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Shi Y H, Zeng N F, Chen T H, Xia Z. Evaluation of submarine engineering—geological conditions in the sea area
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Abstract: Submarine engineering—geological investigations in the sea region north of Neilingding Island at the Pearl River
Mouth show that the submarine surface soils in the sea region consist mainly of flowing mud and silt. Drilling has revealed
that the soils to a depth of 36.6 m from the sea bottom may be divided from the top downward into 11 layers, which are
flowing mud, silty mud, silt, flowing mud, silt, coarse gravelly sand, silty clay, medium—fine sand, granite residual soil, strongly
weathered granite and moderately weathered granite. On the basis of an integrated study of the regional geology, submarine to-
pography and geomorphology, geo—hazard types, physical—mechanical properties of submarine soils, soil stability and sandy soil
liquefaction, the study region may be divided into three engineering—geological areas: area I (metastable area), area II (less sta-
ble area) and area Il (unstable area). Stability and engineering—geological conditions of these areas have been evaluated.
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Fig.1 Locations of sampling and borehole NZ1
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Fig.2 Distributions of submarine soil types
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Table 1 Integrated physical-mechanical indices of engineering geological layers
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1 88.5 155 2211 17.4 3.35 1.70 6.4 5.0 <30
2 42.4 1.67 12.8 2.10 1.25 3.8 1.2 75
3 72.9 1.62 1.801 15.7 3.11 1.93 12.9 12.2 <30
4 90.4 1.48 2.340 16.7 3.56 211 6.7 14.0 <30
5 77.3 1.52 2.031 17.7 2.87 2.87 5.0 14.0 <30
6 12.0 2.19 280
7 36.6 1.85 0.921 14.3 0.99 0.58 10.3 17.5 130
8 230
9 300
10 500
1 1000
B A HEZK BT 89 38 B (Su) KT 3045 T 40 Iy 78 44 v ™= A2 1 8
4 LA Ry 2= YIN 1 B0 Su>7, SrHr il B 58 X R 2 KM - 72504 — 18
AR 4l IF 5% DX 1 %LNZ@%M(IEI%) MK )2 A B B AR R B TR or A N O B 0 g (3R2) A5 AR R IR 2
AR DU VA TR ZE . B2 R, )2 JE5.8 m; 52 A PE A B S HE K B D 5 RE 2 KT IR A FH T R A 0 8

Z R A JZIE1.0 m; 5 3)2;@@¥E,)§]§1.4n1;%4}%:?ﬁ
U, 241 m; 5552 g, BE5.3 m; 562 IR 2R
8.8 m; B 7R KRG 1 JRIE2.0; 582 Ay, EE2.2 m;
F9JE AE R AR R my S 1002 KA AE B A 2
JEE4.0 m; SELZ T AR AE 5 A B RIS 0.5 m.

LEA T IR R Z £ AINZI A L4 )2 i B 2 bk
RN TR MR A L R R T EIE S TR, T
GERF E I KAR B KR R ARFLBR G | 455 58 Bt VR i e
T WIS | R SR B W 3R 7 0 25/ 7R 28 17 B VO 344 v 1

5 1 i
51 THEEM
WF 5 X PN 9 IS B 40 P-4 | 36 02+ 2 B2 T O Al ARy

RPE | 7R o R G AR T SR JZ R B S AR R
FJZ WAL B 0] B e 2
AR A 1 LI R e U S B A3 AT KO TS A U R U
A5 A IR, 2 o 69 55 7 W (B, 2
T.=PNZe™
1% 2 DR IR A 48077 A 1 0 I T BT

YoHZ
Lcosh()\Z)

P
2cosh(\d)

A PO P (m) 5y, R I K (KIN/me) N R I 8,
)\ZzTTr(nl"); LAWK (m) s H NI (m) ;d N KIE(m) ;20

% Nataraja i

TR (m) .
AR A Y A RSP 187 B | 3R 2R P A B SR 1

BT, WCTESOAE — 8 1Ry U IR 4 4R FH T R 43 26 2 R
A TR AR AN S R A R T A B 1AL 0 R4 T A
I A b 5 JE BB R A LY R BE B RO, R Z R A
e BRI YR S A4 A R A T BE A7 AE T B B IRV 36 1 R 3
52 EYE#M

TEHLGR IR AFVE RS T AN R 1 A2 B R B AT AR S
TR YRR ALK R KB E TR T
SO E N WAL B O R N NN £ L A e W AT 5 6
JELATT 23058 R 2 T U2 g il oT 5 {51 M

P ELFLAE SRR EHRAE M S5 R F 5% X JIC LA R 20 m
DL 32 S DR R Y8, A A A AT U e TR A RS 1
HOKPRL A B RN 15.1%~87.0% , B K F13%., R4 E K Ax
WECH S BRI ) (GB 50191—-93) , 7 i1 7% 3k AL 2 JiF
N 3 VIS B 1 5 A 240 8 40 AN A7 AR Ak i T R
53 I#EHERSXMEN

ZEA T GBI FE DX TR T 4% 14 9 SE AR AE AR Al T
Ji S 22 S e s ) R 2R B0 b S S A 100 5 B IS 4 JT
R K FL A3 T 2 e A A RS A e BT, RS X AT R 1 34
TRRH XU 4) B TR T X (P, AR T X)), T /%
b T DX (e G R R AR fT AR I D) R AR L IXC (AR
W SRR I ), 4% TR b J5 X9 R AF L 263,

T Ml T S5 PR M SR — LR G 43 AT A% IR R S AT Y
/%?EI&'“ 2 H g N R BT R R G s |0
M IS ARG E M4 I X 45 TR R X R AT PEARY

(1) V8P IR BT R 2 PR A 3R VT 1 — A AT ¥ 52 BB AT S
AR IR R . A FRAT AR —AR IR H R RAT
B —VE R IR WS DXCAU S B AR TR VE TR TR R R R



1056

H TR

il IR GEOLOGICAL BULLETIN OF CHINA 2005 4F

PO R A A ) II_(@X’E)ﬂ i) A mE i, I DX ) A U, Herp 29 1/3 00 b i e A T U BT I 2 M R o TE AT B

DX (2R ) T8 AR 2 1

AT LT ATE T,
(2) M52 35 B M SR 2R 1T = A DI 3t &b B i b R Bl % 3 72 FUREVIBE (52 R T TR P, R & R 00 A &) R0 B e B
AR AN, 5 e I bR RN U I B M RS DT S0 3R A R 52 4 FEor % SE AT AN RS E TR RS R

i1t , H1067—19864F 1) 920 4F 4]

M e Ms = 49 Hb 72273

G, VAL AR AR AT X AR S o VDR IR B S Al S LA L e Ul B 2l 0 S P e, X BE Y X

FIRESE MR . ) AR AR M AR S & S0, BR VL 1 Ak T M AR

(3)FEM AR T X TaME, 778 /Y 9 FH o 2k

WhfLans NZ1 b X=175913.013m [ 3 36.6m F4LH W 2003 -06-05
Ak FR
Al biw | —70m Y=2494757.254m #ILA Y 2003-06-06
I
Tl e el ]e
bis JESI R o = b T L
w | L | e |EAERA SIS IR S
& i3 T y
o ‘m | /m | /m | Y 11200
\CAWVAN)
AN W W, MR, W
] \ VAV A/
\CA
NN e m v ke, B, dow
-136 | 5.8 | 5.8 \CAW
-116l 681102 | — — —
P — —
“160f 8214 | 3 !
— Bk RO, K
o \VAVAY)
\VA
A U A\J\J Wi K, MW, wme
—20.1 [12.3] 4.1 N
—
e
- W KA,
sl — ~
—_—
— — =
254 (176 3.3 ——
o o K3 L
“ 0‘0 0 O
© o.0 o‘
‘e e .00 MR K@, ZERSNER, TWAHE, &2
0,002 EOWR, R OL AR, R MR
0 <o O D
6 4] o .0 9
‘o o o o
@ ©.0 o'
Q‘dl ‘o .o _o“o‘
@ o“‘:‘: °
—312 | 26| 8.8 2ol
4 7/ ,
7 7/ Bt KRE, R4, w W, RIS+
-36.2 [28.4] 2.0 S S s
8 —_ b KOt HRAMEA, B
-38.4|30.6] 2.2 e
Q" | goolsza| s |9 7L T e KGG, me B EH L, @E
fJu T T e REa, RSB EH L. SRD. T,
+ o+ | AR RN, B 4 T W
y2 10 |+ + + +
3 TG St s ke, R RRTE, AR ok,
—43.9 | 36.1] 4.0 o+ o+ s
R TN T B e (R

K3 NZ1UB LR
Fig.3 Column of borehole NZ1



924 % H10~11

A EELL AR BRAT E A AT 5 AL /K S8l v I T2 b Joie

AT

1057

BUA AN HL I R R )2 T b RO L AN R0 e R
FEO A TALE GRS A . BRVG R AN IRZ R AT
BN - 7 i 7% 71 2 o (T R B O | O R o B

FUARE  AFAE R OH Hb BT 28 YA AN HL I B 2 230
W )E Uk RS A R L N R S 32 A A
TG B AT T ES AR R, I S 2 AL T A AT B D
d61.5 km, S2ALVG ) 2EM K7 ki, JbF5 4 £ Ab 3 3 A v
W o M AR ME . A7 7E (19 935 M BT 28 TR0 A7 AN J0 0 e | |
IR VD R IE R R L AS RO e A S R 3
TR Z AN RO AT T AR ER (R A L Th AR A A A 2 Ak R

®2 BEREATEIENEES

Wik 3 TR BT XX L, T IX R 5 il 5
FA s 4, X IR 5 3 T

Ay 9 2

SR, I IX
PP H

(4 HFIRFE MRV . 1 KRR 2 L ke, Jm i
AR TV TR BT IR IR Y, T XK R )R+ BN
Je MR YE R T IR e IR Y . I X R 2 L 2R, v
[ IS R s At R o 53 [ = Wy R = =
FLBR LR it O ik AR i k| BE R B3, 5 Ak LB

EAIEES S UN

VIR

I B 2 2 - iy Wy 3 g 2 1 o

BX X s 4, I DK RS )2 B4 4 B 2 P o e I IXC Y

T, IR )2 504 —

Table 2 Shear stress of soil layers under wave action

i KB /m wAEE B R Wk TR /m BTN 71 /kPa,50a Atk
7 Gt 5 /kN/m’ /m,50a  /m,50a 5 & /kPa
ND6 6.13 10.3 2.7 57.0 0.5 0.59 5.8
ND8 3.2 10.3 2.7 57.0 0.5/1.0 0.68/1.29 5.0/5.8
ND10 3.0 10.3 2.7 57.0 0.5/1.0/1.5 0.98/1.44/1.59 18.6/9.0/7.1
ND1 2.27 10.3 2.7 57.0 0.5/1.0/1.5 0.69/1.31/1.86 4.1/41/41
ND2 7.5 10.3 2.7 57.0 0.5 0.53 1.6
ND12 0.57 10.3 2.7 57.0 0.5/1.5 0.72/1.37 6.0/6.0
ND15 0.82 10.3 2.7 57.0 0.5/1.0/1.5 0.71/1.35/1.92 6.5/7.0/7.5
ND16 0.36 10.3 2.7 57.0 0.5/1.0/1.5 0.72/1.37/1.95 6.0/6.5/7.3
ND17 3.8 10.3 2.7 57.0 0.5/1.0/1.5 0.67/1.26/1.79 6.8/6.8/7.6
ND22 1.09 10.3 2.7 57.0 0.5/1.0/1.5 0.72/1.36/1.93 4.8/4.8/5.2
ND24 3.5 10.3 2.7 57.0 0.5/1.0/1.5 0.67/1.28/1.81 5.4/5.4/6.0
ND25 4.2 10.3 2.7 57.0 0.5/1.0/1.5 0.65/1.24/1.76 6.4/6.4/9.1
ND26 6.5 10.3 2.7 57.0 0.5/1.0 0.57/1.08 8.6/8.9
ND31 1.44 10.3 2.7 57.0 0.5/1.0/1.5 0.72/1.36/1.92 7.5/7.5/7.5
ND32 3.3 10.3 2.7 57.0 0.5/1.0/1.5/2.0 0.68/1.29/1.83/2.30 4.8/4.8/4.8/4.8
ND33 3.5 10.3 2.7 57.0 0.5/1.0 0.67/1.28 5.0/5.0
ND34 3.7 10.3 2.7 57.0 0.5/1.0/1.5 0.67/1.27/1.80 7.9/7.9/7.9
ND35 5.7 10.3 2.7 57.0 0.5/1.0 0.60/1.14 8.5/8.5
ND36 6.9 10.3 2.7 57.0 0.5/1.0 0.56/1.50 7.2/7.2
ND9 6.4 10.3 2.7 57.0 0.5/1.0/1.5 0.58/1.09/1.55 6.5/8.0/8.0
ND18 6.0 10.3 2.7 57.0 0.5 0.59 7.3
ND19 5.8 10.3 2.7 57.0 0.5/1.0 0.60/1.13 3.0/5.0
ND20 11.5 10.3 2.7 57.0 0.5/1.0/1.5 0.38/0.27/1.02 7.2/9.3/9.3
ND27 7.2 10.3 2.7 57.0 0.5/1.0/1.5 0.54/1.03/1.46 7.9/7.9/8.5
ND28 5.1 10.3 2.7 57.0 0.5/1.0/1.5/2.0 0.62/1.18/1.68/2.12 2.5/3.0/4.0/6.5
ND29 8.0 10.3 2.7 57.0 0.5 0.51 5.0
ND37 5.7 10.3 2.7 57.0 0.5 0.60 5.2
ND38 6.0 10.3 2.7 57.0 0.5/1.0/1.5 0.59/1.12/1.59 4.0/6.6/7.3
ND4 2.9 10.3 2.7 57.0 0.5 0.69 3.8
ND11 3.2 10.3 2.7 57.0 0.5/1.0/1.5 0.68/1.29/1.83 5.7/5.7/6.8
ND13 3.4 10.3 2.7 57.0 0.5/1.0/1.5 0.68/1.28/1.82 6.2/6.5/7.8
ND21 5.2 10.3 2.7 57.0 0.5/1.0 0.62/1.17 4.0/5.0
ND30 4.61 10.3 2.7 57.0 0.5/1.0/1.5 0.64/1.21/1.72 4.2/4.2/6.0
ND41 2.9 10.3 2.7 57.0 0.5/1.0 0.69/1.31 4.0/4.5
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Table 3 Chart of engineering—geological divisions

T AR X TR X

g | BR/ANRIEE N 4m, e KOK TR A
e | 25.0m, PRI 150X 107, R
| FEN14.37x107 AL TR RCIL AR .

TR I X

T /N KR E3 A m, 5 KK R AE A 27.0m.,
I B KGE 2 e KB B Y 3% 9% 48 01 A
WK 3 38 1.97x107°, BLA T

TAH T IX

e /N K A 2.4m, i KK R A
16.0m, “FHEREH1.19%107, 5
KAE45.45%x107, i FHF5E X B

W U FAT M T
. PR E B SR R 0.19x107, s
5 TEATRE U L TR
e TSR LB e IRUE JRIR BT | MR R )R LA e IR IRV | IR R R LR R IR |
4 IRV R D b IRz 0
: BT
i J& TG S BTR R AR | R TS S M S BT IR E R R S | ) TS S BTk S A vk 2
o o B TRV 3t BT AR A AR | R A T BRI PR BT AR A AN | ORI T T R b ST S
B | e TRHLEE S TR R L RE e B | REAINE S E Al P AN R0 e R R b | R
(1) V8 :10=85.7%~98.8% ,ps=1.46~ | (1) Ui I :0=85.9%~102.6% ,ps=1.41~ | (1) Vi J& :w=85.7%~111.0% , p,=
1y 1.55g/cm’,e =2.153 ~2.499 1 =275 ~ | 1.54g/cm’,e=1.490~2.736,11=3.26~4.04, | 1.39 ~1.57g/cm’,e =2.117 ~2.861,
3.99,a, =1.56 ~2.49MPa ',C =3.6 ~ | =1.19~2.80MPa™',C=0.3~11.3 kPa,®= | [1=2.88~6.37,a,=1.39~3.38MPa ',
11.3kPa, S,y =6.6 ~7.5kPa,f =155 ~ | 2.45~11.10°,5,=3.0~7.2kPa, f=21.9~ | (€ =3.6~13.4kPa,® =2.42~6.80° ,
& 32.3kPa 25.1kPa S.1=3.8~5.7kPa ,f=15.5~32.3kPa

(2) IR :w=61.2%~83.7%,ps=1.48~
+ 1.68g/cm’,e =1.594 ~2.299 /1 =2.48 ~

%

i 11.6kPa f=29.1~45.6kPa
pe | | () MR A w=48.3%~54.1% ,p,=
% | 156~1.72g/cm’,e =1.349~1.647 1=

J 5.8 ~13.4kPa,® =2.42 ~14.90° ,S,;; =
8.7kPa f=42.3kPa
(4) TJRIR Y cw=41.3%~57.3% ,p,=
1.68 ~1.74g/cm’ e =1.249 ~1.528 11 =
3.3~5.49,a,=0.62~1.03MPa",C=5.6~
18.6kPa,® =5.06 ~7.00° , S, =8.8kPa,
f=52.1kPa

(2) W 2w =56.1%~79.7% ,ps=1.52~
1.70g/cm’ ,e=1.487~2.216 ,11=2.50~4.75 ,
i 5.77 ,a, =0.77 ~1.84MPa ',C =1.6 ~ | =1.07~1.82MPa"",C=3.5~18.6kPa, &= | [1=3.44~4.12,a,=0.86~1.49MPa ",
L7} 16.5kPa,® =2.42 ~11.00° ,S,; =3.7 ~ | 2.42 ~8.70° .Sy =6.5 ~7.5kPa,f =25.1 ~ | C=13.4~14.6kPa, P =2.42~5.09°,

(3)IRVETR D w=27.6%~49.5% , p=1.74~
1.98g/cm’,e=0.701~1.303 , 1=1.52~5.93,
P | 2.84 ~4.64,q, =0.83 ~1.24MPa ',C = | a,=0.44~0.77MPa~",C=0.4~5.6kPa,® =
2.55~10.70° f=52.1kPa

(2) IR w=783%~82.4% ,ps=
1.58 ~1.62g/cm’ e =1.945 ~2.040,

32.3kPa S.1=6.2~8.3kPa ,f=25.1~45.6kPa
(3) W PIR T w=51.0% ,ps=
1.74g/cm’ e =1.30,11 =5.20,a, =

0.83MPa™", C=7.5kPa, ®=6.40°

i 'w—ﬂ“m%(%»pi—ﬂk% i

FESEAD (°) s Sr—4H J1 T FARPL BT IR S (kPa) of— Tk

AT RS B MR A . 4 KR A IR R IR TS B BORS 1 7E
i LA B A 2ok VIEE Wb, AN AR AR T i

ZEE BT LA L4071 KR AR M AR R A, SRR
DK XA T i o A A v 45 S O R I T X E AR
TSR 2 AR E X, | KR fa e e R T T IX, 1
XA IR AR PR T NI, 4 ) 72 X ot 15 A4 ST 90
AU B R U 2 U TR 1 XX, H

(g/em?®) s5e—RIRFLBR LG s I—TME 38 8 sa—TE 46 R AL (MPa ™) ; C—Hi B 71 (kPa) s
G AR E ) (kPa)

FERE Y VD R bl R
6 4 ik

T 2k 23 AT M BR B A IS RORE T TS Al R RS2 56 )
TR AT 4R AR 2k R A B R, EAT TR B i i s ol |

T R U TE 3 O M S Y S W B A L R AR R
TEVE RS H WAL R ZR A BT ST, R BIETE X 20 AR RE X R
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Fig.4 Chart of engineering—geological divisions
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