5549 55 5 VO 22 A HURH R 525 4R (B AR R MD Vol. 49 No. 5
2017 4 10 H J. Xi'an Univ. of Arch. & Tech. (Natural Science Edition) Oct. 2017

DOI; 10. 15986/j. 1006-7930. 2017. 05. 007

REkEASHTEEN T IE
FES, Bk, B ¥, FHML, BRI, FiEHK
(PR RS AR T RSB, BRI 7542 710055)

WE. BIREKEAA TSR U BB A A WA SRR 7 R SE 8 5T 3 R 20 g, A8 v Bk 35 58 9 777 T vk 1 387 5 il T b S2 AR PR
MEXT)F, BAEWEAETEME ., TR, 2SR S AT ESEE, BHSREPHE RS
AL BRI AE RS % ) SR WSS, 5 TR TR R - ST B B R TARM IR AT, H B N B R ST IS, A Bt
PRk AT R, SINM IS, S HIRAREAFRRA, 004 I 2R REE 1852/ T 246 W) k] w8 5ER) R
SERE . b W) B R R DL K S R A ) S R TR B ST R O IR A AERE B R R IR )T, D40 m BERERIE XA A
s ], KRS AT 5 AR ROTIEA R IREL . DR R ESLNTRE WM T B ZS M 0 v Re, WTH TALE M
SEAEMMAIL BT, A ERAREW RIS R RS %

K RSEE; ESb o BIEBRIE; AAMsT; e, Bt

hESFES: TU375.4 XHkARERD: A TEHS: 1006-7930(2017)05-0659-06

The continuous analysis of spherical composite ribbed shell
with round bottom

CHANG Yuzhen, CHENG Diyan, FENG Ting, JIAO Luchao, LONG Yanpeng , NI1U Zelin
(School of Civil Engineering, Xi'an Univ. of Arch. & Tech. , Xi'an 710055, China)

Abstract: The spherical composite ribbed shell with round bottom consiste of U-shaped composite ribs and smooth
RC shell, It can refrain from the complex processing of form work, and has the advantages of simple construction
and superior mechanical performance. Based on the continuous theory, composite ribs are processed as an
orthotropic RC shell, With the collaborative work between the equivalent orthotropic shell and the smooth shell,
the whole structure is equated as a double-layer thin shell working interactively. Based on the elastic small
deflection thin shell theory, the equations are derived from the displacement method, and through introducing the
stress function, the governing differential equations from mixed method are found. The expressions of pellicle
stiffness and shear stiffness for composite ribs and RC shell are put forward respectively. Considering a eccentric
between composite ribs and RC shell, a coupling matrix is given too. Finally, 40 m composite ribbed shell are
studied, and the theoretical solutions are compared with finite element method results. It shows that continuous
analysis method has certain precision, which can reveal the mechanical properties in macroscopic scope, and also
can be used for preliminary design of RC composite ribbed shell to provide references for other similar composite

shells in future.
Key words: Quasi shell method; continuous analysis; spherical with round bottom; composite ribbed shell; shell

theory; non moment theory
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Fig. 1 Connection of composite rib and RC shell
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Fig. 2 Sketch of spherical composite ribbed shell
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Fig. 4 calculation diagram of continuous shell theory

1 R
Tab. 1 Mechanical properties
G AR BT IR
" WA il
ek & E/ o, ®G/
o, jZ kg« m™ .,
N+ mm ° N+ mm °
C30 JR#&E+ 3. 0E4 0.2 2 500 1. 2E4
HRP235 2. 06ES5 0.3 7 800 7.9E4

HpHRE T EPEEZH R=29 m, =

62 mm, c=0. 76 tAR «/t]/tA :2. 25 m. *ﬁﬂﬁi—ifr
SALBLIE, B2 S W) 5T 5 RO IE A8 4 6] S 1 TR Bk



5 5 39

WES, % BIKRIEAE MR ES STk 663

;5T RAEZNE ST F LSRR 4,
tH Eta=E:+EA.+EA., W48 :,=0.102 m H
HEAN SO FE NPT S W BE SR, TSR B
BEX EEYESE (;,—0. 21 mm.

MR A% ER 76 0 6 BE S i BN i, 2 3% UK
Hy A K

___gR — R cosg ——L
Ny 1+ cosa,’ N: qR<LOm2 1+c05az)’
':*qucoe _1+tm
w Er “% T+ cosa
2
(gt+m)qR cosal 14 cosa 1 1

Er "THcosd”  1tcosd’ 17Fcosa
NSRS R IR e R B W,
HR A 2H 5 W) 55 40 57 T e - 27 1D M B 43 TG 1% B 20
AR iR Bk L ST N T, SRS R AR o
AR B 45 R T AL

x2 HOUSHSHERI

Tab. 2 Calculation parameters and Comparison results

5eik BRItk
2 g e Tl
H“AEs  wE HE
W1 - T bk
=" ?@5 =
J0 1 70 j:%:_:ﬁ
5T
TREBE TR
80 80 80 80
t/mm
HERER X L%
N 102 80 / 80
SR E 14 /mm
MER X EEHE
‘ 210 80 / 80
B /mm

B F w/mm 0.48 1.3 0.475  1.48

BELEAL ST BE

‘ 37.7  37.7 / 39. 8
N,=N,/kN - m?
TR E 5T s
29. 57 / 28. 97 /
N.=NJ/kN + m
5 bl
, 18.96 / 20. 68 /
A‘Vl /kN M mﬂ
4 ZHig

TRNER U G W 5e a5 0 J =R RE, AL
e A G e W B, AR SCOR g g4k U7 ik
WA R A AT SR AL B, R b, R &
FelR T2 3R 8 M I 55 A E for 30T i 2R A A
RS A B4 TR I A D R S R, ) R E 4 ) e
RALRE , 8 I W 8 b S S5 S 45 4 A AT 2R SR A
BELAL S W J7 ik, XA D A5 ) N T KB T

—

BTN, i SARBIT I AT EERET
B, B4

(1) R4 BE G 2R S5 R0 I 45 W 5 46 4 45
RO IREE £ M58, MR Iam L A S
BTN R, T U B 45 Wi 24k it
PIERIEE . PUSHIE . DL L2 iREE s o2
U, FIEH A5 TR EE 5T 8] 8 RO
e 7 0 5] S R A R R

(2) Mgtk AR R %, S T Bk
R AR R SO Se i oy Jr e, R B
FHVE AN 0 SRR v Ok Y e 2 A R PN g, AR
W )25 5 M B L 40 ) SR A5 BN T TR Bk ST . G
RPN 7 . DTG W T fi 2l A R SE 45 A8 ) 1 2E PR RE
o A4 R 320 S AN ar 2% 00 v B A SR R S 15
ZI AT fit.

(3) M)A B a7 T 40m 5 B R ER A &
st fis MIA R BTk it S R/ A, dE
RDAAE it T3k 72 v o] 18 S e IR B8 LA, oF
A T o] DL — 3R 4 far 2, i A 45 i
B HARB N A G W5e BRI 21, 4 %.

S E3H  References

(1] FEREE, MR, BXRH . B R B 23 n) 45 44 76 o [ (4 B

MELREI]. 24, 2012,18(1): 3-16.
DONG Shiling, XING Dong, ZHAO Yang. Applica-
tion and development of modern longspan space struc-
tures in China[J]. Spatial Structures.2012.18 (1):
3-16.

[2] 9%, skaRM, BEZEE, 55 . 20 4FoR PR 2 I 454 45
Mgk g K [T, @SI4EH ,2014,44(7) :27-32.
CAO Zi, ZHANG Yigang, XUE Suduo, et. Progress
and application of analysis methods about spatial struc-
tures during 20 years passed in China [ ] ]. Building
Structure. 2014. 44(7):27-32.

[3] MEDWADOESKI, S. J. Concrete thin shell roofs at
the turn of the millennium. Current and Emerging
Technologies of Shell and Spatial Structures [C]//
Proceedings of IASS Symposium. Madrid, Spain:

IASS, 1988.
(4] FFREREK. BEMA—BRHAR(M]. . 55EGFH
fi At , 1964.

VLASOV. General theory of shells [ M]. BeiJing:
Higher Education Press, 1964.

(5] ®WEE . FHBI N5 WRIRE A M5tk i
[M]. P44 Vg2l b At , 2013.
CHANG Yuzheng. Study on the performanceof new
type Steel-Concrete Composite Ribbed Shell[ M]. Xi’
an:Xi'an Cartographic Publishing House, 2013.

(6] FAEE, AL, MmO BUZRRaIED] S0
25,1996, (02) :2-11.



661 R ERE R E RS 519 %
DONG Shiling, ZHOU Dai. Double-layer shell analo- element with pressure node[]J], Journal of structural
gy method for ribbed flat shells[J ], Spatial Structures, engineering. 2002. 128(5):655-664.

1996,2(2) :1-10. [16] XJUAR, julg, Frik . BREMTEWERBIEHRT

(7] #EOEE, BHEAR . SBRUZERE WM 5T E S 7 ik AR 2R B A 0 % W WF 5T [T ). 50 45 M % 4k, 2016, 37
AR HIE I S B B E [T]. LR 1%, 2004, (09):91-98.

(3):6-14,65. ZHI Xudong, FAN Feng, QIAO Da. Research on
DONG Shiling, ZHAN Weidong. Non-linear stability complexity effect of super-large span reticulated dome
critical loads of single-layer and double-layer reticula- under severe earthquakes, Journal of Building Struc-
ted spherical shallow shells based on continuum analo- ture[J]. 2016.37(9):91-98

gy method[ ] ]. Engineering Mechanics, 2004, 21(3) 6- [17] 3%4& . DEM/FEM £8 & 15 75 15 W98 2 EAE W 55 48]
14,65, BB W R (D). 70 ZREE R, 2016.

(8] FE, FAE. BWEMSEHRRI=ERomE]. QI Nian. DEM/FEM Coupled method and its applica-
LA FIR, 2001, (6) :43-48. tion in collapse simulation of reticulated shells [ D].
WANG Xing, DONG Shiling. Three-layer Shell Meth- Guangzhou: Southeast University,2016.
od for Plate-cone Reticulated Shell [ J]. Journal of [18] Mg, ERK, &M, & . T AERFEAEMNHAEZEER
Building Structure. 2001,22(6) :43-48. HMFER B T F N m s [T]. TR 14,

(9] SsifE, AR, ERE . B2 WS IF 0 BR 5T 00 JE 22 2016,33(5):134-141.

YefaEM AT [T]. W 2= 137, 2013,34(6) . YU Ying, Tan Changbo, JIN Lin, et al. Research on
564-575. seismic progressive collapse of single- layer reticulated
LU Yinghuai, LIU Renhuai , WANG Pan. Nonlinear dome using the finite particle method[] ], Engineering
Stability of a double-deck reticulated truncated circular Mechanics,2016. 33(5) :134-144.

shallow spherical shell[]J], Applied Mathematics and [19] ®XZEM, E{d, BELL— . 23[a) kg 45 44 3% 20 P 13 35 3R
Mechanics. 2013,6(15):564-575. RETE[)]. BHLE IR, 2016,37(6):1-8.

[10] B, A . RV M5 T JE 2 e 2 th 3 ig ZHAO Xiandong, YAN Sheng, Chen Yiyi. Progres-
[T]. W %M 12, 2001,22(7) :666-672. sive collapse test of a space frame structure[J]. Jour-
XIAO Tan, LIU Renhuai. Nonlinear bendingtheory of nal of Building Structure. 2016.37(6):1-8.
diagonal square pyramid reticulated shallow shells[]]. [20] WA, Bk, B . REREHM Y EMTE N
Applied Mathematics and Mechanics, 2001, 22 (7); SR PEBRTE (1], W K R (AR R
665-672. 2016,43(3):41-47.

[11] FBRERY . BRI 5T A 52 BRI X 5T 09 52 AR 3 I 9T HE Yongjun, ZHONG Xin, ZHOU Xuhong. Research
[D]. MR My R TE Tl K22, 2012, on static properties and stability ofsingle-layer inter-
ZHENG Zhigang. Investigation of buckling load of sected inverted catenary cylindrical reticulated shell
thin spherical shells and single-layer reticulated spheri- [J]. Journal of Hunan University ( Natural Sciences).
cal shells[J]. Harbin: Harbin Institute of Technology, 2016,43(3):41-47.

2012. [21] FEAEE, Q6K ARG . 7SH DY k35 50 40 5 00 5t

[12] «lfE4e, ¥, X . 1F & s ih 25 18w B 72 & 2L 1k IR W 56 K HogR D PERE ()] =M 45, 2014, 20
MERI SRR M BE (1], 3% M Tolk K224 (B SR Bl 2 (4):14-28.

i) ,2008,37(3):104-109. DONG Shiling, BAI Guangbo,ZHENG Xiaoging. A no-
J1 Yanan, HUANG Yong, LIU Jing. Continuous a- vel shperical lattice shell composed of six-bar tetrahe-
nalysis of positive gauss hyperboloid vierendeel latticed dral units and itsstatic characteristics[]]. Spatial Struc-
flat shell[J ], Journal of Guizhou University of Tech- tures,2014,20(4) :14-28.

nology, 2008,37(3):104-109. [22] ¥ EE, 2WRH . U REIE-FE NS aE &[]

(13] BRF, ShWHA, FW, % . BRI M 7800 IR s 2 i R K54 ,2010,32(9):301-304.
3e1J]. 15588 ,2006,28(5) :39-42. CHANG Yuzheng, LI Xiaoli. Calculation of in-plane
QIU Ping, HAN Mingjun, WANG Gang, et al. The and outer stability of U type section[]]. Journal of
study on chaotic motion of the shallow reticulated Wuhan University. 2010,32(9): 301-304.
spherical shells[]J ]. Mechanics in Engineering, 2006, [23] BZ%8 . %I IM]. bR BEHEF B
28(5):39-42. #t,1992.

[14] KUNDU C. K., SINHA P. K. . Post buckling analy- XU Zhilun. Elasticityl M]. Beijing: Higher Education
sis of laminated composite shells [J],Composite struc- Press,1992.
tures 2005(10) :1-9. e .

[15] Ha-Wong Song, Sang-Hyo Shim. Failure anaylsis of (¥ &)

reinforced concrete shell structures using layered shell





