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STUDY ON EQUIVALENT STATIC WIN D LOADS OF
LARGE -SPAN SPATIAL STRUCTURES AND WIND
PRESSURE DISTRIBUTION OF COMPLEX SHAPE

SPATIAL STRUCTURES

ABSTRACT

Large-span spatial structures are highly favored for their beautiful exterior and broad internal
space. They are widely used in airport terminals, galleries, stadiums, industrial plants and other
large buildings. However, this kind of structures tendsettight in weight, large in span, great in
flexibility, and low in natural frequency, which makes them sensitive to wind loads and wind loads
sometimes become their control loads. Wind load is a typical random dynamic load and structural
dynamic responseatculation under wind loads involves analysis of wind load characteristics,
structural dynamics and the coupling interaction of wind and structures. In order to simplify the
structural windresistant design methodologmngineers andesigners urgently ndeto use the
method of equivalent static wind load (ESWL) to carry out the engineering design and calculation.

In this paper, the studis mainly divided into three parts. Fikgt aiming at the urgent
wind-resistant design problems of largespan structug this paper carries out numerical
simulation of wind pressure distribution and wind field environment of T2 terminbllanjing
Lukou international airport and T2 terminaf Wenzhou Longwan international airport by
FLUENT software. Through simulationyeraged wind pressure coefficients are calculated and
the law of wind pressure distribution and streamlines of wind field environment are revealed.
Besides, the numerical simulation results are compared with the wind tunnel test data to verify the
credibiiity of the simulation resultsSecondly, windvelocity time history is simulated based on
harmonic superposition method by MATLAB software. The calculation shows that the simulated
fluctuating wind reflects the spatial and temporal correlation of real fluctuatingswindWh at 6 s
more, the wind power spectrunvesiaged wind profile and turbulence intensity of simulated wind
are well fitting the theoretical values. THydmulti-objective ESWL method is proposed based on
structuralrespnse time history which is importaabd core conterih the paper. Accordintp the
proposed weighted coefficient of multbjective ESWL, multiple single objective EWSL based
on structuralresponse time history are combined to obtain rullfective EWSL. After that, the
paper takes open largpan arched roof for instance to makwlysis. The study shows thhe
nodal displacement®f structural systenunder multiobjective ESWLsgiven by theproposed
methodarein goodagreementvith extremevaluesof structuralresponsgin dynamictime history
analysisWh a t 6 s compared» fraditionalgustloadng factor, the structuralresponseesults
basedn the proposednethodhavesmaller discreteness and ateserto therealresponsgof the
structure.

Keywords:. long-spanspatial structures, numerical simulatiatistribution of wind pressure,
wind velocity time historymulti-objectiveESWL
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Tz B 2t 0 617 76.6 104.6 1.36

Tz &8 " 180 2595 -16.7 -28.7 1.72

Z B ' 15 3645 44.1 67.9 1.54

Z B / 15 3672 -34.1 -50.0 1.47

WM -Z B 180 4318 -13.2 -22.1 1.67

W2 -7 B 15 4422 -115 -16.1 1.40

W31 -7 B 15 4549 22.0 32.3 1.47

WM -7 B 15 4569 32.1 47.0 1.47

W51 -Z B 30 4719 22.6 35.5 1.57

wel -7 B 30 4700 52.3 80.7 1.54

WM -Z B 0 4313 47.1 65.4 1.39

w8l -7 B 345 4863 -4.0 -6.3 1.56

TiM -Z B 0 3430 24.9 43.3 1.74

T2M -2 B 0 636 28.2 38.2 1.35

T3V -Z B 0 613 22.9 30.5 1.33

T4M -Z B 0 617 76.6 104.6 1.36

Y \ n e n Fa\ n e v A
4-1(b) BM'\ z B vi T8
7

) L v L 8 B B v

b \ Y, mm b v \Y; ~ mm

mm mm mm = mm

0 617 76.6 11.2 104.6 3623 -16.4 2.9 -23.7
15 617 76.9 8.8 99.1 3623 -18.2 3.0 -25.6
30 617 61.4 8.5 82.6 3623 -17.9 2.7 -24.7
45 617 37.0 8.2 57.6 3623 -14.1 2.5 -20.3
60 617 26.3 6.2 41.9 3623 -11.6 2.3 -17.3
75 617 19.3 5.7 33.5 3623 -9.7 2.1 -14.8
90 617 15.5 5.6 29.5 3623 -7.9 1.9 -125
105 617 14.5 55 28.3 3623 -8.2 2.2 -13.6
120 617 15.9 5.4 29.4 3623 -9.6 2.4 -15.5
135 617 15.5 5.6 29.5 2595 -9.0 3.1 -16.6
150 617 16.5 5.6 30.5 2505  -11.1 4.1 -21.3
165 617 19.9 6.8 36.9 2505  -12.2 4.6 -23.6
180 617 28.8 7.4 47.2 2595 -16.7 4.8 -28.7
195 617 26.4 6.5 42.7 2505  -14.0 4.2 -24.6
210 617 21.6 6.2 37.0 3623 -125 3.4 -21.1
225 617 18.7 6.1 34.0 3623 -10.3 2.8 -17.3
240 617 17.4 55 31.2 2595 -8.7 2.4 -14.7
255 617 15.2 5.1 28.0 2595 -7.4 2.0 -12.4
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270 617 13.5 5.0 26.1 2595 -5.9 1.8 -10.3
285 617 17.8 5.9 32.6 2595 -7.7 1.8 -12.2
300 617 23.6 5.8 38.2 2595 -9.5 2.0 -14.4
315 617 37.5 8.3 58.2 2595 -11.6 2.2 -17.0
330 617 66.4 9.4 89.9 2595 -15.9 2.3 -21.7
345 617 75.7 9.3 99.1 2595 -155 25 -21.9
4-1(c)B M\ z vil B
A
- L B B Lo B B B
b Y, v ~ mm v Y, v" mm
mi mm mm mi

0 3645 35.7 8.9 58.1 3672 -30.8 6.1 -45.9
15 3645 44.1 9.5 67.9 3672 -34.1 6.4 -50.0
30 3645 454 84 66.4 3672 -30.6 5.6 -44.6
45 3645 39.3 9.1 62.0 3672 -23.8 6.0 -38.8
60 3645 34.4 9.4 58.0 3672 -21.1 6.4 -37.2
75 3645 31.6 9.3 54.9 3671 -17.1 55 -30.9
90 3645 27.6 7.2 45.6 3672 -14.0 4.3 -24.7
105 3645 25.0 7.3 43.3 3672 -13.8 4.6 -25.2
120 3645 26.5 6.5 42.8 3672 -16.8 4.2 -27.4
135 3645 154 5.2 28.4 531 -15.2 3.6 -24.2
150 2903 15.0 51 27.7 531 -20.5 5.0 -33.0
165 2903 16.6 6.4 325 531 -23.6 5.8 -38.1
180 2903 20.1 6.1 35.3 531 -26.8 5.7 -41.2
195 3645 21.1 4.9 33.3 3672 -24.6 4.1 -34.8
210 3645 17.1 4.5 28.3 3672 -21.0 4.0 -31.0
225 2903 11.9 4.8 24.0 3672 -16.7 3.3 -24.9
240 2903 241 6.0 39.0 531 -18.0 4.3 -28.8
255 2903 22.9 6.6 39.3 531 -15.5 4.4 -26.5
270 2903 20.0 6.1 35.2 531 -11.9 4.1 -22.1
285 2903 19.9 6.2 35.6 531 -12.8 4.2 -23.4
300 2903 215 6.3 37.2 531 -15.6 4.9 -27.8
315 2903 27.2 6.7 44.0 531 -19.8 5.6 -33.8
330 2903 375 6.2 53.1 531 -29.6 5.0 -42.1
345 2903 34.3 6.5 50.6 531 -30.4 5.0 -42.8
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A1M y4
A1M 1 Lo 4-2A
4-2(a) AIM i
Lp ~ y v
mm mm
X 330 974 30.4 37.6 1.24
Y 135 973 12.0 15.3 1.27
W23\ -Z 135 919 24.8 36.0 1.45
W24M -Z 300 718 40.1 57.7 1.44
W25\ -Z 300 724 44.8 63.5 1.42
W26M -Z 300 734 22.7 32.1 1.41
Y n B v: I FN B v A
4-2(b) AIM N\ M x v
- Ly B v B v v
mm mm mm
0 972 -13.3 3.1 -21.0 1.59
15 972 -12.4 2.6 -18.8 1.52
30 972 -10.8 1.8 -15.3 1.41
45 906 -11.7 1.7 -15.9 1.37
60 906 -12.9 1.7 -17.1 1.33
75 973 -12.9 1.9 -17.6 1.36
90 973 -15.1 2.2 -20.7 1.37
105 919 -17.8 2.9 -24.9 1.40
120 974 -20.8 3.1 -28.7 1.38
135 974 -21.1 3.2 -29.2 1.39
150 974 -18.2 25 -24.5 1.35
165 974 -10.5 2.2 -16.0 1.52
180 972 3.4 1.4 6.8 1.99
195 951 5.0 1.6 9.0 1.80
210 974 14.8 3.0 22.3 1.51
225 974 14.5 2.5 20.8 1.43
240 953 11.9 2.0 16.9 1.42
255 974 17.7 2.9 24.9 1.41
270 974 20.0 2.9 27.2 1.36
285 904 22.9 3.4 31.4 1.37
300 904 29.9 3.0 375 1.25
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315 907 28.6 2.4 34.5 1.21
330 974 30.4 2.9 37.6 1.24
345 974 25.0 2.2 30.5 1.22
4-2(c) AIM X n oy v
- Lp B v B B \Y;
mm mm mm
0 973 -9.2 1.5 -13.0 1.41
15 973 -6.7 1.3 -9.9 1.49
30 973 -4.2 1.0 -6.8 1.61
45 973 -3.3 1.0 -5.9 1.78
60 720 -2.1 0.8 -4.2 2.01
75 736 1.0 0.9 3.1 3.23
90 736 35 0.8 5.6 1.60
105 973 7.1 1.1 9.9 1.40
120 973 11.3 1.2 14.4 1.28
135 973 12.0 1.3 15.3 1.27
150 973 10.1 1.1 12.8 1.27
165 973 6.7 1.0 9.3 1.38
180 973 2.0 1.0 4.4 2.17
195 736 1.0 0.8 2.9 2.87
210 973 -1.7 1.0 -4.1 2.40
225 973 -2.0 0.9 -4.2 2.13
240 738 1.3 0.7 2.9 2.26
255 925 2.6 0.8 4.4 1.73
270 738 3.6 0.8 5.5 1.53
285 738 5.0 1.0 7.6 1.50
300 736 5.9 1.0 8.4 1.43
315 738 5.2 0.7 7.0 1.36
330 952 -3.8 1.0 -6.2 1.64
345 973 -8.6 1.3 -11.8 1.37
4-2(d) AIM N\ M z Y
Lb B v B v
mm mm mm

0 728 7.7 3.2 15.6 2.04
15 728 7.7 4.2 18.0 2.36
30 728 6.2 3.0 13.6 2.18
45 726 7.9 2.7 14.7 1.86
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60 726 12.5 2.9 19.8 1.58
75 724 18.9 3.3 27.0 1.43
90 724 26.8 4.5 37.9 1.42
105 722 33.7 4.9 46.0 1.36
120 722 35.9 4.6 47.4 1.32
135 720 34.1 4.2 44.6 1.31
150 720 27.1 2.9 34.4 1.27
165 722 15.1 2.9 22.4 1.48
180 722 4.8 3.3 13.0 -
195 722 4.9 4.1 15.0 -
210 722 6.0 3.5 14.9 2.47
225 724 8.2 2.6 14.7 1.80
240 724 14.2 4.2 24.8 1.75
255 722 21.3 4.5 32.6 1.53
270 722 27.9 4.8 40.0 1.43
285 724 31.7 6.5 48.0 1.51
300 724 44.8 75 63.5 1.42
315 722 44.4 5.4 57.8 1.30
330 722 33.9 4.5 45.3 1.33
345 724 16.7 2.7 234 1.40
' TP v v P b Lo ) A
4.3.3 A2M Z
4-3(@) A2M it Lbp
L7 v v
mm mm
135 336 -16.3 -26.1 1.61
Y 180 518 -15.0 -29.9 2.00
W1N -Z 165 570 3.0 -5.3 1.77
W18t -Z 165 205 2.1 -3.9 1.82
Wi -7 135 132 19.4 31.1 1.60
W20t -7 135 461 -6.3 -10.9 1.71
W2M -Z 135 131 20.0 31.6 1.58
W22 -Z 330 112 41.6 60.6 1.46
Y /- T FRN n » v A
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4-3(b) A2M M x B
Lo B v B v
mm \' mm mm
0 572 -3.5 3.1 -11.4 3.21
15 572 -4.7 2.3 -10.5 2.25
30 572 -6.1 1.8 -10.7 1.75
45 336 -6.7 2.0 -11.7 1.74
60 336 -8.9 2.2 -14.3 1.61
75 336 -11.2 2.4 -17.2 1.54
90 336 -13.5 2.9 -20.7 1.53
105 336 -14.1 3.3 -22.3 1.58
120 336 -15.6 3.8 -25.0 1.60
135 336 -16.3 3.9 -26.1 1.61
150 336 -14.1 4.2 -24.7 1.75
165 336 -7.3 5.2 -20.3 -
180 419 3.2 2.7 10.0 -
195 419 3.4 2.5 9.8 -
210 572 8.0 3.4 16.4 2.06
225 572 7.8 3.0 15.3 1.96
240 419 4.7 2.4 10.8 2.28
255 419 2.2 1.5 5.8 2.67
270 419 3.0 1.2 6.0 2.02
285 419 3.6 1.4 7.1 1.96
300 419 2.3 1.5 6.0 2.59
315 419 3.9 1.6 8.0 2.04
330 419 4.8 1.8 9.3 1.95
345 336 -1.6 25 -7.9 4.85
v Top v P b Lp -~
4-3(c) A2V \ n y B
Lo B v B v
mm v™ mm mm
0 570 -6.2 5.7 -20.4
15 570 -2.6 4.6 -14.2
30 570 0.6 3.4 9.1
45 570 0.4 3.3 8.7
60 570 -1.6 3.6 -10.5
75 570 -2.9 3.9 -12.7
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90 570 -3.4 4.4 -14.6
105 570 -2.9 5.1 -15.6
120 570 -2.2 5.4 -15.6
135 570 -6.8 6.1 -21.9
150 570 -7.9 7.1 -25.6
165 570 -15.0 6.0 -29.9 2.00
180 550 -85 5.6 -22.4 -
195 550 -5.4 5.3 -18.8 -
210 570 2.4 7.1 20.0 -
225 570 6.5 5.9 21.2 -
240 570 3.6 4.7 15.3 -
255 570 -1.6 2.7 -8.4 -
270 570 -2.1 2.2 -75 -
285 570 -2.7 2.3 -85 -
300 570 -4.3 25 -10.7 -
315 570 -7.4 2.8 -14.3 1.93
330 570 -6.1 3.1 -13.8 2.24
345 570 -7.8 4.4 -18.7 2.41
' v oo v P b Lp -~ 7
4-3(d) A2V '\ N z B
Lo B v v
mm \' mm mm

0 222 0.2 3.7 9.6 -
15 112 -4.9 4.2 -15.3 -
30 112 -2.0 4.3 -12.8 -
45 112 2.6 4.1 12.7 -
60 112 9.0 4.0 18.9 2.11
75 112 15.4 4.5 26.6 1.72
90 112 23.5 5.3 36.7 1.56
105 112 30.6 6.3 46.5 1.52
120 112 36.7 7.0 54.2 1.48
135 112 39.6 7.8 59.0 1.49
150 112 34.6 6.8 51.7 1.49
165 112 19.3 7.3 37.6 1.94
180 112 6.9 7.0 24.4 -
195 112 8.1 6.6 24.5 -
210 112 7.4 6.7 24.2 -
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225 112 6.4 4.5 17.6 -
240 112 10.5 5.2 23.5 2.24
255 112 22.1 6.3 37.9 1.72
270 112 29.8 7.1 47.6 1.60
285 112 29.5 6.9 46.7 1.58
300 112 32.7 8.2 53.2 1.63
315 112 39.3 7.9 59.0 1.50
330 112 41.6 7.6 60.6 1.46
345 222 20.9 4.9 33.3 1.59
7 v Y p v v P b Ly -~ A
4.4 - FoFo e}
4.4.1 z
I, - i z A
zZ Y Nows™z @ Ne ™ A Ne ~ Ne " Ne "1 T Ne Ne
%  Ne =7y A Y "o Ne S w z"
7 v ey
Y @ TP 4 W Ne Y p v
%o v i ¥ v4 Y e vdT gz A 1w
Z ! A
- T P r(t) % e ()
" . ,
Coyn=max{r(t)}/ ma{r.(t)} (t 1[T]) 4-17
S 3y v o 1 A Ne {f(to)}w v z
{t.d=Caf (L)} " 418
Y 4T [ ne 6V W 4 {feqi}" FO~
rb 77z fH 6 -
{r} "z {f} et He - [
H " rA ° F 4 v TREE
b — r| ° 4‘ 1q
ar
i=1
T nu © by e z ¥ 6
Z Y
(rd=4{1do e
i=1
~ 4207 G ! : R Y R Vi H &
TFd H F A
4.42 Ne
A a1 a 4da a ar a da | 4a
Y a a A b - ! i
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