$44% oW " L T #M ¥ Vol. 44 No.9
2022 4F 9 H Chinese Journal of Geotechnical Engineering Sep. 2022

DOI: 10.11779/CJGE202209004

FART B SR ST R IR D R EE B L R E S
M O

EREF ", EHF, KWEHT, gEE°
(1. IDRBHERFILARE LR TR 9O B aisiie s, IR HF 2665905 2. FEAMASE (ER) ks 5 @50 TR,
IR H & 2665805 3. K LARAZEABE, VL7 BE 210098)

B F: WREME M RIAIEE ST 6 R g L RIS SR e IR RS - Th IR BN, BT
JIEEE AN HNEEBERH I AL W) R I BT R A rp Bt A S 2 e DNV BR ERH D 0K/ o O R SR T B K 6
BIF T 17 AR 36 SR Kt SR O W ) b = S B A A AR T s . G5 5RARHT W B hli—d + S i B
JIRESIUIAL RSN, I BAAE, BERD S STRE R RGN, SRR AR K S0 R MR X N A BT DAL AR R
WK E_ BRSO TIR L G NS NS B R BT TOUSRAE T, SRR RECREA T 02~0.34, 1R4E
WIREER, B2 T AN RYCETER B A LA AREE BERE g, LAk B BHL - BNIRIE 2 1M1 5 8 T ROk B s A
BEL 7 i) -5 SR FERE Iz T4 K, A/ B JBE By 08 K W P2 e P B L SN , B PE B ) s KA R AT R B IR L
Kb PYEEERH IR 2.1 fifo SR siylalie b, W HAEIRETRILR, WA F il EROAEAEBTUIRI, XN BT A B,
AT TR R BT B  R R TR BT NG D B e e 5 G ST B D R v b 0K e AR AR
R W LRI LR, SRR TR, LRI 8457 PR R TIEEE f S R Y B A 2
It - A SR P (088 I B AR . BE T N B B T R 75 U BT BE R AT ST T W A0, T DRI g Bt B 2 0

B,
KB ABIUIRLG, WU EERET AR SR, S EEEE R EEEEFH A
FESHES: TU470 XHRFRIRAS: A XEHS: 1000 - 4548(2022)09 - 1598 - 10

EBRENT: ZRHEA971— ), 5, #I, NFEFEELTENL 2RSS T . E-mail: ldy@upc.edu.cn.

Effects of relative densities on mechanical characteristics of interface between
sand and suction caisson during penetration

LI Da-yong" %, HOU Xin-yu', ZHANG Yu-kun', GAO Yu-feng’

(1. Key Laboratory of Civil Engineering Disaster Prevention and Mitigation, Shandong University of Science and Technology, Qingdao
266590, China; 2. College of Pipeline and Civil Engineering, China University of Petroleum, Qingdao 266580, China; 3. College of Civil

and Transportation Engineering, Hohai University, Nanjing 210098, China)

Abstract: Suction caissons are popular for mooring oil and gas platforms and fixing wind turbines. The penetration resistance is
mainly the friction between the inner and outer walls during suction penetration in sand. During installation of the suction
caisson, the frictional forces between the caisson wall and the soil are dominated by the shear behaviors of the interface
between the caisson wall and the soil. A series of interface shear tests with the GDS interface shearing instrument are conducted
to investigate the influences of the initial relative densities and penetration depth on the interfacial shear characteristics of
soil-suction caisson. The test results show that the shear stress - shear displacement relationship curve of interface under
different relative densities exhibits strain softening, and interfacial shear strength and the corresponding shear displacement
increase with the increasing relative densities. It is found that the friction coefficient of interface increases with the increase of
the relative density, and firstly increases and then decreases with the increase of the penetration depth. Under the experimental
programs of tests, the friction coefficient of interface ranges from 0.2 to 0.34, and the friction resistance at different depths can

be calculated in terms of the test results, indicating the friction —
resistance between the inner and outer walls increases EEWMB: HXAXFFEEEGIHE (51879044, 51808325,
51639002); 1 AREHE K LR QIFIHIBAGH (2015TDIH104)
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friction resistance between the inner and outer walls increases SEEZIEE (E-mail:philc007@163.com)

exponentially with the increase of the penetration depth. The
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with the increase of the relative density, and the increase rate of friction of the outer wall is greater than that of the inner wall.

When the penetration completes, the friction of the outer wall is 2.12 times that of the inner wall. During shearing, sand

particles are found to be squeezed out, and they are mainly squeezed out at the initial stage of the testing, i.e., the corresponding

shear displacement is relatively small. This phenomenon indicates that during installation of the suction caisson, the sand

particles are squeezed out because of the replacement between the sand volume and the volume of suction caisson wall. The

sand particles broken in the process of testing causes the sand volume to decrease. Besides, it is found that the ratio of the

interfacial friction angle to the internal friction angle decreases with the increase of the relative density. To obtain the accurate

installation resistance and the required suction to install the suction caisson, it is important to investigate the shear behaviors of

the interface between the suction wall and the sand.

Key words: interface shear test; suction caisson installation; relative density; friction coefficient of interfacie; frictional force

acting on caisson wall
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Table 1 Relevant physical parameters of sand for tests
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Fig. 4 Grain-size distribution curve of particles
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Table 4 Shear strength - linear regression equations for vertical
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Table 5 Parameters of sand under different relative densities
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Fig. 13 Variation of friction resistance with penetration depth in

sand with different densities
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