 2 | 2| 3 | 4| 4
17116 | 18|18 (17| 7 | 6 | 8 | 8 | 7
24122126 8 | 4|6 2816|1412

FT|lo s

In Fig. 1.14, nodes and elements of the continuous beam II are shown.

. /octavePrograms/spESTbeam32LaheWFI.m.zip.
8http://digi.lib.ttu.ee/opik_eme/ylesanded.pdf#page=39.


./octavePrograms/spESTbeam32LaheWFI.m.zip
http://digi.lib.ttu.ee/opik_eme/ylesanded.pdf#page=39

26 1. First-order structural analysis

Figure 1.14. Elements of continuous beam II

In Fig. 1.15, the sparsity pattern of matriz spA, and in Fig. 1.16, the node and
member numbers of the continuous beam II are shown.

spy(spA) — sparse matrix spA(37,37) non—zero elements [6.9%]
I I I I

0 ! :

T T Basic equations of frame 116 l
SRS N SRS SO NSNS SRR SN S B i
T A S L eIiiio ]
b

B béﬁiﬁé&&ﬁ& equations }{f’ci{siaiééé{rie’n{s’ 72
7 ESRE NS SNSRI A N S —
0 § - Joint equlhbrlum equatlons 23— 32 .
Wl e e — e
””””” T".""""f’""""’Réét’r}é{l&{s’&ﬁ’s’d;}ﬁér’{&{sﬁléééﬁ{éﬁ{s’"3’3"’3’7"""
35 e e o e R
| | | ) \ | | : |
0 5 10 15 20 25 30 35

Figure 1.15. Sparsity pattern of matrix spA of continuous beam II



1.2 Computation of beams with the EST method 27

_10 spESTbeam32Lahe WFI
- Numeration of displacements and forces N
w fi Q M at the beginning w fi Q M at the end
6 56738 1234
U 13 14 15 16 910 11 12 n
21 22 23 24 17 18 19 20
4 29 30 31 32 25 26 27 28 B
Support reactions: 33 34 35 36 37
2L |
0 1 1 5 2 3 3 445 -
2 _

4 || | e e I IS B |
-4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

Figure 1.16. Numeration of nodes and members of continuous beam II

Example 1.5. A multispan hinged beam (Fig. 1.17). Computation of the internal
forces M, @ and support reactions.

Initial data. The free-body diagram numbers A (circled numbers @, e @
shown in Figs. 1.17 and 1.19) conform with the numbers of GNU Octave programs for
the EST method. Beam dimensions for loading variant B are given in Table 1.6. The
dead load: wuniform load g = 16 kN/m, forces F}, = 60kN (section k in Table 1.7),
F, = 60kN (section © in Table 1.7), and Fj, = 40kN (in moment hinge near the
support r, Table 1.0).

Table 1.6. Beam dimensions”

B 112131456781 91]0
[y [m] 10116 (18|10 15|18 1216|1510
ly [m)] 15115 (1212121616 | 12|16 | 10
I3 [m] 12112 (16 |15 |16 | 12 | 12 | 18 | 12 | 12
ly [m] 12116 (12|12 121210 | 16 | 12 | 16

r blc|d|b|lc|d|b|jc|d]c

http://digi.lib.ttu.ee/opik_eme/ylesanded.pdf#page=19.


http://digi.lib.ttu.ee/opik_eme/ylesanded.pdf#page=19

28 1. First-order structural analysis

The uniform load g and forces Fy, F; are element loads. The force Fj, is a nodal
load.

The free-body diagram numbers A conform with the numbers of GNU Octave
programs for a multispan hinged beam. The programs can be downloaded from

spESTGerberBeamNQM.m.zip '°

1. spESTGerberBeam1QM.m
2. spESTGerberBeam2QM.m
3. spESTGerberBeam3QM.m
4. spESTGerberBeam4QM.m
5. spESTGerberBeambQM.m
6. spESTGerberBeam6QM.m
7. spESTGerberBeam7QM.m
8. spESTGerberBeamS8QM.m
9. spESTGerberBeam9QM.m
0. spESTGerberBeam10QM.m
Table 1.7. Beam loads. Sections k and 7’
By\NAs [ 1|23 456781910
1 6 121611 7 |11 7 |16]11|18
2 |16|14]|11|6 |12 3|1 |17] 2 |16
3 7161682122 |11[12]13
4 8 [ 121712 9 [ 13| 9 | 18|13 |18
5 17141136 |14 2| 3 |19] 3 |16
k 6 9 | 88|83 |14]4 |11]|14]11
7 6 121813 | 7 |12 7 |16]12|18
8 18|14 |11 |6 |12 3| 1 |17 2 |16
9 8|76 124 13| 2 |11[13]13
0 |19|112|113| 8|14 2| 3 |18 3 |18
1 (12 7 (11 (17 (12|17 (16 |11 |17 |11
2 116116127 |1713]18|12
3 3121211 |13 | 8 | 7 | 17| 7 |17
4 11319 1318|1418 |18 12|17 |13
. 5 281723 |7 ([16]11[18]12
"6 31|l s|s|s]s |7
7T o112| 7 112119131917 |13 |17 |11
8 3| 8 (18] 32| 7 [18]12[18]12
9 M) 17| 711487119 7 |18
0 2071923 |7 [17]|13[17 |13

10 /octavePrograms/spESTGerberBeamNQM.m.zip.


./octavePrograms/spESTGerberBeamNQM.m.zip

1.2 Computation of beams with the EST method

@% 2

'3 74 b§5 'e '7 '8 '90510‘“11 12 13 ~14gQ 15 "16 17 "18 "19gQ20 21
% % % % |
I I I I I I
! L L L L |
@ag 1 "2 '3 4 b§5 's '7 '8 '9c§10‘“11 12 13 "14gQ 1516 '17 "18 "19gQ20 21
7 7. 7 % % !
1 1 1 1 1 I
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Figure 1.17. Multispan hinged beams
20 spESTGerberBeam1QM
Numeration of forces
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Figure 1.18. Elements of a Gerber beam
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In Fig. 1.20, the sparsity pattern of matriz spA of the Gerber beam is shown.



1.2 Computation of beams with the EST method

0 spy(spA) — sparse matrix spA(37,37) non—zero elements [5.6%]
1 T T 1 T T w
‘ ° Basic equations of frame 1-16 3
5,- ,,,,,,,,,,,,,,, L R ,,,,,,,,,,,,,,, _
e
L T e o o
. : J (ﬁnt equilibrium equatidns 17-31 | 3 :
0 I S A e ]
s SRS PR SO S T T
T 0 S Y S M
. ~ Sideconditions 32-37 |
85 [ ]
| | | \ .\ | : |
0 5 10 15 20 25 30 35

Figure 1.20. Sparsity pattern of matrix spA of the Gerber beam
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1.3 Computation of trusses with the EST method

Example 1.6. Statically indeterminate planar trusses (Fig. 1.21). Computa-
tion of the displacements and internal forces N.

Initial data. The trusses depicted in Fig. 1.21 are subjected to loads Fy, Fy, and
F3. Load values and dimensions of the truss are given in Table 1.8, where B denotes
load case numbers. The span is of length | = 4d (4 equal panels, each of length d) and
of height h = d [RELS3].

The free-body diagram numbers A are shown in Fig. 1.22. The programs can be
downloaded from
spESTtrussN15WFILm.zip !
spESTtrussIN15WFI.m
spESTtruss2N15WFIL.m
spESTtrussSN15WFIL.m
spESTtruss4N15WFIL.m
spESTtrussON15WEFIL.m
spESTtruss6N15WFI.m
spESTtrussTN15WFI.m
spESTtrussSN15WFIL.m
spESTtrussIN1SWEFILm
spESTtruss10N15WFILm

Table 1.8. Loads and dimensions of trusses

B 123456 7]8]9o]10
dlm] [3.0[3.2]3.4[3.6[4.0]3.0]3.2{3.4]3.6]40
FkN] [60]60]60[60]60][80][80]80]80]s0
FkN] 50| 0]50] 0[50 0]50]0][50]0
FkN] [o40] 0 40] 0 [40] 0 [40] 0 |40
A /Ay 12|13 1alis|12] 3|14l 2]13]14
A /As |15]18][20]22]24[22]18]2.0]15]2:2

11 /octavePrograms/spESTtrussN15WFI.m.zip.


./octavePrograms/spESTtrussN15WFI.m.zip

1.3 Computation of trusses

with the EST method

©, 5.
2 4 l 8 ls 12 lS 16
2 3 {5 7 9 11 13 15
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[ eyl
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12

Figure 1.21. The trusses EST
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Figure 1.22. Free-body diagrams of the trusses with joint numbers



1.3 Computation of trusses with the EST method

spy(spA,14) — sparse matrix spA(140,140) non—zero elements [1.7%]
\ \ \ \ \ \

I

. . I
Basic equations of frame 1-68 |
: : : : :

I

100

120

140

Figure 1.23. Sparsity pattern of matrix spA of truss IN15WFI
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36 1. First-order structural analysis

Example 1.7. Planar trusses (Fig. 1.24). Computation of the internal forces N,
influence line ordinates and support reactions. Computation of the maximum and min-
imum internal forces due to dead and live loads. Draw the influence line for the truss
member of panel k shown in Table 1.10.

Initial data. The simply supported trusses shown in Fig. 1.2/ are subjected to
uniform distributed dead load g, uniform distributed live load p (Table 1.9) and live load
F;, = 100kN at node i shown in Table 1.10. The span is of length | = 8d (8 equal
panels, each of length d) and of height h, the distance between rafters is marked by the
letter a (Table 1.10).

In Figs. 1.2/ and 1.25, free-body diagram numbers A are shown. The programs can
be downloaded from
spESTtrussN27.m.zip **
spESTtruss1IN27.m
spESTtruss2N27.m
spESTtruss3N27.m
spESTtruss4N27.m
spESTtrussbN27.m
spESTtruss6N27.m
spESTtrussTN27.m
spESTtrussSN27.m
spESTtrussIN27.m
spESTtruss10N27.m

Table 1.9. Distributed dead and live loads of trusses 11

A 1123145678190
g[kPa]l [3.013.0/3.0(3.0(3.0{4.0|4.0[4.0{4.0]4.0
p[kPa] 10.75/0.75[0.750.75/0.75{ 1.0 { 1.0 | 1.0 [ 1.0 | 1.0

Table 1.10. Dimensions of trusses. Nodes ¢ and k'

B 1234567890
dim] [1.5]2.0{2.5[3.0[3.5[1.5(2.0[2.5(|3.0/3.5
hlm] [2.0]2.6(3.5(4.0(5.0(2.4(3.0[4.0/5.0/55
alm] {66666 |5|5|5]|5]5
i 7151|375 11|13 7 |11
k 3lals5]|e6|7]2[3[4a]l5]6

12 /octavePrograms/spESTtrussN27.m.zip.
Bhttp://digi.lib.ttu.ee/opik_eme/ylesanded.pdf#page=29.


./octavePrograms/spESTtrussN27.m.zip
http://digi.lib.ttu.ee/opik_eme/ylesanded.pdf#page=29

1.3 Computation of trusses with the EST method 37
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Figure 1.24. Planar trusses II'
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A. Matrices

A matrix type that stores only the values of non-zero elements and their row and column
indexes is generally called sparse! 2. For the storage and creation of sparse matrices we
use GNU Octave® .

A.1 Sparse matrices and GNU Octave

A.1.1 Introduction to sparse matrices

For calculating support reactions and interaction forces on statically determinate hinged
beams, also known as Gerber ® % beams (see Fig. A.2), we have a system of equilibrium
equations where the coefficient matrix is sparse. The sparsity pattern of this matrix
spA is shown in Fig. A.1.

0 spy(spA) — sparse matrix spA(8,8) non—zero elements [22%]
T T T T T T T T

1 ¢ _
2 o _
3= K 3 -
4 - > * -
5+ > > =
6~ o % i
U * ¥ |
8 >* 3 -
% i ) 3 3 5 6 7 §

Figure A.1. Sparsity pattern of matrix spA

http://www.gnu.org/software/octave/doc/interpreter/Sparse-Matrices.html. Web. 08
August 2013.
’http://en.wikipedia.org/wiki/Sparse_matrix. Web. 08 August 2013.
3http://www.obihiro.ac.jp/~suzukim/masuda/octave/html3/octave_112.htm1#SEC216.
Web. 08 August 2013.
4http://www.network-theory.co.uk/docs/octave3/octave_205.html. Web. 08 August 2013.
® Heinrich Gerber (1832-1912), a German civil engineer and inventor of multispan hinged beams.
Shttp://de.wikipedia.org/wiki/Heinrich_Gottfried_Gerber. Web. 08 August 2013.
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a) F,=20 kN F,=40kN K =30kN F4=100kN  Fy=20kN
_ 8 kN/m \J] \j]
et 2 3 4 5 6 7 8 9 10 11 12
2ml2m| 4m 4m |2m|2m| 4m |2m| 4m 4m | 1|m
oo I o b . Cor
I 1 \ | ! | ! I (-
I R s W R
X X F X |
e EEREEE e T
A ! | : ! o
Lo ! l - o : L
S s Yo
oo q 7= 44. Y
| I Xg=—43.00 kN 5
N T T T = y Fe I \J]
1 1 7; ! ;7
o Tx6=39.oo kN T ’ ’
I I X .= 125.00 kN
1 1 Xg= . kN 3
! . l 6 =39.00 X ,= 90.00 kN X = 64.00 kN
X =-236.00kN-m |F
Y b) Xa
H, =0_€ B Attt - X 1- Xg - external reactions
X X g — Xg - internal reactions
X 5 =59.00 kN Internal reactions L

Figure A.2. Assembly sequence of a Gerber beam

To prevent a large number of calculations, this system is decomposed in such a way
that an unknown force could be calculated directly with each equilibrium equation.
Consider the equilibrium equations for the beams in Fig. A.2:

beam 6-8
S Mg = 0; Xs 6+ F;3-24+q-6-3=0 (A1)
S Mg = 0; X764+ F;-44¢-6-3=0 (A.2)
beam 8-12
beam 3-6
SM; = 0; —X; 10+ X3-8—F,-4—¢q-10-5=0 (A.5)
SM; = 0; X7 2—Xg-8+Fy-4+q-10-(5—-2)=0 (A.6)
beam 1-3
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Now rewrite the systems of equations (A.1)—(A.8) in matrix form:
1. XMg=0; | . 6 [ X;]
2. XMg = 0; . —6 . X5
7. X7 =0; — 1 X5
8. EMl == 0 L 1 4 1L Xg i
[ F3-24q-6-3 |
F3-44+q-6-3
Fy-4—F5-1
_ —Fy-4—F5-9
o —F-4—¢q-10-5 (A.9)
Fy-44¢-10-(5—2)
Fy
I Fy-4 l
We have obtained the sparse system (8 x 8) of equilibrium equations
A.-X=-B (A.10)
where
[0 00 00 0 0 6 1 [ —204 ]
0 00 00 0 -6 0 —264
0 00 -8 0 0 0 —10 —380
0 00 0 8 0 0 -2 580
A= 0 08 00 0 —10 0’ B= 560 (A.11)
0 00 00 -8 =2 0 —400
0O -1 0 00 1 0 0 —20
! 00 00 4 0 0 | | —80 |

The Gerber beam support reactions are calculated by hand in the reverse order to
that of the assembly sequence (see calculating order in Egs. (A.1)—-(A.9), and Fig. A.2).

The sparsity pattern of the matrix A of Eq. (A.11) is shown in Fig. A.1.

The non-zero elements of the matrix A can be represented as the row (iv), column
(jv) and data (sv) vectors in Eq. (A.12).

v
jv

A

3
4

3 4
8 5

45
8 3

5
7

6
7

778 8
26 1 6
6 —6 —8 —108 —28 —10 —8 —2 —11 1 4

(A.12)
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A.1.2 Creating sparse matrices

GNU Octave uses the compressed column format storage technigque.” There are several
modes to create a sparse matrix. Sparse matrices can be constructed from matrices or
vectors.

The function sparse(iv,jv,sv) has constructed a sparse matrix spA (shown in
computing diary A.1) from three vectors representing the row (iv), column (jv) and
data (sv) (see Eq. (A.12)). In this diary, the conversion of the sparse matrix spA to a
full matrix A (full(spA)) is shown.

Computing diary A.1
octave:1> iv =[123344556677 8 8]
iv =

octave:2> jv = [8 748583767261 6]

jv =

8 7 4 8 5 8 3 7 6 7T 2 6 1 6

octave:3> sv [6 -6 -8 -10 8 -2 8 -10 -8 -2 -1 1 1 4]

SV =
6 -6 -8 -10 8 -2 8 -10 -8 -2 -1 1 1 4
octave:4> spA=sparse(iv, jv, sv)

spA =
Compressed Column Sparse (rows = 8, cols = 8, nnz = 14 [22}])

(8, 1 -> 1 (8, 6) -> 4
(7, 2) > -1 (2, ) -> -6
5,3 -> 8 (5, 7) -> -10
(3, 4) -> -8 6, 7) -> -2
4, 5) -> 8 1, 8 -> 6
(6, 6) -> -8 (3, 8 -> -10
(7, 6 -> 1 4, 8) -> -2

octave:5> A=full(spA)

A=
0 0 0 0 0 0 0 6
0 0 0 0 0 0 -6 0
0 0 0 -8 0 0 0 -10
0 0 0 0 8 0 0 -2
0 0 8 0 0 0 -10 0
0 0 0 0 0 -8 -2 0
0 -1 0 0 0 1 0 0
1 0 0 0 0 4 0 0

octave:6>

"http://www.obihiro.ac.jp/~suzukim/masuda/octave/html3/octave_113.html1#SEC219.
Web. 08 August 2013.
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The non-zero elements of the matrix A of Eq. (A.11) can be represented as the
matrix A1l with columns iv, jv and sv, see Eq. (A.12):

- 6 1
—6
—8
—10

Al = (A.13)

S~ ON IO I WOo Tt = ~J
oo

00 00 1 1O O UL UU i b W Wi+

The function spconvert(A1l) (given in computing diary A.2) constructs a sparse
matrix spA from the matrix Al.

Computing diary A.2 Al =

octave:1> A1=[1 8 6; 1 8 6
2 7 -6; 2 7 -6
3 4 -8; 3 4 -8
3 8 -10; 3 8 -10
4 5 8; 4 5 8
4 8 -2; 4 8 -2
5 3 8; 5 3 8
5 7 -10; 5 7 -10
6 6 -8; 6 6 -8
6 7 -2 6 7 -2
7 2 -1; 7 2 -1
7 6 1; 7 6 1
8 1 1; 8 1 1
8 6 4] 8 6 4

octave:2> spA=spconvert (A1)
spA =
Compressed Column Sparse (rows = 8, cols = 8, nnz = 14 [22%])

8, 1) > 1 (8, 6) > 4
(7, 2) > -1 2, 77 > -6
(5, 3) > 8 (5, 7) > -10
(3, 4) > -8 6, 7) > -2
(4, 5) > 8 (1, 8 > 6
(6, 6) -> -8 (3, 8) -> -10

(7, 6) > 1 (4, 8) —> -2
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The function sparse(A) converts the full matrix A to a sparse matrix (see comput-
ing diary A.3).

Computing diary A.3

octave:6> A

A =
0 0 0 0 0 0 0 6
0 0 0 0 0 0 -6 0
0 0 0 -8 0 0 0 -10
0 0 0 0 8 0 0 -2
0 0 8 0 0 0 -10 0
0 0 0 0 0 -8 -2 0
0 -1 0 0 0 1 0 0
1 0 0 0 0 4 0 0
octave:7> spA=sparse(A)
spA =
Compressed Column Sparse (rows = 8, cols = 8, nnz = 14 [22}])
8, 1) > 1 (8, 6) > 4
(7, 2) > -1 2, 77 -> -6
(5,3 -> 8 (5, 7) -> -10
(3, 4) -> -8 6, 7) -> -2
(4, 5) > 8 (1, 8) > 6
(6, 6) -> -8 (3, 8 -> -10
(7, 6) > 1 (4, 8) -> -2
octave:8>

A.1.3 Sparse matrix functions in the EST method

There are several functions that manipulate sparse matrices: full, sparse, spconvert,
spfind, sprank, spy, speye, etc. ®

We shall introduce the GNU Octave function spA=splnsertBtoA (spA,M,N spB)
(p. 69) written for the EST method. This function inserts a sparse matrix spB into
the sparse matrix spA, starting at row index M and column index N. The overlapping
elements of the matrices spA and spB are added together.

The insertion of the matrix B (Eq. (A.14)) into the sparse matrix spC is described
in computing diary A.4. There, the elements of the matrix C of value 2 (C(5,5) and
C(6,6)) have been obtained as the sum of overlapped elements of matrices spB and
spB1.

10000 0]
010000
000100
B=1o01000 (A-14)
000010
00000 1]

8http://www.obihiro.ac. jp/~suzukim/masuda/octave/html3/octave_113.htm1#SEC222.
Web. 08 August 2013.
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Computing diary A.4
octave:1> iv = [1 2 3 4 5 6]
iv =

1 2 3 4 5 6

octave:2> jv = [1 2 4 3 5 €]

jv =
1t 2 4 3 5 86

octave:3> sv = [11111 1]
sV =sparse matrix spB

1 1 1 1 1 1

octave:4> spB=sparse(iv, jv, sv)
spB =

Compressed Column Sparse (rows = 6, cols

(1, 1) > 1
2, 2) > 1
(4, 3) > 1
3, 4) > 1
(5, 5) > 1
6, 6) > 1

octave:5> spBl=spB;
octave:6> spC=sparse(10,10)
spC =

Compressed Column Sparse (rows = 10, cols =

octave:7> spC=spInsertBtoA(spC,1,1,spB);
octave:8> spC=splnsertBtoA(spC,5,5,spB1l)

spC =

Compressed Column Sparse (rows = 10, cols

1, 1) > 1
(2, 2) > 1
4, 3) > 1
3, 4 > 1
(5, 5) > 2
(6, 6) > 2
(8, 70 > 1
(7, 8 —> 1
9, 99 > 1

(10, 10) > 1

6, nnz = 6 [17%])

0 [0%D)

10 [10%D)

47
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octave:9> C=full(spC)
C =

O OO OO OO OO
O OO OO OO OoO+rOo
O OO O OO+ O OO
O OO OO OO+ oo
O O O OO NOO OO
O O O ONOO O OO
O O Fr OO OO OO o
O OO OO O OO OO
O, OO OO OO OO o
_ O O OO OO O OoOOo

octave:10>

Next we introduce the GNU Octave function spA=spSisestaArv(spA,M,N,V) (p. 69)
written for the EST method. This function inserts a numeric value V into the sparse
matrix spA at row index M and column index N.

A.2 Transformation matrices

Consider the two right-handed coordinate systems of Fig. A.3, defined by orthogonal
unit vectors 1i,j,k, and i*,j*, k*. Let zyz be global coordinates and z*y*z* a local
coordinate system.

iy

The vector F in Fig. A.3 can be written as the sum of two vectors along the
coordinate axes i, k with magnitude F,, F, and along the coordinate axes i*, k* with
magnitude F), F7.

(A.15)

e ]

F=F-i+F k=Fi+Fk", { -, {

2 COS Oly,+ = —COSf3

Oty
COS O+ = COS B

z*  COSOly =COS O

z

Figure A.3. Coordinate transformation
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To ﬁnd the components of the vector F of Eq. (A.15), we multiply this equation by

1 and k* The scalar products are:

PL =5 = %l + kel (A.16)
F-k¥ = F; = F,-i-k" + F,-k-k*

where the scalar product of the two orthogonal vectors is zero.
— —
To find the inverse transformation, we multiply Eq. (A.15) by i and k. The scalar
products are:

—

- F, = Fr.

— - —
i i+ Frk
— — —
k= FZ* — F;

< (A.17)
‘k + Frk-k

_ézxL_-;»L

=l

The scalar product of the two unit vectors is related to the cosine of the angle between
these vectors (Fig. A.3).

i-i* = 1"-i = cosag-, i-k¥ = cosay,-
k-k¥ = k*-k = cosa,,, "k = cosa-
%
In Fig. A.3, we show the direction cosines of the vector F:
COS lpyr = COSCQ, COS Qv = COS[ (A.19)
COS,,+ = COSQ, COS Oy = —cosf ’

Be careful using cosine and sine angles associated with coordinate system transforma-
tion: €os g+ = cosa and cos .+ = cos B (cos B = cos (90° + a) = —sina).

The length [ and the direction cosines of an element can be calculated using coor-
dinates x4, z4 of the node at the beginning and coordinates x, z;, of the node at the
end of the element (Fig. A.4):

[ = \/(zL —24)° + (xp — x4)° (A.20)
XA

ZA

ZL

& ¢0~ !
ol
&R

.The end point

Figure A.4. Direction cosines of an element



50 A. Matrices

Tp —TA

cosq = ——— (A.21)

ZL — RA

l

cos f = (A.22)

—

We now consider the transformation of the vector F components F, F, of Eq. (A.15)
from the global zy coordinate system to the components F), F in the local z*y*
coordinate system.

Fry | | cosa cosf F,
[Fz"l_[—cosﬁ cosa} lel (A.23)
Taking into account that cosS = cos(90° +a) = —sina, we can write the above
equation as
Fy | | cosa —sina F,
[ Fr ] B [ sina  cos ] [ F, ] (A.24)

H
The inverse transformation of the vector F components F, F of Eq. (A.15) from
the local x*y* coordinate system to the components F,, F, of the global zy coordinate

system:
F, | | cosa —cosf Er
[ F, ] n [ cosff  cosa ] [ Fr ] (A.25)
Taking into account that cosf = cos (90° + a) = —sina, we can write Eq. (A.25) in
the form
F, | | cosa sina Er
[le n l—sina cosa] [FZ*] (A.26)

Comparing the transformation matrix (A.23) with that of (A.25), we can see that
they are transposed (rows and columns reversed). The multiplication of the matrix
(A.23) by a transpose of itself of Eq. (A.25) gives the identity matrix

[ oS & COSB] lCOSO‘ _Cosﬁl _ l 1 0] (A.27)

—cosf8 cosa cos B cosa 0 1

We have thus proved that the matrices are orthogonal — an orthogonal matrix has the
property that its transpose equals the inverse.



B. Work and work-energy theorem

B.1 Work done by internal and external forces

The work-energy theorem in structural analysis: the sum of the work done by internal
and external forces is zero:

Wi+ We=0 (B.1)
where W; is the work done by internal forces and W, is the work done by external forces.
The Green’s functional for a frame element is [IKHMW10]

b “ b o
- / N, Adz — / My, dz +

W; —work of internal forces b b (B2)
+ Ny + Q0+ MypsJo + [ au(w)ide + Frsdi + [[ qu(a)ivds + Fusdy =0

We —work of external forces

where we consider two systems (states) of forces associated with respective deformations
and displacements [BP13]:
Nz, M, are the internal axial force and bending moment of the first load state;

;\, Y, — axial and bending deformations of the second load state;

N5, Q,l%, M,|% — axial force, shear force and bending moment of the first load state
at boundaries a and b;

al%, w|%, ¢,]% —longitudinal and transverse displacements, and the rotation of the cross
section of the second load state at boundaries a and b;

¢:(z), ¢.(x) — distributed loads of the first load state;

a(z), w(x) — longitudinal and transverse displacements of the second load state;

F,;, F.; — force components of the first load state, applied at point 7 in the x and z
directions, respectively;

U;, w; — longitudinal and transverse displacements of point 7 of the second load state.

The first and second elements of Eq. (B.2) describe the work W; of internal forces:
b . b o
W, = — / N, Adz — / M, dx (B.3)

o1
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The final four elements of Eq. (B.2) describe the work W, done by active forces:
b b
W, = / g (2)iidz + Fyitt; + / ¢ (2)iodz + Fui, (B.4)

The third and fourth elements of Eq. (B.2) describe the work W), done by boundary
forces (fixed-end forces and moments at joints', support reactions):

Wy, = [Nxa]z + [Qy@ + My@y]z (B'5)
The external work W, can be divided into two parts:

o Wy — work done by active forces, e.g. concentrated loads, uniformly distributed
loads;

e W, — work done by reaction forces, e.g. support reactions (Fig. ??), internal
reactions [WP960] (contact forces ?) (Fig. 7).

We =W, + W, (B.6)
Applying now Eq. (B.6) to (B.1), we obtain
Wi+ Wy + Wy =0 (B.7)

Equation (B.7) is a shortened form of Eq. (B.2).
With the elastic energy Ueastic energy and dissipation energy D existing, the work W
done by internal forces is in relation to the internal energy U stic + D:

W, =- U - D (B.8)
\ , ~— ~—
internal work elastic energy  dissipation energy

Equations (B.2) and (B.7) are the basic methodical tools of structural analysis.

- xb .
:{EI
-'ll—Fl'-I
-—] —
NEI a b Nb

Figure B.1. Bar member a-b

!The fixed-end forces and moments at joints are called the internal reactions [WP960] or the joint
contact forces [GN12].
2A contact force is a force that acts at the points of contact between two objects [Rand07].
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Example B.1 (conservation of mechanical energy). We consider the bar from
Fig. B.1, subjected to the load F. The bar has been split into sections where the normal
forces N, and Ny exerted on the member at cross-sections a and b are treated as external
loads [VrCty] or, to be more precise, as boundary forces.

No loads act on the bar member a-b, and so Wy =0 and W; # 0 in Eq. (B.7). The
expression for energy conservation of the bar member a—b is

W,+W,=20 (B.9)
or b
) . B
_/a Nodde — + e, =0 (B.10)

_ ) ) o
W, — work of internal forces Wy — work of internal reactions [WP960]
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C. Computer programs
method

for the EST

The basic URLs (folder paths for programs): D:/, E:/, F:/, S:/, Z:/

C.1 Programs for first-order analysis

Program C.1 (spESTframelLaheDefWFI.m)' 7/
placements and internal forces of a plane frame.
Called functions:

LaheFrameDFIm.m,

SisejoudPunktism.m.

Program C.2 (spESTframe2LaheDefWFI.m)? 11
placements and internal forces of a plane frame.
Called functions:

LaheFrameDFIm.m,

Sisejoud Punktism.m.

Program C.3 (spESTframe3LaheDefWFI.m)® 11
placements and internal forces of a plane frame.
Called functions:

LaheFrameDFIm.m,

Sisejoud Punktism.m.

Program C.4 (spESTframe4LaheDefWFI.m)" 11
placements and internal forces of a plane frame.
Called functions:

LaheFrameDFIm.m,

Sisejoud Punktism.m.

./octavePrograms/spESTframelLaheDefWFI.m
./octavePrograms/spESTframe2LaheDefWFI.m
./octavePrograms/spESTframe3LaheDefWFI.m
./octavePrograms/spESTframe4LaheDefWFI.m

B W N
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— 15 used to compute the dis-


./octavePrograms/spESTframe1LaheDefWFI.m
./octavePrograms/spESTframe2LaheDefWFI.m
./octavePrograms/spESTframe3LaheDefWFI.m
./octavePrograms/spESTframe4LaheDefWFI.m

56 C. Computer programs for the EST method

Program C.5 (spESTframe5LaheDefWFI.m)® 11 - is used to compute the dis-
placements and internal forces of a plane frame.
Called functions:

LaheFrameDFIm.m,

Sisejoud Punktism.m.

Program C.6 (spESTframe6LaheDefWFI.m)® 11 - is used to compute the dis-
placements and internal forces of a plane frame.
Called functions:

LaheFrameDFIm.m,

Sisejoud Punktism.m.

Program C.7 (spESTframe7LaheDefWFIL.m)" 71 - is used to compute the dis-
placements and internal forces of a plane frame.
Called functions:

LaheFrameDFIm.m,

Sisejoud Punktism.m.

Program C.8 (spESTframe8LaheDefWFI.m)® 11 - is used to compute the dis-
placements and internal forces of a plane frame.
Called functions:

LaheFrameDFIm.m,

Sisejoud Punktism.m.

Program C.9 (spESTframe9LaheDefWFI.m)? 11 - is used to compute the dis-
placements and internal forces of a plane frame.
Called functions:

LaheFrameDFIm.m,

Sisejoud Punktism.m.

Program C.10 (spESTframel0LaheDefWFI.m)' 77 - is used to compute the
displacements and internal forces of a plane frame.
Called functions:

LaheFrameDFIm.m,

Sisejoud Punktism.m.

Function C.1 (LaheFrameDFIm(baasiO,Ntoerkts,esQkoormus,esFjoud,
sSolmF,tsolm,tSiire,krdn,selem)) '' 55, 56, 58 - is used to assemble and solve

./octavePrograms/spESTframe5LaheDefWFI.m
./octavePrograms/spESTframe6LaheDefWFI.m
./octavePrograms/spESTframe7LaheDefWFI.m
8./octavePrograms/spESTframe8LaheDefWFI.m
9./octavePrograms/spESTframe9LaheDefWFI.m
10 /octavePrograms/spESTframe10LaheDefWFI.m
./octavePrograms/LaheFrameDFIm.m


./octavePrograms/spESTframe5LaheDefWFI.m
./octavePrograms/spESTframe6LaheDefWFI.m
./octavePrograms/spESTframe7LaheDefWFI.m
./octavePrograms/spESTframe8LaheDefWFI.m
./octavePrograms/spESTframe9LaheDefWFI.m
./octavePrograms/spESTframe10LaheDefWFI.m
./octavePrograms/LaheFrameDFIm.m

C.1 Programs for first-order analysis Y

the boundary problem equations of a plane frame.

Called functions:
yzhqzm(baasi0,z,a,qz,qz, EA,EJ) 2,
InsertBtoA(A,I,J,IM,JN,B,M,N) '3,
spInsertBtoA (spA,Ilv,IJv,spvF) 1,
spSisestaArv(spA,iv,jv,sv) 1,
Sp TeisendusMaatriks2z2(NSARV,NEARV, VarrasN, krdn,selem) '°,
SpTeisendusMaatriks(NSARV,NEARV, VarrasN,krdn,selem) '7,
Sp Teisendus UhikMaatriks2x2( VarrasN) 1%,
Sp Teisendus UhikMaatriksOx1v(VarrasN) 9,
Sp Teisendus UhikMaatriks(VarrasN) *°,
Sp ToeReaktsioonZvektor(NSARV,NEARV, VarrasN,krdn,selem) *',
Sp ToeReaktsioonXvektor(NSARV,NEARV, VarrasN,krdn,selem) **,
Sp ToeSiirdeFiVektor(VarrasN) %3,
Sp ToeSiirde Uvektor(NSARV,NEARV, VarrasN, krdn,selem) **,
SpToeSiirde Woektor(NSARV,NEARV, VarrasN,krdn,selem) *°,
VardadSolmes(NSARV,NEARV,Solm,AB,ABB) *°,
VardaPikkus(NSARV,NEARV krdn,selem)*",
ylfhlin(baasiO,z, EA,GAr,EJ) *,
ysplfhlin(baasiO,x,EA,GAr,EJ)) %,
ysplofmhvl (baasiO,z,l,EA,GAr,EJ) %,
yzfzv(baasiO,z,a,Fr,Fz,EA,EJ) >,
yzhqzm(baasi0,z,a,qz,qz, EA,EJ) *.

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

./octavePrograms/ESTFrKrmus.m
./octavePrograms/InsertBtoA.m
./octavePrograms/spInsertBtoA.m
./octavePrograms/spSisestaArv.m
./octavePrograms/SpTeisendusMaatriks2x2.m
./octavePrograms/SpTeisendusMaatriks.m
./octavePrograms/SpTeisendusUhikMaatriks2x2.m
./octavePrograms/SpTeisendusUhikMaatriksOx1lv.m
./octavePrograms/SpTeisendusUhikMaatriks.m
./octavePrograms/SpToeReaktsioonZvektor.m
./octavePrograms/SpToeReaktsioonXvektor.m
./octavePrograms/SpToeSiirdeFiVektor.m
./octavePrograms/SpToeSiirdeUvektor.m
./octavePrograms/SpToeSiirdeWvektor.m
./octavePrograms/VardadSolmes.m
./octavePrograms/VardaPikkus.m
./octavePrograms/ylfhlin.m
./octavePrograms/ysplfhlin.m
./octavePrograms/ysplvimhvI.m
./octavePrograms/yzfzv.m
./octavePrograms/yzhqzm.m


./octavePrograms/ESTFrKrmus.m
./octavePrograms/InsertBtoA.m
./octavePrograms/spInsertBtoA.m
./octavePrograms/spSisestaArv.m
./octavePrograms/SpTeisendusMaatriks2x2.m
./octavePrograms/SpTeisendusMaatriks.m
./octavePrograms/SpTeisendusUhikMaatriks2x2.m
./octavePrograms/SpTeisendusUhikMaatriks0x1v.m
./octavePrograms/SpTeisendusUhikMaatriks.m
./octavePrograms/SpToeReaktsioonZvektor.m
./octavePrograms/SpToeReaktsioonXvektor.m
./octavePrograms/SpToeSiirdeFiVektor.m
./octavePrograms/SpToeSiirdeUvektor.m
./octavePrograms/SpToeSiirdeWvektor.m
./octavePrograms/VardadSolmes.m
./octavePrograms/VardaPikkus.m
./octavePrograms/ylfhlin.m
./octavePrograms/ysplfhlin.m
./octavePrograms/ysplvfmhvI.m
./octavePrograms/yzfzv.m
./octavePrograms/yzhqzm.m
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Function C.2 (SisejoudPunktism(VardaNr,X,AlgPar,lvarras,selem,
esQkoormus,esFjoud,suurused)) ** 55, 56, 58 — is used to compute the displace-
ments and forces of the element "VardaNr’ at © = X.
Called function:

ESTFrKrmus(baasi0,zz, Li, Fjoud, qkoormus, EA,EI) 3*.

Program C.11 (spESTframel6WFIL.m)* 15 — is used to compute the displace-
ments and internal forces of a plane frame.
Called functions:

LaheFrameDFIm.m,

Sisejoud Punktism.m.

Program C.12 (spESTframe27WFIL.m)*¢ 15 — is used to compute the displace-
ments and internal forces of a plane frame.
Called functions:

LaheFrameDFIm.m,

Sisejoud Punktism.m.

Program C.13 (spESTframe38WFIL.m)*" 15 — is used to compute the displace-
ments and internal forces of a plane frame.
Called functions:

LaheFrameDFIm.m,

Sisejoud Punktism.m.

Program C.14 (spESTframe49WFIL.m)*® 15 — is used to compute the displace-
ments and internal forces of a plane frame.
Called functions:

LaheFrameDFIm.m,

Sisejoud Punktism.m.

Program C.15 (spESTframe50WFIL.m)*’ 15 — is used to compute the displace-
ments and internal forces of a plane frame.
Called functions:

LaheFrameDFIm.m,

Sisejoud Punktism.m.

Program C.16 (spESTframe3hingel WFI.m)" - is used to compute the displace-
ments and internal forces of a three-hinged frame.

33
34
35
36
37
38
39
40

./octavePrograms/SisejoudPunktism.m
./octavePrograms/ESTFrKrmus.m
./octavePrograms/spESTframel6WFI.
./octavePrograms/spESTframe27WFI.
./octavePrograms/spESTframe38WFI.
./octavePrograms/spESTframe49WFI.
./octavePrograms/spESTframe50WFI.m
./octavePrograms/spESTframe3hingelWFI.m
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./octavePrograms/SisejoudPunktism.m
./octavePrograms/ESTFrKrmus.m
./octavePrograms/spESTframe16WFI.m
./octavePrograms/spESTframe27WFI.m
./octavePrograms/spESTframe38WFI.m
./octavePrograms/spESTframe49WFI.m
./octavePrograms/spESTframe50WFI.m
./octavePrograms/spESTframe3hinge1WFI.m

C.1 Programs for first-order analysis

Called functions:
LaheFrameDFIm.m,
Sisejoud Punktism.m.

Program C.17 (spESTframe3hingelNQM.m)*!
internal forces of a three-hinged frame.
Called functions:
LaheFrame3hinge NQM.m
Sisejoud3LraamiPnktism.m.

Program C.18 (spESTframe3hinge2NQM.m)**
internal forces of a three-hinged frame.
Called functions:
LaheFrameShingeNQM.m
Sisejoud3LraamiPnktism.m.

Program C.19 (spESTframe3hinge3NQM.m)*
internal forces of a three-hinged frame.
Called functions:
LaheFrameShingeNQM.m
Sisejoud3LraamiPnktism.m.

Program C.20 (spESTframe3hinge4ANQM.m)*
internal forces of a three-hinged frame.
Called functions:
LaheFrameShingeNQM.m
Sisejoud3LraamiPnktism.m.

Program C.21 (spESTframe3hinge5NQM.m)"*
internal forces of a three-hinged frame.
Called functions:
LaheFrame3hingeNQM.m
Sisejoud3LraamiPnktism.m.

Program C.22 (spESTframe3hinge6NQM.m)*°
internal forces of a three-hinged frame.
Called functions:
LaheFrame3hingeNQM.m
Sisejoud3LraamiPnktism.m.

41
42
43
44
45
46

./octavePrograms/spESTframe3hinge1NQM.
./octavePrograms/spESTframe3hinge2NQM.
./octavePrograms/spESTframe3hinge3NQM.
./octavePrograms/spESTframe3hinge4NQM.
./octavePrograms/spESTframe3hinge5NQM.
./octavePrograms/spESTframe3hinge6NQM.

8 88 B B8 B

20

20

20

20

20

20

18

18

18

18

18

18

used

used

used

used

used

used

to

to

to

to

to

to

compute

compute

compute

compute

compute

compute

29

the

the

the

the

the

the


./octavePrograms/spESTframe3hinge1NQM.m
./octavePrograms/spESTframe3hinge2NQM.m
./octavePrograms/spESTframe3hinge3NQM.m
./octavePrograms/spESTframe3hinge4NQM.m
./octavePrograms/spESTframe3hinge5NQM.m
./octavePrograms/spESTframe3hinge6NQM.m
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Program C.23 (spESTframe3hinge7TNQM.m)*" 20 - is used to compute the
internal forces of a three-hinged frame.
Called functions:

LaheFrame3hingeNQM.m

Sisejoud3LraamiPnktism.m.

Program C.24 (spESTframe3hingeSNQM.m)* 20 - is used to compute the
internal forces of a three-hinged frame.
Called functions:

LaheFrameShinge NQM.m

Sisejoud3LraamiPnktism.m.

Program C.25 (spESTframe3hinge9NQM.m)" 20 - is used to compute the
internal forces of a three-hinged frame.
Called functions:

LaheFrame3hinge NQM.m

Sisejoud3LraamiPnktism.m.

Program C.26 (spESTframe3hingelONQM.m)*" 20 - is used to compute the
internal forces of a three-hinged frame.
Called functions:

LaheFrame3hingeNQM.m

Sisejoud3LraamiPnktism.m.

Function C.3 (LaheFrame3hingeNQM (Ntoerkts,esQkoormus,esFjoud,
sSolmF,tsolm,krdn,selem)) °' 59, 60 - is used to assemble and solve the bound-
ary problem equations of a statically determinate plane frame.
Called functions:

ESTSKrmus(zz, Li, Fjoud, gkoormus) *2,

InsertBtoA(A,I,J,IM,JN,B,M,N) >3,

spInsertBtoA (spA,ITv,IJv,spvF) °*,

spSisestaArv(spA,iv,jv,sv) >,

SpTeisendusMaatriks2z2D(NSARV,NEARV, VarrasN,krdn,selem) *,

SpTeisendusMaatriksD(NSARV,NEARV, VarrasN,krdn,selem) °7

47
48
49
50
51
52
53
54
55
56
57

./octavePrograms/spESTframe3hinge7NQM.m
./octavePrograms/spESTframe3hinge8NQM.m
./octavePrograms/spESTframe3hinge9NQM.m
./octavePrograms/spESTframe3hingel1ONQM.m
./octavePrograms/LaheFrame3hingeNQM.m
./octavePrograms/ESTSKrmus.m
./octavePrograms/InsertBtoA.m
./octavePrograms/spInsertBtoA.m
./octavePrograms/spSisestaArv.m
./octavePrograms/SpTeisendusMaatriks2x2D.m
./octavePrograms/SpTeisendusMaatriksD.m


./octavePrograms/spESTframe3hinge7NQM.m
./octavePrograms/spESTframe3hinge8NQM.m
./octavePrograms/spESTframe3hinge9NQM.m
./octavePrograms/spESTframe3hinge10NQM.m
./octavePrograms/LaheFrame3hingeNQM.m
./octavePrograms/ESTSKrmus.m
./octavePrograms/InsertBtoA.m
./octavePrograms/spInsertBtoA.m
./octavePrograms/spSisestaArv.m
./octavePrograms/SpTeisendusMaatriks2x2D.m
./octavePrograms/SpTeisendusMaatriksD.m
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Sp Teisendus UhikMaatriksOx1v(VarrasN) *°,

Sp Teisendus UhikMaatriks2z2(VarrasN) *,

Sp Teisendus UhikMaatriks(VarrasN) %,
VardadSolmesD(NSARV,NEARV,Solm,AB,ABB) °',
VardaPikkusD(NSARV,NEARV krdn,selem) %,
ylSfhlin(z) %3,

yspSlfhlin(x) **,

yspSlufmhvl () %,

yzSfzv(x,a,Fr,Fz) %,

y2Shqz(x,qz,q2) 7.

Function C.4 (Sisejoud3LraamiPnktism(VardaNr,X,AlgPar,lvarras,
esFjoud,esQkoormus,suurused)) ® 59, 60 - is used to compute the displacements
and internal forces of the element "VardaNr’ at v = X.
Called function:

ESTSKrmu(xz,Li, Fjoud,qkoormus) %.

Program C.27 (spESTbeam32LaheWFI.m)™ 25 - is used to compute the dis-
placements and internal forces of a beam.
Called functions:

LaheBeamDFI.m

Sisejoud TalaPunktis.m.

Function C.5 (LaheBeamDFI(baasi0,Ntoerkts,esQkoormus,esFjoud,
sSolmF tsolm,tSiire,krdn,selem)) ™' 61 - is used to assemble and solve the bound-
ary problem equations of a beam.
Called functions:
VardaPikkusT(NSARV,NEARV, krdn,selem) ™,
ysp Tlofmhvl (baasiO,z,l, GAr,EJ) ™,
ysp Tlfhlin(baasiO,x, GAr,EJ) ™,

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

./octavePrograms/SpTeisendusUhikMaatriksOxlv.m
./octavePrograms/SpTeisendusUhikMaatriks2x2.m
./octavePrograms/SpTeisendusUhikMaatriks.m
./octavePrograms/VardadSolmesD.m
./octavePrograms/VardaPikkusD.m
./octavePrograms/y1Sfhlin.m
./octavePrograms/yspS1lfhlin.m
./octavePrograms/yspSlvfmhvI.m
./octavePrograms/yzSfzv.m
./octavePrograms/yzShqz.m
./octavePrograms/Sisejoud3LraamiPnktism.m
./octavePrograms/ESTFrKrmus.m
./octavePrograms/spESTbeam32LaheWFI.m
./octavePrograms/LaheBeamDFI.m
./octavePrograms/VardaPikkusT.m
./octavePrograms/yspTlvifmhvI.m
./octavePrograms/yspTlfhlin.m


./octavePrograms/SpTeisendusUhikMaatriks0x1v.m
./octavePrograms/SpTeisendusUhikMaatriks2x2.m
./octavePrograms/SpTeisendusUhikMaatriks.m
./octavePrograms/VardadSolmesD.m
./octavePrograms/VardaPikkusD.m
./octavePrograms/ylSfhlin.m
./octavePrograms/yspSlfhlin.m
./octavePrograms/yspSlvfmhvI.m
./octavePrograms/yzSfzv.m
./octavePrograms/yzShqz.m
./octavePrograms/Sisejoud3LraamiPnktism.m
./octavePrograms/ESTFrKrmus.m
./octavePrograms/spESTbeam32LaheWFI.m
./octavePrograms/LaheBeamDFI.m
./octavePrograms/VardaPikkusT.m
./octavePrograms/yspTlvfmhvI.m
./octavePrograms/yspTlfhlin.m
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ESTtalaKrmus(baasi0,zz, Li, Fjoud, gkoormus, EI) ™,
yzTf(baasiO,z,a,F2 EJ)°,

yzThqz(baasiO,z,qz,EJ) 7,
VardadSolmesT(NSARV,NEARV,Solm,AB,ABB) ™,
Sp TeisendusUhikMaatriks1x0(VarrasN) ™,

Sp Teisendus UhikMaatriks2z2(VarrasN) ®°,

Sp ToeSiirde WvektorT(VarrasN) &',
SpToeSiirdeFiVektorT(VarrasN) 2,
ylTfhlin(baasi0,x, GAr,EJ) *,

spInsertBtoA (spA,Ilv,IJv,spvF) 5,
spSisestaArv(spA,iv,ju,sv) %,
InsertBtoA(A,I,J,IM,JN,B,M,N) %°.

Function C.6 (SisejoudTalaPunktis(VardaNr,X,AlgPar,lvarras,selem,
esFjoud,esQkoormus,suurused)) ® 61 - is used to compute the displacements and
internal forces of the element "VardaNr’ at r = X.
Called function:

ESTtalaKrmus.m

Function C.7 (ESTtalaKrmus(baasiO,xx,Li,Fjoud,gkoormus,EI))* 62 - is
used to compute the loading vector (q + F') for a continuous beam.
Called functions:

yzThqz(baasi0,x,qz,EJ) *,

yzTfzv(baasiO,z,a,Fz,EJ) .

Program C.28 (spESTGerberBeam1QM.m)"' 28 - is used to compute the inter-
nal forces of a Gerber beam.
Called functions:

75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
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91

./octavePrograms/ESTtalaKrmus.m
./octavePrograms/yzTfzv.m
./octavePrograms/yzThqz.m
./octavePrograms/VardadSolmesT.m
./octavePrograms/SpTeisendusUhikMaatriks1x0.m
./octavePrograms/SpTeisendusUhikMaatriks2x2.m
./octavePrograms/SpToeSiirdeWvektorT.m
./octavePrograms/SpToeSiirdeFiVektorT.m
./octavePrograms/ylTfhlin.m
./octavePrograms/spInsertBtoA.m
./octavePrograms/spSisestaArv.m
./octavePrograms/InsertBtoA.m
./octavePrograms/SisejoudTalaPunktis.m
./octavePrograms/ESTtalaKrmus.m
./octavePrograms/yzThqz.m
./octavePrograms/yzTfzv.m
./octavePrograms/spESTGerberBeam1QM.m


./octavePrograms/ESTtalaKrmus.m
./octavePrograms/yzTfzv.m
./octavePrograms/yzThqz.m
./octavePrograms/VardadSolmesT.m
./octavePrograms/SpTeisendusUhikMaatriks1x0.m
./octavePrograms/SpTeisendusUhikMaatriks2x2.m
./octavePrograms/SpToeSiirdeWvektorT.m
./octavePrograms/SpToeSiirdeFiVektorT.m
./octavePrograms/ylTfhlin.m
./octavePrograms/spInsertBtoA.m
./octavePrograms/spSisestaArv.m
./octavePrograms/InsertBtoA.m
./octavePrograms/SisejoudTalaPunktis.m
./octavePrograms/ESTtalaKrmus.m
./octavePrograms/yzThqz.m
./octavePrograms/yzTfzv.m
./octavePrograms/spESTGerberBeam1QM.m
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LaheGerberBeamQM.m
SsjoudGrbrTalaPnktis.m.

Program C.29 (spESTGerberBeam2QM.m)"* 28
nal forces of a Gerber beam.
Called functions:
LaheGerberBeamQM.m
SsjoudGrbrTalaPnktis.m.

Program C.30 (spESTGerberBeam3QM.m)"” 2§
nal forces of a Gerber beam.
Called functions:
LaheGerberBeamQM.m
SsjoudGrbrTalaPnktis.m.

Program C.31 (spESTGerberBeam4QM.m)"* 28
nal forces of a Gerber beam.
Called functions:
LaheGerberBeamQM.m
SsjoudGrbrTalaPnktis.m.

Program C.32 (spESTGerberBeam5QM.m)" 28
nal forces of a Gerber beam.
Called functions:
LaheGerberBeamQM.m
SsjoudGrbrTalaPnktis.m.

Program C.33 (spESTGerberBeam6QM.m)"® 2§
nal forces of a Gerber beam.
Called functions:
LaheGerberBeamQM.m
SsjoudGrbrTalaPnktis.m.

Program C.34 (spESTGerberBeam7QM.m)"" 28
nal forces of a Gerber beam.
Called functions:

LaheGerberBeamQM.m

SsjoudGrbrTalaPnktis.m.

./octavePrograms/spESTGerberBeam2QM.
./octavePrograms/spESTGerberBeam3QM.
./octavePrograms/spESTGerberBeam4QM.
./octavePrograms/spESTGerberBeam5QM.
./octavePrograms/spESTGerberBeam6QM.
./octavePrograms/spESTGerberBeam7QM.
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— 15 used to

— 15 used to

— 15 used to

— 15 used to

— 15 used to

— 15 used to
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compute the inter-

compute the inter-

compute the inter-

compute the inter-

compute the inter-


./octavePrograms/spESTGerberBeam2QM.m
./octavePrograms/spESTGerberBeam3QM.m
./octavePrograms/spESTGerberBeam4QM.m
./octavePrograms/spESTGerberBeam5QM.m
./octavePrograms/spESTGerberBeam6QM.m
./octavePrograms/spESTGerberBeam7QM.m
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Program C.35 (spESTGerberBeam8QM.m)” 28 - is used to compute the inter-
nal forces of a Gerber beam.
Called functions:

LaheGerberBeamQM.m

SsjoudGrbrTalaPnktis.m.

Program C.36 (spESTGerberBeam9QM.m)% 28 - is used to compute the inter-
nal forces of a Gerber beam.
Called functions:

LaheGerberBeamQM.m

SsjoudGrbrTalaPnktis.m.

Program C.37 (spESTGerberBeam10QM.m)' 28 -~ is used to compute the
internal forces of a Gerber beam.
Called functions:

LaheGerberBeamQM.m

SsjoudGrbrTalaPnktis.m.

Function C.8 (LaheGerberBeamQM (Ntoerkts,esQkoormus,esFjoud,
sSolmF,tsolm,krdn,selem)) '°! 63, 63 — is used to assemble and solve the boundary
problem equations of a statically determinate beam.
Called functions:
InsertBtoA(A,I,J,IM,JN,B,M,N) %,
spInsertBtoA (spA,ITv,IJv,spvF) 13,
spSisestaArv(spA,iv,juv,sv) 1%,
Sp Teisendus UhikMaatriks1x0( VarrasN) 1%°,
Sp Teisendus UhikMaatriks2x2(VarrasN) 1%,
VardadSolmesDT(NSARV,NEARV,Solm,AB,ABB "7
VardaPikkusDT(NSARV,NEARV krdn,selem) '°%,
ylSTfhlin(x) ',
yspSTifhlin(x) 17,
yspSTlfmhvl(z) ',

)

./octavePrograms/spESTGerberBeam8QM.m
./octavePrograms/spESTGerberBeam9QM.m
./octavePrograms/spESTGerberBeam10QM.m
./octavePrograms/LaheGerberBeamQM.m
./octavePrograms/InsertBtoA.m
./octavePrograms/spInsertBtoA.m
./octavePrograms/spSisestaArv.m
./octavePrograms/SpTeisendusUhikMaatriks1x0.m
./octavePrograms/SpTeisendusUhikMaatriks2x2.m
./octavePrograms/VardadSolmesDT.m
./octavePrograms/VardaPikkusDT.m
./octavePrograms/ylSTfhlin.m
./octavePrograms/yspST1lfhlin.m
./octavePrograms/yspSTlvifmhvI.m


./octavePrograms/spESTGerberBeam8QM.m
./octavePrograms/spESTGerberBeam9QM.m
./octavePrograms/spESTGerberBeam10QM.m
./octavePrograms/LaheGerberBeamQM.m
./octavePrograms/InsertBtoA.m
./octavePrograms/spInsertBtoA.m
./octavePrograms/spSisestaArv.m
./octavePrograms/SpTeisendusUhikMaatriks1x0.m
./octavePrograms/SpTeisendusUhikMaatriks2x2.m
./octavePrograms/VardadSolmesDT.m
./octavePrograms/VardaPikkusDT.m
./octavePrograms/ylSTfhlin.m
./octavePrograms/yspSTlfhlin.m
./octavePrograms/yspSTlvfmhvI.m
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yzSTfzv(x,a,Fz) 12,
yzSThqz(x,qz) 1.

Function C.9 (SsjoudGrbrTalaPnktis(VardaNr,X,AlgPar,lvarras,
esFjoud,esQkoormus,suurused)) ''* 65, 65 —is used to compute the displacements
and internal forces of the element "VardaNr’ at © = X.
Called function:

ESTSTKrmus.m

Function C.10 (ESTSTKrmus(xx,Li,Fjoud,gkoormus))''® 65 - is used to com-
pute the loading vector (q + F) for a Gerber beam.
Called functions:

yzSThqz(x,qz) 1",

yzSTf(x,a,Fz) 1.

Program C.38 (spESTtrussIN15WFIL.m)"''® 52 — is used to compute the displace-
ments and internal forces of a plane truss.
Called functions:

LaheTrussDFI1.m

Program C.39 (spESTtruss2N15WFIL.m)'"” 32 - is used to compute the displace-
ments and internal forces of a plane truss.
Called function:

LaheTrussDFI.m

Program C.40 (spESTtruss3N15WFI.m)'?’ 32 - is used to compute the displace-
ments and internal forces of a plane truss.
Called function:

LaheTrussDFI.m

Program C.41 (spESTtrussdaN15WFI.m)"?!' 52 — is used to compute the displace-
ments and internal forces of a plane truss.
Called function:

LaheTrussDFI1.m

112
113
114
115
116
117

./octavePrograms/yzSTfzv.m
./octavePrograms/yzSThqz.m
./octavePrograms/SsjoudGrbrTalaPnktis.m
./octavePrograms/ESTSTKrmus .m
./octavePrograms/yzSThqz.m
./octavePrograms/yzSTfzv.m

18 /octavePrograms/spESTtruss1N15WFI.
19 /octavePrograms/spESTtruss2N15WFI.
120 /octavePrograms/spESTtruss3N15WFI.
121 /octavePrograms/spESTtruss4N15WFT.
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./octavePrograms/yzSTfzv.m
./octavePrograms/yzSThqz.m
./octavePrograms/SsjoudGrbrTalaPnktis.m
./octavePrograms/ESTSTKrmus.m
./octavePrograms/yzSThqz.m
./octavePrograms/yzSTfzv.m
./octavePrograms/spESTtruss1N15WFI.m
./octavePrograms/spESTtruss2N15WFI.m
./octavePrograms/spESTtruss3N15WFI.m
./octavePrograms/spESTtruss4N15WFI.m
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Program C.42 (spESTtruss5N15WFI.m)'?* 32 — is used to compute the displace-
ments and internal forces of a plane truss.
Called function:

LaheTrussDFI.m

Program C.43 (spESTtruss6N15WFI.m)'* 32 — is used to compute the displace-
ments and internal forces of a plane truss.
Called function:

LaheTrussDFI.m

Program C.44 (spESTtruss7TN15WFIL.m)'** 32 - is used to compute the displace-
ments and internal forces of a plane truss.
Called function:

LaheTrussDFI.m

Program C.45 (spESTtruss8N15WFI.m)'? 32 - is used to compute the displace-
ments and internal forces of a plane truss.
Called function:

LaheTrussDFI.m

Program C.46 (spESTtruss9N15WFI.m)'*® 32 - is used to compute the displace-
ments and internal forces of a plane truss.
Called function:

LaheTrussDFI.m

Program C.47 (spESTtruss10N15WFIL.m)'*" 32 - is used to compute the dis-
placements and internal forces of a plane truss.
Called function:

LaheTrussDFI.m

Function C.11
(LaheTrussDFI(baasiO,Ntoerkts,sSolmF,tsolm, tSiire,krdn,selem)) '** 65, 65
— is used to assemble and solve the boundary problem equations for a truss.
Called functions:
VardaPikkus Tr(NSARV,NEARV krdn,selem) %,
yspSRmhvl(baasi0,x,EA) 3",

122 /octavePrograms/spESTtruss5N15WFI.
123 /octavePrograms/spESTtruss6N15WFI.
124 /octavePrograms/spESTtruss7N15WFI.
125 /octavePrograms/spESTtruss8N15WFT.
126 | /octavePrograms/spESTtruss9N15WFI.
127 /octavePrograms/spESTtruss10ON15WFI.m
128 ' /octavePrograms/LaheTrussDFI.m

129 /octavePrograms/VardaPikkusTr.m

130 /octavePrograms/yspSRmhvI.m
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./octavePrograms/spESTtruss5N15WFI.m
./octavePrograms/spESTtruss6N15WFI.m
./octavePrograms/spESTtruss7N15WFI.m
./octavePrograms/spESTtruss8N15WFI.m
./octavePrograms/spESTtruss9N15WFI.m
./octavePrograms/spESTtruss10N15WFI.m
./octavePrograms/LaheTrussDFI.m
./octavePrograms/VardaPikkusTr.m
./octavePrograms/yspSRmhvI.m
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yspSRhlin(baasiO,z,EA) ',
VardadSolmesTr(NSARV,NEARV,Solm,AB,ABB) '*?,

Sp TeisendusMaatriks Tr2z2(NSARV,NEARV, VarrasN, krdn,selem) 133,
SpTeisendusMaatriks Tr2z1(NSARV,NEARV, VarrasN,krdn,selem) '3,
Sp Teisendus UhikMaatriksOz1v(VarrasN) '3,

Sp Teisendus UhikMaatriks2x2(VarrasN) %9,

SpToeSiirde Uvektor Tr(NSARV,NEARV, VarrasN, krdn,selem) **7,

Sp ToeSiirde Woektor Tr(NSARV,NEARV, VarrasN,krdn,selem) '3,
spInsertBtoAvect(spA,IM,JN,spB) '3,

spInsertBtoA (spA,Ilv,IJv,spvF) 119,

spSisestaArv(spA,iv,jv,sv) 11,

InsertBtoA(A,I,J,IM,JN,B,M,N) '*2.

Program C.48 (spESTtruss1N27.m)'" 56 - is used to compute the internal forces
of a plane truss.
Called functions:

spSisestaArv.m
spInsertBtoA.m.

Program C.49 (spESTtruss2N27.m)""! 56 — is used to compute the internal forces
of a plane truss.
Called functions:

spSisestaArv.m
spInsertBtoA.m.

Program C.50 (spESTtruss3N27.m)'"° 36 - is used to compute the internal forces
of a plane truss.
Called functions:

spSisestaArv.m
spInsertBtoA.m.

131
132
133
134

136
137
138
139
140
141
142
143
144
145

./octavePrograms/yspSRhlin.m
./octavePrograms/VardadSolmesTr.m
./octavePrograms/SpTeisendusMaatriksTr2x2.m
./octavePrograms/SpTeisendusMaatriksTr2x1.m
./octavePrograms/SpTeisendusUhikMaatriksOxlv.m
./octavePrograms/SpTeisendusUhikMaatriks2x2.m
./octavePrograms/SpToeSiirdeUvektorTr.m
./octavePrograms/SpToeSiirdeWvektorTr.m
./octavePrograms/spInsertBtoAvect.m
./octavePrograms/spInsertBtoA.m
./octavePrograms/spSisestaArv.m
./octavePrograms/InsertBtoA.m
./octavePrograms/spESTtrussiN27.m
./octavePrograms/spESTtruss2N27.m
./octavePrograms/spESTtruss3N27.m


./octavePrograms/yspSRhlin.m
./octavePrograms/VardadSolmesTr.m
./octavePrograms/SpTeisendusMaatriksTr2x2.m
./octavePrograms/SpTeisendusMaatriksTr2x1.m
./octavePrograms/SpTeisendusUhikMaatriks0x1v.m
./octavePrograms/SpTeisendusUhikMaatriks2x2.m
./octavePrograms/SpToeSiirdeUvektorTr.m
./octavePrograms/SpToeSiirdeWvektorTr.m
./octavePrograms/spInsertBtoAvect.m
./octavePrograms/spInsertBtoA.m
./octavePrograms/spSisestaArv.m
./octavePrograms/InsertBtoA.m
./octavePrograms/spESTtruss1N27.m
./octavePrograms/spESTtruss2N27.m
./octavePrograms/spESTtruss3N27.m
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Program C.51 (spESTtruss4aN27.m)' 56 - is used to compute the internal forces
of a plane truss.
Called functions:

spSisestaArv.m

spInsertBtoA.m.

Program C.52 (spESTtrussbN27.m)"" 36 - is used to compute the internal forces
of a plane truss.
Called functions:

spSisestaArv.m

spInsertBtoA.m.

Program C.53 (spESTtruss6N27.m)"® 56 - is used to compute the internal forces
of a plane truss.
Called functions:

spSisestaArv.m

spInsertBtoA.m.

Program C.54 (spESTtruss7N27.m)'" 56 — is used to compute the internal forces
of a plane truss.
Called functions:

spSisestaArv.m

spInsertBtoA.m.

Program C.55 (spESTtruss8N27.m)"" 56 - is used to compute the internal forces
of a plane truss.
Called functions:

spSisestaArv.m

spInsertBtoA.m.

Program C.56 (spESTtruss9N27.m)"" 36 - is used to compute the internal forces
of a plane truss.
Called functions:

spSisestaArv.m

spInsertBtoA.m.

Program C.57 (spESTtruss10N27.m)'"? 36 - is used to compute the internal
forces of a plane truss.

146
147
148
149
150
151
152

./octavePrograms/spESTtruss4N27.
./octavePrograms/spESTtruss5N27.
./octavePrograms/spESTtruss6N27.
./octavePrograms/spESTtruss7N27.
./octavePrograms/spESTtruss8N27.
./octavePrograms/spESTtruss9N27.
./octavePrograms/spESTtruss10N27.m
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./octavePrograms/spESTtruss4N27.m
./octavePrograms/spESTtruss5N27.m
./octavePrograms/spESTtruss6N27.m
./octavePrograms/spESTtruss7N27.m
./octavePrograms/spESTtruss8N27.m
./octavePrograms/spESTtruss9N27.m
./octavePrograms/spESTtruss10N27.m
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Called functions:
spSisestaArv.m
spInsertBtoA.m.

Program C.58 (spSisestaArv(spA,iv,jv,sv))'"® 68 - inserts the number sv into
sparse matriz spA, starting at row index v and column index juv.

Program C.59 (spInsertBtoA (spA,IM,JN,spB))"" 68 - inserts sparse matriz
spBinto sparse matrixz spA, starting at row index IM and column index JN. Overlapping
elements of matrices spA and spB were added together.

Program C.60 (InsertBtoA(A,I,J,IM,JN,B,M,N))"® 57 —inserts matriz B (di-
mensions M, N) into matriz A (dimensions I, J) starting at row index IM and column
index JN.

153 ' /octavePrograms/spSisestaArv.m
154 /octavePrograms/spInsertBtoA.m
155 /octavePrograms/InsertBtoA.m


./octavePrograms/spSisestaArv.m
./octavePrograms/spInsertBtoA.m
./octavePrograms/InsertBtoA.m

70
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