$42% 11 T bES

2020 4F 11 A

Haiyang Xuebao

2 e Vol. 42 No. 11

November 2020

B SRR A, FOLVE, SRR KB TE A AN o A R B A RS 00 0], I R 2F 4T, 2020, 42(11): 123-130, doi:10.3969/j.issn.0253—

4193.2020.11.012

Wang Hui, Zhang Kecheng, Wang Zhongtao, et al. Model tests on penetration depth of hall anchor in silty sand[J]. Haiyang Xuebao, 2020,

42(11): 123-130, doi:10.3969/j.issn.0253—4193.2020.11.012

e

ERE AR B i 58 R E AR A IR

IE, KTRY, THE, KF, ZHEE

(L JGEF T R 87 MU TR 5SS s, 10T KGE 116023; 2. FIFAMHNE HRHAIFE R, 1 200135; 3. 1£1H

B IGER RAF], 10T KiE 116019)

TEE: AUAT R R A BTN R B R T R S R P 4 A Al A B, [ b AE R A AR

Lo, EMPERARTFERLI T REAREH RN TNRE . AXBIHREH XD E
NTERHEFTEETLERAD P OHRE TSR, FXT LRI EEE 1.15~4.4 m/s) B 40 8 A
X LK (045~0.65) MHMAE T NRENHw; BT AV ERRARK SV ER B ETELE, 2B
EREARADEIFRNRENRZR, SRARDERALEFTER T EERBTRT . ETK
BRERRABERL, BEFWELARBERFHIETNERGAFEELERAD FH RN

RE. ARERARAD LTRIERFPEEMPERZTRBT —EWEREH

KB ERE; had b, WMEFEE; WEEE
FESES: P51 XHRRERD: A

1 515

Bt 2 K B B I AR IR S L AR R L s
R B H a8 W, W AUE IE L s AE L BT RR
LA B T Tz N, A AR A T
PR BT PR A, 3 JLAT 487 38 R {5 ' 48 52 10 ik
S, R3S A A A A A AR M 3
PRI, PR L7 it T 3000 A A 7 22 40 Al el A ) B
WRBE, BT RS R h 5 Y B R E N B S
Az — .

R T A 0 4327 38 0T i A0 480 4l 10 B AR B [ R
AT THESE . Young®™ X i WV [8] 5 52 40 % 42 i i
BT ANRE &5 A AT 7 8 o Raie il Tas-
soulas® SR FH =l 4= il 7t (A AU AL 1 5 ) B N B AE T
FR LSRR, IR TR RGBT AR EE L
T L A AR B8 0 7 43 A o e B IR A ) ek /) b RO

%5 H #3: 2019-08-01; 1&1T H HA: 20200222,

N
N

=

MERS: 0253-4193(2020)11-0123-08

AU A1 CEL H3 7 e R 5 T B R B TE R b
BT ATRBE, - T RE 1 <P 1H I MR AR ) 1 B2 fR7 5 il
ME R TARENSKE AKX, LIRS 3 B4
Bt L, RAEWT R AR )2, AEAE )12 0 A A D A
AL, H TR TS A TR B AT i N
Z 0L, ZEHERN AL % 1003 5o X A - v i e A
1112550 M, T AR 0050 e e oh T AR B AN TR
A TH AT, IR e (8 W] SEE AT T X L, T
25 KA ATTE 10% LAY o A0 5500 SR FH R Vb 2 b
e R AR 2 F1 28 S8 T 10 £ R A B B AR, (HF
WA ZIEMTE AL B B B E N HENEm, &
A I, o e/ 5 B A5 ik TN D AR R D -
SRS,

AR SCIE B A RURSE 70 3 36 B A0 1 O i A 4 b
R B BN R AR, R 40 0 2 R T AN ) i Al 3
(1.15~4.4 m/s) FIAY 4= AH XT3 52 B (0.45~0.65) X /K

E L& H: 5 E S0 %3 (2016YFE0200100); 1 5K [ 2AFl 2% 5L 4 (41772296, 51639002).
EEE N : TE(1995—), &, IWREBEMWETA, FENFE A L THRHIF . E-mail: wh17854227751@mail.dlut.edu.cn
*BAEVEE KT (1986—), B, TLIRARMTT A, FZMFAAIE T . E-mail: zhke2789@163.com


mailto:wh17854227751@mail.dlut.edu.cn
mailto:zhkc2789@163.com
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn

124

MHEdy 4245

B BLATRIE Y . ARG AE R, B T M B R4 )
HIEMAE R AE, & 0 TRB B IERL, T T
AR IR B A R A B S BB D v AR TR 5

2 RERLR IS A

2.1 MARIXR

i D — 2 114 122 o) T v, T ) VAR DR YT PR 5
MCEE e HL#% 19 2 e R ) S RE 5T A Bk 40 A 1 b I
o TETT AR RE D, MRl 2 B0 ) A4 AR K D
A A5 i (W), 0 4 1 s 7R B ) (Fr), BA S A2 %6
N TR P BE R BH ) (P CIEL 1) R R A 1 55— 1
CIREA: piseesibuy L PR & iy

m-a=Ws— Foe — Fie. QP

e 45 RO g8 rh, JUA Lt R A=L/L,,, Fovr, L, R st
RIRKE, L, AR KB e b H ik i b, B AR UE A Y
R A S5 T 4 1) R B ARBL, DU) 45 L A 8 1) 3 )
BB h A BIOC R ANk 1 iR,

AR SRR v, B IR I RT3 T3k 2, kb

Frear
ERLE

FE/RHE (Hall anchor) MIHEE

B A RANTE L R T

Fig. 1 Forces on the Hall anchor in the soil
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(P4 = Prnin) Prmax
D, = e (2)
(Omax = Prin) Pa

x1 BIPAEHARANERLBBECXR

Table 1 Similarity relationships of dynamic penetration model tests in sand

L/BLisEN KEEL A LY PR 2 whw BT F, WS Mo BIREE, PBEE,
R AL A4 oy Az Aw AF Ay AE Zp
AR FR A A4 4” A A A 1 7 A4
AL e 12, 1/ /4,2 12, 1/ 1/ 1 1/ 1723
Fx2 EREEBRS
Table 2 Hall anchor model size
i /kg H/mm h/mm hy/mm L/mm L;/mm B/mm B/mm
HiH 1.74 193.27 104.6 23 148.93 104.6 57.93 68.73
A 5610 2899 1569 345 2234 1569 869 1031

i R PR SR & e 2
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Fig. 2 Photo of the Hall anchor model (unit: mm)
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Fig. 3 Model box and water inlet draining valve at bottom

B4 FHRHEKZ . - AT R AR & &
Fig. 4 Schematic diagram of laying the draining layer,

geotextile and filter paper
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Table 3 Partical screening test result of soil sample

Wik B A2 /mm 025~0.5  0.075~0.25 <0.075
REN o b VRSN R G 17.5% 50% 32.5%
37 50 4 B 4 8.3% 58.4% 33.2%

F4 TREMNZEIETLHTEESHNEZR
Table 4 Dry density and internal friction angle of soil sample

under different relative density

FET 2 SR 0.45 0.55 0.65
T /g-em™ 1.457 1.515 1.577
PSS S11/(°) 36.9 389 39.5
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I 20, P i T B A R R Y 1R 22 /N T 5%, TiE
AR50 SR FH o0 38 A SR AR A Al f - TR B R
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55 MEMS Jip i B 1 8% SOLAR 4 b s

Fig. 5 MEMS accelerometer and its position on the anchor
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Fig. 6 Diagram and photo of test setup
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Fig. 7 Curves of anchor’s velocity vs. position before

penetrating into sand (case H13, v,=2.78 m/s)
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Table 5 Tests conditions and results

Hib /el 3 /s TEAREE/m

TH s /m D,
R J FR A
H1 0.09 0.45 1.15 4.45 0.055 0.825
H2 0.15 0.45 1.64 6.35 0.083  1.245
H3 0.21 0.45 2.01 7.78 0.108  1.620
H4 0.25 0.45 2.13 8.25 0.110  1.650
HS 0.35 0.45 2.56 9.91 0.140  2.100
H6 0.70 0.45 3.66 14.18 0.187  3.405
H7 0.84 0.45 4.02 15.57 0.196  3.890
HS8 0.15 0.55 1.66 6.42 0.050  0.750
H9 0.22 0.55 2.03 7.86 0.059  0.891
HI10 0.25 0.55 2.12 8.22 0.065 0.975
HI11 0.30 0.55 242 9.39 0.073  1.089
H12 0.40 0.55 2.76 10.71 0.077  1.155
HI13 0.41 0.55 2.78 10.78 0.082  1.230
H14 0.52 0.55 3.19 12.36 0.090  1.350
HI15 0.62 0.55 3.49 13.50 0.092  1.386
H16 0.80 0.55 3.96 15.34 0.121 1.815
H17 1.00 0.55 4.40 17.06 0.132  1.980
HI18 0.15 0.65 1.60 6.20 0.038  0.567
H19 0.28 0.65 2.31 8.95 0.040  0.600
H20 0.42 0.65 2.86 11.08 0.045 0.675
H21 0.59 0.65 3.35 12.97 0.075  1.125
H22 0.70 0.65 3.66 14.18 0.071 1.071
H23 0.82 0.65 4.00 15.49 0.090 1.354
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A8 U HLR SR AR AR B ML T V& AR IR (00 H4, vy=2.13 mis)
Fig. 8 Photos of the Hall anchor anchoring process captured by a high-speed camera (case H4, v;=2.13 m/s)
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Fig. 9 Dynamic penetration test results (case H4, vy=2.13 m/s)
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Table 6 Formulas for calculating the bearing capacity coefficient recommended by various scholars
EZ BTN N, N, Ny
3n
710) tang
SCHR[19] (Ny—1) cote s 1.8 (Ny—1) tang
2cos? (Z + E)

SCHR[18] (Ng—1) cot ertane a2 (% + g) (Ng—1) tan(1.4¢)

Sk [20] (N~ 1) cote T ooy (g + %) 2(Ny 1) tang

SCHR[17] (Nq - 1) cotyp eMtangian?2 (% + g) 1.8 (Nq - 1) tang
A R PO IS 0 B . A 10 R, B 0 s B 5
ATRPE 2z, I, BEA B A=B[2(L-D)/z), 35, B ’ ' °
U T (AR R 3 U R 2 BT AR 2>z, B, B TR 7 "
A=LB,. K 11 &R 3 6 th i 51 i (9 4 Bk 200 & £ 104 .
%&ﬁ“;%%"ﬂ Egﬁ/\ﬁg%ﬁ/\ﬁ]ﬁgﬁftéé% Eﬁﬂzfv 5@1 g 154 TerzaghiZs(%) 20 3:3?
20 Hl, N Meyerhof'™ | Vesic® & Hansen!"3 Ffi J @ 20 ﬁ i
VE VT4 B BB A0 BT TR B B 2l B OC AR it 2 AR R gzs- vi=1.38 m/s 30
T, J5 220518 P Hansen!"” T35 45 R A S AUSR 4T 1)
5 6T BEA B RE A& 1 F, Hansen'™ 5 3% 7545 51 0] Hansenl"s Meyerhof!"iVesie® 140

B 48 B IR J [E Terzaghi 4509 J7 e 118 45 8 K
RSB BE Yl 9.2 T, WAk & i 2= (E K, N
342 mm( %y 14.9% #i K ); M shie K T 1251 )5,
PRl 2 i 2 (E 8 T RE, U 4 mm(2Y 1.7% 4
K)o R, B ShRE N 12.5 T XF R i Y 18 ] 5
£ v, R 3.8 m/s, KT EIREGFEK T H T 7% K R 3
JE(1.38~2.51 my/s), HASCI I T 40 H A 2 %0k
55 vy KT 3.8 m/s, PR IR FHAS [) b 36 7k 2 ) R N33
BB B TRBE I 25 B0 B, 2 v, A EU(E A e B G JE X
6] 1.38~2.51 m/s i, 3% ] Hansen"" J5 ¥ 315445 3| &
IR T AR BE LE R A Terzaghi 41 5 3T 815 3 1Y
BT K 15.9%~19.6%.

f

z>z,lf, A=LB,

z<z W}, A=B[(I+z(L-1)/z)]
!
L

P10 A IR i JE A BT T AR B BT A TR JEE AR Ak
Fig. 10 The variety of the bottom penetration area with

penetration depth

w
bt

B RAR TR BR ) REOT R B TTA
TRIE 2R
Fig. 11 Curves of penetration depth vs. E; calculated with

different bearing capacity coefficients
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Fig. 12 Curves of penetration depth v.s. energy and tests data

a. 5% F] Terzaghi %" J7 4, b. 5% i Hansen!'”) J7 i

[

The methods of Terzaghi et al.!'”! and Hansen!'"are adopted in a and b,

respectivily
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A TR BTN TR B B A A TR G T O, R A I
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TR B b5y 2R - 0 R X 285 552 B2 1 3 SR T 0/ ), (HL Bt
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Model tests on penetration depth of hall anchor in silty sand

Wang Hui', Zhang Kecheng?, Wang Zhongtao', Zhang Yu', Wang Hongbo

(1. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116023, China; 2. Shanghai Ship
& Shipping Research Institute, Shanghai 200135, China; 3. China Resources Land Co., Ltd., Dalian 116019, China)

Abstract: The structures in the riverbed or seabed may be affected or damaged by emergency anchoring. In the
channel with frequent navigation, the emergency anchoring penetration depth need to be fully considered during the
design of the buried depth of structures in riverbed. In this paper, small scale model tests are carried out to simulate
the process of anchoring penetration of hall anchor in silty sand, and the influences of different impact velocities
(1.15-4.4 m/s) and relative density of silty sand (0.45—0.65) on anchoring penetration depth are investigated. Based
on the Terzaghi ultimate bearing capacity theory and the energy conservation law, the expression of penetration
depth of the hall anchor in silty sand is deduced, and the theoretical calculation results are conservative compared
with experimental results, the revised results of the theoretical calculation results are in good agreement with experi-
mental data. The research results can provide a reference for the design of buried depth of structures in silty sand ri-

verbed or seabed.

Key words: Hall anchor; silty sand; penetration depth; impact velocity
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