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Abstract: The marine environment is special, and its geotechnical site conditions are more complex than those on land. There
have been no engineering practices, technical standards and technological parameters for reference in the foundation treatment
of vibration-impact method with a water depth of more than 20 m. The current codes and technical standards of
vibration-impact method are mainly applicable to land foundations, based on the engineering experience of early stage and
relatively backward equipments. The excavation of foundation trench and the replacement of medium-coarse sand are carried
out on the undisturbed soil layer under water depths of 20~25 m in Abidjan Port, and the vibration-impact machines of 100, 180
and 230 kW are used to treat the replaced sand layer. The issues of common vibrator problems in deepwater marine
environment are analyzed, and the vibration-impact depth, construction efficiency, foundation treatment effect and
technological parameters of vibration-impact method in deep-water marine environment are discussed. The results indicate that:
(1) In the marine environment, the vibrator is easy to detach, or break, or corrode, and it is difficult to penetrate to a design

depth, so the appropriate vibration-impact equipments should be carefully selected. (2) The depth of water has a significant

influence on the foundation treatment depth of vibration-impact

method. The foundation treatment depths of 100, 180 and 230 EGUE: E5 T RIBUR R B BRRHS Q18T & 18 5% 505 B
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kW-vibrator is 4~6, 6~8 and 8~10 m, respectively, which are
significantly lower than those of land foundation under the

same conditions. (3) Taking the horizontal treatment area of
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foundation as the evaluation standard of construction efficiency, the construction efficiency of 180 kW-vibrator is 56% higher

than that of 100 kW, and the construction efficiency of 230 kW-vibrator is 125% higher than that of 100 kW. (4) The

parameters of vibration-impact method in Abidjan port, such as water depths of 20~25 m, vibrator powers of 100~230 kW,

treatment thicknesses of 10~19 m, horizontal spacings of 2~3.5 m, vibration retention time of 30 s, can provide reference for the

foundation treatment of marine geotechnical engineering in countries along "Belt and Road Initiative" in the future.

Key words: deep water; marine geotechnical engineering; foundation replacement; underwater vibration-impact; technological

parameter
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Fig. 1 Schematic diagram of deep-water vibroflotation section of

Abidjan Port
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Fig. 2 Grain-size distribution curves of undisturbed soil layer and

replaced sand layer
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Table 1 Parameters of vibrators

2 ‘)i?ﬁ#?% i OME BRSO KRR OmE R
7R kW /tpm /KN /mm  /kg /mm
100A HLJE 100 1480 190 17.2 1900 ®402x3215
180A HLJE 180 1480 320 18.9 3110 ®402x4470
V230 WE 230 1800 388  24.0 3235 ©420x5166
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Fig. 3 Physical and structural diagrams of hydraulic vibrator of

230 kW
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Table 2 Parameters and construction efficiencies of three kinds of

vibrators

KV EIROEIR U EiR

HELN

WIS g e oww ok MR E@E
=Y m o /m /s (mmin!) (mmin!)
100A 2.0 3.2
180A 25 05 30 50~70 50~75 5.0
V230 3.0 7.2

2% 2 740, 100, 180 kW HiJE 230 kW W&
PRI R B ALK ] AR 43 R 3.2, 5.0, 7.2 mPs
W A LA P IRFEINE SRS, i TR
PRIPIN R R MK IR, 180 kW 5 100 kW HLEHR
PRES it TR 56%, 230 kW BUESR M 100 kW
HH, S 1R v s It TR 1 125%

4.2 AERAEME BRI 5 4

DA 35 4 B3 b B A o Fs o 200 SR i oF- A
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VB CR o W [F)— VR FE SR S AD M B I [ = 1~ 30 b
BT S b, ELEE 100, 230 kW HRIES 4>
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(1) £-26~-32 m. —-33~-36 m. —37~-40 m
TREEVGIE P, 100 kW R s ] f5 ids 5 o 50o il oh
43.7, 36.9, 29.3 di/30 cm, 230 kW FRy 230 [E 5 i
PR B N 54.9, 44.2, 33.8 d7/30 cm, BEEH
K I PR EE 3G R, PRI RO B3 PR

(2) XFhrm-26~-40 m 5 A KK B E R
THiEE, 230 kW WRESRMTAS . 3 m [H)FE AU AR LR A
[ R AL 100 kW HUEIRMAE . 2 m [AIFE S 15.5%~
25.8%.

4.3 SKEDTHME

Py ik e K R = A B K DA A
MIE 7y, $EEEILSZEER ST, HKE TR,
LS FIERE . R R TR AR BT
IKIRPE IR, R TREAIRAS K, % 10 m /2
U8, BEAAN T FR KRR it AR 52 . {H7K
R, Bk oK, DRt TR = A5 .

ASCALE 100 kW HLESRME, KEDIZFEN 75
kW, 72 100 m, FEHN 45 m¥h, KEFHHKE
71749 0.8 MPa. i{5a i 7EK N IKSK DR ME, K
DB KRG, S KE T2 B FRK, 7K 20 m
ALK F1AR /N 7K IR 30 m AL K & /342K 0.3 MPa,
WK F130 R B R IA 62.5%. 7K 30m Ab /K K 77
HILF] 0.3 MPa, LRI IS KT ) 5K E 7]
BEAME (B4, ZEKEIIER, fRip 5700
Bl LR IER IR, KR A R IE Rk 4
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Table 3 Results of standard penetration tests after foundation treatment with different vibrators for replacement sand foundation

Jom 3] 5 6] FrE: —26~-32m Frmi: —33~-36m FrE: —37~-40m
b PRS- (G0em) ) bR PR B B (30 em) ) e PR (- (30 cm) )
S = 100A, V230, [ 100A, V230, =0 100A, V230, 1L
/m  FLEEE2m  fLIAEE3m /m FLIAIEE 2 m AEE3m  /m FLIAIEE 2 m [A]#E 3 m
-26 45.8 49.9 -33 35.0 40.6 -37 27.3 29.3
-28 40.5 50.6 -34 41.8 47.2 -38 33.0 32.3
IREREE 30 43.3 53.6 -35 26.8 44.2 -39 27.7 35.1
-31 35.7 48.7 -36 44.3 44.6 -40 29.0 38.3
-32 53.2 72.0 — — — — — —
“FIME — 43.7 54.9 — 36.9 442 — 29.3 33.8
BAFYS — — 25.8 — — 19.5 — — 15.5
HILAET B BN, R B S P
AEALL k0+755 —4o-om RPETE  k0+827
RACRE « A R S S S
25 - ! i 3A : 3B : 3C : 3D |
—=— 100 kWH FEfR v8 p1 i PmilSmilSmilSm:
e 230 KWHE BRI BEE s i
201 —— K FES ! $ER(V3) ©
8 ! =315 m : B ERIRE
S15F : |
3 | |
3"21.0 = &:’g@ BB (V-2) !
& FRAN B365m  smoRURE ks
0.5 | i = v
O\ e _%(To}; ~
0m SRR
! 1 I ) | 62 m |
0 5 10 20 25 30 35

ljki:%/m
4 SIKENSHKRPXFR
Fig. 4 Relationship between jet pressure and water depth
230 kW WBEIR & AKR MK E S8 2 MPa, N
100 kW HEEEHRMERK) 2.5 £% 2 30 m 7K ER L B 7K 7
N 1.2 MPa, JEIHRKFEN 40%, FNBRERKEIMER,
YERIT A AR K IS ATIAE) 0.8 MPa, i B iZ 4Rkl
s R ERIE LR ), TINR IR,
4.4 oM _EHEE]EE X 0 B SR S 00
N TR ERIAIEE . AR K IR EE XS
RORWIFEI, 085E 230 kW R IR P& 2EAT 0 EURIE 7T
X HERES XA TARBEAFID LIV X, /KTFRe 1 m, 7K
25.5 m, FAEKHFRE-40 m, HIHAPHPEE R 155
me KT REMHSEA R, Hdi8 v 3 2, 732k
M LT S RSB 5. =R (IV-3)
JERRAEIRMK R S _E SR IAIEEANR], BeE T 4 ML
X, G558 3AL 3By 3C. 3D, AN XTI
RF%8 15 mX 15 m, LESHE 4.
R4 4 MR S XA SH

Table 4 Vibroflotation parameters of four independent test zones

N N Tt it/
_ G TR o7+ T =< 1 -
R Ty g s EE
/(m'min ") /(m'min ')
3A 3.0 0.5
3B 3.0 1.0
V-3 3C 35 05 30 5.0~7.0 5.0~7.5
3D 3.5 1.0

5 230 kW #fR:HEi 2 X = E
Fig. 5 Schematic diagram of vibroflotation section for vibrator of
230 kW
=R (IV-3) LZEIFREA R, shReRa
INERG s S BiIeas RN 5, & 6 AGtit4s
5 RIS KR MER ERRIREER
Table 5 Results of standard penetration tests before and after

Vibroflotation foundation treatment

pR® 3A- 3B- 3C- 3D- 3A- 3B- 3C- 3D-
/m A Y N D = N = N = S =|

|
|

-24.5 7 8 6 8 22 23 23 24
-25.5 8 7 8 9 23 25 24 26
-26.5 8 6 8 12 24 27 25 28
-27.5 9 7 9 13 58 31 41 32
—-28.5 12 8 11 14 56 38 50 40
-29.5 12 9 11 16 54 40 49 44
-30.5 13 11 12 16 55 41 52 43

T “BA-RT” Rom 3A S RRARRT AR B8 (35/30 cmD, “3A-
Ja7 R 3A o KRG AR B AL, Fofthdm S R B

M 6 1A, RIEX 3A. 3B, 3C. 3D M JEhx
B HCFSE O N E FT ) 4.2 7%, 4.0 1%, 3.9 %,
2.4 f5, RSN R .

X EEAN[R] b B8 TR) R ] R SR sz o b LK
SEEFEYS N 3 m i, B3RMEE Y 1.0 m 19 3B X 1945 5
SHE R EHRAIFE Y 0.5 m [ 3A XK 22.9% . R FL
ACERIEESS Y 3.5 m B, B3RMEE DY 1.0 m 19 3D X[
PO ME B _EHRAEE A 0.5 m 1) 3C [XAK 18.4%. H
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PRV, B _ESRIAIEEAR P I RO 2 PR, PR EF
PRAPACEIRI AR RY,  EFRAIFEH 0.5 m IH%EE] 1 m
I, RN 5OR B2 20%

&6 RS XMERTEHRRERRITER
Table 6 Statistical results of standard penetration before and after

foundation treatment

RS LWEN LR
AL R LR T T o

M GOem) Y e i 1%

3A-RIT 9.9 —
3B-Hif 8.0 — — —
3C-H1f 9.3 — — —
3D-A1f 12.6 — — —
3A-HT 41.7 42 — —
3B-f& 32.1 4.0 — 22.9
3C-J5 36.4 3.9 12.7 —
3D-f5 29.7 2.4 7.6 18.4

4.5 M FLAKFEE ST INEI RIS

LLEER 6 1 3B 5 3C o KR E MbR THR IR 45
S PN EREE DXOIN B R A A Y, 3R B R R
PRFLIR] R 5 3R R] B 0 ¢ ZR 35 A8 A 20 AH [7] 1 1 32 ]
RO EZ, BERIRMFLAK A [a] Bl TR (14 Tt
FONEE, @O B R ALK [

LR 6 W 3A 5 3C 4y X HbE N[ 5 fds 3
B, PR FLACEEEE 3 mE K E 3.5 m, FLIAEERYE
K 16.7%, IERCR TR 12.7%, I 2R BT
FUTv FE 3, LIV P (1 18 et i 3] 20 SR 5 M A X /N
Pt 3B 5 3D 43 XMl fE bR B4, FLIRIEERG K
16.7%, JNE R T 7.6%, I0lE ZCR FEiRA% T LA
ey AN T e RS a N BV E S - AT R

5 IKTRAILZSHXIEE
TR AR AR A R TR AR IR AT T R v 1 TR S
S, AT 8K TR R AR S ) SCRR R
B, TR
®7 KRR IZSHL
Table 7 Comparison of underwater vibroflotation parameters

g R ALEE TEBH

/m  E/m
Vb KRR 2.5 m, %1l
JUNEDEE 125 45 30 Sy, s 30-50 85

KRR 1.5 m, 1EJ7

TER KW

RITHARE — 6 30 —
WYIEEE 14 9 30  ATHEE2Sm, 54

=M, EiE 60 s
ACFIREE 1.5 m, 1EJ7
AT E, BE 508
FKFIA]EE 2~3.5 m, 43
100~230 Z#ef, HA=MIE,
B 30s
T IR, SCRRRIE KK R IR RIKER 3.1~14

Eil# 3.1 4~9 30

AL 20~25 10~19

m. AFRERE 4~9 m. KFHEE 1.5~2.5 m. FHIRES
] 50~60s, TIA TR ks 7K R 4R M KR 20~
25 m. ACFERESE 10~19 m. /KFIEEE 2~3.5 m. Bk
) 30 s, ADFRA/RURTEIR S D] 4 2 (1) JE B B K
TGRS =, WA i WO TR, 5
TS S5 TR S i ] b R R A 22

6 & it

A SCAE R FURT Bk KR 20~25 m 44F
X JE R 2 AT A S . PR RIE, IR A
100, 180, 230 kW [¥IHR 1 #5 0) # I AD 2 E AT To SRR
MO LB . AT T IRZKIFE IR R HRME LS 5
(R, S T A AR T ESECN TR
[ R4, BUR T AR AR

(D e RN, TRk R ik B A i T
BORITE MGG NER S, B E rh iR 2%
R 5 IR B L T I AR . M AR R A
VTR S ), NI R A @ R 1 4%

(2 FKGEXF R 18 I [ VR B R e -+ o R 3, K
REE 20~25 m £/ N # AL, 100, 180,
230 kW R8s B O E R BE 23N 4~6 m, 6~8
m, 8~10 m, W SRAIG T [F) 45 S5 A 1 i bt 6 o [ R
DRERTIWINDE 1

(3D LAERANMR L IR K I TR AR Ay it T 200%
FIPETFRUE, 180 KW % 100 kW FE R4 b 2% ) it T %%
1 56%, 230 kW UEIRIMHL 100 kW HL R R i it
TS 125%.

(4) -26~-32m, —33~-36m, —37~-40 mi&
JESE P, 100 kKW iR 2 I & J5 (P20 53 o5 5000 i
N 43.7, 36.9, 29.3 /30 cm, 230 kW HE S INE 5
(-2 br ST 0 BN 54.9, 44.2, 33.8 i7/30 cm,
B WK 5 R R IR, R AR B BRI

(5) B Lk O R MR A T 2540 KK 20~
25m, % 100~230 kW, AHJEE 10~19 m, /KF
[BPE 2~3.5 m, FHHRATE] 30s, ACFRAI/KERFELR N
[ FEREERE R, i TRCRE S, 7S i
— %7 W AR I S TR R ] 4 2
RES%,
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