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Pull-out model test of anti-floating multi-bell-shaped anchor

under cyclic loading
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Abstract; In order to study the reasons for the deterioration of the anchor performance caused by
groundwater variation, a series of physical model tests were employed to explore the anchorage
enhancement of the expanded anchor in the anti-floating process. Firstly, a single pull-out test was carried
out through the indoor model test, and the change of bearing capacity of multi-bell-shaped expanded
anchor under different buried depths during the pull-out process was obtained. Secondly, according to the

ultimate uplift bearing capacity obtained from the single pull-out test, the cyclic test was carried out to
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explore the evolution mechanism of the bearing performance of the multi-bell-shaped expanded anchor

under different cyclic amplitudes, cyclic times and cyclic frequencies. Finally, the image particle velocity

method (PIV) was used to analyze the deformation mechanism of the surrounding soil, and the variation

characteristics of the surrounding soil displacement under single pulling-out and cyclic loading were

obtained. The test results show that the axial load-displacement curve of the bell-shaped expansion anchor

can be roughly divided into three stages: elasticity, vibration and failure. With the increase of buried

depth, the ultimate bearing capacity and soil displacement of the anchor increase. Under the action of

cyclic loadings, the increase of the cyclic load ratio, the number of cycles and the cycle frequency will

weaken the bearing capacity of the anchors.

Keywords: cyclic load; anti-floating;
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Fig.1 Particle size grading curve''"
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Fig.2 Visual three-way loading pulling-out test device
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Fig.3 Anchorage section mold diagram
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Fig.4 Model anchor and anchor size details
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Fig. 6 Bearing capacity-displacement curve of

anchor under different buried depths

MR 1.2 F1 3 m IELLT AT F, 435
4 357.8.4757.4 F15 823.9 N, fi#8 S 43 5%t hf
H13.9 17.1 A1 17.7 mm, F5FFEEM 1 m 303
2m, F, T 399.6 N;M 2 m M 3 m,ij][]
1066.1 N, Al WLAEJRHURAE T, IR NS F,
ARG IAS B P, DTS 15 I3 R mT A 208 e e
PR AT .
2.3 TBEINTTEHITHIRRR A
2.3.1 EWREHL

EMRTR 2 m B BT DA RGP 2 L (A =
0.2~0.7) MG A E S, SRR FR RIS [R) 1) 20
far 38 LG A 5 A 3R X e L, anE 7 B, 24 A =
0.2.0.3.0.4.0.5.0.6.0.7 i, f&¥HAE H 5 bk
FRA&RZE T F 435~ 4 322.7.4 249.8.4 158,
4149.9, 4 144.5 3 820.5 N, M SR Bk EAT F N
4757. 4 N, i1 8L A5 A [F) 906 20 o7 28 L T B AT F 0

S5



55 6 1] WA SR A5 AR BA far 2R T 002 20 T PRI A R < 113 -
I ]
KRS, 4500 - )=0.8
6000 __pgopsos 40008 Vﬂ
o BURRIHR =102 +/=0.3 —~/=0.4 L/
T RPE R 0203 3500 | W’ |
5000} 3000( / ( ‘
2500}/
4000} |
<2000} { ;
z |
£ 3000} / 1500 ‘ ‘/
/A iy
o0k /f1] toooy | |
soop I
Hooor/ 9""20 40 60 80 100 120 140 160

05 10 15 20 25 30 35 40
S/mm

B7 BRNHIAEES R ILETR GRS

Fig.7 Comparison of bearing capacity after single

pulling-out and different cyclic load ratios

F5 AEBERFHELBREHRERREAENFTHE
Table 5 Attenuation rate of ultimate uplift bearing

capacity after different cyclic load ratios
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Table 6 Attenuation rate of ultimate pull-out bearing

capacity after different cycles

wWT | A | MR | f/Hz F/N | S/mm };ﬁ/ﬂi
CS1 10 0.01 |4617.0| 3.18 | 3.0

Ccs2 | 0.3 | 50 0.01 |4244.2 | 3.69 |10.8
FZ2 100 0.01 |4249.8 | 3.80 | 10.6
CS3 10 0.01 |4619.7| 5.23 | 2.9

Ccs4 | 0.5 | 50 0.01 |4158.9 | 7.13 | 12.6
FZ4 100 0.01 | 4149.9 | 7.74 |12.8
CS5 10 0.01 |4621.8| 10.06 | 2.8

Cs6 | 0.7 | 50 0.01 | 4079.2 | 16.25 | 14.3
FZ6 100 0.01 |3820.5 | 20.69 |19.7

13 6 R0 . 0 B iy 80 LU AH [R] A1 00, il AT
F, B 0R A B PR B G 0 PR U 56 iy 1 im , e
AIHEI 20% , (AFEFRTERT SO AR I, i Ffar 2k
FE 0.7 I, BT J] Pl AR 23 DX S 2 AR SR T
AN R ICAETE . U005 A2 SR UL
WA —ERR JEIRBE L EINE AT R _EAE2



hoE e B o

343

- 114 - China  Safety Science Journal 20244
60001 e BWRRIR —— =03 10K %ﬂﬂ%ﬂffﬁ%ﬁ(ﬁbﬁ%*?ﬂﬁﬁ E’j?ﬁ ﬁ o
50001 —— }=0.3 50k —— 1=0.3 100{k 2.3.3 ?Eﬂ@ﬁ%
4000} . IR 2 m B, ARG PR (f= 0. 01,0. 025,
€ 3000} 0. 05 Hz) fE¥R 5 RliAT AR 201 i B th 42 5 Bk Pk 1)
2 ool XTLCEANE 10 fros . AFEEFR T BT F, 200
THOILE T,
1 000F
e 6000y %R ——1=0.30.01 Hz
0 5 10 15 20 25 30 35 40 —— 1=0.30.025 Hz—~— 1=0.3 0.05 Hz
S/mm 5000
(a) 2=03 4000
60007 e R e 1=0.5 10 .
s o000l ——7=0.5 50k —+ 7=0.5 100K € 3000}
4000} 2000
Z 3000} 1000}
2000 0 5 10 15 20 25 30 35 40
S/mm
1000 (a) =03
e 6000y — BRRIR e =05001 Hz
0 5 10 15 20 25 30 35 40 —— 2=0.50.025 Hz—~— 1=0.50.05 Hz
S/mm 5000 )
(b) 4=0.5
7000 - 4000
——BRPIIR  ——1=0.7 10X
6000 - ——}=0.7 50k —— 7=0.7 100k é 3000+ b/
X
5000 e 2000+ / /
L N A i, |
z 4000 T e toool/ |
3000f & [ 4
2000f 0 5 10 15 20 25 30 35 40
. 4 S/mm
1000} v (b) J=0.5
e 6000 HRRR J=0.70.01 H
- ) —— A=0. . VA
0 5 1015 20 25 30 35 40 — 7207 0.025 Hz—— 4=07 0.05 Hz
S/mm 5000 .
(¢) 1=0.7 -
4000} e
9  HRNIRIAREERRE G &RE DT Z 5 000 7
L o
Fig.9 Comparison of bearing capacity after = /o
single pulling-out and different cycles 2000 o |
1000t / / .
FERRS 5 2 7o 28 U R, A P IR BSOS B AT 18 ) (57 % 52 M) N

W 5 BT ] A A28 S B R A 40 1 B 2 1
IRURER 8 i 1 A, % S L AR ) 7 R e 91 LA
B, AT ARG AT R 2 B I AR 2 ) o, %
a5 At 2 Hh BLEH 3 R ke ds, 78 A =0.7 B, 4
FF T Bl A A AR i 24 1T, 32 1 3 AR 24 50 1R
Jei , HAT B3GR R, T B0 A R

A 9 AT%0. 24 A =0.3.0.5.0.7 B, s Pk By B
Bl 25 I PR B I, PR | F BAIEPAU B RT
JEI P AR S, SR T R 387 I b = A VB
N 3 AAT F, BEAR, 727 5 B B, 18 PR 484 L
SR IS TEAS | M 2 H A /N i 230 o 0
T LICAS , ANl 9a FIT7s 5 M faf £ L1 KA, il 2k
BT TR, Gl 9c Bros TR fuf 38 et

0 5 10 15 20 25 30 35 40
S/mm
(¢) 1=0.7

B 10 BRI HINARERIA TR R A& SI5T L
Fig. 10 Comparison of bearing capacity after single

pulling-out and different cyclic frequencies

HIPEL 10 ] 40 7 [/ — g R4 2 LA 0 T, Bl
ETRIPCRAIG N, SFT A F M@ He i, 75k by
B, BEE IR AR, R RAZ K, S i TR
PRIFAR 2 I RRT JE B0 ) Bl AR, B T 4K
HREIIHINR

M3 7 & BTG RS 0082 SRR A
—RE AR PEFIIARBE G, DG FRJS B AT AR N 4 5 1]



% 6 4] W55 IR PR AT A8 T 008 228 B PR B A4 A R - 115 -

R7 AEBRHFAETHRERRARENFRE -600
Table 7 Attenuation rate of ultimate pull-out bearing -560 37
capacity after different cyclic frequencies izg
WIS | A [N | fHz | F/N | S/mm [/ % 4401 °
FZ2 100 | 0.01 |4249.8| 3.80 | 10.6 -400 1%
PLI | 0.3| 100 | 0.025 |4261.5| 2.93 | 10.4 -360
P12 100 | 0.05 | 4280 | 2.82 10 £-3201
FZ4 100 | 0.01 |4149.9] 7.74 | 12.8 \“iig
PL3 | 0.5| 100 | 0.025 |4161.7| 4.63 | 12.5 :200
PL4 100 | 0.05 [4182.8| 4.49 | 12.1 160
¥76 100 | 0.01 |3820.5[20.69 | 19.7 120
PL5 [0.7| 100 | 0.025 [3825.8|10.92 | 19.6 -80
PL6 100 | 0.05 |3832.5| 7.80 19. 4 -40
0
(I, ELRFAR LR IR T 5 o (7 AR
RN 5 R R R PR ASL A 1 e, BT oy TR ISR FEFRITERER (0D
R R P N T AT T R S0k % Wil
FAG Iy 28 b RN B0 53 52 M) 25 B0 A4 [T 5 SR 5203, S "‘",@7\' ;
-480 3505 N
3 KA IGSN o e
] bl
3.1 BREKARLELES 0N b7 037
P — > , :' N T O 0
BFFER IR 22 5 0™ (AR T 1 L A I 520 g
TEOL, ASFT R ER 13k B F sk A7 B8 SR 4R AIE 5 i ;zg ;}@
iF PIV $ ARG 2 T b5 Fr kSR AF 25 B A AT 8] 160 3¢ %@?
[ R AR I, R 1,23 mm 6F BT 1+ 4 120 =%
GRS ASAREC AN 1 B, 140 1)y 855 0 -5
2R h—0. 1 FRLR T o T4 1 1 1 41 30 31 0 o
ﬁ‘ﬁ&o “_» %%ﬁ?iﬁiﬁﬁgﬁﬁﬂﬁio -160-120-80 _40X/21m40 80 120160180
A 1L AT RN T m 3508 2 m B A AT (b) B2 mEI LT HF R B ik (J2)
-600 .
JE BBl AR SZ 0 7 LA 350 mm 390 %) 380 mm VL |, 560
SRR 2 m BE N3] 3 m B, 520 0 B L B 4 -520
i 380 mm FFEE] 370 mm , 350 520015 16 SE o
KIG WA B 534 2 R aE et ] 400 ¥
Jir PRS2 3 6 SR FH 14 o e AR 7 e TRD A7 A T 1 3 -360 %
Ry AR Aar 2, T B B R TR SO BRAIG, 2 gzzg
R0 5 M0 LRI 2240
3.2 EMMEREH#HTRKEE T EAEFD ?zg
3.2.1 BAEEL -120
PEBGR I FZ2 FZ4 F76 , B 58 A [R5 3 o7 28 1t -80
OFERIE Rrbson e PRl PR B i L . ol TR AR ) - ol |
B R fEA R R M S 2  MELUE i F8 R 0.1 B 45 -200-160-120-80 -40 ‘/o 40 80 120 160 200
fHZE, BT AZEGEERE R T R B LA 8 B [l v 7% S5 (o) HIVR3 mAyHE L F AIAF A F LB (J3)
ZM-0.3 H‘J%J@ﬂﬂ%ﬁ%%rﬂﬂiﬂjﬁﬁﬂs’ﬁ%o B 11 AEERETEE R EE R
K12 5 1=0.3.0.5.0.7 i, 5T & il Ao 7 45 Fig. 11 Soil vertical displacement contours around

{HLRECEE , 12 WAL PR gk b A = 0. 3 B, 4 anchor with different buried depths



hoE " 2 R ¥ % R H34k

- 116 - China  Safety Science Journal 20244

600 3 -600 -600

-560 -560 -560

-520 -520 -520

-480 -480 -480

-440 -440 -440

-400 -400 4009

-360 -360 -360
£ 320 £-320 E0f
280 " 280 " 280

-240 240 240

-200 200 2200

-160 -160 -160

-120 -120 120

-804, -80 804 "

-404_ : -40 J . -40 y

-2000-160-120-80 -40 0 40 80 120160200 -900-160-120-80 -40 0 40 80 120160200 -(2)00-160-120-80 -40 0 40 80 120160200

x/mm x/mm x/mm

(@) =0 3B S HIAT R B LR M (FZ2) (b)) =05 {EH 8T A B LM (FZ4) (o) =070 153 584+ A Bl LAk B\ (FZo)
B 12 TE A THTBBE L EABEELLE

Fig. 12 Soil vertical displacement contours around anchor under different A
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Fig. 13  Soil vertical displacement contours around anchor under different cycle times
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Fig. 14 Soil vertical displacement contours around anchor under different cyclic frequencies
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