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Design and reseach of Sun Valley steel structure for
the Expo Axis project

WANG Dasui' , FANG Wei', ZHANG Weiyu', DING Shenggen', WANG Rong', GAO Chao' , ZHANG Anan’
(1. East China Architectural Design & Research Institute Co. Ltd, Shanghai 200002, China;
2. Shanghai World Expo Land Holding Co. Ltd, Shanghai 200125, China)

Abstract: The Expo Axis project and its underground multi system is the landmark building of the World Expo
Shanghai 2010. Its roofing system is composed of cable-membrane structure and Sun Valley steel structures. Sun
Valley is a steel single-layer latticed shell consisting of triangular grid. As to its characteristics with complicated curved
surface, huge size and large cantilever span, single layer system etc. The structural design was applied with
approaches like elastic analysis under frequently-occurred earthquake, response spectra method under rarely-occurred
strong earthquake, and structural elasto-plastic time-history analysis under rarely-occurred strong earthquake as well.
Results from all analyses show that structural system of the Sun Valley structure not only works within elastic range
under all load combinations but also has good earthquake-resistant performance and all members work elastically under
strong earthquake motion. Wind load is the primary design concern among all the loads. The structure presents a good
bearing behavior due to all types of loads.
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Fig. 1 Architectural renderings
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Fig.3  Structural longitudinal section diagram
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Fig.4  Structural cross-section diagram
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Table 1 Dimensions of Sun Valley SV1 ~ SV6

HEp; K Hli/m S5/ m LEREF-
P LHE FHE BRSO FHO @mER
SV1 90 18 70 12 i
SV2 60 18 57 12 i [
SV3 60 18 57 12 i [
SV4 70 16 70 16 B &
SV5 60 18 57 12 IR
SV6 90 21 70 15 i [
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Fig.9 Facade photo of Sun Valley SV1
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Fig. 10  Overlooking photo of Sun Valley SV4

UE T 2589 18 52 1 I FL- T P9 5 0T AR T AR 1 4 X 2
FE o BRI OK 22 2R I 48 T 19 2 0 R 4 N
B JE 1,50 ~ 3. 50m, #1557 65 ~ 120mm, 3,
Al 11 £ 180 ~500mm , K 22 50 1 A (165 x 180, A4 }
 Q345B 4N, FESE KA I T iy fe A0 B, SR T A
SERIPIIRGRAE I, SR T A A A SO FE A 5 7R AN
RPN T AT R A T SO R, AR
G20Mn5 %554 .

3 HEBGT 50t

3.1 EMERSEFERMNER

1 F AT 25 180mm & S00mm 25 | i %
DY B HERS A — T, R v AR R S A R I
BH A 110 45 R 155 80 17 Shy 42 2 1 v o0 R AR AR 1T AN
SEALGERIRT A O Hh0s ERABERY | FiF DAASE R 0 AT — A4~
AL AR,

AR HARFRIE i PR 2 AR AR 757 Knippers



Helbig 55 Bt 0 45 4+ AR vh 6 MR A A1
BhC D 2B 28 A, 6 AT B IR 2R A LR i 7 W)
[l A1 ) SR8 90mm, $8 B AT 26 i H o0 42 19 38 A
FEREB 0 2E s AHE | T BT 1 o 2k, 75 2014
FMm O 2 HESR R AR A

R 8 57 T HP O SRR, DA R AR T A
AT 7o S 0 5 B AR AT il 52 194 235 T 7 5 P od D 2
BATEAE IA] — 15 s b Kb SR AR A A AT B 4 ke ke, BT
TR EN 5 BRI RO W Z5 A B X2 AR R BT AT
TR T AR TS 2 SR R R A R T
3.2 HERGMITEER

FEYCAS B AR E 40 B 2 3R FH ANSYS #2055, H]
SAP2000 P AT E
3.2.1 IR E

O FE A IS A 18 1] 44 4 52 2 F — 7. 000m ( 1§,
—6.500m) YR EE I M b WA 1) FTER 5] Sk g 2
WS, IR FREERIEE N 1.0 x 10"kN/m,
R BRI EE R 2.5 x 10°kN/m,

QAT

QAN EBHE A b 5 B B R 0 W, AUAE
Tar B AE AP I

@i 5 s b 52 5 i) 2R B0 Kk 0. 08, B
Jett k0,02,

GRS B K L, REUETE JG)
61—2003( MFELE M H AR AR Y | B2 RIFEFT 1 1Y
M AR 1oL, M /MR 1. 6L(L
TR ) .
3.2.2  fargR T

FHAGA 5 A B AR T2 1 T A 280305 iy 28 XL
far g WREEAE | b RR AR A T 4 T 00, IF e FLE
SRR 85

Eff 2 . AT D B for 28 NS5 4 1 5

S A & N SN TR R DN R k- AL B SN
{8, I1-7%5 FETE o 2 AN 50 0 A B R

AT %« DRUAir 2 A T P A s e A, AR Uik
TFZFCIRIGE R 2E AR TRERG 1R 5 B o5 S 00 25 454
RN 58 %, S & MR AT T XU R 56, S a3
SR R XA 28

TJEAVE T % 08 T THE 40°C [l 20°CVE

HRAEA DU BB Ry 7 B RS AR MR
T E A 0. 1g, FRAEJEI 0. 9s, Bt /4 e —
A, b 125V 2 R R R4 i B 3% 0 T 5
Hh R
3.3 EMEMITEERS S
3.3.1  Z5KshJIREE A

SEF LA Ry 0 4R 78 Ry 2, S R R Pk i 2 R
VEFREIN  FRAR X I 3% B0 A [E] B 10 R 32 35 R AL 2%

£ BIDEAT SVL.SV6 55 1 S A & BG4 14 JE 38
K UL TSR B B 55 . LLBHYEAY SV 8l 1 FR 1k
SRR, RS 60 BT A H BLKSE IR R, 3R 2 S EH
FEARTT AT 3 B AR 1, 1 11 S B SV
T 4 BBy,
F2 PERBITEEDIE] 3 MIREEH
Table 2 The first 3-order vibration period
of Sun Vallye calculation model

BHYC4 4 5 T, /s T, /s T; /s
SV1 1.172 1. 141 1. 039
SV2 0. 885 0. 870 0. 806
SV3 0.936 0. 882 0. 817
Sv4 1.043 1. 005 0. 824
SVs 0. 866 0. 833 0. 806
Sv6 1.289 1. 264 1. 109
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Fig. 11  The first 4-order vibration mode
diagram of Sun Valley SV1
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Fig. 12 Largest combination displacement cloud

of Sun Valley SV1
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Table 3 Envelope value of displacement and
displacement angle of Sun Valley calculation models

4] n 4]

AR . i . i .
ErRe i FE ffi iR ffi iR ff

/mm /mm /

SVl 93.7 1/438  139.1 1/292 -263.9 1/149
svV2 69.7 1/595 —64.6 1/642 -204.7 1/151
SV3  —77.7 1/534  85.7 1/484 —194.2 1/149
SV4  -75.5 1/550  75.4 1/550 -222.0 1/158
SV5s 69.7 1/595 —64.6 1/642 -133.1 1/192

SVé6 99.2  1/418 117.7 1/353  -306.6 1/127

-613.9 -369.6 -1252 119.1 363.4 -91.5 -69.1 -46.6 -242 -1L7
-491.8 2474 -3 241.3 4856 -80.3 -57.9 -354 -129 95

(a) FF 4 17 (B KN) (b) #F 3R 25 56 (44 :kNm)
13 fEEEEHTHN B’
Fig. 13

Internal force cloud under dead load
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Fig. 16  Axial force cloud under thermal load
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Fig. 17  Axial force cloud under earthquake action
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Fig. 18 Largest enveloping combination internal
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Fig. 19  Stress ratio cloud of Sun Valley SV1’ s bars
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Fig.21 Stress distribution cloud
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Fig.22  Stress ratio cloud of SV4’ s second half

considering eccentricity or not
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