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Bearing capacity of screw anchor with large anchor plate in silty clay
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Abstract: In this paper, in order to study the mechanical performance of the screw anchor with large anchor
pieces under vertical compressive load in silty clay, the differences of the methods to determine its ultimate
bearing capacity based on the on-site static load test of the screw anchor have been discussed; Secondly, a
refined finite element model considering the squeezing effect of the screw anchor on the surrounding soil has
been established. And the numerical analysis results have been compared with the experimental findings to
verify the rationality of the finite element model; Finally, based on the verified finite element model, the
change pattern of the internal force and side friction resistance of the anchor within the depth range of the
foundation under different load levels has been analyzed. The proportional relationship between the side
resistance and the end resistance of the anchor plate to bear the load has been analyzed. The results show
that the Ig P-s method is suitable to determine the ultimate bearing capacity of the screw anchor foundation

with large anchor pieces; The frictional resistance between the screw anchor and the soil increases with the
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increase of the downforce displacement. The frictional resistance of the area near the anchor plate fluctuates

greatly due to the deformation of the anchor plate; The proportion of load shared by anchor pieces accounts

for more than 75% of the load on the screw anchor foundation. The maximum difference in the load sharing

ratio between the anchor pieces is about 6%, and the end resistance of the anchor foundation is negligible.
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Table 1 Physical and mechanical properties of subsoil
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Fig. 3 Machining dimension of screw anchor (unit: mm)
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Table 3 Parameters of the steel material in the FE model

FE/ (kg m?)  BPEBUE E/MPa AL JEIRSRIE/MPa
7 850 2.1X10° 0. 26 345

3.3 ARTKRBEIE

N T RE S AU R e S HE At A L A S2
T  BAE T O 2R — 2L R BEAT M )P,
TRIRIRAS 0 1 B TCAE T IR 23 AR R Y
I e AR AR A 5 BT R L ey AR T s
RMTSE S ME LIS . o T i e 3 R L A
IO 3 VAT PR AN 2 A e DA e A bR L 9 4
RPN 13

N T REMS RIS AL J] 320 A L EE B

J1 B FE AR A A A A 0 R e i A AR
B RARON o HR A7 43 B 58 B2 ST R
554 2 [A] 04 fk v AEL7E BOOIR S T B AE S5 8 BB R Y
AHE B R JIAR /N MR 8 B8 7 8 1) o ZRAE R
LR THUR 77 32 28 p Al AR HE TR AT b A 0 2 BH
PELH 0, BARANFF G IR L PR Z JIRS. N T
TN LS MR VR T B SRR 7E 1 rh Az 11
O T BEAE Al T R B IR B ). WA BT R
FA) 3 Ao MRt 5 4 o T =2 ) 19 3 2 0 ke 52
B, o 8 U ) 2 AR

FESERL IR W2 43 AT 2 5 90 1 M g 3 n 1
9 BTN . AEICIERE b X B A T8 o Cs 5 n 47
FE Ao 2 ABEHL I 37 00 I 28 5 e o (] s 9 3 Al 0 ) I
J1 . 153 B R T - R th 4k . BB e B s R 5
IR ZE AT X HE L A 8 AN 10, & 11 B, & fif
A% AU G BT B E AR AT 4

B9 TEZF#IEME SIS

Fig. 9 Initial geostress field of numerical analysis

1600 F—=— 3SHIFFARAL
—o— T HIFFIRKE

1400 - LA

1200 |

z 1000 |

800 - /./'/"
|

600 |- ‘?I
400 - z{‘ z 5
200 |- / .‘/
0 21) 4.0 6‘0 s;o ul)o
B [ F/mm
10 3 5.7 SEREHEEMEERENS IHHTNT L

Fig. 10 Comparison between numerical simulation results

Tk

and test results of No. 3 and No. 7 screw anchors

4 ZBmfad TEEEZ IR

BUH 45 R 5 A5 R A X LSRR 1A R T
PRI AT S SRTRAE A T7 1 50 M AN ) 25
AT IR B e 7 O B 7 2 A7 A0 A 28 PRI



40 + K533 4 FROP E O %43 %

1000 .
R e B30 mm B9 mm fgﬂsﬁf;iﬁ
wl ™ B /’.,.:' a;mmz{mm\ L
— ./‘- D325 5
Z 600 7 ]
= vl /
.R /. o / _4 \E
14 400 ’ .
. ¥ PES
Ny RSN
of & ' Tt 3\‘
i . . . . . @ ] -10
0 10 20 30 40 50 . . . . : :
W [ mm ~1200 -1000 -800 !%{16(903/1: NJ,oo 200 0
B 11 5 SEsHEHEEMS TSRt (a)3. 752 Rk A
Fig. 11 Comparison between numerical simulation results
and test results of No. 5 screw anchor
4.1 AOTHHE
FETABRICHH AR SE U AT T gh e i 4l g .
BRI S AN 12~ P 14 TR X H ST y
AR BEE A R At ) R VR R SR AT R BT ) RS
KA T2 A s
30 20 -10 0 10 20 30
B3N ASHE/(N-m)
HDRAL25 mn {025 ’ (b)3. 7532 EAFFBY 1255 I (o FZ40 mm)
1 12 H 13 3.7 SURieshERA Tk 5 E
A | ko) Fig. 13 Internal force diagram of screw anchor 3 and 7
@ B4 £
\ o
D40 164
e falc - ' HTCRL2S i BETULESO men Thd
1-8 . -5 mm |
R — tXXE L1 e . ’m{“m\ / | 1
@ ) 17 e—es
=700 -600 -500 -400 -300 -200 -100 0 100 -
HiJ1xN » Qi
(a) LEFZIEGFHAIE o =
e kR B
?%@fﬁﬁﬁ XXUJ' A -12
8, - - 14
-1200 ~1000 -800 -600 400 -200 0O
Bl FI/kN
(a) SSZ BT
r F,
g
-1.00 -8.0 © % o o = @
BUJIN, BHE/(N-m)
(b) 1532 HE AT BY J1 %6 (4 B240 mm)
12 1 SEREHEMNETRNAE My\
Fig. 12 Internal force diagram of screw anchor 1 S T
-1.0 -0.8 -06 -04 -02 00 02 04 06 08 1.0
X FRE AT 7 B T S 1 3 B g P v ww%%ﬁgggggﬁwm )
D > oS W40 mm
G X B b g e, 1B i AR
10D D BT K L Bl B T8 00 B 1 5 S8 SRS o

FFOUEBL AT . [0 7 L T8 7 X1

T PR AR S Al P R AT B T A A R B 2 R A R
AR A A 7 BB A R A 2y 1k R v 5 AN 14Ca) i) X BE@ BT 7w, Bifi 25 4 T0U0E B 14 38 Jn

44 BV R I A A S AR AT B A 0% 1 A5 A M8 DT il 2
W 120 K B 130 g X B@mME  ORIFRIBLHITH SNy R AT STk, 0F B 1

Fig. 14 Internal force diagram of screw anchor 5



%58

JEINEE A KA SRR A RS £ P 00 T ER B AL 41

B ORFEE FFE R (H 2
BNFRED,

WE 12 R IXBE® 13 () Y IX BED L M
14 () X BE QP 7 » 1Z 43 B3l 14 0 B, 1
WIIZ X B LA b 1) 48 BEL T R AT O EE RS A B2
e AR B T AN S 1 R TR st 1 B T Al
FFIHR v B AEHE A 32 Ty B P LA R HEVER
4.2 = EERE /13T L M4

T TR P T 08 43 A R B AT B BH A 82
BEREFERR A2 Sy B R ¥ EEAE A, an A
15~ 17 B, B 2 il 000, B% 1 385 T, Gl °F o) 2 L
B R . O TR e RO ER N &k
A )R B SEARA FS , (A 5 MBS 1) 2 o A A R
P T7 SRR R 0 Y AR S Bl A B Al — R R AR 1 R
W EAEARTE . Bl T B R, A i 138 1) e 4
Wil 3G L AR Ok B S 0 LG SR i BR A 7 %
J 3t ARG AR AR T P 00 2 LA it =2 34 K

—=— HETUE3.5 mm

—o— HiT££9.0 mm

ol HETHA#514.0 mm
v B TA525.0 mm

oy 0 BATHA£30.0 mm
o W"‘vﬁ.' <o * G400 mm
BRI
a o \g %
E
)

P IX B 1R )RR

WFFMBEBLAAN
(a) BFFOURE

(b)) RS FHE A ful i 88
15 1 SRR AR A AT m EEFR 71
Fig. 15 Shaft friction of screw anchor 1 along depth

ke 15~ 17 By WEiE g A vt R B A

BRI BE 25 5848 0/ . X B B AR AR TE 43 Bt
AL SR BRI E R IR S R AR TR AR AR

T I B 2 %F Ja Bl 447 A= 0 g S04, AT il it
J B A AR S AT S ] 15~ &1 17 F(b)
JIE7  JBE BB 0 B BEBEL 1A 04 A B B 0 A AT SR DR

FH AR
-1 0 1 2 3 4 5
AT DU ERE F1/kN
(a ) GATDUIBE

(b)) BRI A iy Bl e 585
16 3.7 S 42 e S B A B9 48 AT 1) E PR
Fig. 16 Shaft friction of screw anchor 3 and 7 along depth

= GRTHAEE3.5 mm

o BHIINEL9.0 mm
ok %muﬁmo.nm
174525.0 mm
iy « O%miﬂzaoom
HLH40.0 mm
-4
E 6|
i
& -8
-0 % -__f__;____T_____‘___L_”!‘Ff‘)iLLE
“12F_ 0 8 N0 Qj _____________
T%Hﬁuﬁ
-14+ ®
-1 0 1 2 3 4 5 6 7
BT DU BEBH J1/kN

(a) BiAT-URL

(b)) Bt FHE i) e 2%
17 5 SUZRESHEA K AT = ERE 5
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Table 4 Load sharing proportion of screw anchor 1
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Fig. 18 Loading sharing diagram

BT /mm EJI/kN R R RS /RN FEERRIBOI/RN RE ARG/ %0 R R R % BRG]/ Y
3.5 78. 75 33.52 34.43 0. 43 0. 44 0. 86
9 193. 86 80. 44 79.51 0.41 0.41 0. 83
14 297,74 123.75 119. 73 0. 42 0. 40 0. 82
25 502. 31 210. 80 197. 29 0. 42 0. 39 0.81
30 562. 10 231. 01 218. 89 0. 41 0. 39 0. 80
40 659. 00 262. 50 249.11 0. 40 0. 38 0.78
x5 3.7 SEEHEMETESHEELG
Table 5 Load sharing proportion of screw anchor 3 and 7
B UL /KN AR R TP R TR R AR R P R T RR Ly il
#%/mm H73/kN H73/kN H73/kN LA/ % LA/ % LB/ % et/ %
3.5 102. 07 34.14 28.01 28.99 0.33 0. 27 0. 28 0. 89
9 255. 10 82.61 68. 50 72.69 0.32 0. 27 0.28 0. 88
14 393. 74 125. 00 108. 24 110. 38 0. 32 0. 27 0.28 0. 87
25 679.13 212.31 195. 18 184. 98 0. 31 0. 29 0. 27 0. 87
30 833. 84 259. 54 243. 60 225. 60 0. 31 0.29 0. 27 0. 87
40 1 019. 09 308. 66 310. 20 282. 11 0. 30 0. 30 0. 28 0. 88

R6 SSEEMEEHIELLM

Table 6 Load sharing proportion of screw anchor 5

A /mm RS /RN REERREN /RN FREERRIE /RN BRI/ % TR RIBLLE] % SRR LB/ %
3.5 79.95 30. 82 32.50 0. 39 0.41 0.79
9 201.56 76.12 74.62 0.38 0.37 0.75
14 311. 29 118. 64 111. 67 0.38 0. 36 0.74
25 540. 16 211. 39 187. 91 0. 39 0.35 0. 74
30 634. 49 250.10 219.91 0.39 0.35 0.74
40 848. 99 328.00 297.57 0. 39 0.35 0.74
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