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Stress-induced deformation characteristics of a hinged prefabricated anchor
frame beam
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(1. Key Labhoratory of Highway Engineering, Ministry of Education, Changsha University of Science & Technology Changsha
410114, China; 2. School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, China)

Abstract: [Purposes] An internal force calculation method for hinged prefabricated anchor frame
beams was proposed, providing a theoretical basis for the design of a hinged frame beam.
[Methods] Firstly, the stress model of the frame beam was simplified into a multi-stage Winkler
elastic foundation beam connected by hinged points. Then, based on the boundary and continuity
conditions of the beam, the analytical solution of the internal force of the beam was obtained. The
stress and deformation characteristics of the hinged frame beam structure and the existing cast-in-

situ frame beam structure were analyzed by numerical examples, as well as the stress-induced
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deformation characteristics of the hinged frame beam structure under different anchorage forces,
foundation reaction coefficient, section size, cantilever length and hinged position. Finally, the
accuracy of the calculation results in this paper was verified by comparing the actual monitoring
data with the theoretical calculation results in this paper. [ Findings] The rationality of the internal
force analytical solution is verified by comparing the degradation of the obtained solution with the
existing one. When other parameters are the same, a larger anchorage force means a larger
cantilever length and larger distance from the hinged position to the anchorage point, resulting in a
larger maximum bending moment value of the hinged structure. The foundation reaction coefficient
and section size have a significant effect on the bottom displacement and rotation angle of the frame
beam structure. As the foundation reaction coefficient and section size increase, the bottom
displacement and rotation angle decrease, while the bending moment and shear force are basically
unchanged. Through the analysis of field monitoring data, the field measurement results are
consistent with the trend of internal force calculation results in this paper. [ Conclusions] The
analytical results of the internal force of hinged frame beams are reasonable, and the law of stress-
induced deformation can provide a reference for the design of hinged frame beams.

Key words: hinged prefabricated anchor frame beam; Winkler elastic foundation beam; internal

force calculation; stress-induced deformation characteristics ; structural design
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Fig. 8 Comparison of bottom displacement, rotation angle,
bending moment, and shear force between hinged frame

beams under different anchorage forces
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Fig. 9 Comparison of bottom displacement, rotation angle,
bending moment, and shear force between hinged frame

beams under different foundation reaction coefficients
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Fig. 10  Comparison of bottom displacement, rotation angle,
bending moment, and shear force between hinged frame

beams under different section sizes

X HESLGE (25 5 I3 52 M AR /1N TR AE 48 5% g %
JIE AL AL RIS 1 52 W B0 R o 4 H ek 2s T RS
AR, BRI AR AL f k. 4324 T1PER
i PTG L0 N £ R 7 R A (S I R
FIRINEAAS ), P32 0 8 3 A S5 AR fRAR /N .

PET 11 Sy B 0 2 e e AT AE 28 R 25 A FE AN [
B K (AB EF KB 50 F I RIE AL RS %
VSR B Rt &R B . FERI L B E K
FE XX, X X X B HUE 43 512 0.50,0.75,1.00
1.25.1.50 m. ME 11 AT AR, B B X R
(VR AR 5 I SN TR =AU B koS B2 I T A i =5
R B A G K, B R A SR A RS 2RI
M40 mm VE/NF 5 mm, 707 P804 05 2 18] 1) B2 IS
PEREHIEE I, NS mm BE N 2] 12 mm, 34 05 2 /T
Ui FR Y o A B AR AL S R R AL B AL, B AT
VRO %) A 4 T {1 i B 1) 34 KT s /N L ¢
P 5 Z ] R A e A 78 AR/ N o TF 25 Bt B
B 8 T HG K, A A B AR K R A G K
/N AN TR B S B R R e RS A 22 4
40% o T ] WA, BT 7 d5e K 248 0F (B il B
JEE 38 IR/ 177 i 11 st 2z [oa] D4 4 A Iz, B

PRI, % s ) SR8 IS A% B, 2 21 i 11 77 1) 52 1
SR 11 T3 e 2 18] A 958 52 31 (4 52 Wi i/ )
WO B R R ALAS e R BT D
W, FE AT SR BUHE SR R EEAE BT I, NS AT 8

45
40

—a X —X,

= 35 A—X v—X,
£ 30 X
E 25
£ 20
X s
10
5
0
0 ) 1
VA— A B
(a) BEIEAHLFE
0.04
= ——a—a
0.03 | X —— X
0.02 A v
E 001 s r[-'—O—o
% 0_001%'—_‘!*‘ i A A A
-0.01 .,_._._U‘
-0.02 |-
-0.03 |
-0.04 )
0 1
AR
(b) ¥ ff
150
100

w
(=]

ZSHE/(KN + m)
=

-50

(c) &%

0 1
JA— R B
(d) 353
Bl FAREFKRETRBELDEREGRRES A,
FHE W B

Fig. 11 Comparison of bottom displacement, rotation angle,
bending moment, and shear force between hinged frame

beams under different cantilever lengths
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Fig. 12 Comparison of bottom displacement, rotation angle,
bending moment, and shear force between hinged frame

beams under different hinged positions

RERAL RS 4N G2, B A B S AL TR B a8
/N B TE T3 AE R A IE B R AN S AR . A
TEVEAT B RIRE SR R A R BTy, AT L3l i 980 3
22 55 AE A0 191 =2 18] A P g DR AT A0 8y i B4 T
HE SR G4 [o 5 W) B9 25 6, DA T/ B R AL (L
2.4 BEEKEXMTERRIGINER
P 13 2y 53 B g L0 6 K87 320 334 P HE 40 2 i 32
PN 7 M DU 5 B B LR o Sk O (R R
(B -5 BLS (E HEAT X HE 5 AR R 5 — 1k . LA
13 0] DL A 5% 25 R0 0 e 0 {5 BRI A 22 4k
A SR AR — B, A S A A S ) il 11 A5 Ak ) T 25 AR
(ELRR R, M A v (7 B A B 7 R A e A, 3 i Y
WS AN . R 13 T, Bed A A i I =
Bt AN D9 2, — 57 i 2 (R DAy 0 4 A A — € B9 AN A
WEGRL IR 22 , 55 — 7 T PO AR AR R B 15
A L, B EAR A W R, HRE T i 4L
A MR BEAT B o
I e ! '

—— G
—a— B

et

LR B
13 5tk Sk A K87 A M AE R RAR R W A Bl
5 22 A AT
Fig. 13 Comparison between monitoring and theoretical
internal force values of cross arm of frame beam of K87 slope

along Guiyang-Huangping Expressway

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



12 KL XFFHROHRAFR)

202542 A

3 iTig

1 LA B HE S8 B2 S5 40 o8 ) AR AR v, X5
2 WAL G IR GEHE QR TR L5 | T X T AU HE SR R 2
B ST B SEAX B  . R  ARSCRRF ST T
— P X I R 3 3 S AP A —— e A A e A
FEAEZL SRR 1 9 13 o A& AR Tt
7k A 3Rk Winkler 5PE Hb BE B YL
PR3 ) b Rk BRI . b, AR
Wb F2 R AR A, 0 A TE N R R K
Hu LN R R LT, a5 A g ] &
77 g 2 243 () b 35 2 v 0 B AR AR X & 2
SRAFRINME PRI, A SCR ] Winkler 9U0PE 1 56 98 1k
X B RAE AR AT N 15

AW GG, G B T RE SR B2 1) il 55, SR A
158 T RINE QLRI BRI AL RS A S B
J13 IR, 38 o ELARBUE S 04 4 B L B E T AR
SCHIF R I B IER AT 5. 516 G0 L BEHE SR P 25 44
(N IR HE AR5 2 PR, B RS M 1) 2 1 8y
AH B R A T RRAK 20% LA o X R RO
e AF A AR HE QR R () AR T N 25 5, A R F
RS HE, U R AW/ o [, A SCHRSE T
BEE ) BB B E ML R R BRI
AT RS X B B AR AE ZE R R . AR SCHF 98 AR
FE B0 25 b A 5 T4 T BRI LR A7 B T A A
HEZRR BN ST

H AT, AW AUE 75— Winkler 575 Hb
FEGRTE N B TR R TR (R P ) it AT TR =
Z M7 E LR E . ARREA T — R £
ol 7 %o e 42 78 2 P R AT SR TR 1 o8 T R A T
B LA B by 8 S TR R HESR
N IR T DUAR T S0 bR TR v ) B T
Ficl =CHE 2R 2 1 1 1T S5 T

4 g

1) BT Winkler 55 1 b 5L 52 1k | R H] Bcd2 45 4
(R 1 5 A SR AT 31 1 B4 AR e e U AT
HEZEBEA5 A0 1 N ) 38 20, T I T B4 AU HE 28 22
N IR T

2) i FE 51, 3o 1 G B e i AT HE 2L Sk 24
ey R B 4 TR0 2 e SR AT HE R R S5 H E 4T 32 1 0y
Bro 5 BL5E B AT HE 2R B A5 A0 X FE , B Y 3 i 5K
AT REE SR SR A5 R F) TR AL B, R AR R T 5
T HE 5 390 T A2 E B S Bin A 5 A o AE 28 SRR 45 A 1Y
B3 A BEAR A 21 B 3 20 2 T AT AE A iR
F1% 25 R A B Ry 5 B, G i RS R (AT AT 209
15 s

3) il i X HEZR BRGNS AT SR R
B 7] T AR, R 4 R ) 2 R BORC s 7 AS RE  AfE
R GEAeY i BRI, AR B A B e s AT
DA 5 A 25 R 0 /N2 25% , D/ N B, T L)
Al 5 R R AR U /N 24 40% 5 b 3 I 7 22 B0R 38R T
ST HE B SR 45 46y 1) 2 W) 3 B ILAE 2 IS (62 7% I
W L iRk g 2R ORI T RS 38 K 25 R R 5
TR AEANTE 19 ZEA7

4) A0 B S R S AR SO T AR
PEAT R HE A B, 25 A s D00 A5 P L 1) 78 1
PR — I RN EEARY) & XUEN] T AR
WIS A A BT 5

5) MRSt o Ml R e B, 7 b A7 i 1Y
HEZRGREEAG BT, B2k /NGB I, B iR
A M AT 0 [ A5

(5% 30Hk]

[1] DANZIGER F A B, DANZIGER B R, PACHECO M P.
The simultaneous use of piles and prestressed anchors
in foundation design[J]. Engineering Geology, 2006,
87 (3/4) : 163-177. DOI: 10.1016/j. enggeo. 2006.
06.003.

[2] YANMIJ, XIAY Y, LIUTT, et al. Limit analysis
under seismic conditions of a slope reinforced with
prestressed anchor cables [J].
Geotechnics, 2019, 108: 226-233. DOI: 10.1016/].
compgeo.2018.12.027.

[3] SHIKY, WUX P, LIU Z, et al. Coupled calculation

model for anchoring force loss in a slope reinforced by a

Computers and

frame beam and anchor cables [J]. Engineering
Geology, 2019, 260: 105245. DOI: 10.1016/j.enggeo.
2019.105245.

(4] JAZZIC, W8 55 . TN Bl A RE SR 100 B [ 45 4
(9 B2 o3 )], K38 TR 7 4f, 2013, 30(3) : 16-
18, 85. DOI: 10.3969/].issn.1006-2106.2013.03.004.
ZHOU Hongyuan, ZENG Zhiyong. Applied analysis of
slope structure reinforced with prestressed anchored

frame beam [J]. Journal of Railway Engineering

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



F2EE 1M

KEM,F AL R R XA ER R &) KA AR 13

[10]

[11]

[12]

Society, 2013, 30(3) : 16-18, 85. DOI: 10.3969/j.
issn.1006-2106.2013.03.004.

R, BEY, M2EE, & W KRS £ Rk
B SXEMRE ] KPP T RF2Wm (A ARE
2£R) . 2022, 19 (1) : 53-63. DOI: 10.19951/j.
enki.1672-9331.2022.01.007.

LI Yi, CHENG HE Xuechun, et al.

Instability analysis and countermeasure research of soil

Baoping,

slope in Centianhe canal [J]. Journal of Changsha
University of Science & Technology (Natural Science) ,
2022, 19 (1) : 53-63. DOI: 10.19951/j. cnki. 1672-
9331.2022.01.007.

ABDALLA L B, GHAFOR K, MOHAMMED A.
Testing and modeling the young age compressive
strength for high workability concrete modified with
PCE polymers [J]. Results in Materials, 2019, 1:
100004. DOI: 10.1016/j.rinma.2019.100004.

ZAWAM M, SOUDKI K, WEST J S. Factors affecting
the time-dependent behaviour of GFRP prestressed
concrete beams [J]. Journal of Building Engineering,
2019, 24: 100715. DOI: 10.1016/j.jobe.2019.02.007.
TANG W, MOHSENI E, WANG Z Y. Development of
vegetation concrete technology for slope protection and
Construction and Building Materials,

10.1016/j. conbuildmat.

greening [J].
2018, 179: 605-613. DOI:
2018.05.207.
OZCAN-DENIZ G, ZHU Y M, CERON V. Time, cost,
and environmental impact analysis on construction
operation optimization using genetic algorithms [J].
Journal of Management in Engineering, 2012, 28(3) :
265-272. DOI: 10.1061/(ASCE) ME. 1943-5479.
0000098.

LI Z H, HUANG H W, NADIM F, et al. Quantitative
risk assessment of cut-slope projects under construction
[J]. Journal of Geotechnical and Geoenvironmental
Engineering, 2010, 136 (12) : 1644-1654. DOI:
10.1061/(ASCE)GT.1943-5606.0000381.

SKZENE, BRI, AR E, A5 . B K PR T A A
BRI R G L K AB S T - CN110241833B
[P].2021-01-01.

ZHANG Junhui, LI Feng, ZHENG Jianlong, et al.
Waterproofing and moisturizing fully prefabricated
lattice beam anchor cable support system, support and
repair method : CN110241833B[P]. 2021-01-01.
ZHANG J, LI F, et al. Research on application of
multi-channel selector in centrifugal model test of
anchoring slope by frame beam [J]. Frontiers in Earth
Science, 2021, 9: 757724. DOI: 10.3389/feart.2021.
757724.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

ZHANG J H, LI F, ZHANG S P, et al. Research on
application of multi-channel selector in centrifugal
model test of anchoring slope by frame beam [J].
Frontiers in Earth Science, 2021, 9: 757724. DOI:
10.3389/feart.2021.757724.

JRI G I BB iR T g R SUAE R B S
et 72 I8 W R AL LD ] KV RV TR
*#,2020.

ZHOU Jiankun. Deformation monitoring and numerical
simulation of slope supported by fabricated articulated
[D].

of Science &

frame beams on Gui-Huang Expressway
Changsha: Changsha
Technology, 2020.

ZHANG J H, ZHOU Q W, LI F, et al. Case study of

field application of prefabricated anchoring frame beam

University

structure in slope supporting projects [J]. Journal of
Construction Engineering and Management, 2022, 148
(9) : 05022008. DOI: 10.1061/(ASCE) CO. 1943-
7862.0002363.

FBEBRAP- . TR SR S e A R 3 (I Sk 9 T St
FELI]L K SCH 5t TR M 5, 2005, 32(6) @ 52-56.
DOI: 10.3969/j.issn.1000-3665.2005.06.013.

YIN Yueping. Internal force analysis on steel concrete
lattice by reverse beam method for landslide control [ J ].
Hydrogeology & Engineering Geology, 2005, 32(6) :
52-56. DOI: 10.3969/j.issn.1000-3665.2005.06.013.
MG, AR, JEDE . WA B TN 4 R AR AL
Be N Sy B AR AT D)L Hh B Ay 2 e A
2004, 10 (4) : 366-371. DOI: 10.3969/j. issn. 1006-
6616.2004.04.010.

MA Yingjuan, PENG Sheqin, ZHOU Bin. Comparative
analysis of the methods of internal force calculation of
the prestressed cable lattice beam for landslide control
[J]. Journal of Geomechanics, 2004, 10(4): 366-371.
DOI: 10.3969/j.issn.1006-6616.2004.04.010.

FAL A, BB 0 E R K - R 0 e P HE SR B Y
WIS 5 1%, 2005, 26(7) : 1113-1117.
DOI: 10.3969/].issn.1000-7598.2005.07.022.

WU Lizhou, HUANG Runqiu. Calculation of internal
forces of frame beam for strengthening expansive soil
roadcut slope [J]. Rock and Soil Mechanics, 2005, 26
(7) :+ 1113-1117. DOI: 10.3969/j. issn. 1000-7598.
2005.07.022.

BORAK L, MARCIAN P. Beams on elastic foundation
using modified Betti’ s theorem (1]
Journal of Mechanical Sciences, 2014, 88:
DOI: 10.1016/j.ijmecsci.2014.06.014.

LI J B, ZHU Y P, YE S H, et al. Internal force

analysis and field test of lattice beam based on winkler

International

17-24.

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



14

Ky EIXFFHROBAHAFR)

202542 A

[21]

[22]

[23]

theory for elastic foundation beam [J]. Mathematical
Problems in Engineering, 2019, 2019( 1): 1-13. DOI:
10.1155/2019/5130654.

WER, FEE, §EE, BN EZR RN
AP AT RS (D). s 1%, 2010, 31(9)
2894-2900. DOI: 10.3969/j. issn. 1000-7598.2010.

09.034.
HAN Aimin, LI Jianguo, XIAO Junhua, et al.
Mechanical behaviors of frame beam supporting

structure with prestressed anchors [J]. Rock and Soil
Mechanics, 2010, 31(9): 2894-2900. DOI: 10.3969/].
issn.1000-7598.2010.09.034.

WA BN 75l R 3 BT B L s 3 A [D .
JEAR : PUJIREE, 2006.

XU Lei. The design and analysis of influence factors for
internal force of beam with pre-stressed anchor [(D].
Chengdu: Sichuan University, 2006.

A0 B TR AR e R e T HE 2 R Al [ R
JL . DB43/T 2938—2024[S]. Kb : [ M EATE],
2024.

[24]

[25]

[26]

Changsha of Science &
Technical specification for the anchoring of hinged
assembled frame beam structure: DB43/T 2938—2024
[S]. Changsha: [ Publisher unknown |, 2024.

WS, IR AL L ML B AR e M. dbET
Bhegth RL, 2005.

HUANG Yi, HE Fangshe. Beams, plates and shells on
elastic foundation[ M ]. Beijing: Science Press, 2005.
SR . Bt NV i AL b - 0 R R S AT B T
AR APD]. Kb KPR TR, 2019.

YUE Xuan. Stability analysis of red clay slope of Jiang-

University Technology.

yu Expressway in Guizhou Province and support of
fabricated frame beam [D]. Changsha: Changsha
University of Science & Technology, 2019.

JEl B0 A . BB B AR T SUAE S 45 4 39 1 32 T R e
PERERFE[D]. Kb KYPHIT R, 2022.

ZHOU Qinwei. Study on node mechanical properties
and shear behavior of hinged prefabricated anchoring

[D]. Changsha: Changsha
University of Science & Technology, 2022.

frame beam structure

(REHRE X F ;BT ik)

A5 M 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



