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Abstract:  Factors such as errors during the fabrication or construction of structural components and errors of calculation as-
sumption or calculation methods, are very likely to cause serious deviation of many strings’ actual prestressing forces from the
designed values during tension structure construction or service period, and further to threaten the safety and reliability of the
structure. Aiming at relatively large errors of the prestressing force of strings in a tension structure construction or service period,
this paper proposes a new finite element method (FEM), the “tensile force correction calculation method”. Based on the measured
prestressing forces of the strings, this new method applies the structure from the zero prestressing force status approach to the
measured prestressing force status for the first phase, and from the measured prestressing force status approach to the designed
prestressing force status for the second phase. The construction tensile force correction value for each string can be obtained by
multi-iteration with FEM. Using the results of calculation, the strings’ tensile force correction by group and in batch will be
methodic, simple and accurate. This new calculation method can be applied to the prestressed correction construction simulation
analysis for tension structures.
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INTRODUCTION ago. Some studies put emphasis on investigation of

experiments (Tagawa et al., 1994; Yamagata et al.,

Tension structures, such as prestressed spatial
grid structures and suspend-dome, etc., combine the
rigid beams or rods with the flexible strings. The
structural efficiencies of such new types of structural
systems are enhanced because the structural rigidity is
increased and the distribution of forces in the whole
structure is improved by the string’s prestressing
force. Scholars have studied the analysis theories and
calculation methods for this structure system (Saiton
et al., 1993; Kawaguchi ef al., 1993; Chen and Li,
2005; Zhang et al., 2004; 2005). However, the re-
search topics concerning the mechanics analysis in
the course of construction were just begun a few years
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1994; Kawaguchi and Abe, 1999; Miyasato et al.,
1999). Some studies focus on the analysis theories
and the calculation methods (Saiton et al., 2001;
Dong et al., 2003; Zhuo and Ishikawa, 2004; Zhuo
and Yuan, 2004; Zhuo et al., 2004; Lu and Shen,
2005). The key for constructing tension structures is
the prestressed construction of many strings. It is
unable to calculate accurately the string’s prestressing
force of tension structures in the structural design or
construction simulation analysis, because such
non-ideal factors as the errors of calculation assump-
tion or calculation methods, the errors of fabrication
or construction of structural components, the effects
of construction or temperature loads, and the effects
of the material deformation or friction of structural
components, etc., are unavoidable. These non-ideal
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factors are very likely to cause the actual prestressing
forces of many strings deviating seriously from the
designed values during a tension structure construc-
tion course or service period, and thus the safety and
reliability of the structure would be threaten. In order
to achieve high precision control of the prestressing
forces of the tension structure, the work of construc-
tion correction is absolutely necessary.

The mechanics analysis of tension structures in
the course of construction has been a hot research
topic in recent years. Research has basically solved
the issue of mechanics analysis and calculation
method of tension structures in the course of intro-
ducing initial prestressing forces construction (Saiton
et al., 2001; Dong et al., 2003; Zhuo and Ishikawa,
2004; Zhuo and Yuan, 2004; Zhuo et al., 2004; Lu and
Shen, 2005), but not the issue of analysis and calcu-
lation method of high precision controlling of
prestressing forces for tension structures based on
measured data during construction or service period.
Aiming at the tension structures with big errors in
prestressing force during construction or service pe-
riod, a new calculation method, so-called “tensile
force correction calculation method”, is put forward
in this paper. Based on the values of the strings’
measured prestressing forces, the tensile force cor-
rection value, which means the string’s tensile force
control values in actual construction correction of
each string, can be obtained by this calculation
method. The calculation results showed that the
string’s tensile force correction construction work by
group and in batch is methodic, simple and accurate.

PRINCIPLE OF TENSILE FORCE CORRECTION
CALCULATION METHOD

Many strings’ measured prestressing forces in a
tension structure have large errors, and should be
carried out by group and in batch construction cor-
rection method. Here, the group, as a space parameter,
refers to some strings tensioned at the same time, and
the batch, as a time parameter, refers to the sequence
of the strings tensioned. The groups and the batches
should be decided on the distribution of the strings in
the structure and the actual construction conditions.

The prestressed construction correction analysis
is divided into two phases. In the first phase, the
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analysis is started at the “zero prestressing force
status” of the structure, and ended at the “measured
prestressing force status” of the structure with
prestressing force errors. The subsistent tensile force
calculation values of each string are forced to meet
the measured values through structural finite element
analysis. In the second phase, the starting point of
analysis is the “measured prestressing force status”,
and the ending point is the ideal “designed
prestressing force status” of the structure. The error
status continuously approaches and finally reaches
the ideal status through structural analysis and cal-
culation, so the construction tension correction values
of each string could be obtained.

The traditional concept of prestressing force
should be changed and fractionized, because the
construction correction of string’s prestressing forces
in a tension structure includes the factors of time and
space. Assume 7 groups of strings in a tension struc-
ture tensioned in n batches. The parameters are de-
fined as follows: (1) construction control tensile force
T/(k,m)—the prestressing force construction control-
ling value of the ith string in the jth batch tensioning
construction; (2) subsistent tensile force FY(k,m)—
the prestressing force value of the ith string in the jth
batch tensioning construction; (3) target tensile force
P;(m)—in the first analysis phase, it is the prestressing
force measured value of the ith string after the struc-
ture construction completed or in the service period;
in the second analysis phase, it is the prestressing
force value of the ith string which should meet, i.e.,
the prestressing force design value of the string.
Where m is the step of analysis phase, m=1, 2; k is the
step of iteration, k=1, 2, 3, ...; i refers to the ith string,
i=1, 2,3, ..., n; j is the tension construction sequence
number, j=1, 2, 3, ..., n.

The tensile force correction calculation uses the
iteration approximation methods. The second phase
analysis is carried out after the first phase. The cal-
culation principles and methods of the two analysis
phases are basically the same. The analysis methods
and the calculation procedures could be summarized
as follows:

(1) For the first iteration, the structural geomet-
rical nonlinear finite element method (FEM) analysis
is performed in terms of the construction tensioning
sequence. When calculating the strings of the jth
group in the ith batch of tensioning, the construction
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control tensile forces of strings are forced to be equal
to the target tensile forces, i.e., T,-j(l,m)= P;(m), and
the subsistent tensile forces F7(1,m) of other strings
which have been tensioned in structure are calculated
at the same time. All of the subsistent tensile forces of
each batch of strings have changed except that of the
last batch strings when calculating the nth group of
the last batch of the strings. The value of tension force
change of each group of strings is AF/(2,m)=T/(1,m)—
FI(1,m).

(2) For the second iteration, the construction
control tensile force value of each group of strings in
the first iteration is modified by compensating the
value of tension change. The construction control
tensile force of the strings in the second iteration is
T/Q,m)=T/(1,m)+AF{(2,m).

The construction control tensile forces of the
strings are forced to equal to 7/(2,m) and the subsis-
tent tensile forces of other strings tensioned in struc-
ture F}(2,m) are calculated at the same time. After
calculating the nth group of the last batch of the
strings, the tensile force change of each group of
strings is AF/(3,m)=T}(2,m)—F}(2,m).

The results of iterations k=3, 4, ...
tained in terms of the same principle.

(3) At the end of the kth iteration, if Pi{m)—
F'(k,m)<g, i.e., the difference between the actual
value and the designed value of the string’s tensile
force is less than a certain value, the iteration could be
terminated. The flowchart of calculation method is
shown in Fig.1.

The results of the kth iteration in the first analy-
sis phase are listed in Table 1. The subsistent tensile
forces of the last row, F\"(k,1), F)"(k,1), ...,
F'(k1), ..., T,"(k,1), equal the measured tension
values of each string, Py(1), P»(1), ..., P{1), ..., P,(1).

The results of the kth iteration in the second
analysis phase are listed in Table 2. The results on the
diagonals, T1'(k,2), T,A(k2), ..., T/(k2), ..., T,'(k,2),
are the construction control tensile force values of the
strings of groups 1, 2, ..., n. These values are the
construction tension correction values of actual con-
struction correction tensioning by group and in batch,
which are the major results that the new calculation
method in this paper seeks for. The last row, F"(k,2),
F"(k2), ..., F'(k2), ..., T,"(k,2), presents the final
subsistent tensile force values of the strings which are
equal to their designed tension values, P;(2), P»(2), ...,
P(2), ..., P,(2), respectively, with the construction

can be ob-
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correction tensioning method by group and in batch.
This is the final target of the calculation method in
this paper as well as the high precision control of
prestressed construction for tension structures.

Calculating construction control tensile
force T/(k,m)

Y
Calculating the strings of the jth group in the ith batch

of tensioning

4
Calculating value of tension force change
of each group of strings AF/(k,m)

No

Yes

Fig.1 Flowchart of tensile force correction calculation
method

Table 1 Results of the first analysis phase

Tension . String number
construction
sequence .
number 1 2 i n
1 o'kl 0 ... 0
2 Fk1) TXk1) ... 0
j Fikl) FikD) ... Tk ... 0
: : : : : : 0
n Fi"(k,1) F)"(k,1) ... F{'(k1) ... T,"(k1)

Table 2 Results of the second analysis phase

Tension . String number

construction

sequence .

number 1 2 i n
! T'(k2) F'(k2) ... F'(k2) F,'(k2)
2 FP(k2) T (k2) ... Fi(k2) F,(k.2)
J F{(k2) F{(k2) T/(k,2) F,'(k2)
n F"(k2) F)'(k2) ... F{'(k2) T,"(k,2)




1204 Zhuo et al. / J Zhejiang Univ Sci A 2008 9(9):1201-1207

ILLUSTRATIVE EXAMPLE AND DISCUSSIONS

Overview of the project

A prestressed spatial grid structure project with
27 m span, 24 m length and 24 m height is shown in
Fig.2. The distances to the first quarter plane and the
last quarter plane are both 2 m. The nodes are of bolt
spherical node type. The rods are two types of steel
tubes with 216.3 mmx7.0 mm and 114.3 mmx6.0 mm
circular hollow sections (CHSs), and the Young’s
modulus of the steel was 200 GPa. Wall strings of
groups 1~6 with maximum prestressing force of 500
kN, symmetrically distributed at two sides of the
structure, are to potentiate the side walls of the spatial
grid structure. Strings connected to the lower node of
the grid structure are for tensioning in construction.
Roof strings of groups 7~12 with maximum
prestressing force of 650 kN, are to reinforce the top
of the structure. The string’s group numbers are
shown in Fig.2a.

After the internal force tests of the structure
carried out the prestressed construction, large errors
between the actual prestressing forces and the de-
signed values were found in many strings, and con-
struction correction on the prestressing forces of the
strings should be carried out. The actual values P;(1)
and the designed P«(2) values of the prestressing
forces of active wall strings and roof strings are
shown in Table 3.

Analysis of calculation results

When applying the tensioning construction cor-
rection method by group and in batch, the tensioning
sequence number was set the same as the string group
number. Two symmetrical wall strings constituted one
group and were tensioned in sequence from 1 to 6,
and roof strings were tensioned in sequence from 7 to
12. The construction simulation analysis of the
structure applied the tensile force correction calcula-
tion method submitted in this paper, and four itera-
tions were done in terms of the calculation procedure
and formulae of the first and the second analysis
phases. Due to the limited space of this paper, only the
strings’ calculation results of four iterations in the first
and second analysis phases were listed in Table 4 and
Table 5, respectively, showing that:

(1) At the end of the first analysis phase, the
calculation values of prestressing forces of all strings
in Table 4 have met their measured values in the
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Fig.2 Structural sketch and string. (a) Perspective
view; (b) Front view

Table 3 Target tensile force values of strings

i PDHKN) P2)KN)] i P(1)(KN) Py2)(KN)
1 123.00 300 7 323.00 450
2 20926 300 8  209.26 450
3 32567 300 9 42567 450
4 34058 300 10 409.58 450
5 29250 300 11 492.50 450
6 243.00 300 12 343.00 450

Note: i is the string’s number; P{1) is the measured value of the
prestressing force of the ith string after the structure construction is
completed or in the service period; P42) is the design value of the
prestressing force of the ith string.

structure status with the prestressing force errors. And,
at the end of the second analysis phase, the calculation
values of prestressing forces of all strings in Table 5
have met their designed values in the ideal structure
status without any errors.

(2) The initial subsistent tensile forces of all
strings listed in Table 3, 123.00, 209.26, 325.67,
340.58, 292.50, 243.00, 323.00, 209.26, 425.67,
409.58, 492.50, 343.00 kN, are the measured tensions
in Table 4 when £ is 4. The subsistent tensile forces of
all strings meet their target tensile forces after analy-
sis and calculation by applying the calculation
method described in this paper. According to the se-
quence from 1 to 12 which is identical to the calcula-
tion, applying the calculation results of



Zhuo et al. / J Zhejiang Univ Sci A 2008 9(9):1201-1207 1205

Table 4 Calculation results in the first analysis phase

String’s tension (kN)
i=1 2 3 4 5 6 7 8 9 10 11 12
123.00
110.15 209.26
103.07 200.40 325.67
99.41 194.42 311.29 409.58
102.80 19546 306.67 401.11 292.50
108.05 198.06 304.09 39544 277.16 243.00
127.58 214.18 311.01 398.51 274.01 236.31 323.00
138.28 218.75 31596 401.66 273.76 23427 301.62 209.26
146.19 227.09 322.76 410.33 279.99 239.17 288.85 189.67 425.67
148.99 231.86 330.71 416.93 288.93 248.66 285.06 180.42 401.72 409.58
143.38 230.74 338.28 429.32 301.84 276.64 295.60 184.62 388.73 38430 492.50
137.58 227.95 341.00 435.60 317.41 294.57 30595 190.96 384.56 373.12 457.17 343.00
108.42
96.72  190.57
89.97 182.13 310.34
86.55 176.53 296.86 383.56
89.64 17748 292.59 375.81 267.59
93.78 179.53 290.59 371.33 25548 191.43
114.34 196.50 297.88 374.57 252.16 184.39 340.05
126.00 201.47 303.27 378.00 251.89 182.17 316.80 227.56
134.67 210.63 310.73 387.51 258.72 187.53 302.80 206.09 466.78
137.73 215.83 319.38 394.69 268.46 197.87 298.66 196.01 440.72 446.04
131.72 214.63 327.50 407.96 282.28 227.84 309.96 200.51 426.79 418.96
12592 211.84 330.22 41423 297.83 245.71 320.29 206.82 422.63 407.79 492.56 343.00
105.51
93.95 188.00
87.30 179.68 305.78
83.92 174.14 292.47 378.90
86.96 175.07 288.28 371.31 262.24
91.04 177.09 286.31 366.89 250.32 188.72
111.77 19420 293.67 370.15 24697 181.62 342.78
123.55 199.23 299.11 373.62 246.69 179.38 319.26 230.01
132.27 208.44 306.61 383.20 253.57 184.78 305.17 208.39 469.82
135.34  213.67 315.31 390.40 263.35 195.16 301.02 198.28 443.66 447.82
129.33  212.46 323.42 403.67 277.17 225.12 31231 202.77 429.74 420.75 527.76
123.54 209.68 326.14 409.94 29271 24299 322.64 209.08 425.57 409.58 492.50 343.00
104.18
92.71 186.48

86.13 178.24 302.88
83.36  173.71 292.00 378.53
86.39 174.64 287.81 370.95 262.05
90.47 176.66 285.84 366.53 250.12 188.76
111.22  193.79 293.20 369.80 246.77 181.66 343.15
123.01 198.81 298.65 373.27 24649 17942 319.63 230.19
131.73 208.03 306.15 382.85 253.37 184.82 305.54 208.57 469.91
10 134.80 21325 314.83 390.05 263.15 195.19 301.38 198.46 443.75 447.81
11 128.79 212.05 32295 403.32 27696 225.15 312.67 20295 429.84 420.74 527.74
12 123.00 209.26 325.67 409.58 292.50 243.00 323.00 209.26 425.67 409.58 492.50 343.00
Note: Data with underline represent construction control tensile forces; data in bold represent measured values of the prestressing force of
the strings; & is the step of iteration; 7 is the string’s number; j is the sequence number of the tension construction
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construction control tensile forces, 283.35, 286.24,  designed tensions at the end of the 12th string ten-
289.13, 293.95, 299.04, 299.81, 473.82, 451.20, sioned during actual prestressed construction correc-
453.16,451.72, 460.31, 450.00 kN, in Table 5 at k=4,  tion.

the actual tensions of each string would meet their (3) From the calculation results at k=4 in Table 5,
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Table 5 Calculation results in the second analysis phase

String’s tension (kN)

bl
~

i=1 2 3 4 5

7 8 9 10 11 12

300.00 199.72 32241 408.15 294.00 24594 336.88 22296 431.00 411.86 489.93 338.52
29477 300.00 320.01 406.83 29423 246.76 343.45 226.08 433.96 413.74 489.72 337.35
295.12 300.47 300.00 407.45 29449 24691 34293 22542 433.53 413.17 489.31 337.13
295.95 301.86 303.37 300.00 297.01 248.80 341.72 223.18 430.50 410.83 485.74 33435
295.97 301.87 303.33 299.93 300.00 248.64 341.69 223.17 430.55 410.92 485.83 334.54
296.83 30230 302.92 29898 297.22 300.00 340.39 22243 43122 41246 489.80 338.58
302.67 307.36 304.95 299.86 29631 298.12 450.00 211.04 427.60 411.11 491.84 341091
314.84 31247 31048 303.33 29598 295.84 42590 450.00 416.25 405.14 49339 346.23
31547 313.12 31097 303.96 296.39 296.11 424.88 448.48 450.00 403.23 492.59 345.85
315.85 313.69 311.84 304.63 29729 296.99 42435 44737 44735 450.00 490.48 344.43
316.23 313.74 311.26 303.70 296.42 29493 423.61 447.11 44836 451.92 450.00 348.51
31449 31291 312.08 305.58 301.11 300.34 426.71 449.00 447.11 448.57 439.46 450.00

285.51 200.51 322.68 408.27 293.88 245.70 335.75 221.86 430.56 411.67 490.14 338.89
280.99 287.09 320.61 407.12 294.08 246.41 341.42 22454 433.13 413.30 489.97 337.88
281.57 287.86 287.92 408.15 29450 246.66 340.57 22345 43241 41237 489.28 337.51
282.44 28933 291.49 294.42 297.17 248.65 339.29 221.08 429.20 409.89 485.51 334.57
282.45 28934 291.47 29438 298.89 248.56 339.27 221.08 429.24 409.94 485.56 334.68
283.31 289.77 291.06 293.43 296.12 299.66 337.97 220.33 429.89 411.48 489.51 338.69
290.52  296.02 293.57 294.53 295.01 297.34 473.29 206.27 42543 409.81 492.03 342.82
302.97 301.24 299.23 298.07 294.67 295.01 448.62 451.00 413.80 403.70 493.61 347.24
303.71 301.99 299.80 298.80 295.14 29532 447.43 44924 452.89 401.48 492.69 346.79
304.11 302.60 300.73 299.52 296.10 296.26 446.86 448.06 450.06 451.43 490.43 345.27
304.39 302.64 300.29 298.83 29546 294.74 44632 447.86 450.81 452.84 460.54 348.29
302.65 301.80 301.12 300.72 300.16 300.16 449.42 449.76 449.55 449.49 449.98 450.00

282.86 200.65 322.73 408.29 293.85 245.65 335.54 221.65 430.48 411.64 490.18 338.96
278.44 28529 320.71 407.17 294.05 24635 341.08 22427 43299 413.22 490.00 337.97
279.04 286.09 286.81 408.24 29449 246.61 340.20 223.14 43225 41227 489.30 337.59
279.92 28757 290.40 293.70 297.18 248.61 33891 220.76 429.02 409.77 485.50 334.63
279.93 287.57 29038 293.66 298.74 248.53 338.89 220.75 429.05 409.82 485.55 334.73
280.78 288.01 289.97 29272 29598 299.51 337.60 220.01 429.70 411.35 489.49 338.73
288.04 29429 29250 293.82 294.85 297.17 473.87 205.85 42520 409.67 492.02 342.88
300.53 299.53 298.18 297.38 294.51 294.83 449.13 45125 413.55 403.54 493.61 34731
301.28 300.30 298.75 298.12 29499 295.15 447.92 449.45 45334 401.29 492.67 346.86
301.69 300.91 299.70 298.85 29597 296.15 44735 44825 45047 451.94 490.38 34532
301.97 30096 299.26 298.16 29533 294.58 446.81 448.06 451.21 45335 460.56 348.33
300.23 300.12 300.09 300.05 300.02 300.00 449.90 449.95 449.96 450.00 450.00 450.00

COAINVLVELWN =D ST ORI ELWN =TS0 AIRANEWN =TS0 W —

283.35 200.58 322.69 339.27 293.86 245.67 335.60 221.68 430.50 411.64 490.17 338.94
278.88 286.24 320.64 338.14 294.06 24637 341.21 22435 433.03 413.25 489.99 337.94
279.44 286.98 289.13 339.13 29447 246.61 340.39 22330 43235 412.36 489.34 337.59
279.78 287.56 290.55 293.95 29553 24741 339.89 22236 431.07 411.38 487.84 336.42
279.81 287.57 290.50 293.87 299.04 247.22 339.84 22235 431.14 411.48 487.95 336.65
280.69 288.02 290.08 292.89 296.19 299.81 338.51 221.59 431.81 413.06 492.01 340.78
287.90 294.26 29259 29398 295.07 297.49 473.82 207.52 427.35 411.39 494.53 344.90
300.30 299.46 298.23 297.52 29473 295.16 449.25 451.20 415.77 40531 496.11 349.30
301.00 300.18 298.77 298.21 295.18 29547 448.12 449.51 453.16 403.19 49522 348.88

10 301.39 300.77 299.67 29891 296.12 296.38 447.57 44836 450.41 451.72 493.03 347.40
11 301.70 300.82 299.20 298.16 29542 294.71 44698 448.15 451.22 45327 460.31 350.70
12 300.00 300.00 300.00 300.00 300.00 300.00 450.00 450.00 450.00 450.00 450.00 450.00

Note: data with underline represent construction control tensile forces; data in bold represent design values of the prestressing force of the
strings; & is the step of iteration; 7 is the string’s number; j is the sequence number of the tension construction

it is shown that the maximum tensions on wall strings
in groups 1~6 have ever reached 339.27 kN and the
maximum tensions on roof strings in groups 7~12
ever reached 496.11 kN during prestressed

construction correction. These values are all less than
the maximum allowable prestressing forces, though
higher than the designed tensions. Likewise, the cal-
culation results have also shown that no rod in the
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structure has been overstressed during prestressed
construction correction. Therefore this construction
correction plan is feasible. If calculation results in-
dicate that the subsistent tensile forces of some strings
exceeds the allowable values or the internal forces of
some rods exceed the allowable values during the
prestressed construction correction, it could be solved
by optimizing tensioning sequence or increasing the
tensioning grade quantity.

(4) It is obvious that the increasing number of
iterations will lead to more precise results. But it is
good enough to do compensation three times for real
projects in general.

CONCLUSION

The correction of prestressing forces in actual
construction should follow the sequence determined
by the calculations, and tensioning the strings of each
group one by one at the controlling values of actual
prestressed construction which are the construction
correction values. When the tensioning of the last
string is done, the internal forces of all strings would
meet the respective designed values of the prestress-
ing force.

The calculation method in this paper is a
high-efficiency step-by-step approximation. Theo-
retically, it needs many iterations to achieve the final
result. But, for the actual engineering application, the
result obtained from 2 or 3 iterations is good enough
to reach the required precision.

The calculation method could obtain not only the
construction tension correction values of the strings,
but also the internal force values and the node dis-
placement values of all structural components in each
batch of tensioning. Therefore, using the calculation
method illustrated in this paper and with the aid of
structural analysis software, the construction correc-
tion simulation analysis on tension structures could be
carried out easily.

References

Chen, Z.H., Li, Y., 2005. Parameter analysis on stability of a
suspendome. International Journal of Space Structures,
20(2):115-124. [doi:10.1260/0266351054764218]

Dong, S.L., Zhuo, X., Zhou, Y.G, 2003. One-time preten-
sioning analysis method for prestressed space truss.
Journal of Zhejiang University (Engineering Science),

37(6):629-633 (in Chinese).

Kawaguchi, M., Abe, M., 1999. Design, tests and realization of
“suspend-dome” system. Journal of IASS, 40(131):
179-192.

Kawaguchi, M., Abe, M., Hatato, T., 1993. On a Structural
System “Suspend-dome”. Proceedings of IASS Sym-
posium, Istanbul, p.120-129.

Lu, FH., Shen, Z.Y., 2005. Control of erection of hybridized
space structure using the modified cyclic iteration and
initial length control methods. Journal of Building
Structures, 26(3):92-97 (in Chinese).

Miyasato, N., Saiton, M., Okada, A., 1999. Basic Study on
Erection Planning Method for Beam String Structure.
Summaries of Technical Papers of Annual Meeting
Architectural Institute of Japan, Tyugoku, p.1029-1030
(in Japanese).

Saiton, M., Okada, A., Kashimura, T., 1993. Study on Struc-
tural Characteristic of Hybrid Skeleton with Tension
Strings. Summaries of Technical Papers of Annual
Meeting Architectural Institute of Japan, Kanntou,
p-1419-1422 (in Japanese).

Saiton, M., Okada, A., Miyasato, N., 2001. Proposal of Re-
versed Progress Technique for Tension Structures and
Its Application. IASS Symposium, Nagoya, p.128-129.

Tagawa, H., Saiton, M., Okada, A., Mutoh, K., 1994. Me-
chanical Behavior of Hybrid Skeleton with Tension
String during Construction. Summaries of Technical
Papers of Annual Meeting Architectural Institute of Ja-
pan, Toukai, p.2011-2012 (in Japanese).

Yamagata, S., Saiton, M., Okada, A., Oota, M., 1994. Ex-
perimental Studies on Structural Characteristic of Hy-
brid Skeleton with Tension Strings. Summaries of
Technical Papers of Annual Meeting Architectural In-
stitute of Japan, Toukai, p.2007-2008 (in Japanese).

Zhang, M.S., Bao, H.Z., Zhang, Z.H., Dong, S.L., 2004. Op-
timal prestress design of suspen-domes. Spatial Struc-
tures, 10(3):26-30 (in Chinese).

Zhang, Z.H., Dong, S.L., Yukio, T., 2005. Mechanical analysis
of a type hybrid spatial structure composed of cables, bars
and beams. International Journal of Space Structures,
20(1):43-51. [doi:10.1260/0266351054214344]

Zhuo, X., Ishikawa, K., 2004. Tensile force compensation
analysis method and application in construction for hy-
brid structures. International Journal of Space Struc-
tures, 19(1):39-46. [doi:10.1260/026635104322988353]

Zhuo, X., Yuan, X.F., 2004. Tensile forces emulational analysis
of prestressed cables for multistage tension construction
method. Civil Engineering Journal, 37(9):27-30 (in
Chinese).

Zhuo, X., Mao, H.J., Dong, S.L., 2004. Reverse analysis
method of construction control tensile force for
prestressed space structures. Construction Technology
Journal, 33(11):4-5 (in Chinese).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


