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Simulation and Experimental Research on Temperature Response of
Large-span Steel Reticulated Shell During Unloading

WANG Jinrong', WANG Xiuli**, ZHAO Chensheng', LUO Xiaozhou*”,
ZHANG Qiming', GOU Baolong*”’

(1. Gansu Construction Investment Civil Engineering Construction Group Co. , Lid. , Lanzhou,
Gansu 730070, China; 2. School of Civil Engineering, Lanzhou University of Technology,
Lanzhouw, Gansu 730050, China; 3. Western Research Center of Disaster Mitigation in
Civil Engineering Ministry of Education, Lanzhou, Gansu 730050, China)

Abstract; For desert areas where special environments such as large temperature differences, sudden
temperature drops, and strong solar radiation often occur, the strong temperature effect will have a
significant impact on the spatial structure during the construction phase. Taking the unloading process of
the reticulated shell of Mingin Sports Center Gymnasium as an example, the support displacement method
is used to simulate and analyze the unloading construction process of the double-layer reticulated shell,
and parametric analysis of different boundary conditions and different temperature effects of the structure
during the unloading process is carried out. At the same time, combined with the temperature, stress and
deformation data of health monitoring, the impact of temperature effects on the unloading stage of the
structure is analyzed. The results indicate that the effect of solar radiation and changes in boundary
constraints directly affect the stress variation law during the unloading process. Under fixed constraints,
the unloading stress considering only self weight is only 10% ~ 30% of the temperature stress. In actual
construction, the calculated value of large-span steel structure considering temperature effect is closer to
the measured value, and the influence of special temperature environment on structural mechanics
performance needs to be considered.

Keywords: steel structures; reticulated shell; unloading; simulation; monitoring; temperature effect;

structural response
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Fig.1 Three-dimensional model of gymnasium
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Table 1 Description of unloading steps

HHL g HIF A FR HLARUL
1 BUBH R 5~ 10 SEEIAAEIZL Smm
2 B 2 . 5~10 SERALEIZ Smm
3 2B 1 G 1~4 SRR 15mm
4 E2E 2 HEE 1~4 5N EE 15mm
5 W52 BN 3 G 1~4 S HEIRSREIAR 15mm
6 W2 A 1~4 BRI
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Fig.3 Layout of displacement measuring points

2) I i AL AE . D32 Ty B R AT, Wl
BEFLZE S b 32 T R R R SE i R AR, ) SZ it
EFF . EERES BT 2R SRS e AT g T EORT
PRI ) 5878 0 X S A AT AR AT I, (B H
FEA o Z5Aa iy 2 A2 JI AT R ) A i
GILENVERT M ZAT0F 2 A S p v &
WEBAEM, 212 2%, Wi A2 B0 & etk
N AT S W, e 3 36 A L dE 13 A
SEFFI A, S R 13 AN R aZ AR A, H X 2R
10 A EATIN A, F 3R, anl&l 4 s
3 BERBISH
3.1 AFRIoA

TENf Tk #2 b, W52 45 40 52 J1 A [\ T i it Ak
A YRR PG 20 & 1 25 40 A2 J1 RSN W & A A
6, I TN I E A, AN, T e g5 R H
WPAE VR T TRHEA T 30K, 2 ol s S 45 1 88007
AR, AT RE 45 45 44 50 2047 o AN R 52 | o7 % 361 28
W BE R A T B AR 53 AT , 7825 70 B B> S 2 o B
SRR . TS R A S R A ) A A i T R
R e R R 2 — | IR SE PRt Tt
TR, SR8 249 o I B E LB S, E 4 B I e S 8

S-2(X-2 X d
S-10(X-10) ‘ F-10

$-3(X-3)

B4 MAN=HE

Fig.4 Layout of stress measuring points

R AN TR 29 SO XA 2 SRR 3 4 5 ) 0 2 )
I3 I B A5 ek B e g PR A T e AR A
UL B KON A5 B, 301 R A i o i 5 44 e
T3 B rh G B PR [R]

K H MIDAS Gen A BRICH X 4548 47 737 .
FEAEET Q355C RIS, IRk I B BRIe iE A7 #5540
THERARIINE 5 Frs (B bR 2007 & R 1 W AT
) o T H5BITHBORIE, 52 BR i T 9 52 8 NI
JEAS Gy, 3% 2 2 B BE S UAE -5 AR HULE ) 3R
e HE R Z — b T A A AT M
STV B A R I, K S 8 7 Ak S 1] A S e A
SRS S (AKSFRINEE SR 3 000kN/m) |, Iifi i 2 $£4
AR A,

\\\\\
y 55 r

Es5 itEEn
Fig.5 Calculation model

3.2 g IUE S BT

Ry 2 SR A X6t T BE A R e7 2R
F N B AT A, K R R 5 R AR —
8 ORI VR FH 5 | ke 3% (A 45 40 35 59 3 B A Ak, B
A BEAE 5 K BH 4 55 5 1R 25 44 AS [m] X 3 FF
PFEAS R B Y 2 S i, BRAE I 518 BEVE T

HRAE GB 500090—2012( HE 25 H fir 2 )
e, % 83 4 @ 45 04 X = A8 A B U, o 2t
NEXTFEAR SR HEATIE IE 18 1E 5 Y 3 A o5 ey 132
T =41°C  FEARTARIRE T, =-30C!", 5]
REVEHBUE (1), (2) B,



2025 No.2

T A ORAR L I R A 0 S A o Rl R e 7 L S S 61

T,=T,..— (T, - AT) (1)
Ty =T, - (T, + AT) (2)
B IR (WIHRTRE ) T, £ AT B 453508,
W —ERE W2 AT, S RIRIEBCY 8°C +2C
WG (1), (2) , 5T T, =35C , 5k T, =
-40C
FERPREESHER T, b 25 [ 25k 25 2
I AFAE IS, P8 AT SRR AT R %A A
BRmZE(WFE2), LA 5B N 2]
K 15C VL b, OB A S E A R ATR 2E h
20°C , JEAT 5% AR T A ST T, AR IR, I AE K
PHAR ST T, B 5% de s iR THh 55°C, AT AR 5% 4F
e T 35°C
#2 REERBRERE

Table 2 Description of temperature effect value

T ey 2K ! N
T far 8 44 FR ARG
ATy L BZAT EAT T 5K
! HAFR FFHTHE 35°C (+35%C)
5 AR LBEAF AT 5K

FFHIIR 40°C (-40°C)
3 FF TR 55°C (+55C)

3o RMEREER e F kIR 35 (+35°C)

3.3 WIS

RAETH T A R AR RO [ i 25
I 5 S 2 B 25 K W 7, X6 B AT 3 ook o 1 A
FHAN 2 P 250X Ry 7 2 M, R 12 A4S S5
WA HEFT X L A8, e, g AT AT BT SR
SR HC4 4, B S-3,8-8,S-10,S-12, X-1, X-5, X-6,
X-11,F-1,F-2,F-3,F-4, #PE2 0T 82 B BT 748
N A AN 6 Bz, [ 5 20 )T B4R B B AT
PERE A L B R 7 Fi, i 6,7 Al

1) &l 6a,7a #0518 A FHEIER T HIZ B BT
PRI 37224k, B 2 S0 225 15 A 908 350 228 ) R K
N 12520 32. OMPa, H B LE 8 2051 T A4 F-2 #]
# 3,4 8], BAFAR ARGV A  UEBH 1307 5%

HH, PR R RN 1o =77, 8MPa, [
RN J1 =73, TMPa, H¥ o 53 H
FEAHTE IAFE F-25 AR5 [ B R B [ 2 20 AR
S 24 TR SCBRAT 14 1 ) AR A R AR AL

2)El6b,7b S T AR R E 2 B AT
FERE 17354, %] 6a,6b, K BRBAPE L) R A%
R EVE R 5 2% 3 5 THE I R ) A8 L LA AR B
TAESH B T TR I ) A 25 4E 30% LAY,
TEFPELA R, S5/ RE = 1k — 8 K- 88, (A1
TR A5 B Rk, T A [ 2R IR A) IR
Fh 5 2 o1 AN RO B AR A N ) AR A AE A
Wi 225 7R E AR B IR TR, /P F-2 1
THEENE 5 HEE(E , N 1k 311. OMPa, £ JE
JIRGH B 88% , AR AT 1 A5 A d , S8 LR
I, 2R S5 7R [ 2901 F Bk = KA,
FFAF 32 ARV 4 A L 7 AR BRI BE I T

3) i Ve B, I 5E 4 44 & A 85 v ) b R ik AR
& RS Tx A FE A HIEAE R, W& 6b,6d FR 5
PELTFR BT F1 5 ] 6a BEAG W8I 5 11 [ 22 2
PR BT FF1E N S Ta AW BIG A, HIE P R
2 RS IR RE AR FHBSE 30k 29 T FF 388 1 1 /N T
R E R AN T TR I ) HE T B A )
I G R A B A N T 4 O N S R = D VAP K
R, R H T 56 RN T R ) HE R Sl
AT 7 B IEAR S sl R AR IE

4) I 6¢ AT, FEFPE AR BRRER S A
2 R AR F Y N ) AR Ak R ST T B 25 L AR
TS W S 25 4 & AR s ) R R AR T R S T A
AR AR, S50 AT 1 0 B R 6a W AT 3
Ko XFELIE Ta,7c BIAL RS AR AL AL 5 R 7 (35
EEN I N I =4 I I N S R L = N A B
237. OMPa, ¥ F-2 FEHIZ A 5,6 [A]774E 132. 1MPa
B S197% | HAFE S-10, F-4 25 AR4AL TR % 18R
VeI 2 TR KA A8 Ak AP S-10 A A8 R

a AFRIRBEER

d KRR

El6 SEMLRTHEHMBRTHN TN L

Fig. 6 Stress changing curves of components in unloading stage under elastic constraint



62 s THAR (330

5 54 8

= HEAL1
“he
2000 e
200} - Eagsps
100[ — H#zF6

y

o R SRR

WS
d KFHESHER

WAL
c BSIRER

7 BEELRTEEMRAT 4N S E 2

Fig.7 Stress changing curves of components in unloading stage under fixed constraint

ER ) AP F-4 B IE R AR S g 1 [ 4R
R R R R ARV B, 7 A 2 TR
BAE) N RABERNGREHER,

5) FHAL T HI5I TR, K BH R 5 5 | ke ) 45 4
BIAT FE AR T 5 4, 78 1 80 2 b i i £
A5, TEEIZ BB B R PHER SE R, B 1 5%)2
5N Z TR, LN T 5 AN R AE
M 5 RE A RS, FERELRT,
KBRS VE R = AR R B N ), B 4 FF A4 52 Tk
BEAZA, HE 7d AT A P2 EEIEE 5
J1i5ERAE, M 274. OMPa , % FE A2 FEIREVE T
F P2 FEEIZED 1 0 )i KR {H , A -66. 2MPa, iX
W BH S A3 T B 7 ) L G2 ek S 20 T

6) 1E 7% I A FH 1 S 280 RS0 ey 3 3 AT
PEAETREAE R T W 0 ) 2 AR IR 288/, Ul R [R) AT
PRI BB E A 22 5 AP0 F-2 TRl SRRk A 5, AT
1 X-11 1 B RO AR, A FH R S A T A 3 2
ST T RV 2 4 5 ) ) 2o AR AT 1
AL R R R TE B e AT, % i A A
BN T e/ N TR R 7, R i EE 1Y T 9 10% ~30%
FEI AN RE A A2 B, ek B A R G 285 4 it 1 3
(SE AN, R, SR T R 78 4378 RS A R 2T
HEATITEAL,

4 LIRS M TR LS T
4.1 HIFEAREZL

WM 5E T 2022 4F 8 A 23 H 09:00—1730 &
2 IRBEIR B, M T A R e B IR R B
22 RN ZE AR 1N T ARSI 3K

A I T B v EE 21 A I S A X ) 424 H
SR A% DX A AT P R AT U B W AT IR B
RN A& 8 Frn, M H fe s R 32.1°C, 1
IRAE 16:00, TFF 45 e il B AR A TS0, A 1D Sl v
S, 1700 B WEIAT 5 = iR BE 228 43. 9°C i fik
MEEZ) R 36. 2°C  FFAF M B RIRZE 290 7. 7°C , H1Z,

HHRIZ =, KRS0 8, DA
ZEWARXT BN, TEHEH 254 T mIRIFE T,
PEATA BRI, A b 22 7% 18I A T B 520
DA/ NS0 (B 55 AU (B A9 1R 22 . R AT it JEE A FH B
(ERHET 2 A0 % 0 0 e b R AR AL, @ T
B BT IR EBORT P 5 2 1L B8 T JA (LA o i 280 BU(EL

50

| = 4R
> AR
ASE o FEERARRE oo

40} e '\a\
&35 -~ ’

254
20

1 S S ST R S S

TR/ (1HF:53)
B8 ARG ERE L

Fig.8 Time-history curves of air temperature

and component temperature on unloading day
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Fig. 10 Measured values and simulated values of displacement
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