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Fig. 1 25-bar space truss

® 1 AECLI BT AT R
Tab. 1 Loading case

T WS FAN F,/kN F./kN
1 4,448 44,482 —22.241
1 2 0 44,482 —22.241
3 22.241 0 0
6 22.241 0 0
2 1 0 88.964 —22.24]
2 0 —88.964 —22.24]

R2 A A RSN IR

Tab. 2 Bar groups and stress constraints

i) FHES SUVFR )
g'/MPa o /MPa
A, 1 275.8 —275.8
A, 275.8 —275.8
As 7, 8 9 275.8 —275.8
A, 10, 11 275.8 —275.8
As 12, 13 275.8 —275.8
As 14, 15, 16, 17 275.8 —275.8
A4, 18, 19, 20, 21 275.8 —275.8
As 22, 23, 24, 25 275.8 —275.8
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Tab. 3 Node coordinates of 25-bar space truss

AR x y z
1 —952.5 0 5080.0
2 952.5 0 5 080.0
3 X Y, Z,
4 X, Y, Z,
5 X, —Y. Z,
6 X -Y, Z,
7 X Y, 0
8 X Y, 0
9 X, % 0
10 —X ~¥ 0

XTI ARICARDEA , T2 B R BN
A LRESERS, AR ST D 2 RS=
{64.5, 137.4, 2142, 318.7, 380.6, 432.2, 465.2,
554.8, 600, 654.2, 741.9, 793.5, 858.1, 916.1,
1 083.8, 1 1355, 1 267.1, 1 722.6, 1 956.8,
3225.8, 5161.3} mm’,
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Fig. 2 Convergence curves of optimal design of 25-bar space

truss structure with mixed variables
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Tab. 4 Barstresses and stress constraints of 25-bar space truss
FrHF T 1 T2 P NGNS
o/MPa o/MPa o'/MPa o /MPa
1 62.720 15 40.422 71 275.8 —48.141 1
2 —71.002 9 —37.461 2 275.8 —92.256 1
3 60.943 02 —23.5555 275.8 —92.256 1
4 60.943 02 8.582 33 275.8 —92.256 1
5 —71.002 9 22.488 03 275.8 —92.256 1
6 63.031 21 —70.834 9 275.8 —191.233
7 —104.791 24.100 85 275.8 —191.233
8 —104.791 —63.142 4 275.8 —191.233
9 63.031 21 31.793 35 275.8 —191.233
10 37.684 76 19.541 47 275.8 —13.556 5
11 37.684 76 55.286 8 275.8 —13.5565
12 27.892 56 130.269 9 275.8 —88.540 1
13 27.892 56 —&88.188 4 275.8 —88.540 1
14 33.607 37 40.039 94 275.8 —29.221
15 —20.9355 —29.213 1 275.8 —29.221
16 —20.9355 41.989 45 275.8 —29.221
17 33.607 37 —27.263 6 275.8 —29.221
18 60.595 23 —40.492 1 275.8 —96.419 8
19 —86.237 6 —53.261 1 275.8 —96.419 8
20 —86.237 6 26.602 74 275.8 —96.419 8
21 60.595 23 13.833 74 275.8 —96.419 8
22 —18.186 6 58.837 02 275.8 —113.504
23 —25.4854 —67.640 8 275.8 —113.504
24 —18.186 6 —101.56 275.8 —113.504
25 —25.485 4 24918 13 275.8 —113.504

B3 25 FFa M A8 A AR R 47 2R

Fig. 3 Shape optimal design of 25-bar space truss structure

with mixed variables
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Tab. 5 Comparison of optimal designs for 25-bar truss

HIIE] 2 R0, 5 AR T A B A s, TR
FACH 25 M EMIAOBARILA T AR L) 450
YNEEEE/ €8

structure
S arse S F A, PR UL T SR B AP R
o Ny st ou AT RUR RS AR, 3 ELAAT A R
As 600 973.546 4 P& B AEx, v, 2J7 M R AL 24 8.889 S mm,
As 64.5 64516 WAL R ELK
A 64.5 86.451 44
Ae 318.7 94.838 52 HHEE S AT 0L, VAR 25 FF AT 2R
4, . . N N
. o s Py SRR T 30K (2] 4 B i i
Xt 702.349 913.638 ﬁﬁ%){j{ﬁt/f’tlﬁgéi‘%o
Y, 1794.94 1230.376 . . ) .
Z, 2 796.59 3 095.498 32 RETE 37 FHZAFRARM L
X 1 088.78 1 180.846 . _ ,
\‘ /le:l z N RN A—PIJ_:[A/\
. e e BT 37 ARBTG5
T ke 84.13 84.96 PRI 6,
7 13 19 9 28 1 3 20 15 14 17 8 SN
5 1 7 3 c
3 9 19 2 2Ly 2 14 1 4 E
2 P 8 g, 12 A4 16 0
7;;, 2 1 30 o 32 o 3 3B 4% ¥ L3 L3131 7@/_
P P P P P P P P P
10x1m

B4 37 FFHTAHT
Fig. 4 37-bar plane truss

s 9% R B FEAE, by AT Uy R
B A5, P=10 kN, ¥4 10 [ff KBS EAR
A 10 mm,  SERIFRIECRFEAAR, BEEHR % =
7800 kg/m’, SRPERTEE=210 GPa, AHFFIENI R
VEN 13420 240 MPa, )\ ASIC Ay AN AR I
/NI 32 AN Ay A48 1) s sk £, )
FE A0 O ~F B8 B aS=(71.61, 90.97, 126.45,
161.29, 198.06, 252.26, 285.16, 363.23, 388.39,
494.19, 506.45, 641.29, 645.16, 792.26, 816.77,
940.00, 1008.39, 1045.16, 1161.29, 1283.87,
1374.19, 1535.48, 1690.32, 1696.77, 1858.06,
1890.32, 1993.54, 2019.35, 2180.64, 2238.71,
229032, 2341.93} mm’,

JRFBREMELTAR N (10) PR, WS
X, B A (4, A, A5, A, As, As, A,
As, Ao, Ao, An, A1, A, A, Ais, A, A, Ais, Ars,
s, ¥s, V5, Y, Y]l

R6 3T HTH AT mi AR
Tab. 6 Node coordinates of 37-bar plane truss

AR x y z
1 ~5 000 0 0
2 —4 000 0 0
3 —4 000 Y 0
4 —3 000 0 0
5 —3 000 e 0
6 ~2 000 0 0
7 ~2 000 Y 0
8 —1 000 0 0
9 —1 000 Ye 0

10 0 0 0
1 0 Y 0
12 1000 0 0
13 1000 Y, 0
14 2000 0 0
15 2000 Y, 0
16 3000 0 0
17 3000 Y, 0
18 4000 0 0
19 4000 Y, 0
20 5000 0 0
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Tab. 7 Barstresses and stress constraints of 37-bar plane truss

FrHF I SUVFR
g/MPa g /MPa g /MPa

1 —105.527 240 —123.131

2 —105.527 240 —123.131

3 139.639 9 240 —45.581 1

4 139.639 9 240 —45.581 1

5 7.787 656 240 -9.380 6

6 7.787 656 240 -9.380 6

7 —116.859 240 —116.86

8 —116.859 240 —116.86

9 136.107 240 —14.584 8
10 136.107 240 —14.584 8
11 22.689 87 240 —6.526 19
12 22.689 87 240 —6.526 19
13 -117.67 240 —122.072
14 -117.67 240 —122.072
15 124.462 240 —8.698 06
16 124.462 240 —8.698 06
17 6.838 648 240 —5.009 21
18 6.838 648 240 —5.009 21
19 —115.619 240 —127.337
20 —115.619 240 —127.337
21 134.4502 240 —6.706 68
22 134.4502 240 —6.706 68
23 71.849 7 240 —4277 72
24 71.849 7 240 —4277 72
25 —118.049 240 —130.658
26 —118.049 240 —130.658
27 24.875 44 240 —6.611 44
28 —11.801 2 240 —11.811 4
29 —11.801 2 240 —11.811 4
30 —11.801 2 240 —11.811 4
31 —11.801 2 240 —11.811 4
32 —4.861 02 240 —11.811 4
33 —4.861 02 240 —11.811 4
34 12.004 96 240 —11.811 4
35 12.004 96 240 —11.811 4
36 16.458 49 240 —11.811 4
37 16.458 49 240 —11.811 4

HEINEE Ry 84.82 kg, LRI TICHK [18] 1Lk
R ZE R IXBEW] T CLPSO KRS
RIBIRI B AR Y RAE ST, REB RSN
AR TR LR

K8 3T AR S RN E

Tab. 8 Comparison of optimal designs for 37-bar plane truss

HIE S AT, 5 REARTAT T AR D 1 A H )i, VR
A 37 AT AT AR LA T SEAE IR AL 500 )
JAFAWS . 32T LB S AT A N T
ARG RROE 45, JEELYT L 10 £Ey T T 3
KEAZAZA 8.209 5 mm,  [FIFE AL RS A1)
ZOR. R 8 AL, JRGARE 3T AT AU EARIL

structure
W AR CLPSO ik 18]
A 940.0 883.1
A, 71.61 50
A 71.61 50
A, 816.77 715.4
As 71.61 50
As 71.61 115.3
4, 792.26 646.1
As 71.61 50
A 71.61 348.1
A 792.26 583.5
An 71.61 54.1
An 71.61 50
A 792.26 528.2
Au 71.61 50
Ass 71.61 183.7
Ass 71.61 183.7
Ay 71.61 194
A 71.61 192.8
A 71.61 187.4
Ys 509.05 1021
Y 899.91 1781
Y, 1165.30 2269
Y, 1327.08 2669
Yy 1336.60 2734
MRk 84.82 105.15
600
500
400
.
§ 300
14
- 200 H\\_
100 e S
0

0 100 200 300 400 500 600 700 800 900 1000
AR IR
Bl S 37 FEMFZEBR AR VAN R BBt 22
Fig. 5 Convergence curves of optimal design of 37-bar

plane truss
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Fig. 6 Shape optimal design of 37-bar plane truss structure
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A CLPSO algorithm for truss structure shape optimization
with mixed variables

XU Rui’, MA An-feng’, XIE Peng*’, GAO Fu-ru’, Xue Song-tao®

(1. School of Geology Engineering and Geomatics, Changan University, Xi'an, Shaanxi 710054, China; 2. Rescarch Institute
of Structural Engineering and Disaster Reduction, Tongji University, Shanghai 200092, China; 3. Xi'an Exploration
Engineering Co. Ltd., Shaanxi Geology and Mineral Bureau, Xi'an, Shaanxi 710016, China; 4. Xi'an Engineering

Investigation and Design Research Institute of China National Nonferrous Metals Industry, Xi'an, Shaanxi 710054,
China; 5. Department of Architecture, Tohoku Institute of Technology, Sendai 982-8577, Japan)

Abstract: In order to overcome the difficulties encountered by the coupling of two distinct types of design variables, the discrete
section area and continuous node coordinates, in the shape optimization of truss structures with mixed variables, a novel intelligent
optimization method, comprehensive learning particle swarm optimization (CLPSO) is introduced in this paper. The basic principle
of CLPSO algorithm is presented in detail first, and then mathematical model for shape optimization of truss structures is presented,
in which two distinct types of design variables, the discrete section area and continuous node coordinates, are considered simu-
Itaneously. Several classical problems were solved for shape optimization with mixed variables, and the results are compared with

those using the other optimization methods. The effectiveness of the proposed method is evaluated through the numerical analysis.

Key words: CLPSO algorithm; shape optimization; truss structures; coupling of design variables; discrete variables; mixed variables
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Experimental investigation and nonlinear finite element analysis on
behavior of connections between prestressed steel reinforced
concrete beams and concrete-filled steel tubular columns

JIN Huai-yin

(CAAC New Era Airport Design Research Institute Co. Ltd., Shanghai Branch, Shanghai 200335, China)

Abstract: Based on the experiments of connections between prestressed steel reinforced concrete (SRC) beams and concrete-filled
steel tubular (CFT) columns under low reversed cyclic loading, the non-linear finite element analysis (FEA) models considering
these factors such as material, geometrical and contact non-linearity are established using the software of ABAQUS, and the proposed
model is verified very well by the experimental results. Then, parametric analysis are made to investigate the influence of axial
compression ratio, prestressing, strength of concrete in the panel zone and thickness of steel tube in the panel zone and so forth on
the behavior of the connections. It is found that compression ratio, thickness of the tube in the panel zone are more important to the

behavior of the connections.

Key words: prestressed steel reinforced beam; concrete-filled steel tube column; connection; finite element analysis; parametric

analysis



