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Experimental study on prestressed orthogonal square pyramid

composite space truss
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Abstract: Prestressed composite space truss is developed on the basis of composite structure and prestress cables. It is
a new type of steel-concrete space structures in which the steel is in tension and the concrete is in compression. Different
tensioning sequences in batches may lead to different stress distribution and cable controlling forces. In this paper, the
test of a 3m x3m (3 x 3grids) orthogonal square pyramid composite space truss model with prestressing three bottom
cables by three different prestressing sequences in batches were carried out, namely tensioning the cable in order from
one side to other side; tensioning the two exterior cables first, then the middle one; tensioning the middle cable first,
then the exterior ones. Based on the experimental research of the prestressed square pyramid composite space truss, the
internal forces of each element under prestress and loads were analyzed. In comparison with the cable - truss - beam -
plate complicated finite element method, it shows that the release tension technology has the merit of considering the
effect of different tensioning sequences on the prestresses of cables, so it is more reasonable in calculating the cable
controlling forces and internal stresses.
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Fig. 1 Reinforcement of the ribbed concrete slab
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Fig. 2 Illustration of the nodes
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Fig. 3 Model loading sketch
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Fig. 4 Tension node sketch @
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Table 1 Displacements of all load cases of the model

2 3
Table 2 Experimental stresses and calculated stresses

of No. 3 load case of the model

/MPa /MPa /% /MPa /MPa /%
1 3.571 4.540 27.1 17 0. 004 0. 005 25.0
2 3.048 3.550 16.5 18 0.017 0. 020 17.6
3 -4.958 -3.861 22.1 19 0. 031 0. 040 29.0
4 -0.104 -0.136 30.7 20 0.003 0. 004 33.3
5 -2.802 -2.621 6.4 21 0. 055 0.070 27.3
6 -1.457 -1.473 1.1 22 -0.016 -0.021 31.3
7 1. 689 1.520 10.0 25 -0.158 -0.163 3.2
8 0.136  0.148 8.8 26 -0.038 -0.041 7.8
11 -1.289 -1.239 5.0 27 -0.144 -0.132 8.3
12 -7.682 -7.576 1.4 28 -0.067 -0.065 3.0
13 -11.180 8.774 21.5 29 0.015 0.017 13.3
14 -7.682 -8.320 8.3 30 -0.160 -0.182 13.8

3 12

Table 3 Experimental stresses and calculated stresses of

No. 12 load case of the model

1 2 3 5 7 10 11 12

4°0.0028 0.0177 0. 0211 0. 0063 0. 0096 -0.0309 -0.0569 -0.1090
/mm B 0.00120.0319 0.0430 0.01250.0207 -0.0613 -0.1134 -0.2176

40.00230.0165 0.0150 0. 0081 0.0110 -0.0355 -0.0590 -0.1040
/mm B 0.0014 0.0330 0.0361 0.0163 0.0196 -0.0560 -0.0964 -0.1953

A 17.8 6.8 289 28.6 14.6 14.9 3.7 4.6
/% B 16.6 3.4 16.0 30.4 5.3 8.6 15.0 10.2

3.2
(1)
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/MPa /MPa /% /MPa /MPa /%
1 4.154 5.337  28.5 17 0.038 0.035 7.9
2 13.200 15.390 16.6 18 -0.028 -0.031 10.7
3 4.296 5.073  18.1 19 0. 066 0.052 21.2
4 -19.541 -21.840 11.8 20 -0.042 -0.049 16.6
5 -12.965 -13.120 1.2 21 -0.125 -0.143 17.6
6 8.366 9.752  16.5 22 -0.201 -0.254 26.4
7 -8.134 -6.834 16.0 25 -0.024 -0.018 25.0
8 0. 136 0.157 15.4 26 0. 027 0.030 11.1
11 6.674 8.032 20.3 27 -0.009 -0.011 22.2
12 -0.036 -0.047 30.5 28 -0.003 -0.002 33.3
13 4.073 3.780 7.2 29 0.176 0.198 12.5
14 -0.036 -0.046 27.7 30 -0.013 -0.014 7.7

(3)
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Table 4 Calculated and experimental controlling [A]. [C].
values of prestressed cables , 1992
@® @ ® [3]
[D]. 1991.
MPa MPa MPa MPa MPa MPa [4] .
@ 1542 1540 0 0 0 0 [A] [cl.
I @ 153.2 153.3 204. 8 205.8 0 0 . 1992,
@ 153.0 152.7 204. 1 204.5 153.0 152.9 (5]
154.2 154.0 0 0 0 0
v [J1. . 1997,27(7).
I ® 154.0 153.7 0 0 154.0 154. 1 (6]
@ 153.0 152.7 204. 1 204.5 153.0 152.9
@ o 0 205.5  205.4 0 0 L1 » 2002.
m @ 153.2 153.3 204. 8 205. 8 0 0 171
@ 153.0 152.7 204. 1 204.5 153.0 152.9 [J1. .2004,25(1).




