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Optimal Design of Structures with Forces Subjected

to the Change of Their Direction

By Yukio Kikuta™ and Kunihito Matsur™*

Synopsis: Authors will present a method to find an optimum design of structures under the condition of force

free to change its direction. Wind, tidal, and seismic load are dynamic in nature, but replaced by equivalent static

force. And their input direction to structures changes from case to case. However on designing a structure, its safe-
ty 1s checked only in few discrete directions, which lead to negative side in terms of structural safety.

The proposal approach overcomes the shortcomings of current design practice.
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Fig. 2 Ten Member Truss

Table 1 Constraint Sets

— T

Constraint set 1

allowable compressive stress g.,=137.3 MPa {1400 kgf/cm*}
allowable tensile stress g,,=137.3 MPa {1400 kgt /em®}
allowable buckling stress o.. = Euler buckling stress/1.7
gage size b,=0.1 cm’

Constraint set 2
allowable compressive stress g.,=137.3 MPa {1400 kgf/cm’}
allowable tensile stress g,.,=137.3 MPa {1400 kef/cm®}
allowable buckling stress g, = Euler buckling stress/1.7
gage size b,=0.1 cm”
allowable displacements +0.5 cm in x-direction

* 1.5 cm in y-direction




88

+ & K &F T

FHE A B F2E

(1988)

Table 2 Optimum of Ten Member Truss (Constraint set 1)

. . 9
Optimum areas in cm

Member

number Case 1 Case 2 Case 3 Case 4 Case 5

1 30.27 30.13 30.29 32.49 32.72

2 15.28 14.77 7.41 10.80 10.36

3 29.27 24.71 24.55 22.46 16.96

4 19.07 15.77 19.11 18.11 15.59

5 10.22 11.29 7.60 0.22 0.10

6 15.28 14.77 7.41 10.80 10.36

7 27.43 27.87 27.40 18.83 17.70

8 30.30 23.16 15.35 22.09 21.99

9 32.08 32.84 38.98 36.62 36.98

10 25.32 17.18 1.88 3.99 3.67

Optimum mass in kg
1329 1198 1011 990 941
Natural frequencies 1in Hz

Ist 27.31 27.15 28.17 27.83 27.31

2nd 70.49 71.42 74.85 58.89 56.00
2) OWT, HIELS ¥ — A L b R/DMNEER ZT-7. SMIEDERBRIE A L OREMR% Fig. 312 d, Z
HFIRM 1 OB EOREM % Table 212777, ZOHR OROLHEKIZHE -1\ IC e 2 RAEMES RIHHEH
R4 E, MECIEFREENLLLICONT, R/INEE JERRALBZIEL, M3 BIV 4 IFIEREIHBT
(ML T%, ERFHMOTMICTIORKNERS LT EFHH, BODOTMIBELHFNTEEZ > T 5B
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3 L 4 ITEEREIG
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Table 3 Ten Member Truss; Maximum and Minimum of Stresses,

Member Case 1 Case 2
umber gx, @ gi,  a® o One @7 om, @ of
1 100.4 —90.0 —100.5 87.9 —100.5 66.9 —45.0 —100.1 87.0 —100.1
2 49.3 —90.0 —50.8 76.1 —50.8 23.5 —45.0 —49.1 73.6 —49.1
3 115.5 57.3 —97.2 —90.0 —97.2 137.3 7.9 —30.6 —45.0 —82.1
4 112.6 34.2 —63.4 —90.0 —63.4 137.3 35.8 22.0 —45.0 —52.4
5 12.8 90.0 —339 —22.1 —339 19.2 90.0 —37.5 —30.8 —37.5
6 49.3 —90.0 —50.8 76.1 —50.8 23.5 —45.0 —49.1 73.6 —49.1
7 46.1 —81.3 —45.5 90.0 —45.6 38.4 —45.0 —46.3 90.0 —46.3
8 50.7 829 —50.3 —90.0 —50.3 64.8 81.4 —38.5 —45.0 —38.5
9 53.9 —81.2 —53.3 90.0 —53.3 448 —45.0 —54.5 90.0 —54.5
10 43.3 76.1 —42.1 —90.0 —42.1 59.7 73.6 —28.5 —45.0 —28.5
Remarks: *1 unit in MPa *2 unit 1n degree

*3

Euler buckling stress divided by safety factor of 1.7 unit in MPa



EEHEOREY ZT 2 BEN O BB 89

l 37.3 l_'_" — m—— o, - 0 - — e e —e —a
Member 4
\
10.0} -

-

o

"EJ” Member 3

= Member 9 Member 10 /—A

50.0 _,

> |
a
>
A= __
8 = /
” |
_q‘g ' Member 7
= Member 2
>

-

o 50.0F (J ()

2 Member 5 / ~

o Member 6

=

O

.

—10.0F Member l/ O —
O indicates the design point '
—137.3 b———— 1 - l - . 1 - 1 —
=45 0 45 90 —45 0 45 90
Chord Member Web Member

Angle a 1n degree

Fig. 3 Influence Line for Member Stress

5b iZ7~$, Table2 & Table 4 % B3 4iE, 5E# 1,3 HE, BIABMEKIE A2 TVt Tuw 5
BLON4 L, BEM8 LT, BUEHHELERHETAHD Dy, IBTEIFNIN L O DEM TERIL D D,
?L_%L pu_ﬁﬁ L'CL E) Table Sa?oJZU\Table 5b %Jﬁu

and Their Corresponding Load Direction (Constraint set 1)

Case 3 Case 4 Case 5

Orax @ o, & oY Orax &% om, @ af ¥ o
—35.0 0.0 —100.5 87.2 —100.6 —76.3 45.0 —107.9 90.0 —107.9 —108.6 —108.7
—35.5 0.0 —24.6 77.1 —24.6 —26.6 45.0 —35.9 87.0 —35.9 —34.4 —34.4
137.3 57.5 73.7 0.0 —81.5 137.3 50.5 105.9 90.0 —74.6 137.3 —56.3
137.2 42.9 93.4 90.0 —63.4 137.3 45.0 87.0 90.0 —60.1 103.0 —51.8
92.6 90.0 —25.3 0.0 —25.3 137.3 90.0 35.0 45.0 —0.7 117.6 —0.3
—5.5 0.0 —24.6 77.1 —24.6 —26.6 45.0 —35.9 87.0 —35.9 —34.4 —34.4
7.8 0.0 —45.5 90.0 —45.5 —22.2 45.0 —31.3 89.8 —31.3 —29.4 -—29.4
100.5 82.0 13.9 0.0 —23.5 98.9 90.0 69.9 45.0 —36.7 102.5 —36.5
1.5 0.0 —64.7 90.0 —064.7 —42.5 45.0 —60.8 90.0 —60.8 —61.4 —61.4

137.2 77.1 30.7 0.0 —3.1 137.3 87.0  102.0 45.0 —6.6 137.3 —6.1
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Table 4 Optimum of Ten Member Truss (Constraint set 2)
Member Optimum areas in cm®
number Case 1 Case 2 Case 3 Case 4 Case 3
1 37.11 42.01 56.09 59.05 59.83
2 14.53 13.96 1.62 1.71 1.71
3 37.16 41.27 37.43 29.54 26.37
4 26.56 24.82 32.95 35.83 31.52
3 9.40 10.82 5.97 0.10 0.10
6 14.53 13.96 1.62 1.71 1.71
7 27.09 28.33 17.87 4.18 4.09
8 30.61 23.56 37.44 44.66 44.52
9 32.91 33.63 41.77 44.76 44 .59
10 24.24 17.35 0.10 0.10 0.10
Optimum mass in kg 1421 1376 1286 1227 1193
Natural frequencies in Hz
Ist 28.43 29.25 34.25 30.86 31.63
2nd 74.29 80.350 81.23 39.50 40.47
Table hba Ten Member Truss; Maximum and Minimum of Stresses,
Member Case ] Case 2
number ol 2 o*l a*? a*? O max a*t e a*’ g, *
1 82.5 —90.0 —82.5 88.0 —123.3 485 —450 —71.0 88.1 —135.9
2 47.5 —90.0 —48.3 79.5 —48.3 25.3 —45.0 —46.4 78.1 —46.4
3 90.8 56.7 —76.0 —90.0 —123.4 83.6 57.3 —17.8 —450 —137.1
4 84.0 34.7 —47.9 —90.0 —88.2 91.0 36.0 14.2 —45.0 —82.4
5 18.3 90.0 —31.2 —35.8 —31.2 28.8 90.0 —356 —450 —35.6
6 47.5 —90.0 —48.3 79.5 —48.3 2.3 —45.0 —46.4 78.1 —46.4
7 45.3 —82.8 —45.0 90.0 —45.0 36,7 —45.0 —47.0 90.0 —47.0
8 51.1 84.3 —50.8 —90.0 —50.8 61.4 84.6 —39.1 —45.0 —39.1
9 549 —84.2 —54.6 90.0 —54.6 43,5 —450 —55.8 90.0 —55.8
10 40.9 79.5 —40.2 —90.0 —40.2 52.8 78.1 —28.8 —450 —28.8
Remarks: *1 unit in MPa *2 unit in degree *3 Euler buckling stress divided by safety factor of 1.7 unit in MPa
Table 5b Ten Member Truss; Maximum and Minimum of Displacements,
Node Displacement Case 1 Case 2
number limit in cm o%1 o %2 ox a*? Oman a*? ot a*?
| ul *£0.500 0.379 —90.0 —(.380 84.8 0.215 —45.0 —0.341 84.2
vi +1.500 1.360 75.7 —1.318 —90.0 1.365 75.9 —0.701 —45.0
) u2 =£0.500 0.500 46.2 —(0.361 —90.0 0.500 46.2 —0.010 45.0
v2 =+£1.500 1.500 76.1 —1.456 —90.0 1.500 76.1 —(0.774 —45.0
5 u3 +£0.500 0.240 —90.0 —0.240 88.0 0.141 —45.0 —0.207 88.1
vd £1.500 0.538 85.9 —0.536 —90.0 0.565 80.9 —0.369 —45.0
. ué +0.500 0.265 56.7 —0.221 —90.0 0.244 57.3  —0.052 —45.0
v4 0.496 —(.483 —90.0 77.8  —0.266 —45.0

+1.500 77.0 0.490

Remarks: *1 unit 1n cm

*2 unit in degree
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{20.0 tf} DK ZE I DN N ET A
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e COBEMOBERBIIZKRD 4 5 — A ZDONTIT -

4 L 7 {F

L TW 5,

RERB LT, 4FMize 71— i BEI N T b, T
bbb I ORBILHBCIL6EORIEERELH 5,

Table 1 T HFEE1 LI b ORIBECER I,
BT Table6 IR &N T\ 5, FTHEOBY, HES
¥ 1,2,8,13,14, 3L O'151%, ¥ —A1KBIO» — A3

196.1 kN

72 DBEIXF LT, ¥—A2EB IOy — A 4 T WIE
r—21: 0°<a,;=120° MHELIEMLTW5, REFERTROEEFR LA D
ay= 90° 5He, BRINBEIKZLS-TWE, ZOBEHD 1K
r—22: 0°<a;=120° DB EIREIF & 2 ROBIEIREIZL & D3—F LT 5 DiE
0°<a,=180° BRI & Th D, BRINTINZ DL 57a &1 7DOH
r—2A3:—180"<a,;<180° ST ERT5 &, BEicERS 2T EEbR S,
a;= 90° BEEMOBKILTIE X ORI, [T 2 RER
r—A4:—180°<a,=180° BHABADOEE & 41 Table 7-Table 10I=~T, = D&
0°=a,=180° BaHBE, BHEM I —-FThie L 1 ML ER
ZZT, ay i xyFHEICEEINRICAHANDE xlihd DT AFB ST TR D, TXTOEHM 7L —
THTHY, a INNExE@WEOLTHTHID, BIF 1EBEBIEHDTRIIIATVS, 7, REME HRE

and Their Corresponding Load Directions (Constraint set 2)

i

Case 3 Case 4 Case 5
0.*1 &*2 a.*l &*2 0.*3 0.*1 &*2 0.*1 &*2 0.*3 0*1 0.*3
—2.1 0.0 —63.3 88.1 —186.3 —46.8 45.0 —66.1 89.9 —196.1 —65.2 —198.7
—0.8 0.0 —3.4 81.1 —J3.4 —3.9 45.0 —b5.7 90.0 —5.7 —5.7 — 5.7
79.5 51.7 49.3 0.0 —124.3 94,3 45.4 67.1 90.0 ~98.1 75.1 —87.6
84.0 44.9 29.3 90.0 —109.4 77.2 45.0 54.5 90.0 —119.0 61.9 —104.7
61.4 90.0 —19.8 0.0 —19.8 108.0 90.0 33.0 45.0 —0.3 99.9 —0.3
—0.8 0.0 —J.4 81.1 —5.4 —3.9 45.0 — 3.7 90.0 —5.7 —5.7 —5.7
9.3 0.0 —29.7 90.0 —29.7 —3.4 45.0 —6.9 90.0 —6.9 —6.8 —6.8
60.1 85.8 4.4 0.0 —62.2 61.5 89.8 43.6 45.0 —74.2 61.7 —73.9
0.0 0.0 —066.1 90.0 —69.4 —43.6 45.0 —61.7 90.9 —74.8 —61.9 —74.0
122.6 81.1 18.9 0.0 —0.2 137.2 90.0 94.8 45.0 —0.2 137.1 —0.2
and Their Corresponding Load Directions (Constraint set 2)
Case 3 Case 4 Case 5
ok, am o, aw sg. am om a® o*
—(.008 0.0 —0.200 87.6 —0.1438 —435.0 —0.209 90.0 —0.207
1.484 76.3 0.352 0.0 1.483 76.2 1.269 45.0 1.483
0.475 48.2 0.317 0.0 0.500 45.1 0.354 90.0 0.399
1.500 76.3 0.354 0.0 1.499 76.3 1.280 45.0 1.499
—0.006 0.0 —0.184 88.1 —(0.136 45.0 —0.193 89.9 —0.190
0.534 86.6 0.032 0.0 0.551 89.8 0.390 45.0 0.549
0.232 51.7 0.144 0.0 0.275 45 .4 0.195 90.0 0.219
0.366 75.8 0.090 0.0 52.6 0.236 0.259

0.297

90.0
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Table 6 Optimum of T'wenty-four Member Truss

Optimum areas in cm?

n(l}lg_:lblgr Member numbers
Case 1 Case 2 Case 3 Case 4
1 1,2,3 35.52 40.10 35.44 39.87
2 4,5,6,7,8,9 49 .17 49.05 49.17 49.06
3 10,11,12 12.78 12.97 13.51 15.07
4 13,14,15 20.85 26.16 20.77 25.97
5 16,17,18,19,20,21 36.27 36.36 36.25 36.31
6 22.23,24 14.73 14.79 14.78 14.89
Optimum mass in kg 4600 4742 4608 4766

Natural frequencies 1n Hz
1st 19.95 20.41 19.94 20.39
2nd 19.95 20.41 19.94 20.39
Remarks: *1 unit in MPa *2 unit in degree

*3  Euler buckling stress divided by safety factor of 1.7 unit in MPa



EEFH P OREBEY T HHEE

W D3

|l

=]

Qi

93

Table 7 Twenty-four Member Truss; Maximum and Minimum of Stresses, and Their Corresponding Load Directions

(Case 1)
Maximum Minimum
Group Member o %3
number number cr
a*] al*Q 0-*1 &1*2
1 59.0 120.0 —118.0 0.0 —118.0
1 2 53.0 0.0 —104.9 120.0
3 104.9 59.6 51.9 120.0
4 49.9 120.0 —37.5 0.0 —81.7
5 27.7 0.0 —81.6 109.8
) 6 15.9 0.0 —7.9 120.0
7 15.9 0.0 —7.9 120.0
8 81.6 70.2 27.7 0.0
9 —12.5 120.0 —52.0 43.9
10 46.3 11.1 —15.0 120.0 —42.4
3 11 21.2 120.0 —42.5 0.0
12 45.4 0.0 —30.4 120.0
13 34.6 120.0 —69.2 0.0 —69.2
4 14 20.2 0.0 —34.8 120.0
15 35.0 54.8 14.7 120.0
16 28.1 120.0 —16.0 0.0 —60.2
17 28.1 0.0 —60.2 117.8
; 18 0.2 120.0 —0.4 0.0
19 0.2 120.0 —0.4 0.0
20 60.2 62.2 28.1 0.0
21 12.1 120.0 —28.2 55.4
22 27.9 0.0 —48.9 120.0 —48.9
6 23 0.6 0.0 —0.3 120.0
24 49.1 55.4 21.1 120.0

Remarks: *1 unit in MPa

*2 unit in degree
*3  FEuler buckling stress divided by safety factor of 1.7 unit in MPa
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Table 8 Twenty-four Member Truss; Maximum and Minimum of Stresses, and Their Corresponding Load Directions

(Case 2)
Maximum Minimum
Group  Member .
number number Ocr
g¥*1 &1*2 &2*2 g1 &1*2 &2*2

1 96.7 120.0 33.1 —133.2 0.0 127.5 —133.2
1 2 48.0 0.0 98.1 —94 .4 120.0 85.9
3 094 .4 59.7 94.1 —6.8 59.7 0.0

4 51.7 120.0 79.1 —38.1 0.0 104.8 —81.5
5 30.1 0.0 71.1 —81.4 110.6 96.9
) 6 14.7 0.0 97.5 —7.5 120.0 75.3
7 14.7 0.0 97.5 —7.5 120.0 75.3
8 81.4 69.4 83.1 9.7 0.0 180.0
9 9.7 45.4 0.0 —53.4 45.4 100.5

10 54.6 6.6 130.2 —38.9 120.0 25.2 —43.1
3 11 37.5 0.0 99.1 19.4 120.0 72.3
12 54 .4 0.0 130.4 —43.1 120.0 35.2

13 71.7 120.0 23.3 —86.9 0.0 139.3 —86.9
4 14 16.4 0.0 104.6 —28.2 120.0 81.5
15 28.3 55.4 08.4 —4.1 55.4 0.0

16 28.3 120.0 80.6 —15.9 0.0 106.9 —060.4
17 29.2 0.0 80.9 —60.4 118.6 94 .4
: 18 0.6 120.0 131.9 —1.0 0.0 65.8
19 0.6 120.0 131.9 —1.0 0.0 65.8
20 60.4 61.4 85.6 —4.6 0.0 180.0
21 4.6 120.0 0.0 —28.3 56.9 99.4

22 27.7 0.0 106.9 —49.1 120.0 80.6 —49.1
6 23 1.7 0.0 65.8 —1.1 120.0 131.9
24 49,2 56.9 99.4 —8.0 56.9 0.0

Remarks: *1

unit in MPa

*2 unit in degree
*3  Euler buckling stress divided by safety factor of 1.7 unit in MPa
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Table 9 Twenty-four Member Truss; Maximum and Minimum of Stresses, and Their Corresponding Load Directions

(Case 3)
Maximum Minimum
Group Member g *3
number number cr
O-*l &1*2 a*l &1*2
1 117.7 —180.0 —117.7 0.0 —117.7
1 2 105.0 —59.6 —105.0 120.4
3 105.0 59.6 —105.0 —120.4
4 52.1 136.4 —52.1 —43.6 —81.7
9 81.6 —70.4 —81.6 109.6
) 6 16.2 0.0 —16.2 —180.0
7 16.2 0.0 —16.2 —180.0
8 81.6 70.4 —81.6 —109.6
9 52.1 —136.4 —52.1 43.6
10 44 9 11.1 —44 9 —168.9 —44 9
3 11 41.4 —180.0 —41.4 0.0
12 44 9 —11.1 —44 .9 168.9
13 69.0 —180.0 —69.0 0.0 —69.0
4 14 35.1 —54.8 — 35.1 125.2
15 35.1 54 .8 —35.1 —125.2
16 28.3 125.0 —28.3 —55.0 —60.2
17 60.2 —62.3 —60.2 117.7
. 18 0.2 —180.0 — (.2 0.0
19 0.2 —180.0 —0.2 180.0
20 60.2 —62.3 —60.2 117.7
21 28.3 —125.0 —28.3 55.0
22 49,1 —55.0 —49 1 125.0 —49.1
6 23 0.3 0.0 —0.3 —180.0
24 49.1 55.0 —49.1 —125.0

- . L

Remarks: *1 unit in MPa

N g

*2 unit 1n degree
*3 Euler buckling stress divided by safety factor of 1.7 unit in MPa
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Table 10 Twenty-four Member Truss; Maximum and Minimum of Stresses, and Their Corresponding Load Directions

(Case 4)
Maximum Minimum
Group Member g k3
number number °r
ok i, a,*? g*! &, *2 a,*?
1 132.4 —180.0 52.6 —132.4 0.0 127.4 —132.4
1 2 04.8 —59.7 94.3 —04.8 120.3 85.7
3 94.8 59.7 94..3 --04 .8 —120.3 85.7
4 53.8 135.2 79.0 —53.8 —44 8 101.0 —81.5
5 81.4 -69.9 82.7 —81.4 110.1 97.3
) 6 15.4 0.0 97.9 —15.4 —180.0 82.1
7 15.4 0.0 97.9 —15.4 —180.0 82.1
8 81.4 69.9 82.7 —81.4 —110.1 97.3
9 53.8 —135.2 79.0 —53.8 44 .8 101.0
10 50.1 6.7 130.1 —50.1 —173.3 49.9 —50.1
3 i1 34.9 —180.0 80.5 —34 .9 0.0 99.5
12 50.1 —6.7 130.1 —50.1 173.3 49.9
13 86.2 —180.0 40.5 —86.2 0.0 139.5 —86.2
4 14 28.5 —55.4 99.0 —28.5 124.6 81.0
15 28.5 55.4 99.0 —28.5 —124.6 81.0
16 28.7 123.9 79.9 —28.7 —56.1 100.1 —60.3
17 60.3 —61.8 85.2 —60.3 118.2 94.8
18 0.7 —180.0 142.2 —0.7 0.0 37.8
5
19 0.7 —180.0 142.2 —0.7 0.0 37.8
20 60.3 61.8 85.2 —60.3 —118.2 94.8
21 28.7 —123.9 79.9 —28.7 56.1 100.1
22 49.5 —56.1 100.1 —49.5 123.9 79.9 —49.5
6 23 1.2 0.0 37.8 —1.2 —180.0 142.2
24 49.5 56.1 100.1 —49.5 —123.9 79.9

Remarks: *1 unit in MPa

*2 unit 1n degree
*3 Euler buckling stress divided by safety factor of 1.7 unit in MPa
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Group number

Optimum areas in cm?

Member numbers

Case 1 Case 2 Case 3

1 1 66.15 63.44 9.96

2 2,3,4,5 93.14 93.61 50.22

3 6,7,8,9 95.41 85.19 81.17

4 10,11,12,13 5.50 4.86 7.05

5 14,15,16,17 31.42 30.83 27.95

6 18,19,20,21 47.01 41.64 42 .45

7 22,23,24,25 143.78 136.72 99.73

Optimum mass in kg 5407 5110 3937
Natural frequencies in Hz

1st 63.85 63.80 68.32

2nd 67.42 67.25 73.93

Fig. 5 Twenty-five Member Truss
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Table 12 Twenty—five Member Truss; Maximum and Minimum of Stresses, and Their Corresponding Load Directions

(Case 1)
Maximum Minimum
Group Member G *3
number number .
0-*1 &?*2 &%*2 &*1%*2 &%*2 o-*l a?*? &3*2 &?*2 &%*2
1 1 137.3 —180.0 106.8 0.0 106.8 —137.3 0.0 73.2 —180.0 73.2 —1562.4
2 137.3 —122.9 82.5 173.7 73.3 —137.3 57.1 97.5 —6.3 106.7 —726.5
) 3 137.3 6.3 73.3 —57.1 82.5 —137.3 —173.7 106.7 122.9 97.5
4 137.3 122.9 82.5 —173.7 173.3 —137.3 —57.1 97.5 6.3 106.7
5 137.3 —6.3 73.3 57.1 82.5 —137.3 173.7 106.7 —122.9 97.5
6 137.3 —173.7 106.7 —116.0 64.1 —137.3 6.3 73.3 64.0 1159 —1111.3
7 137.3 173.7 106.7 116.0 64.1 —137.3 —6.3 73.3 —64.0 115.9
3
8 137.3 —64.0 64.1 —6.3 106.7 —137.3 116.0 115.9 173.7 73.3
9 137.3 64.0 64.1 6.3 106.7 —137.3 —116.0 1159 —173.7 173.3
10 129.8 0.0 49.6 0.0 95.1 —129.8 —180.0 130.4 —180.0 84.9 —129.8
. 11 129.8 —180.0 95.1 —180.0 49.6 —129.8 0.0 84.9 0.0 130.4
12 1126 —70.3 66.1 —109.7 66.1 —112.6 109.7 113.9 70.3 113.9
13 112.6 70.3 66.1 109.7 66.1 —112.6 —109.7 113.9 —70.3 113.9
14 127.2 —53.5 66.6 —48.1 89.2 —127.2 126.5 113.4 131.9 90.8 —127.3
15 127.2 53.5 66.6 48.1 89.2 —127.2 —126.5 113.4 —131.9 90.8
5 .
16 127.2 —131.9 89.2 —126.5 66.6 —127.2 48.1 90.8 53.5 113.4
17 127.2 131.9 89.2 126.5 66.6 —127.2 —48.1 90.8 -—53.5 113.4
18 137.3 152.1 115.5 —112.3 64.5 —137.3 —27.9 64.5 67.7 115.5 —190.3
19 137.3 —67.7 64.5 27.9 115.5 —137.3 112.3 115.5 —152.1 64.5
6
20 137.3 —152.1 115.5 112.3 64.5 —137.3 27.9 64.5 —67.7 115.5
21 137.3 67.7 64.5 —27.1 115.5 —137.3 —112.3 115.5 152.1 64.5
22 137.3  39.0 62.8  47.3 87.1 —137.3 —141.0 117.2 —132.7 92.9 —1072.3
i 23 137.3 —39.0 62.8 —47.3 87.1 —137.3 141.0 117.2 132.7 92.9
24 137.3 132.7 87.1 141.0 62.8 —137.3 —47.3 929 —39.0 117.2
25 137.3 —132.7 87.1 —141.0 62.8 —137.3 47.3 92.9 39.0 117.2
Remarks: *1 unit in MPa *2 unit in degree

*3  Euler buckling stress divided by safety factor of 1.7 unit in MPa
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Table 13 Twenty-four Member Truss; Maximum and Minimum of Stresses, and Their Corresponding Load Directions
(Case 2)
Maximum Minimum
Group  Member o K3
number number -
0-*1 &-?*2 &*1}*2 O'*I &?*2 &11}*2
1 | 137.3 —180.0 0.0 —137.3 0.0 —180.0 —1498.4
2 137.3 —121.6 175.2 —137.3 58.4 —4.8 -~ 730.2
) 3 137.3 4.8 —58.4 —137.3 —175.2 121.6
4 137.3 121.6 —175.2 —137.3 —58.4 4.8
5 137.3 —4.8 58.4 —137.3 175.2 —121.6
6 137.3 —175.2 —116.9 —137.3 4.8 63.1 —992.2
3 7 137.3 175.2 116.9 —137.3 —4.8 —63.1
8 137.3 —63.1 —4.8 —137.3 116.9 175.2
9 137.3 63.1 4.8 —137.3 —116.9 —175.2
10 114.7 0.0 0.0 —114.7 —180.0 —180.0 —114.7
11 114.7 —180.0 —180.0 —114.7 0.0 0.0
4
12 108.3 —69.2 —110.8 —108.3 110.8 69.2
13 108.3 69.2 110.8 —108.3 —110.8 —69.2
14 124 .8 —52.1 —48.5 —124.8 127.9 131.5 —124.8
15 124.8 52.1 48.5 —124.8 —127.9 —131.5
5
16 124.8 —131.5 —127.9 —124.8 48.5 52.1
17 124 .8 131.5 127.9 —124.8 —48.5 —52.1
18 137.3 150.2 —113.1 —137.3 —29.8 66.9 — 168.6
19 137.3 —66.9 29.8 —137.3 113.1 —150.2
6
20 137.3 —150.2 113.1 —137.3 29.8 —66.9
21 137.3 66.9 —29.8 —137.3 —113.1 150.2
22 137.3 38.4 48.5 —137.3 —141.6 —131.5 —1019.6
, 23 137.3 —38.4 —48.5 —137.3 141.6 131.5
24 137.3 131.5 141.6 —137.3 —48.5 — 38.4
25 137.3 —131.5 —141.6 —137.3 48.5 38.4
Remarks: ¥*1 unit in MPa *2 unit in degree

*3  Euler buckling stress divided by safety factor of 1.7 unit in MPa
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(Case 3)
Maximum Minimum
Group  Member g ¥
number  number o
a-*l 53*2 &3*2 O-*l &3*2 &%*2
1 | 137.3 —180.0 —180.0 —137.3 0.0 0.0 —235.3
2 137.2 —84.2 53.4 —137.2 95.8 —126.6 —391.7
’ 3 137.2 53.4 —84.2 —137.2 —126.6 95.8
4 137.2 84.2 —53.4 —137.2 —95.8 126.6
5 137.2 —53.4 84.2 —137.2 126.6 —05.8
6 137.3 —126.6 —62.6 —137.3 53.4 117.4 — 945 4
3 7 137.3 126.6 62.6 —137.3 —53.4 —117.4
8 137.3 —62.6 —126.6 —137.3 117.4 53.4
9 137.3 62.6 126.6 —137.3 —117.4 —53.4
10 40.8 0.0 —180.0 —40.8 — 180.0 0.0 —166.5
11 40.8 —180.0 0.0 —40.8 0.0 —180.0
4 |
12 137.3 —60.4 —60.4 —137.3 119.6 119.6
13 137.3 60.4 60.4 —137.3 —119.6 —119.6
14 113.2 —64.1 —88.6 —113.2 115.9 91.4 —113.2
15 113.2 64.1 88.6 —113.2 —115.9 —01.4
5 |
16 113.2 —88.6 —64. 1 —113.2 91.4 115.9
17 113.2 88.6 64.1 —113.2 —~G1.4 —115.9
18 137.3 134.2 —63.7 —137.3 —45.8 116.3 —171.9
A 19 137.3 —63.7 134.2 —137.3 116.3 —45.8
20 137.3 —134.2 63.7 —137.3 45.8 —116.3
21 137.3 63.7 —134.2 —137.3 —166.3 45.8
22 137.2 54.6 86.7 —137.2 —125.4 —93.3 —743.8
' 23 137.2 —54.6 —86.7 —137.2 125.4 93.3
24 137.2 86.7 54.6 —137.2 —93.3 —125.4
25 137.2 —86.7 —54.6 —137.2 93.3 125.4

e - S S—

Remarks: *1  unit in MPa

*2 unit in degree
*3  Euler buckling stress divided by safety factor of 1.7 unit in MPa
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