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Experimental investigation of uplift behavior of anchors and
estimation of uplift capacity in sands
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(1. School of Civil Engineering and Architecture, Northeast Dianli University, Jilin 132012, China; 2. Hainan Electric Power Design and

Research Institute, Haikou 570203, China)

Abstract: Anchor plates have been widely used in geotechnical engineering due to their good uplift resistance. Small-scale
pullout model tests on anchors with various geometries in dry sands are carried out to investigate the influences of type and
dimension of anchors on the uplift behavior. The experimental results show that there is no distinct difference of uplift capacity
between helical anchor and circular plate anchor with the same diameter and embedment depth. The breakout factors of anchors
with a diameter of 50 mm are slightly lower than those with a diameter of 20 mm, and their dimensionless failure displacements
are obviously higher than those of anchors with a smaller diameter. The critical embedment ratios of anchors in medium and
dense sand are determined based on the relationships of dimensionless failure displacement and embedment ratio, which is used
to postulate failure surfaces of shallow and deep modes considering previous experimental results. Accordingly, theoretical
formulas for uplift capacity are deduced by means of limit equilibrium analysis. The comparisons between theoretical values
and experimental results demonstrate the accuracy of theoretical formulae.

Key words: anchor type; uplift behavior; shallow and deep failure mode; limit equilibrium analysis; theoretical formula

51

jillf3

W g i 2 0 3R BT (K R AR /)N R s o Nazir

BRSO I B TR AR ECRE o m )iz N H
T P BE AIRBP . W TR
S 151 S 1 T 7, 2= WA R N DR 17 9 A E RN A
JOBERLRIGT T BRI AR RSP b KA R
TCEERA 3 7D Ghaly 28 P0) ST [F] R S0 80R
MR [R] H ) B 2 g (screw anchors) fERD +HHEAT
RERRIG, WIFT T WE e a1y 2 Ok 4R AT R 5% m
FER B RV deiff e bR 8 ) o TS SRR,

AT o B IR A AT T — FR A LR
B, r AT TR LE . FFAR LA L AR 5 X IR
Jiedths 3R AR T . Murry 255 TR A o oP AR A
BEAT TE BRI, BF9T 7R AR A Sl
BRARE T o BI04 CAT SCHRAP D L P SRR AR

E&WHE: ExAREFEILEETH (51308095, 51409045, 51308094);
HHRARHTHERIPESIE (20130522068JH)

s HEA: 2015-03-13

*HIEE



2102 a5 oE L OB ¥

2015 4F

AR REN, SR HIDI % R R, 3T
N,=Q[yAH . QW FHIKBI), y HLITERE, A%
ORI, FO IR, DI E AR, SO
S 4 S M B P R R
B H P L S R B R LT Bl
8516 T S B L T AU 3R B I
Hanna 2 "3 8 50350 19 6 5 B4 Ghaly % 5
HamparuthiZSs "k 56 45 543 ) W0 PP 450 -
SRRV LI, LI o MRl 145 H PR R
PORB AR . FEREINE, BERIIFER
AT, PR S A L R
HETIL

= Ghaly et al (1991), D;=80%, D = 50 mm
® Nazir et al (2014), D=100 mm
*  Murry et al (1987), Dr=85.9% , D = 50.8~88.9 mm
¥ Ilamparuthi et al (2002), D;=74% , D = 100~400 mm
< Fadl by Saeedy(1987), D, = 85.2%
* Baker et al by Saeedy(1987), D=37.8~75.6 mm
v Matsuo (1968), D= 180~300 mm
> AR, Dr=759%~79.5%, D =20,50 mm
160 1
a1 !
140 = . -
1
120+ . 9
100 . )!
Z 80 X
[ ] % Y
60 2 ¥
L »% *
L [ ] g ﬁ*
40 % 5 BB N3
P % 4's
0 2 4 6 8 10 12 14 16 18
H/D
R RIARD
= Ghaly et al (1991), Dr = 50%, D = 50 mm
e Ghaly et al (1991), Dr=35%, D = 50 mm
A Nazir et al (2014), D=100 mm
v Fadl by Saeedy(1987), Dr=25.2%
o Fadl by Saeedy(1987), Dr = 50%
o Ilamparuthi et al (2002), Dr = 62% , D = 100~400 mm
¥ Ilamparuthi et al (2002), Dr=39% , D = 100~400 mm
% Saeedy (1987), Dr=54%, D =75.6 mm
X Murry et al (1987), Dy = 42.1%, D=50.8~63.5 mm
1401 » AICRAW, D =39.4%~47.3%, D=>520,50 mm
a
1201 .
L]
100 =
.
. 80 s © (]
2 [ ]
60 " .
R oo " *
.
40 - : o
o o &
20 g ’%(g ¥V
4 W > s
1A Sadla
2 4

0 6 BH/DIO 1I2 1I4 1I6 1I8
1 BAXHPHER ERRE N RELR
Fig. 1 Comparison of breakout factors of anchors in existing
literatures
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Fig. 3 Comparison of curves of uplift load and displacement

between plate and helical anchors
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Table 1 Experimental results of anchors in medium sand

¥ D =D D g O Que =
A /mm /% /mm /N /N %

1.00 394 0.91 4.16 313 -24.79
2.00 46.9 2.70 12.25 11.27 -8.00
3.00 423 585 29.44 2211  -24.90
50 4.00 415 7.10 46.45 38.34 1747
5.00 46.2 8.60 68.88 68.48 -0.59
[ 588  39.6 9.80 81.70 81.30 -0.50
Jig 588  41.0 7.92 84.50 84.40 -0.12
i 3.00 425 1.76 2.48 1.54  -37.93
6.00 425 3.34 7.40 6.58  -11.06
20 7.50  43.1 3.22 9.14 8.64 -3.78
9.00 425 3.89 11.86 897  -24.56
10.50 457 3.47 10.84 9.93 -8.39
12.00 425 3.72 11.53 9.80  -15.02
1.00 394 0.50 4.24 313 -26.20
2.00 46.9 2.76 11.75 11.27 -4.09
F 3.00 473 5.01 34.53 2457  -28.84
[ 50 3.00 423 5.71 28.99 22.11 -23.73
i 4.00 415 8.01 48.03 3834  -20.18
5.00 43.1 9.96 68.55 63.27 =7.71

575 473 10.05 112.73 95.29 -15.47
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Fig. 4 Relationship between embedment ratio and breakout factor
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Fig. 6 Failure modes of circular anchor under uplift loading
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