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Vertical uplift resistance of the foundation of plate
and ball connected by anchor cable and its influencing factors
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Abstract;: According to the engineering properties of sandy soil foundation in desert area and the
shortcomings of the existing transmission tower foundation, a foundation of plate and ball connected by an
anchor cable is developed. By combining the similar model uplift tests and numerical simulations, the
displacement of the foundation under different uplift loads is analyzed. Besides, the influence and its rule of
buried depth ratio, spherical diameter and column diameter on the ultimate uplift bearing capacity
coefficient of the foundation and the radius of main rupture surface of soil surface are studied. The results
show that the numerical simulation results are in good agreement with the experimental results. The load-
displacement curve presents a three-stage form, which corresponds to the three stages of soil deformation
evolution. The ratio of buried depth is of the greatest influence on the ultimate uplift resistance of
foundation, and there is a positive correlation between them. The ultimate uplift bearing capacity

coefficient increases first and then decreases with increase of burial depth ratio. It is negatively correlated
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with the sphere diameter and positively correlated with the cement-soil column diameter. The radius of the

main rupture surface of soil is negatively correlated with the buried depth ratio, spherical diameter and

column diameter.

Keywords: foundation of plate and ball connected by anchor cable; buried depth ratio; load-displacement

curve; ultimate uplift bearing capacity coefficient
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Fig. 1 Schematic diagram of foundation
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undisturbed sand soil
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Table 5 Mix ratio of cement-soil similar materials %
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1 29.0 15.0 3.9 9.0 8.7 7.3 27.1
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Table 6 Physical and mechanical properties of

cement-soil similar materials

+ 5 o/(g+cm™3) ¢/kPa E./MPa ¢/(°) fo/MPa

KU AR E 1.7~1.8  67.8 69.2 20~30 0.5~1.5

+ % o/(g+cm™*) ¢/MPa E,/MPa /(")
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Table 2 Similarity constants for sand and
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Table 3 Physical and mechanical properties of similar
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Table 4 Physical and mechanical properties of cement-soil
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Fig.2 Schematic diagram of model box
i DR TR R AR R R Y B K 3R A2
TR T Se PRI — R Bk 0 5 TR K AR
BLAN T BB P AL oK Al w0 78+ Fn i 72
A B S AR AR I E A S R Y K
TR KR AN 14 Y i, n] R H ol 15 ) AR R 4
P AR AR AR R %) b 6 L[] B, T AN R R I



%4

IER,F FERKREABEGREABRBEEZ LY 0 E & 39

H3 HAURTEE
Fig. 3 Real scene picture of model box
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Fig. 6 Load-displacement curves
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Fig. 9 Radius variation curves of main fracture surface
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test and numerical simulation

HH B B U 98 M XS A T 4k SR gk, B E 5T U0 8 vk X
K E R IE T SR L e A o, 7 R A
AN RS RSB A, BT S B A S 5 B A B
IR N R T W R VA S 2 [

WE 11(h) FrR BB R 2 B DL, BO(E B
PUBL A K TR 56 01 B A . 207 i R 2k, 330 R 4
RIS TR R M 3 AT R A, R )R
B4 5 5 1 AR 7E B K A 00 3+ 2 800 1
TN ZEFHFLEML LR LN T EERH, 8T 2
Bl S = e N I R I N 1 RS e S N7 DA S
SR AEAE 22 5, BRI [R] )2+ 44l G 12 48 300 46 X ¥4 50 55
SELMBERAUT R e L2 RSB R
kA R

7

[ =N
a
-l

-

B TR T MR B il K — B 1 BT 4K SR b R X SR
P 6 FORCE A EL T B3 45 5 B J7 1%, % A b 35
b b M KL A TR ) R R P R R i TR 2R DA R e
F14 A8 8 AR BE AT B 50, OF AR 1 e A R T 2
iP5 HE N RN LR A EETTRESRS
A R BEAT X L B, A a5 g i F

1) 28 AR DIASE 28 358 6 7 3] 9 iy 28— 102 % il £k 52
UM R FE B TR e ES, 5 Eikd
P ARSI AL 3 B BOAR A B

2) FE AR R 4 40 HLER L L BRAR S K U £
HEEARR AR BB A SC R, H = X BR b4k
67 8 R R M AR B /IMK U - SEBR B BR AR R4

3) Mk BRC$A07R 280 7 28 3B UL % L 3 R B SR R
Ja /N B AR H TR EE S 2 I i R 28k A B
i s R PTBOR B RS BRIF HRR R A KE R,
HR P AT B B AR OO A 5 LR 3 T 32 2 T
ARG HLER L VBR AR SOK Y8 B AR AR SRR AR

B2k

(1] Bk, 7hakde, 384 WL AR 356wl R 40 0 1 iR 56 5

BE AP 58 [J]. £ A T8 2% i, 2009, 42 (12) .
162-169.
YINY G, SUN D H, GONG W M. Experiment and
numerical simulation of the bearing characteristics of
root foundations [ J]. China Civil Engineering Journal,
2009, 42(12): 162-169. (in Chinese)

C2] B30 R, T8, 55, s SLak 7e i i 42 76 3% + ib

SErh R SR ELT ] B RR 5 TR, 2018, 18 (19)
272-276.
FAN W W, MAN Y, DING S J, et al. Bearing
capacity of hollow foundation in loess foundation of
transmission line [ J J. Science Technology and
Engineering, 2018, 18(19): 272-276. (in Chinese)

[ 3] 4427 5 3EAR. KIERE B 137 30 106 & B R ki B H R

PELTD. e 51, 2016(11) . 107-110.
LUO Y P, YAN Z X. Combined plate-cable foundation
and its characteristics in loess site with large thickness
[J]. Railway Engineering. 2016 (11): 107-110. Cin
Chinese)

[ 4 ] HEAC P U0 AT IM 55, s FF 15 Al =X B R JE ik 45
¥y :71.201220519599. 6[ P]. 2013-04-03.



9 IER,F FERKREABEGREABRBEEZ LY 0 E & 43

[5]

[6]

L7]

[8]

L9]

LUO Y P, FAN X F, FU B B, et al. The board and
cable type foundation structure of transmission tower:
Z1.201220519599. 6 [PJ. 2013-04-03. (in Chinese)
HEACT BT, 5 55 A5, 7 T B LI A MR L Al AR FR 1
WS WroE]]. B L, 2017,47(13) :98-102.

LUO Y P, DENG X, YAN Z X. Study of ultimate
uplift force on joint plate cable foundation of square
anchor plate [ J]. Building Structure, 2017, 47 (13):
98-102. (in Chinese)

HEAC T BB 3 3505 . BB AR R SRl pr oyl B K 45
Wik T £ AREH 535 T/, 2016, 38(5):
85-89.

LUO Y P, DENG X, YAN Z X, et al. Anti-tensile
mechanism and allowable uplift force of j oint plate
cable foundation [J]. Journal of Civil, Architectural &
Environmental Engineering, 2016, 38 (5): 85-89. (in
Chinese)

XI55 R, 0 400, 45 B AR UL i IR AL i) 3 36 AOF
F[1]. %+ J1%,2011,32(3) :697-702,708.

LIUM L, ZHU Z D, LIU J Y, et al. Experimental
study of failure mechanism of uplifting anchor [J].
Rock and Soil Mechanics, 2011, 32(3): 697-702,708.
(in Chinese)

SIVARAMAN S, ILAMPARUTHI K, KISHORKUMAR
V. Uplift response of single and multiple anchors in
sand bed [ C]//
Conference, 2014 1941-1945.
SIVARAMAN S, ILAMPARUTHI K, KISHORKUMAR

reinforced Indian Geotechnical

V. Experimental investigations on behaviour of single
el

Conference on

anchors in cohesionless soil

the

and multiple

Proceedings of First Annual
Innovations and Developments in Civil Engineering,

ACIDIC-2014 NITK, Surathkal. India,
819-820.

2014

[10]

[11]

[12]

[13]

[14]

[15]

ILAMPARUTHI K, DICKIN A, MUTHUKRISNAIAH
K. Experimental investigation of the uplift behaviour of
circular plate anchors embedded in sand [J]. Canadian
Geotechnical Journal, 2002, 39(3): 648-664.

HANNA A, AYADAT T, SABRY M. Pullout
resistance of single vertical shallow helical and plate
anchors in sand [ J]. Geotechnical and Geological
Engineering, 2007, 25(5): 559-573.

Kotk W= NI Qing. 5. i B 4 o % 22 BROK TG AT 4K
HALEEBEFE (1], & £ TR, 2017,39(5) : 804-812.
XIAY Y, CHEN C, NI Q, et al. Pull-out mechanism
of continuous ball shape anchors in transparent soil
[Jl.
2017,39(5) :804-812. (in Chinese)

FHAEAE CHACOT TR Ak e, AE L B B R BT AR A K
e T 7% : 21.201610215868. 2[ P]. 2016-04-09.

YAN Z X, LUO Y P, ZHANG J T, et al. Soil ground

Chinese Journal of Geotechnical Engineering,

single cable uplift foundation and construction method:
Z1.201610215868. 2 [P]. 2016-04-09.

BEAC T B 3 AR REMORIE A BB, 2R
515 R BE TR, 2018,40(6) :22-28,

LUO Y P, XUE J, YAN Z X. Uplift mechanism of
foundation of plate and ball connected by anchor cable
[J]. Journal of Civils Architectural & Environmental
Engineering. 2018, 40(6): 22-28. (in Chinese)

TR, BRI BR A 0 Ak AL A U B e i 5 (D .
2N 22N R . 2016,

DING D. The model test study on uplift mechanism for
the foundation of cable linking with concrete slabs-ball
[D

Chinese)

Lanzhou: Lanzhou University, 2016. (in

(h# EHH)



