545531 b2 LN ~ S | O Vol.4 No.3
2022 45 H Journal of Ground Improvement May 2022

DOI: 10.3785/j.issn.2096-7195.2022.03.008
[TENA]

RUSRIHE RS N R E RS SRS

Titrfe t, gEERT 2, BHKS
(L. WHLW TR ARG RAT, WL RN 325011; 2. WM i By s A IR AR, WivL A 310021;
3. WILAH TREMIAR AR, Wil b 310012)

1 . TSR TE SO R I E , B ERIE W T LSRR AR A AN E EA R, BIURAELE
WAz AR E, W @i E 2 F MR LR E AT R TRE, KA RS DA FTER R BY)A 5
IF, KUK RE N B XTI G B0 AT A SR A, i [ A B 2 fE e A ki e e
o] Ak B R B R, B A R R I [ S B TR SRR R A /N T S M BRI 1250, i AL VR RE R 2 1
BB E IR ER, I A AR B2 . AT KA BRI R N E S AT AP AR B KB 10.14 mm, il 2
AL B KA K P AL RS AE A BT 30 mm, [ Ab #8050 2 %

KRR BRI ARBIRE: Faerilie: BEE nEdE

FESES: TU4 XEAFRIRTE: A NERE: 2096-7195(2022)03-0234-07

Bearing capacity calculation and static loading tests of a glass
skywalk in Xiangshan, Zhejiang, China

ZHANG Shi-hua!, XIONG Xiao-liang?, ZHOU Gan-lin®
(1. Zhejiang Zhewen Engineering Testing Technology Co., Ltd., Wenzhou 325011, Zhejiang, China;
2. Hangzhou Survey, Design and Research Institute Co., Ltd., Hangzhou 310021, Zhejiang, China;
3. Zhejiang Innovation Engineering Testing Co., Ltd., Hangzhou 310012, Zhejiang, China)

Abstract: In recent years, the glass walkway has become a new tourism project, but the design and construction of glass
walkway have not formed an effective management system, so there is a great potential safety hazard. Through checking
the bearing capacity of a glass walkway in Xiangshan that has been built and operated for many years, the results are in
good agreement with the problems existing in the site, indicating that the rationality of the bearing capacity check. After
that, reinforcement measures were adopted, reinforcement methods are verified through the loading tests. The cantilever
beam load test shows that after reinforcement the cantilever beam structure of the measured deflection value is less than
1/250 of the length, meets the demand of concrete structure of cantilever end deflection limit. This shows that the
reinforcement effect is obvious. The horizontal loading tests of the railings shows that the maximum horizontal
displacement of the railings after reinforcement is 10.14 mm, and the maximum relative horizontal displacement of the
railings should not be greater than 30 mm. And the reinforcement treatment effect is remarkable.
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Fig.2 General plan of glass skywalk



236

Ho i o4 B 2022 %5 B

3 MHERIAEEAME
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Fig. 8 Glass skywalk check beam position diagram

4.1 TrEEVER Tk E
(1) fE A 2 HUE
a) ARIEAT NI P s 5 B EUCA 80 kg/m?
CED 0.8 kN/m?)

b) FRIEMN N TREE . A EICN 25 kKN/m’,

o) A FHREIIM . AT . RBNEF )G
% 0.8 kKN/m HU{H .

(2) TE B HUE

a) FEAXEH 1.2 kN/m?.

b) ARG R 2 PR T, SN B
YA 3% 4.0 KN/m2 J#E47 655

(3) far A &

FEAFAE A 22 i B Hh A b AE1E 9 1.28 KN; TR
bt AR 2.4 KN/m; BEERAT A TR
HAREE /91.28 KN/m; AT A bR HE(H 96.4 KN/m.
TR VAT 3 LR B I 1.3. 1.5, fEHAE

(9/N-W) B TE b e 3 THE 7 L9,

3.84 kN
j 1438 kN/m ‘
1 600 mm

9 (ON-W) HEEREHE
Fig.9 Load diagram of (9/N-W) axis cantilever beam

42 MrEERERER

KRR E 1.6 m BUE, WEEIRS A
240 mmx400 mm, TFSALAG A 3 MR E AN 16 mm H
IR (B TR~ %5 e 9 HRB335 4ed) , A&
YR SR AR <7 5 FE R B 5 B 25 0N €20,
43 MEARBHEE

FRAE R &S5 EYE ) (GB 50010—2010,
2015 JO OV AT H A NI (= a 28,
AR Z R ERCN 40 mm, HRAE (BEERIE TR



238 o A

b

2022 5 H

ARIFE)  (T/CECS 896—2021) 4 Bk RETHN

1.1, ANFERELEEZ RN A FIEH, AR

A FER. CGREEESHEITME) (GB

50010—2010, 2015 ki) 5 6.2.10 %5+ 6.2.14 %%:
(1) RPLEAE):

M,=a, f,bx(hg=3)=55.1 KN'-m 3)

(2) B REHRE:
M=13xMg+1.5M=21 kN'm @)

(3) PUBAB SRS H
VOS<R, ED :

yM=23.1 KN'm<M,=55.1kN'm ()

SPUL R E R ISP RS
JIH R ER
44 ERFHEE
R4E GREE LS TE)  (GB 50010—
2010, 2015 fR) 5 6.3 TidkATPiBY AR S196 5
(1) By j¥iHE:
V=133V +1.5%V i =1.3x7.2+1.5x10.2=24.7kN (6)

(2) 781 PR 1) 2% A 6 B
hy/b=1.43<4

70V=272kN=<198.1 kN @)

(3) &AM B fifl 15 7% FE PR B 5
By=1

0.74, [bhy=63.5 kKN>y V=272kN  (8)

SRR R 15 P RPUE R E )
W REK .
45 RERE

R4E GREE LSS HE)  (GB 50010—
2010, 2015 ki) 2 3.4.3 AN TRt 52 2 R 1)
B KRS AR Ar # e R A2, 155 B 3K
1B s ib AT v

(1) HEIRE

R4E GREE LSS E)  (GB 50010—
2010, 2015 ) K 3.4.3 KyE 1. 2 e (fEH &
SR EEREE L)+ [v,]=3200/250=12.8 mm.

(2) BFEIHE

P CGREE RS E)  (GB 50010—
2010, 2015 fR) 8 7.2.1 %%
7 oql
f:3_B+8q_B:0‘74 mm 9)

#: f=0.74 mm<|12.8 mm

SREERY: WIOE IR R K
46 HEWEH

(1) 457 FEIRE

WA CQRE LS IFE)Y  (GB 50010—
2010, 2015 ki) % 3.4.5 FHE (RIH A= a K
ED) ¢ win=0.2 mm.

(2) ZEEvEE TR

4 CGREE LR EY  (GB 50010—
2010, 2015 FR) 28 7.1.4 %
M,
O'Sq:WZSSA N/mm2 (10)

H7.1.2 %

wmax=acrw%z(1.9cs+o.08 %):0.02 mm  (11)

te

Wimnax=0.02 mm<wjjn=0.2 mm

SRR TR G R 58 AR
VL ER

5 BIBHREETKEABRRE

RS (B IR IE TAEEORFIFE) (T/CECS 896—
2021) W38 3.3.7 &5 7 @K AEHAERATHRTF K
SERFRRRE AN T 2.0 KN/me A R I SR AT v i B
1.1 m, FFARPFREEDCA 1.5 m.

RYE CEFHPEE S &ET ) UG/T 342—
2012) U015 6.3.1 2k: R B KX KA 4B
AN KT 30 mm.

PP 3000x1100°

3EI 3x206x103x11—2x8x603

GARFTCP AR AT KT RLRE 8
PV PRAE 2K

6 IIEHEINE G AN

PSR IE B R G 67 R: KENT 1.4~
1.6 m Z 18] 4l N5 P ) EL AR TR B 0k W o TR
T R TR 2 IR, R XU i i L )
PR, Ry 4 LB 37 ot A8 % R P D) 6t o 535 o
TN . T IR R REE R AR M, B3R 4L
FEFF TR RS I B A, [ P A B i A
BRI AT o I R R &2
Ao TR R R ) B S AT Ay s o [#] J g e
FERFHEAT /KPR 73R8, B6AE DA Fn [ 58 it 5 2k o

=44.87 mm>30 mm (12)



%3

SR, 55 QUSRI EOE R R B R E B SR 7T 239

6.1 BERHBHEEAR

N TR R RN [ it T DA R 2 D3
REFRARAE 77, 1EHL 15/W-N 28 24 N E#ka6
XFE, RHPEFATIN GEWE 100 . BlgRH
KA FIME, EFELRSHWT: ZIXEN
1.5x1.4=2.1 m?, ¥ (BHHE TR AL
(T/CECS 896—2021) 4 2 &A1 FF U IR Hs R HX
EYBRIR A b, WA B 4.0 kKN/m?, i
PLEINER JTHL 8.2 kN B3z R /K ESSIE AT L
W, —HEH.

I H e BV PR B RO g
T, SR kG A sl O] BB i e B A AT
SIFNE SR o FEGINER G ) FH i b i ) e 25 45 A )
PR, REIHETFR. JEiR JErZ g, B30
Jefii %y, 8.2 kN Ji, HEFE 15 min MIH—IRAETAHE,
FEfr 1 h, S SF g N SeBEEE LR 1.

E 10 2BERIZFHHETINE

Fig. 10 Field static loading test of cantilever beam
x1 BEREERLER
Table 1

RIS SR

Results of static loading tests

IOEEAN Sl 58 /mm

— R In#E 1.68 0.32
ZInE 3.36 0.68
=80 5.04 1.14
928 6.72 1.37
15/W-N
TR n#E 8.40 1.53
— R ENE 5.60 131
T 2.80 0.55
SRR 0.00 0.09

BRI vT J, Sl Be B (RN T 45 MK )
1/250, 2 CIREEL G5 ATE)  (GB50010—
2010, 2015 fiR) [©1 55 3.4.3 20 Vit L 25 ) B R o
8% BR AR (1PN 52
6.2 F=FKFEHEIALE

N T K6 R TE AT e R AR AR AR Y, ik
B 14-16/W FlKPAFFAE iR B0 G, X HoKFA7
BTN (R 1) o IR A e k47
SN, INERAR DS SZIG B s A R . Bk B
K PEENTE AR SR A N AL BT, AT

20 cm, K 194 cm, JEFE 5 cm. FAFKFEHE I
2.0kN/m, EFEEIME I 3.88 kN IR H %k
BN 10 kN T AT Togomek, —ZeEsk,
A3 FIEN EAE BUS N A H A

TN HTLEACT AT TR B SO . Ik
AR, R R B O 7 e AL RS AE AT
WAL . BRI TE 5 REF 15 min, KK
B JEEE S . KBS ATE, 3.88 kN 5,
FEBS 15 min MEL— KB, i Lh, SJATEk
SO ST RS VE WK 2,

v TN

11 EZFKFHENIHALE

Horizontal thrust field test on railing

Fig.11

®2 KRFENDHRELERLER

Table 2 Results of horizontal thrust test

B 5 MEER INEAE/KN SR /mm
— RNk 0.776 2.11
—ghmEk 1.550 4.62
=R 2.330 7.25
WEZFINE) 3.100 9.96
14-16/W
TLgIn#, 3.880 10.14
— LR 2.590 8.43
IR 1.290 4.29
SRR 0.000 0.27

P A 56 A T, BT KPR B K E A
10.14 mm, 52 CEFHEES &R ) UG/IT
342—2012) DO 25 6.3.1 4%: P ALK KF
RERAEA KT 30 mm.

6.3 WIBHKET AERME

IR FRARE I AT N TR, T4 I, XUAer #4F
SR T HO IR, AN 2 3K, g SR b [
T BT R A LR A 1 B A 3 AT N THI AR 3 B 46
IR EE AR, MROR LA IOomRt— B A7 33
AT N AR 80 5 Vi g b SR B A S5 M I A A, 7
PRIEH A R

7 # B

(1) RAEII7 LRt O AT & B RS 5
PUBYIRIE . PRI ARG TR LU0 S A5 R, R W] DL I



240 oA

b

2022 5 H

H 243 L 2K

(2) MRIEPIMHIET NS DALE R —
Fiefr BT IR AR, RIIEA T B A A
VR R R8ORE A 0T A 17 B A 28 A FH ROz K
THIRIRL,  — P or B B A ORI K T3
RMNLo DA BB SHEAERS B B AT NIRARAEAS AL
B — AL EARPIE I L) & o

(3) RRIEREAT KT A% 96 53 45 R R W] HKF
PEAZHEER, BUACTHUERIEEAR 2 25K . LA RS
25 R 5 DUB AT 2 N 77 )5 S8 30 1) Se bty
DI o

(4 52 TR o] g S A AT AR A o 2] Ak 2 i
iy R A5 R AR WY, A ] A PR S R BRI K
FERT (RI7KP AR Al 2 BRI n [ Ah B R RCR
BE,

(5) AR FHITIE L &2, AR
AR AS S GBS S InE RS %

SE R

[1] E&xfk, Fouid, FBE. BRIV SR E ik

PR 52 71 B M (3], Lok # 5, 2019, 49(10):
110-116.
WANG Zong-yi, WANG Yuan-qing, LI Yun-sheng. Design
analysis of tempered glass in glass flyover and glass
skywalk[J]. Industrial Construction, 2019, 49(10): 110—
116.

[21 cREEZE, R, XU, RIFRIE 22V BORBE T
], FBHIKSAZA4R: TAERR, 2008, 29(3): 129-132.
SONG Jian-xue, YUAN Ying-bao, LIU He-long. Safety
evaluation technology of tourist boardwalk[J]. Journal of
Zhengzhou University: Engineering Science, 2008, 29(3):
129-132.

[8]1 e E LI 2 BT, & X AT RN

SR bRdE: DB13(J)/T 264—2018[S]. JL&t:
o | A b AR, 2018,
Hebei ministry of housing and urban-rural development, et
al. Technical Standard of Pedestrian Glass Suspension
Bridge and Glass Skywalk in Scenic Area: DB13(J)/T
264—2018[S]. Beijing: China Building Materials Industry
Press, 2018.

[4] PEIEERAEL S, BORHE TR AR
T/CECS 896—2021[S]. dbaz: H[E &350 Tk ik,
2021.

China construction standardization association. Technical

[5]

(6]

[7]

(8]

[9]

[10]

Regulations for Glass Skywalk: T/CECS 896—2021[S].
Beijing: China Architecture and Building Press, 2021.
I U R BT R el 35 AR AT A R B A B
JEM T, B REIRTT, 2021, 7(15): 17-18.

CHU Teng-feng. Pedestrian load test and finite element
analysis of glass skywalk in deep pit theme park[J].
Intelligent City, 2021, 7(15): 17-18.

R T SR DA 3 B A AN 8 LR O VA AE B
TERRIE 2 VG P RIR R [T]. B3 L4, 2017, 32(5):
15-17.

ZHAO Lu. Application of uncertain analytic hierarchy
process based on optimal transfer matrix in safety
assessment of glass skywalk[J]. Building Safety, 2017,
32(5): 15-17.

RIS, SOWAIE S MRk I T iR R ()], LREE,
2020, 38(10): 76-79.

HAO Peng. Study on structural performance inspection
method of landscape walkway[J]. Engineering Quality,
2020, 38(10): 76-79.

i NRIEATEE 5 A 2 @B, e NRILATE
I 5% o M B A B A e Ry R A A T B OTE : GB
50009—2012[S]. kit HE g5 Tl AL, 2012,
Ministry of housing and urban-rural construction of the
People’s Republic of China, general administration of
quality supervision, inspection and quarantine of the
People’s Republic of China. Load Code for the Design of
Building Structures: GB 50009—2012[S]. Beijing: China
Architecture and Building Press, 2012.

e N RILATE (5 R 2 i, e NRILAIE
ESE iR AR ok g Ll BNR B (AR A W T
GB 50010—2010[S]. 2015 . dbxt: T EEF Lk
fitt, 2015.

Ministry of housing and urban-rural construction of the
People’s Republic of China, general administration of
quality supervision, inspection and quarantine of the
People’s Republic of China. Code for Design of Concrete
Structures: GB 50010—2010[S]. 2015 Edition. Beijing:
China Architecture and Architecture Press, 2015.

e NRIEATEAE B A 2 i, @R BIE S &
JEY I JG/T 342—2012[S]. Jbat: s EEF Tk H R
#t, 2012.

Ministry of housing and urban-rural construction of the
People’s Republic of China. Glass and Metal Guardrail for
Building: JG/T 342—2012[S]. Beijing: China Architecture
and Building Press, 2012.



