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LISHUI CITY SPORTS CENTER TENNIS STEEL DESIGN
CALCULATIONS AND WIND RESEARCH

ABSTRACT

Based on the design of steel structure for the tennis court in Lishui stadium, the numerical analysis
of the above structure has been performed for the wind resistance in this paper.

The structure is mainly computed in SPA2000. Not only simply do linear analysis for the frames of
the structure, but also do the non-linear analysis for the cabals and the whole structure. Computing is
focused on the response with seismic and wind load, load values are refer to Load Code for the Design
of Building Structure. We study the structure of long term and short term load combination of stress and
deformation. The maximum stress in the structure meet the design requirements, the maximum
displacement does not affect the use of the building.

The structure which is made of light steel is 84 meters long and 42 meters wide. The earthquake has
little impact on the structure since it is located within the region of 6 degrees. However, the wind effect
on the structure cannot be ignored due to its flexibility.

The numerical wind tunnel experiment has been implemented in the final chapter, using FLUENT
software that can provide the standard k-¢ turbulence model. By applying the wind load to the structure
in different ways, various pressure distributions on the structure’s surface are detected. Wind pressure
values are summarized for the structural design.

Key words: long-span spatial structures, SPA2000, structural design, air pressure characteristics,
standard k-¢ turbulence model
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FERFJETHI %6 b=3800mm (X J7[A]) JEHKE 1=10100mm (Y J7fA)
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fRCaHE ex=Miy I (Fk + Gk)=693/(300+2397.4)=0.257m
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PKmaxX=(300+2397.4)/38.38+693/24.307

=98.8kPa < 1.2fa=411.8kPa, Jifi /& E3K .
pkminX=(300+2397.4)/38.38-693/24.307=41.8kPa
L ey=Mix / (Fk + G)=1424/(300+2397.4)=0.528m
PKmaxY=(300+2397.4)/38.38+1424/64.606

=92.3kPa < 1.2f,=411.8kPa, Jifi & EK.
pkminY=(300+2397.4)/38.38-1424/64.606=48.2kPa

I
FI<0.7¢ Brp* fis am* Ho (X 8.2.7-D
am=(ar + ap) / 2 (£ 8.2.7-2)
Fi=pj* Al (X 8.2.7-3)
BRI pj

Pmax=yz* 120.8=163.1kPa
Pi=Ppmax - G / A=163.1-3236.5/38.38=78.8kPa
X J7m (b 7D
b<2H,+hc, X JMAFELE S
Y Jita A J5ED
| > bc+2Ho. b<hc+2H, H b-hc<l-bc H:
Ay=be (1/2-bc/2-Ho)=3.8+10.1/2-0.75/2-1.85)=10.74m
ab=Min{hc + 2H,, b}=Min{0.75+2+1.85, 3.8}=3.800m
amy=(hc + ab) / 2=(0.75+3.8)/2=2.275m
Fiy=pj* Ay=78.8+10.74=845.9kN
0.7+ Prpe* fie amy* Ho=0.7+0.9081101+2.275+1.85=2947.1kN
> Fly=845.9kN, i /£ FR
V <0.7¢ Bhe fie boe Ho GREELHIEA 7.5.3-1
X J71E (b 7D
HEFEE Le={1-0.5¢[1 - (bc +2250) /1] (Ho - n1) / Ho}* 1=8600mm
Vx=pj* Ax=pj* (b - hc)* 21
Vx=78.8+(3.8-0.75)+10.1/2=1213.7kN
0.7¢ Bre fis Lo» Ho=0.7¢0.81+1101+8.6+1.85
=0945.9kN > Vx=1213.7kN, 2 EK,
Y Jita A g5
HHEFEE Bo={1-0.5¢[1 - (hc + 2250) / b]* (Ho - h1) / Ho}* b=3322mm
Vy=pj* Ay=pj* (1 - bc)* 2b
Vy=78.8+(10.1-0.75)+3.8/2=1399.8kN
0.7¢ Bre fis Bo* Ho=0.7+0.81+110123.322¢1.85
=3841.5kN > Vy=1399.8kN, i £ Z3K
BB IE
R
M # BTG 8.2.7-4 T
Mi=al A2+ [(21 + a)* (pmax + P - 2G / A) + (Pmax - p)* 1] / 12
X Jim (b 7w FEil (B8 Y HD -
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M =(b - hc) ~ 2¢ [(21 + be)e (pmaxX + pX - 2G [ A)
+ (PmaxX - pX)» 1]/ 48
PX=pminX + (PmaxX - PminX)* (b + hc) / 2b
=56.4+(133.4-56.4)(3.8+0.75)/3.8/2=102.5kPa
M 1=(3.8-0.75)"2¢[(2210.1+0.75)*(133.4+102.5-2+3236.5/38.38)
+(133.4-102.5)+10.1]/48=333.3kN'm
Y Jila (O JrmD ki (B8 X HD
Mu=(I - bc) » 2+ [(2b + he)* (pmaxY + pY - 2G / A)
+ (PmaxY - pY)* b]/ 48
PY=PminY + (PmaxY - PminY)* (1+bc) /21
=65.1+(124.6-65.1)+(10.1+0.75)/10.1/2=97.1kPa
M11=(10.1-0.75)"2¢[(223.8+0.75)+(124.6+97.1-2+3236.5/38.38)
+(124.6-97.1)3.8]/48=997.7kN"-m

[y i
M 1 max:333.3kN m MH max:997.7kN m
OFH As1=608mm (x=19mm) FHXS 32 R X i €=0.011

as=62mm  FLHZE p=0.00%
pmin =0.15%  AS|min=24276mm?  100018@100  (As=25447)
@57 Asi=1827mm (x=58mm) FHX 2 R X i B €=0.032
as=50mm  FLHZE p=0.03%
pmin =0.15%  Asimin=9392mm?2  37018@100 (As=9415)
FE SR RS2 AR 5
F1< @ Bi* foc* A CR& L ME AB.1-D
JR iR B THE F1=405.0kN
VREE T JRE A2 R HAY Al=bes hc=562500mm
BERBAEAE T R0 52 i B v BRI AR 3% H1 A aH 5
Apr=(bx + 2c)* (by + 2¢)
c=Min{Cx, Cy, bx, by}=Min{50,50,750,750}=50mm
Ap=(750+2+50)+(750+250)=722500mm
R R S N SR FE R i R AL B=(Aw 1 A 7 0.5=(0.723/0.563)10.5
=1.133
* P focr A=1.001.13390.859955490.563=5177.2kN
> FI=405.0kN, 7 /£ Z3K
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2.6.2 HTY REM: Eif--2

TREAAR: WLEN KR O BRI 454
IR TR E

WEHAN: (M THE)Y  (GB 50007—2011)
fo=fu+m-7(b=3)+1n,-7,-(d-05) (X 524

Hh B AR FREE T, = 300kPa BER L FE I S A # OB IE R n, =0
SRR () AR F B R R EL 7, =1 FERET AR R EE y=18kN/m?
SERbETH VA E R MnACT ERE p, =18KN/m R % 5 b=6.1m
Fnh M EIRE d=2.3m
2 p=6.1m > 6m i}, % b=6m

f.=300+0+18+(6-3)+1+18+(2.3-0.5)=332.4kPa
B IE 5 B R AR H ) RHIEE fa=332.4kPa

A TR
1 &E hc=450mm (X Jj[i]) 758 bc=450mm (Y J7[E)
SRR %% b=6100mm (X J7[A]) K 1=6800mm (Y J7fa])
SRR H=1300mm  ImEBE A hi=200mm
A0 S5 At T T
X BT A A Acb=hle b+ (b + hc +20.05) (H - h1) / 2=4.88m
Y 5 A A Acl=hle 1+ (1+ be +2¢0.05)s (H - h1) / 2=5.40m
SRR ERIR i=1/25 W ox=21.6°  ay=19.4°

FLnh 78 S b
Rt E L. (b-he)/2H=2.2;  (I-bc)/2H=2.4
/E'u L SRESESCN C20 fe=9.554N/mm ft=1.101N/mm
R BETHE fy=300N/mm WIS S EEIRBIIEE as=50mm

?ﬁ%i A TARE v,=1.35 KA TR y6=1.35
FEAHEME A A=l b=6.8+6.1=41.48m
TREBE AL At=(hc + 20.05) " 2=(0.45+2+0.05)"2=0.30m
JEFAFL Vicl=Abs h1=41.480.2=8.296m
THERAAFR Vjc2=[be 1 + (b + he + 2+0.05)s (1 + be + 2¢0.05) + (he
+2¢0.05)¢ (bc + 2¢0.05)]* (H - h1) / 6=16.621m
FEAAFR Vie=Vicl + Vjc2=8.296+16.621=24.917m
Fefit [ E AR E At E
Ffih VR ¥ B ye=25kN/m AT DA E 7R #E ys=18kN/m
Toir 78 - )2 E ds=1000mm
Gk=Vjce yc + [A* (H + ds) - Vjc - bee hee ds]e ys=1888.0kN
FER AR ) L E R THME G=yee Gk=2548.9kN
FEAih BB B [ BRI AT 2 bR E(E. FK'=O0kN
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7 NG AQ TONG NIRRT HLTHK 6 2 U I ER S ER SR BT L5 FOR T
FEHIN g
NK ----------- FHREL T Aaf BBV AR AELE S, AR ) (KND
FK ---mememeo- AL fir BN ARAEAL S, AR TR R ) 0l (kND
Fk=Nk + Fk'

VKX + VKy ---- A0 T N bR 4L Ak, A T 35T A8 7118 (KND
MKX's MKy' - #H S T fif s SN An v &y, R P T 3ERE T S 451 (kN m)

Mkx MKy ---- FHRL T8RN bR AE A S I, AR T AR R I A (KN -m)
Mix=Mix - Viky* H. Mky=Myy + Vixe H

Fo Mx o My - FHRLTATERUNFEAA G, Bem ). SHERHE (KN. kKN-m)
F=yz* Fkn  Mx=y:* Mkx~  My=yz* Mgy

Nk=1027; Mix=1225.2; Miy=884.5; Vix=306.3; Viy=221.1

F=1027; M=937.7; Myy=1282.7

F=1386.5; My=1265.9; My=1731.7

MO EAE TR
pk=(Fk + GKk) / A ({ 5.2.2-D)
pk=(1027+1888)/41.48=70.3kPa < fa=332.4kPa, L E K,
i Cofif B A FH R
pkmax=(Fk + GK) / A + Mk / W (:{ 5.2.2-2)
pkmin=(Fk + GK) / A - Mk / W (5 5.2.2-3)
R[] s Cofif B T

pkmax=(Fk + Gk) / A + Mkx / Wx + Mky / Wy
pkmin=(Fk + Gk) / A - Mkx / Wx - Mky / Wy
SRR T IRPTAE Wx=be I+ 1/ 6=6.16.8+6.8/6=47.011m
SRR THIRPUAE Wy=le be b/ 6=6.8+6.16.1/6=42.171m
Mkx=937.7kN-m  MKky=1282.7kN m
pkmax=(1027+1888)/41.48+937.7/47.011+1282.7/42.171
=120.6kPa < 1.2fa=398.9kPa, i E R,
pkmin=(1027+1888)/41.48-937.7/47.011-1282.7/42.171
=19.9kPa>0, jifi & E K.
i 0FE ex=MKy / (Fk + Gk)=1282.7/(1027+1888)=0.44m
pkmaxX=(1027+1888)/41.48+1282.7/42.171
=100.7kPa < 1.2fa=398.9kPa, ¥ LK,
pkminX=(1027+1888)/41.48-1282.7/42.171=39.9kPa
0% ey=Mkx / (Fk + Gk)=937.7/(1027+1888)=0.322m
pkmaxY=(1027+1888)/41.48+937.7/47.011
=90.2kPa < 1.2fa=398.9kPa, i /& E K,
pkminY=(1027+1888)/41.48-937.7/47.011=50.3kPa



)X EREAS
(SR KA TR DR T K T 4 7 v P BRI 40 4 H 5 S0 KU 5
PRI
F1< 0.7+ Bup* fi* ame Ho (X 8.2.7-1)
am=(at + ab) / 2 (X 827-2)
Fi=pj. Al (X 8.2.7-3)

FERIF R TT pj

Pmax=yz* 120.6=162.9kPa

Pi=Pmax - G / A=162.9-2548.9/41.48=101.4kPa
X Jif (b J7)D

b > hc+2Ho H I-bc > b-hc A:

Ap=0.5¢ (b - he + 2be + 2Ho)* [(b - he) / 2 - Ho]
=0.5+(6.1-0.45+220.45+2¢1.25)+[(1-12)/2-1.25]=7.13m

ab=Min{bc + 2Ho, 1}=Min{0.45+2+1.25, 6.8}=2.950m

amx=(bc + ab) / 2=(0.45+2.95)/2=1.700m

Fi=pj» Ax=101.4+7.13=722.8kN

0.7+ Brpe fie amxs H0=0.70.9581101+1.7+1.25=1569.9kN

> Fi=722.8kN, i /2 E 5K .
Y Jit A g5

I > bc+2Ho. b > hc+2Ho H b-he<l-bc A:

Ay=0.5(b + hc + 2Ho)* (b - hc - 2Ho) /2 + be (1-bc - b + hc) / 2
=0.5+(6.1+0.45+2¢1.25)+(6.1-0.45-21.25)/2+6.1+(6.8-0.45-6.1+0.45)/2
=9.26m

ab=Min{hc + 2Ho, b}=Min{0.45+2+1.25, 6.1}=2.950m

amy=(hc + ab) / 2=(0.45+2.95)/2=1.700m

Fiy=pj* Aiy=101.4+9.26=939.3kN

0.7¢ Prp* fi* amy* H0=0.7+0.958+1101¢1.7+1.25=1569.9kN

> Fly=939.3kN, i & 23K,
B
V <0.7¢ Bhe fie boe Ho CRELHEA 7.5.3-D
X J71 (b J7 D

HEFEE Lo={1-0.5¢[1 - (bc + 2+50) /1]* (Ho - h1) / Ho}* I=4175mm

Vx=pj* Ax=pj* (b - hc)* 21

Vx=101.4+(6.1-0.45)6.8/2=1948.2kN

0.7¢ Bne fis Lo* Ho=0.7+0.89+1101+4.175+1.25

=3598.4kN > Vx=1948 2kN, Jifj /£ ER .
Y Jita A g5

HEFEE Bo={1-0.5¢[1 - (hc + 2+50) / b]* (Ho - h1) / Ho}* b=3769mm

Vy=pj* Ay=pj* (I - bc)* 2b

Vy=101.4+(6.8-0.45)6.1/2=1964.2kN

0.7¢ Bne fie Bo* Ho=0.7+0.891101¢3.769+1.25

=3248.5kN > Vy=1964.2kN, i & 3K .
PEIE
IR
M # e 8.2.7-4 T
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M 1=ai% [(2] + a")* (pmax + p - 2G / A) + (pmax - p)* 1]/ 12
X Jilm) (b Jrmp) Ak (58 Y fD -
M =(b - hc) ~ 2« [(21 + be)e (pmaxX + pX - 2G / A)
+ (PmaxX - pX)» 1]/ 48
PX=pminX + (PmaxX - PminX)* (b + hc) / 2b
=53.8+(135.9-53.8)+(6.1+0.45)/6.1/2=97.9kPa
M 1=(6.1-0.45)"2¢[(226.8+0.45)*(135.9+97.9-22548.9/41.48)
+(135.9-97.9)+6.8]/48=1208.6kN-m
Y Jin (L J7m) AR (B X B -
Mu=(l - be)  2¢ [(2b + he)* (praxY + Y - 2G / A)
+ (PmaxY - pY)e b] /48
PY=PminY + (PmaxY - PminY)* (1+bc) /21
=67.9+(121.8-67.9)+(6.8+0.45)/6.8/2=96.7kPa
M11=(6.8-0.45)"2¢[(2°6.1+0.45)(121.8+96.7-222548.9/41.48)
+(121.8-96.7)+6.1]/48=1144.3kN-m

R i T 5

M 1 max=1208.6kN m M max=1144.3kN m

DS As=3407mm (x=120mm) FHXFSZ R X S €=0.096
as=50mm  FLHE p=0.07%
pmin=0.15%  As|min=8104mm 56014@120  (As=8621)

@5 Asy=3256mm (x=120mm) FHX 2 R X S B €=0.097
as=62mm  FCHE p=0.07%
pmin =0.15%  As;ymin=7316mm 50014@120  (As=7697)

¥R R 52 A S 15
Fi < o0 fie foee Al CRE L MEA AB1-D
B B THE F=1386.5kN
TR R 2 KA Al=bee he=202500mm
FERREAT T SR EB 32 He I o SR AR 3% R 21 A k5
Ab=(bx + 2¢)+ (by + 2¢)
c=Min{Cx, Cy, bx, by}=Min{50,50,450,450}=50mm
Ab=(450+2¢50)*(450+2+50)=302500mm
VR R S N SR FE R S R AL Bl=(Ab / Al) ~ 0.5=(0.303/0.203)10.5
=1.222
oe fi* fece Ai=1.001.222+0.8599554+0.203=2010.0kN
> F1=1386. 5kN, i 2 ER .

2.7 KBING

WER SNSRI PR3t KA, AR THESEEOR, A B R, H2 70
AECMBABCR IR %, Jyiseit TARRE N 7 AN (bR 3, (E 2 R st i it futk 1732 7i1kRe,
Pem T AR, D TN
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B=F FERNARD

318 §

LR, KBS RS A e E AN R IR, |2 M TR ESE. 2RIk, « RELE
LW RKUEF . WSHEEMRSEROAN ERE, KEEEHBHGERRZH, Z48WIhR
fig S5, FEAE AT ik — AN B K AR SRR IR v tnitl, T A Tz g5 ik R 1
IHTHARMARR TR A JE (CADICAM HiAR. BIRITHTHE. BUESIT B,
iR TR VA DUF = ISl k. RS 7 v R BB A T k-2
KA T E BRI TSI R AT FL S5 F TR R R B BB T B Hoexy P12 N BT AN R 1 )22 TH Js 2 HEAT
TR ERA R RS, 45 53 B A5 1) () T L AR A 2R &6 449 1) R RE
BRI R o 3 RN B TR T AR 7T S IR 2 1 TTU S 2 DL S SR A s 9 1 5
) —FRbRAERTAL, XTI SR 4L T REZ R . JE 1 Silsoe A 7t O J7 B
Y SIS 248 BU A SR AT i B Y () SR o W Sk AR IR 2 5 5 R Fe i, (H AR
JIEBRIE B Ty, JoVkEAE B AR AT S R R s 2 2 T H R R

PRI 75742 B A TR 78U A nT A B ST B Kassem (1992) AT 1 7% R i 4h
PSR SRR, A T — RHIAH S S HO6 2544 IR T B ) 52 ;- Kawamural! 25 (1986)
X A 2 () 48 A () M PR Rt MRS 2R 3R 47 T RIS A 7 2R o057 5601 (2005) S Bk ) 78 K
R B KGRI 9T RIRRES 70 A R AE A 20, (H 2 AR A i A A S 1 o 22836 2 J LARTAH
A S P SHON — S SR AR X BRI R A

23T 50 FERIA SR, EIRT RS 1% (Computational Fluid Dynamics, CFD) 47k
HIL T Z PR B, MR s 7 R B BT VA AN E], AT LA R AN A T T A B 22 O
(Finite Difference Method, FDM). HBRA&FI 72 (Finite Volume Method, FVM) FIF Ryt 77 ¥2:
(Finite Element Method, FEM) [,

TP G AN XN 20 T 5 M T it A B E A B DA oG . Rl 80 AU HAE, 7&

CFD R Z MK E T & Fimi Bl 7% . it BUE AL 77 V200 46 B EUE A4, (Direct Numerical
Simulation, DNS), & % T34 /7% (Regnolds Averaged Navier Stokes, RANS) F1 XA 5 % ( Large
Eddy Simulation, LES) [,
AR R i U ) BB B A O B R R T T R . IR T O VR O R AR B X A 1
Navier-Stokes /7 F25CI, RkaNME S H3E K¢ Rt 51 NG AORE e . H A e s %
JiFEEEAL: C-S A, B-L B, —J7FEMEAY: Spalart-Allmaras (S-A) #%; B-B BiAl. —JifE
R R k- 15, SST k-e B8, TR EE/DN, AFHRIADRZEE, HIT5 XM
MBNELSERAE . O ARG RS, TN, HEitEER, WM. —7# S-A
TAREAY, X R T B SR EUIC, THEREUN. BT R BT SO s i e A
P I7 L,
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3.2 BEEHHFEAERER N - k-« IRE

prifE K — & MR I R ORI SN e L AR RCR T R . sl e s 5 R R RS B 1 R
TR, EREECRIT R IE I B, A B USRS B . AR R B B S A e
Giiit, 7 TRETERIRE R DL o AL, X ARdE ke BEADRUL, I BERN S eimint iR Al

o
K — & B Rim Bl BE k FIFEHR e TR A MR
Dk 0 ok
X O e | K6, 4G, - pe-Y (3-1)
P D m[blcnjml ~PET
De 0 u, | os & &g’
Pe_ O H)% e £(G, +C,6,)-C,. p (3-2)
P Dt ox Kﬂ O_kjaxii| 1 (G, 2:G) —Cp.p K

fE BRI e, G Fom i TP R L SRR R shRe = 24, G, R TF IR
M 5D K B B AR Yy, AT e VA K Bl KO A R R K R . i IR TR AR B
k2
pC -
fFLUENT L, AENERMER S, C,=144, C,,=1.92, C,=0.09, iitidhft k HFEMZFE
e RIS W E D BN 0, =1.0, o, =1.3. AT LB IR AR mﬁﬁﬂ%m X A

3.3 MEkia=4% XA EEUS o
3.3.1 fEk

KRB BRI R LR, (RT3, SIS, M L aits iy
IEF) 42 K, HIRHTEELR, BERHEAT IR SCIG T, (HR e B L T RS B s, JEAIR
RAF, HTATHRASIG TS

AHENTREA TS, G5EAR NS 258 A2 AR GUH ST H “ i = 4ef =
U R SR BE A, BORT TR, AR B3 T SRR FLUENT, S HIRRHE ke THIFRETY,
X B BRI AT RN TR AT -
3.3.2 XA

3.3.2.1 FHX

THYRELEL E N TRLBEA . KUK/ ) AN IR (6] e AR B o A T4 PR B
(O) = A 57 S R W = 0 DR i O A S = AV W = K5t 78] L WA R O /S WS

o= IUSIUZIUra)o (3-3)

Hr, o, WEFIAEX RN o, NEIIRAEREG g, AR SR R,
WE T HATEAE ;. o, WL AR R E, 58 1 IR R e XU I e AR AL RS o T2
DRI 5 S AR A PRI AR — A X 50X T R4 280X T P A s T 2

WA B B, WU AR S5 B Ar AR b7 A B KU B 5% R 09 -

\Nzlle (3-4)

Horp, y SR E, g NEAIERZAT y N TEE (KNmP). g NEHERE (mis?).
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N

TEANF BN, BRI, oy 1 g AMFER, i m 28y lg A— 4.
FERRE R SRR R, By =0.012018 KN/m3, g=9.81 m/s2. ]l

y 0012018 1

yan ~ (3-5)
29 2x981 1630
TE— BT, N5 L H
r_ 1 (3-6)
29 1600

H (4-5) M (4-6) BB SR AMABE, LR AR RE vy H SR A KR W,y , Bl
W, = ﬁvoz (3-7)

JEA R F8 DAY b L 2= P E i B3 10m @SS ih T 50 4E—38 10min T4 KX
B vo (m/s) NARHERAE XU, AR AR /N T 0.3 KN/m2,

I AN R 30 T R DX P R AR KU B Y RS A AT ) 4 [ A R A o 24
3 T B BRI A RUE AN BE A IR, o A XU A T AR b e K KU R, e A IR 3 3L,
WG o T E .

X T ARG, BRAIARIEEA KL w, = 0.35 kN /m?, & vV, =23.7m/s.

3.3.3 HEXEFMAREE
DA ERIZ AN AL JE A, RO RN R o 1 JefE AR B GAMBIT Hr i e g5 iR L, dn
Kl 4-1, 850K 84 K, BN 42 K, KN 6.4 K.
W EIERA 5000 K, 9E 2000 K, & 100 K. @il 4-2 Fros. THEIROAR BRI N 9 B
PR BRI B B W A B . S R 0%k 501881, 1 %l 91991,

4-1 T
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B 4-2 THEEIE xy T R R 23 1

B 4-3 THEI yz S R A% R 2> ]

B 4-4 15 xz S B AR 4

A SEAG B FH 0 v B3R R 3 AR T SR T Pt i %A Cvelocity-inlet) , HY FI AR A4R34%
BAHEBRE Coutflow) it THHI AV H ¥ & AXIFRIA S (symmetry) , JoREZR A HIRR H
W NEEE (wall) .

THE I B SR 2 #TE GAMBIT B BT, 5 EIRPIRIG, Pl Mg fluent %X
RS
1. MR Cvelocity-inlet): 25 HHE O B K 75 B T B AR 8&1E . 128 K& T &

YEIR BN, AT RS A AE T, 75 UEZN A AR AN 1 AR R R B R A — 58 A

&)

2. HiAE Coutflow) : 1% 5% F A DUSSHLE SR AR Inl 2 1T, Joid i W s R Bl T )

H OB E e KA, Ok, BT R, HMSEHERNET, AHFAEHA -

GG, A MENAREH B i R A& BE Rt O %A nTRGER S I A



YERZALY

SN [0 Toua hemre LB 1 4 77 o410 U R B 5 T

BACHARREE TSl (B AT RN -

3. XFRILFE (symmetry): RFRIL A& H T80 LA A7 AR 1 B o

4, [EEDF (wall): X FREVERAD S, FLUENT BR\BCE RBEMEICIER %A, X T BEHA
Wi s sl eI shiny, wT AR BE M V) (A1 705, AT DAy B i D7) 7 7 DA T A DL BE ff i
%

324 HHERS DR
AR TFEHZERE T ZFE 5 R K SRR, 508 X BRK, Y ARG, BUK 45 &
AR SN A FRAI T OFR, = AN T7 [ R IR A b BE 053 2 TR P it R 2.
RN TAET 08, B o3 s = Fh e T S5 R 11 45 P Hhilll XU B BA B xy P TR XU &

pressure

100

50

0
-50
-100
-150
-200
-250
-300
-350
-400
-450

B 4-5 (a) X Jilofe UK 2 A il 1]

—

pressure

100

50

0
-50
-100

1020

-150
-200
-250
-300
-350
-400
-450

1040

18 9g0 1000 1020

B 4-5(b) X F)2R KR E 4340 xy P E



YERZALY

AL A0 T LTy LT M 7 5 7 1 0 R A B 55 5

XOAEFRMAEZLL, 55—t Es — g )i 52 oy, SR XA FPESs A o IE T
L T RS A EHGRUR X JFHS AN S X T AN, B N R I X
CZWMIL T AR, FEEREREEN, U5 DX R EE RO . 35 0 7 6 VY T 356 1 e
A —E AR A ERE A ez R, 7R T BV B R B I E R X, XA
R T UR XOF ARG R LEBOR I, X SRR LEAT e AN A

BRI AT R T WA BG40, AN DU 37 450, IX N2 A8 3 22 57 R S A

pressure

200
150
100
50
0
-50
-100
-150
-200

P 4-6(a) Y Tk JRURUE 5

pressure

200
150
100
50
0
-50
-100
-150
-200

1 N

B 4-6(b) X [ 3K KR 43 A1 Filt xy T &l

Y TR R T RS X R R KRR B, B AGR D9, ELEIE PUN XU H
BL7IER, HARNEASLL USRI, X S IVE R REER A AR . A KBUR Ak AT
AU, R 3 S 2R U S SR — e B, (HE DA I & .
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pressure

200
150
100
50
0
-50
-100
-150
-200
-250
-300
-350
-400

Kl 4-7(a) 45 ]2k RURUE 2 A7 il 1]

pressure

20090

150
100
50
0
-50
-100
-150
-200
-250
-300
-350
-400

[ 4-7(b) 45 Ji [ sk KR 23 Al xy ST 1

45 X i, WX B EUHER SO0 KU O E R . i R IX R L, 3
Ja e A s, S EEE R B IR X, 2EL AR R R R A A . JF BAER A DDA
byl R e HOE S S5 A7 T AR IZ BTG A o

3.3 &ip

AFIET FLUENT BfF, (EHIbRHEK — e MR, XIMIERIEEEAT T X r s AOREL, Eid ik
S, 2] TS T REARRE AR, S athrai )RR, B2 7T LR4gie:

(1) £ 23.7m/s BN R, IR TR EATE ERIRKITE O T, KUEEEA /£ 0.5kPa
PAR o ZEARXS ORI IR B, XU oK R 0.2KPa, Ry B AR /N 4 IX 45 m] e i PR % 3124 0.45kPa.
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(2) U ) 537 16 DL -5 A0S AT — e B DX H B0 s 0 X3 B A (4 DX BE R, iy L
T

ORISR L 7 S, TR S B R T HE L T IR, X SR BT R IR AR
75 R8BI B AN DY T M I DL, T3 S B A ST AR TR g S AR AR I DAY T A 1 L2 AT
SL, FHEI S5 RN BN SRS DL

(3) XFF kgt sk, WA IERE X, # KUE A X .

(4) fEL ML L, HOURZ VNI ORI S, I HAEBCK .

3.4 TIERFB

i AR AT AR DR LR R AR S RO E I

(1) WEHBUE BRI IUE, AT IR BRI 0.8kN/mM?2, IXFEIRML T 1.6 15K %
EXU R

(2) 5 REBIREFP B0 N PAAT BT 0 ATAS IR, i s B S 2 HEAS R XU - 424 R T 00EAT
Jtn, RT3, X AR Y 1R K 45 F5 A1 7 1o Ao JH r a2 S T U, 7 AT B
AR UE .

(3) X FREHER A% T LUE 2 (2 2 fif o, At T A AL A AT A /I 20, n] X i
AT LUAL I AR . A AR AL R 7 B g

3.5 4P FE AR

Xt T A ARSI IR A AE — AL, Ay BEAE DUJE AR S0 AP 3R B IE & 7N A
HAG LU JUAN5 1 -

(1) B4R, RSN, DT A BAT R AE, Rl AR i R
st r, AAFAE A VAR RS AR N T R A%, 3 B0X— XIS BOR AL, A B AT T R
B, SRR R

(2) BEERIAS R 2B T D, U DURS SE bR SO Tl L, W SR AES EAT RS XU
I RE A4 2 S NI St o

(3) X Ueaity, BCAHBREIRENNTEIL, KR R BRI 2 48 34T HUE

Ay SRS H 7 BERS A — ORISR, DMEAS BN se iR, BER X S5 P ) & 4= i
B0, MR BOHRBRR A B, Pl B AR T 2 MR FIE OL, S ECBI ISR, B ings
iAo



(@) ¥ #X4 ¥

- St 140 Tows s WL 7K T 1A 7 o P BRI M S5 A B T 555 0 T

27 3R

[1] A, Bk, Mg Rk S RS, FELEH[I], 1994, 1: 3-10.

[2] A BAPH, Y. JRER NG A R RHEOR . B aM[]. HAR TR 4R, 1998, 31(6):
3-14.

[3] Hoxey R P, Rubertsun A P. Pressure coefficients for low-rise building envelopes driven from full-scale

experiments [J]. Journal of Wind Engineering and Industrial Aerodynamics, 1994, 53: 283-297

[4] Kawamura S, Kiuchi T. An experimental study of a one-membrane type pneumatic structure wind load

and response [J]. Journal of Wind Engineering and Industrial Aerodynamics, 1986, 23: 127-140.

[5] 2755, M S, o #H 28 BR 1 52 44 3% 1 XU 23 A A v XU S 56 B AT (9], R AR A A A

#12,2005,26(5): 104-111.

[6] Davenport A G. The application of statistical concepts to the wind loading of structures. Civil Eng Proc.

Inst 1961,19(3):449-472.

[7] FENE FEAA SRR . ORGSR 5P RS S RIS EBUEBAI]. RIS R 22k (AR

B/ ,2006,34(6):711-715.

[8] VEMZE BAA AR e 1A B AR B2 5 ks RUE BE R, (J1%Z=T]) -2005, 4

[O] HAe NERILAIEAT L ARE: EBE M P SEFE T4 —FrifE (GB50068-2001) [S]

[10] e N ERILAE AT ML bt @ AR TR BB 7 K hndE (GB50223-2004) [S]

[11] 4 N RS EAT AR E: BARESMm EE (GB50009-2012) [S]

[12]H 4 N IR EAT bR TREE L Z5H T iE (GB50010-2010) [S]

[13] e N RILAEAT bR @FHUEBRIHTE (GB50011-2010) [S]

[14]F A N IRILFNE AT ARt @SR IE AR B TH I (GB50007-2011) [S]

(5] N RIEAEAT AR S5 Bt #ivE (GB50017-2003) [S]

[16]2= 06, S, £ 4. WA BB PLART [3]. KON 5 3 3T 1752741k, 2009,22(4):57-59.

[A7THESE. IR AR E R Ml 0], AR 3T AR5 B H0R,2011,3(1):73-78.

[18] JAl 1%, iR Ax i 5. RIS P 7 () S5 A R H RIS & URL 70 AT [0 #R3h 5 b

17,2009,28(6):17-22.

[19] Sh3R. K= 1) 45 K 1) X3 AL [ RS 5 RS ATE 7 S5 R ARl [ i3], Bl RIS i@k

£,2009.

[20] V. Shankar, H. Ide. Aeroelastic Computations of Flexible Configurations[J]. J. Computer and

Structures. 1988, 30: 15-28.

[21] L. Demkowicz. Some Remarks on Moving Finite Element Methods[J]. J. Computer

methods in Application Mechanics and Engineering. 1984, 46: 339-349.

[22] V. Kalro, T.E. Tezduyar. A Parallel 3D Computational Method for Fluid-Structure Interactions in



:{,-.' -”..}I,_ 1.‘ e ,{

@) > FAILY
ST SHANGHAL JAO TONG UNIVERSITY WHL AN K AR & oo PRGN i B B S5 Bt 7
Parachute Systems[J]. J. Computer methods in Application Mechanics and Engineering, 2000, 190:

321-332.

[23] Y. Bao, D. Zhou, Y.Z. Zhao. A two-step Taylor-characteristic-based Galerkin method for
incompressible flows and its application to flow over triangular cylinder with different incidence
angles[J]. J. Numerical Methods in Fluids, 2010, 62(11): 1181-1208.

[24] Y. Bao, D. Zhou, C. Huang. Numerical simulation of flow over three circular cylinders in
equilateral arrangements at low Reynolds number by a second-order characteristic-based split finite
element method[J]. J. Computers and Fluids, 2010, 39(5): 882-899.

[25] E. Orate. Derivation of stabilized equations for advective-diffusive transport and fluid flow

problems[J]. J. Computer Methods in Applied Mechanics and Engineering, 1998, 151(1-2):
233-267.



— ,.,.\
: \v
- 'l
a1
5
EXY
P
IO

-"-\_____ SHARGHAL [1IAD TaNG UsSIVEESITY %?IW7J(T_E{ZI§§EP‘D‘IWE*i%%W%M&‘H“H‘%EﬁMEﬁ%

BqOW

L KIE=A R, JRFER T A SR EAE B ST, 1R — BT R SRR .

R Biig B e BRI A A B 2. AR B — AN it 6z, k3R
(95 H) FE BT 5%, T ELAE BT AR SO FE A A2 Oy 3R B . 0 SCHI S8 BB AT 22 i
PR, DURORINF[A) S R RS, BRER TAEEE 28, ORI TR E. X
XA A 5 ] SR AR O T RIFRITE T .

[ N R B Bt B kel TR T, ARAIER B R 4 T IR R R B,
X AATRUL, A ARF AT TSN BRI R OB TE R AN A,
X B BE AR [ AR R T AER A A A AN T, 6T B AR A AR, AT A
R B EARKAMTAL AT ZEN TR G FEATH S0 2, ERSIBERIIL R4t

it BRI ) FE IR R oL, BRI b, I L, FRIbT v, ZEabn i, LK
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RIEES SHANGHAL O TONG UNIVIRSIT WL /K AR O BRI AN S5 4 BT 55 5 AT 5L
=%
PR 1
PEZE 1 R S h 2 B d
Name Period Accel FuncDamp
Sec

UNIFRS 0.000000  1.000000  0.050000
UNIFRS 1.000000  1.000000

FUNC1 0.000000  0.018000  0.050000
FUNC1 0.100000  0.040000

FUNC1 0.350000  0.040000

FUNC1 0.525000  0.027800

FUNC1 0.700000  0.021400

FUNC1 0.875000  0.017500

FUNC1 1.050000  0.014900

FUNC1 1.225000  0.013000

FUNC1 1.400000  0.011500

FUNC1 1.575000  0.010300

FUNC1 1.750000  0.009397

FUNC1 1.925000  0.009257

FUNC1 2.100000  0.009117

FUNC1 2.275000  0.008977

FUNC1 2.450000  0.008837

FUNC1 2.625000  0.008697

FUNC1 2.800000  0.008557

FUNC1 2.975000  0.008417

FUNC1 3.150000  0.008277

FUNC1 3.325000  0.008137

FUNC1 3.500000  0.007997

FUNC1 2.675000  0.007857

FUNC1 3.850000  0.007717

FUNC1 4.025000  0.007577

FUNC1 4.200000  0.007437

FUNC1 4.375000  0.007297

FUNC1 4.550000 0.007157

FUNC1 4.725000 0.007017

FUNC1 4900000  0.006877

FUNC1 5.075000  0.006737
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BEZE 1 R S h 2 Hod
Name Period Accel FuncDamp
Sec

FUNC1 5.250000  0.006597
FUNC1 5.425000  0.006457
FUNC1 5.600000  0.006317
FUNC1 5.775000  0.006177
FUNC1 5.950000  0.006037
FUNC1 6.000000  0.005997




N v x4 W
_,.P.- - L K F

TONEES SHANGHAIROTORGUNIVIRST WL TN K 77 44 7 v BRI AN S5 40 B h T 5 5 30 KU 7
BH% 2
M 2 WHIHE
ComboName  ComboType CaseName ScaleFactor
UDSTL1 Linear Add DEAD 1.350000
UDSTL1 LIVE 0.980000
UDSTL2 Linear Add DEAD 1.200000
UDSTL2 LIVE 1.400000
UDSTL3 Linear Add DEAD 1.000000
UDSTL3 LIVE 1.400000
UDSTL4 Linear Add DEAD 1.200000
UDSTL4 WINDX 1.400000
UDSTL5 Linear Add DEAD 1.200000
UDSTLS5 WINDX -1.400000
UDSTL6 Linear Add DEAD 1.200000
UDSTL6 WINDY 1.400000
UDSTL7 Linear Add DEAD 1.200000
UDSTL7 WINDY -1.400000
UDSTLS8 Linear Add DEAD 1.000000
UDSTLS WINDX 1.400000
UDSTL9 Linear Add DEAD 1.000000
UDSTL9 WINDX -1.400000
UDSTL10 Linear Add DEAD 1.000000
UDSTL10 WINDY 1.400000
UDSTL11 Linear Add DEAD 1.000000
UDSTL11 WINDY -1.400000
UDSTL12 Linear Add DEAD 1.200000
UDSTL12 LIVE 1.400000
UDSTL12 WINDX 0.840000
UDSTL13 Linear Add DEAD 1.200000
UDSTL13 LIVE 1.400000
UDSTL13 WINDX -0.840000
UDSTL14 Linear Add DEAD 1.200000
UDSTL14 LIVE 1.400000
UDSTL14 WINDY 0.840000
UDSTL15 Linear Add DEAD 1.200000
UDSTL15 LIVE 1.400000
UDSTL15 WINDY -0.840000
UDSTL16 Linear Add DEAD 1.000000

UDSTL16 LIVE 1.400000



@) r ALY
RIEES SHANGHAL O TONG UNIVIRSIT WL TN K 77 44 7 v BRI AN S5 40 B h T 5 5 30 KU 7
2k 2 WHHE
ComboName  ComboType CaseName ScaleFactor
UDSTL16 WINDX 0.840000
UDSTL17 Linear Add DEAD 1.000000
UDSTL17 LIVE 1.400000
UDSTL17 WINDX -0.840000
UDSTL18 Linear Add DEAD 1.000000
UDSTL18 LIVE 1.400000
UDSTL18 WINDY 0.840000
UDSTL19 Linear Add DEAD 1.000000
UDSTL19 LIVE 1.400000
UDSTL19 WINDY -0.840000
UDSTL20 Linear Add DEAD 1.200000
UDSTL20 LIVE 0.980000
UDSTL20 WINDX 1.400000
UDSTL21 Linear Add DEAD 1.200000
UDSTL21 LIVE 0.980000
UDSTL21 WINDX -1.400000
UDSTL22 Linear Add DEAD 1.200000
UDSTL22 LIVE 0.980000
UDSTL22 WINDY 1.400000
UDSTL23 Linear Add DEAD 1.200000
UDSTL23 LIVE 0.980000
UDSTL23 WINDY -1.400000
UDSTL24 Linear Add DEAD 1.000000
UDSTL24 LIVE 0.980000
UDSTL24 WINDX 1.400000
UDSTL25 Linear Add DEAD 1.000000
UDSTL25 LIVE 0.980000
UDSTL25 WINDX -1.400000
UDSTL26 Linear Add DEAD 1.000000
UDSTL26 LIVE 0.980000
UDSTL26 WINDY 1.400000
UDSTL27 Linear Add DEAD 1.000000
UDSTL27 LIVE 0.980000
UDSTL27 WINDY -1.400000
DSTL4 Linear Add SPECTRUM 1 1.300000

DSTL5 Linear Add SPECTRUM 1 1.300000
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Chinese 2002 N#MA A  #f: KN, mm, C (A& S5Mus 407

Element: 269 {7 & 12150.000  Length: 48600.000

Section ID: gg3 195x6.35  Z57: Nonsway Moment Frame ~ Combo ID: UDSTL1
Orientation: Beam Design Element Type: Beam

A=3763.400 133=16760841.58 WS33=171906.067 z33=226074.372 i33=66.736
J=33521683.2 1,,=16760841.58  W2,=171906.067 z22=226074.372 i,,=66.736
E=200.000 RLLF=1.000 Ae/A=0.900

fy=0.345 SI : Nonseismic Gamma_RE : G
f=0.310 Gamma_0  :1.000 Seismic MF: J& Dual System SMF: It
fv=0.180

Tall Building : YesRolled :No Gas Cut : No
Two End Pinned : No  Cantilever : No Top Loaded : Yes
Flexo-Comp : NolIgnore B/T :Yes Point Load : Yes

MRS — MEH (R4 E) (GB50017 5.2.5)
N Mas M2o V2 V3
Combo UDSTL19  0.000 44964511  18908.751  -3.179 -2.825

Ry Al o ARy Al S e
N-M33-M22 ] /5Lt
Bl S N ME MK b RE
JifE xR b % X PR A
(42.3) 0915= 0.000+ 0.844+ 0355 0950 OK
5 il e RSl e TEOKR F 3
A An o 02 a2 I
) tbkx R FH R RBE

¥ B 2407 0650 0.965 0.300 0.151
% B 2407 0.650 0.965 0.300 0.151
Euler Jif A& 71 AIAH O I 2558 R 3L

v L A EulerN M

EL (G (G ot | R
FHE 1.000 0250 182.062 203.742 1.000
WAL 1.000  0.250  182.062 203.742 1.000
HETH R

Y Pm Pt n @b
FHZ 1000 1.000 1.000 0.700  1.000
ZPiE 1.000  1.000 1.000 0.700  1.000
NJIEE --- PRI (4.2.3)
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TS S /1 V8 SR Ay B = L |
o R R R R/
B 0.000  0.000 0310 0.000  0.000
FPiE 44964511 0262 0310 0.844  1.000
WP 18908.751 0110  0.310  0.355  1.000
B vt - ki (E 5.1.6, ¥ 5.1.6)
\Y/ T fv N} A8
Ji Ry A WE 8
F877; 11.328 0.009 0.180 0.047  Yes
KB777 11.328 0.000 0.180 0.000  Yes

Chinese 2002 N# M E  #A: KN, mm, C (A& S5Mus i 407)

Element: 153 i & : 9685.459  Length: 9685.459

Section ID: gg6 350x10  2&7: Nonsway Moment Frame ~ Combo ID: UDSTL10
Orientation: Brace  Design Element Type: Brace

A=10681.415 133=154479964.8  W33=882742.656 z33=1156333.333  i33=120.260
J=308959929.5 120=154479964.8  W,,=882742.656 z2,=1156333.333  i22=120.260
E=200.000 RLLF=1.000 Ae/A=0.900

fy=0.345 SI : Nonseismic Gamma_RE : ¢
f=0.310 Gamma_0  :1.000 Seismic MF: J& Dual System SMF: It
fv=0.180

Tall Building : YesRolled :No Gas Cut : No
Transfer Column: No  Ignore B/T : Yes

MR — MEHE (REYE) (GB50017 5.2.5)

N M33 Mzz Vz V3
Combo UDSTL10  -1211.569  -53695.270 1734.951 15498  0.062
Ry Al o ARy Al S e
N-M33-M22 ] /5L

i) Put 41 N M¥E Mk R RS
JifE Bz bbb EeZ PR for A
JGJ996.46 0.652= 0.652+ 0.000+ 0.000 0.950 OK
5 il RSl 1 TEOKR F 3

= q] An o o2 o2 o)

el b R R A% A
£ B 1065 0650 0965 0300 0.561
X B 1065 0.650 0965 0300 0.561

Euler i i 7 2 71 FIAH 2 ) 25 HE 2 4L
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v L A Euler N M

R ER b2 71 ER
FPHiZ 1.000 1.000 80538 2955.077 1.488
WPLE 1.000  1.000 80.538 2955.077 1.488
HEEH R
Y Bm Pt n ®b
FHi% 1.000 0.850 0.850 0.700  1.000
XPLE 1.000  1.000 1.000 0700  1.000
Mgt --- Pk JGJ99 6.4.6
Wl 547N (15 SR oA B |
oyl A7 B 73 BN & vb: SR %
Bhrp -1211.569 0113 0310  0.366  1.782
T -53695.270 0.061 0.310 0.196  0.000
WPiE  1734.9510.002 0.310 0.006  0.000
B vt - i (E 4.1.2, ¥k 5.1.6)
\Y/ T fv R A8
71 Ry Y E B
8777 15.498 0.003 0180 0.016 No
XB777 0.000 0.000 0.180 0.000 Yes

Chinese 2002 &I A  FAL: KN, mm, C (24 53k 4077)

Element: 48 %57 #: 0.000  Length: 1000.00

Section ID: gg2 450x15  2&74: Nonsway Moment Frame ~ Combo ID: UDSTL20
Orientation: Column  Design Element Type: Column

A=20498.892 133=485439388.  W33=2157508.390  z33=2839500.000  i33=153.887
J=970878775. 1,0=485439388.  W2=2157508.390  z,,=2839500.000  i»,=153.887
E=200.000 RLLF=1.000 Ae/A=0.900

fy=0.345 SI : Nonseismic Gamma_RE : ¢
f=0.310 Gamma_0  :1.000 Seismic MF: J& Dual System SMF: It
fv=0.180

Tall Building : YesRolled :No Gas Cut : No
Transfer Column: No  Ignore B/T : Yes

Mk d — B (REMLAS) (GB50017 5.2.5)

N M33 M22 V2 V3
Combo UDSTL20  -1018.617  325513.563 -222234.426 325.474 -222.234
Ry Al o ARy Al S e
N-M33-M22 [ fjtb
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WL K 11 4 vh O BRI AN S A Bt 15 5 SR AL

L B N
I S = bt

(5.2.1) 0.767= 0.178+ 0.487+

PRSI O 4

Eﬁﬁ Kn o1 o2
Fa R 2 A
+ B 008 0650 0.965
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LISHUI CITY SPORTS CENTER TENNIS STEEL DESIGN
CALCULATIONS AND WIND RESEARCH

ABSTRACT

With rapid development in long-span flexible spatial structure, more and more problems have been
come into view. Not only the seismic load makes the structure unsafe, but with the increase in span and
the decrease in weight, wind load come to dominate. The wind resistant research of long-span structure
draws our attention these years. high-rise structure and long-span spatial structure are both wind
sensitive structure, but they are almost different anyway.

In this paper we pay more attention on long-span spatial structure, because high-rise structures
always have a simple shape, but long-span spatial structures have much more complex shape forms, as
well as structure system. In fact, the building forms of long-span spatial structure represent a country’s
building technology level. That’s why how fast the analysis of long-span spatial structure quickly
developed recent years.

This paper is based on a project named Lishui City stadium demolition and reconstruction. The
structure is 84 meters long, and the vertical span is 42 meters. According to China Building Load Code
this structure should do wind tunnel test, but this building has a good surrounding environment and an
easy using function, furthermore people won’t get on the building. Investor refused to do the test, we are
not confident in the wind load value we applied on the building, so we do a numerical wind tunnel
experiment in the final chapter as a supplement. And this paper can be divided in two parts, one is
calculation for the steel space structure, and another is numerical wind tunnel experiment.

In chapter one, we give general information of construction design. First, we introduce the
surrounding environment of the project, including ground, fundament and the nearby buildings. Second,
we list the material that used in the structure. That’s concrete, steel, membrane and etc. Third, listing the
standers and criterion we should meet in this project.

Chapter two explain some tips in calculation, making a shot explanation about this project’s
structure system, also mentioned load cases and load combinations.

Chapter three is the one of the most important parts in this paper, it’s the main part of structure
calculation.

The first sub-chapter is structure arrangement, which shows what the structure’s plans and
elevations look like. And the models we put in the software program.

The second sub-chapter is about the sizes of the frames and cables, which determined by the
slenderness ratio.

The third sub-chapter calculates the load of this structure. It’s a little complex to determinate the
value that we put on the structure, cause the force transmission path is not the same way we hope
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perfectly. We should set the force transmission path separately.

The forth sub-chapter is force calculation. Calculation progress is mostly done by computer, using
structure computing software SPA2000. We find out the most unfavorable section in all the load cases
and combinations. Also find out maximum displacement of the structure, and the base reaction forces
correspond.

The fifth sub-chapter is section checking and node checking. According to the results in sub-chapter
four, section checking is complete in SPA2000. All the frames and cables meet the restrictions. For this
software can’t check the nodes automatically, we check nodes independently, using two EXCEL
spreadsheets based on standers and criterion. We flitter the most important and dangerous nodes, import
their force values in the sheets, check whether they meet or not.

The last sub-chapter is foundation design. This part is using MORGEN software to check and
design. All the foundation is up to the grade.

Above all, we finish the structure design.

Chapter four is the numerical wind tunnel experiment for this project.

Firstly, this dissertation introduced the study of numerical wind tunnel experiment at home and
abroad. Wind flow around the building structure and wind effects analysis and numerical simulation of
turbulent wind field is closely related. Since the late 1980s, a variety of CFD turbulence simulation
methods have been developed in the system. Numerical Simulation of Turbulent methods include Direct
Numerical Simulation, Reynolds Averaging Navier-Stokes Method and Large Eddy Simulation.

Secondly, this dissertation is focus on RANS turbulence model. Reynolds averaging method is the
most widely used numerical method turbulence currently. Reynolds averaging method realize by solving
the time-averaged Navier-Stokes equations, considering the mean value and the fluctuating relationship
by introducing turbulence model. Including zero-equation turbulence model commonly used models:
C-S model; B-L model. One equation models: Spalart-Allmaras (S-A) model; B-B model. Two equation
model: the standard k-¢ model, SST k-¢ model. A small amount of zero-equation model, without
considering the boundary layer thickness, but the separation zone flow simulation results are poor;
two-equation model is high precision engineering applications broad, but computationally intensive, and
difficult in convergence. One equation S-A turbulence model has lower requirements for mesh quality,
asking less computation. This project chose the standard k-¢ turbulence model.

Thirdly, this dissertation is using FLUENT to compute the model, and GMABIT to mesh. Grid cells
number is 501,881, the number of nodes is 91,991. The project considered three cases to the influence of
wind on buildings, namely X direction of the wind, Y direction of the wind, 45 degree angle direction of
the wind. By analyzing the calculation data, we draw following conclusions:

(1) In the 23.7m / s wind speed, without considering the case of wind-induced vibration, air
pressure is substantially less at 0.5Kpa.

(2) the distribution of pressure has a certain distinction with the Load Code for the Design of
Building Structure, negative pressure area is larger than it shown on the code, but in the first span of the
windward side of the emergence appeared negative pressure, while in the second span windward
appeared positive, which is the opposite direction on the code. Considering all sides of the structure
should be close on the code, but the actual model is entirely open all sides, which may lead these
differences.

(3) In general, as the windward side is positive zone, leeward side is negative pressure zone.

(4) In the corners of the structure, there is much small stress amplification in the region, which is
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caused by the boundary flow mutation.

By numerical simulation we get some conclusions, for this project, we can propose the following
instructive comments:

(@) Air pressure value can be chose on the code, taking 0.8KN/m? without considering
wind-induced vibration, provides a 1.6-fold safety margin.

(b) Taking into account the distribution of wind load conditions for each different, applying loads
should be in accordance with the different wind directions at different working conditions imposed, can
be roughly divided into, X direction of the wind, Y direction of the wind, 45 degree angle direction of
the wind, Which should be in accordance with the positive values on the windward and negative values
on the leeward.

(c) For the membrane surface boundary should have more safety margin, but due to boundary has
steel grid, which can give the membrane surface a better constraint. However, the connection at the node
of the structure needs more attention.

For the simulation of this structure, there are still some deficiencies. | hope to find a more suitable
approach to be improved in future studies. Specifically aspects are as the follows:

(1) Due to the structure has a complex shape, meshing is very difficult with the boundary,
especially in the place very close to the surface, has to use tetrahedral mesh instead of hexahedral mesh,
which makes grids in the region clutter and the grids quality has declined, that’s affecting the calculation
accuracy.

(2) Wind condition was set to be , is relatively simple with the actual situation, it will be more close
to the real situation if we can carry on fluctuating wind time history analysis.

(3) For this structure, without considering the case of vibration, wind load factors are still in
accordance with the value of experience.

We hope that this building can do a wind tunnel test, in order to obtain a more realistic data, both
responsible for the safety on the structures, but also provide great help to the design. In order to avoid
design unknowns, resulting in cross-section to obtain is too large, increase the cost structure.
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