Ly

95 39 B 2 ] =S I Vol.39  No.2
2020 4 6 A COASTAL ENGINEERING June, 2020

LEmAMKRERED T NEZERPRINH

EREMLE 4

Crpdf g B AR 45 e A8 BR 2 /], KL 300459)

M OENEEACAD LN T RERES B IR R W EES K, YA IR AT I EREEN L
THEBME WZHELARR.EET VAR FALEE AR M B L ES, B & ILE# H # K (Piezocone
Penetration Test, PCPT) & ¥ # TR & 2 72 I &, AR 3L JE 8 A k48 003X 69 4 5 L oA U 22 JE 1L 4 An 3L IR K
NESBHEDITAERALAL TR ek A8 TENMR A EREIR FLAER ATEMSFEFIAEY
HPHEM AR EENTIRENL, AXEET 3HAH PCPT % B # & 7 £ j B A th 7 % B Mayne # H 1 &
BERATFHEEZBAR DLEEAZNEB AR Senneset ER B HED L AEEAZB AR EFE Kk
ERABIFGIET 3R A LK., AERBAML LN E AN ERLEEE PCPT MR 7 % % B R &£ 538
AL FE Ak R AR S Al £ IR Senneset £R MM ITHE TR A PCPT B # D + AERA  EA -2 T EK

53 R,
XBR:D L, NERALES VBT, TES
hE4SES . TUL41.5; TUL9S XERFRIRAD ; A NXEHS:1002-3682(2020)02-0124-06

doi:10.3969/j.issn.1002-3682.2020.02.007

SIAKR : WANG H G, JIA W. Application of PCPT data to the determination of internal friction angle of sandy
soil[J]. Coastal Engineering, 2020, 39(2): 124-129. X &N, R#H. L EH A BEEH D L W EFEA PO & A
[J]. # 7 T4, 2020, 39(2): 124-129.

1EE NI A TR MR A 2 00 LAY ) e A R TR PR EEN SR . NE
P A U Ao v O AR AR S 0 TR R i T3 B R i o g v ik,

H A 1 TR G B rp b b DN BE A 0 RO 32 OB T % N b T a0 = s 4 i R Y
B WURDRLAR (AN S R4S T a2 AR PR BT Y R B b B R IBORE 3 B ) i UM R Bl T B
SE LA AR A SRR A 50 A 5 P B 0 A oA TR A A U R 0 A R R T D )2 D R R A R
FROU R WIME, LR #4220 el 70 SEARTE I PR b 2%k iy AL A I H R |, 3 48 R L BB LR ) fi
R (Piezocone Penetration Test, PCPT) {E I 1 TRE 5 b 732 IFJ& , A1) AT AL s i J % 000 3 1) e 2 BEL g L 0
RE JEE BH 3 F1FL B K R ) 45 2 B0 2 D 1 P R 42 A LA JC 7 BORE L BE D 3 /N R M 4 A O R HE
BEAl LR BK th K T R AR SR TR TR T B B R XY,

AR 20 4D 70 AEAREEAT 207 [H A4 2 32 T R PCPT 3 98k 2 i + P9 BE A O 2 00 5 .
Durgunoglu il Mitchell §if 1 8 505 . Mayne (038 I - 1 I 6 73 9510 10 A B B A0 22 004 200 A
Senneset S AR FL /Y K B4R 09 TS N EE A e 0 A U AR L SR, AR R LR PCPT 4t ¢ R
7 D = PN B A 1 TE T FE I R B0 A 2, R BRI C TR L S T ) rh i A Rk XS R 56 A\ ORI R Tk
ARTE SR TR TP A0 BAT — %€ BN P A R R H T ol 2 s s 11 T AR B8 5, S o IO P 7 9 3 T o )
gL,

PIBEAE T AT XU 37 00 B A 3 2 R L SR AR W XL A 7 TG L 2 AR o SR AL 8 3 A A R T
Bl L IBORE X o S DI AT 1 AR M B M 5¢ . BE T 3 MR PCPT %ERHf o b 1 oA R 482 A 1 5 3k B

W5 B #3:2019-03-07
TEE AT LHENI(1986-) . 53, T A2 00, 35 B\ il v TR Hb R J7 W58, E-mail: wanghg6 @ cosl.com.cn



2 E RN S5 LR 7 Al PR A 0 S 2 D9 R A i R 125

Mayne $ H ) P JEE 82 A DAl 2056 20 =X D Tl K /N2 30 A SUFT Senneset 55 42 Y 9715500 N B 82 1 22 40
NRGE BT ARUTEEE AR 3 B FLICH R 3 Bl ik 0 25 SR AT LE X S DU LR 0 2008 SR 1 B9 4 PR A
IWIRG . FE UL PCPT BERHAH E B - P BE 5 A HoA — %E 9 AT Sk 5 38 1k

1 M

H1 T PCPT 45k BT AR S 2 i b A8 L i A 1 B8 07 0 A BE X 19 1 5T B8 R L L 0 300 8 2% P A8 T MR
JE o 3K 26 TR A AN AN BEAR 4 B35 A E Y I RO AT B Uk 1 L AR AN W] By s 3R 24 5 R I AR
JEE AT B AR MR A R BRI . IE ANk, SEBRN TP R A g AN . B, 7 E N AMNE
LR ZE b AR AL 7 Ak R A5 o 0 A N R A 0 T LTI N R I VA 3 b
J735 1:Mayne 3 Hl FH T B 151 B8 47 1) 35 e 45 41 D mb N BEHE A (o) PPAR 2 0 A X
9017.6+11.o><1g{(g/‘rol/?%'0)m} : (D
KL, g WK IEJEHESG L T (kPa) » o', A S B S (kPa) . 1% 7E B IR A 4R 5T 70 4 i 1o AR 4l X 5k
2 AT YT
T3k 2 ARG 1 AR 2 52 B A E BT R ) D b R AR I R ML (@) RN KB (@) » AT A
L
Omin =30°+ 3{[10 — In(2.76,) ] X 0.01D, — 1}, (2)
@uar =307+ 3{[10 — In(1.16",) ] X 0.01D, — 1}, (3)
K, D, b H AR 2 SR (V)
Jik 3 RIS B G A b JR] B 0 B A AR I e ) B I T AR A XS AR Sk B AR Y 52 e AR 4l L XY
Tk P ARG L+ 1 24 H 8 L Senneset ZF 82 AP - Y EE A 0 A S
N,—1 90w
1+ N, XAu/(qg. —06w) owta’
AN N, TR WRE S R b LN ¢ i5E 0., WE EBE ) (kPa) 5 Au B LB KT )
(kPa) ;o' 200 R E AR - FLR AV X B 10 o o, JUBUE ] S5 3R 1,

4

x1 o'HBE
Table 1 Typical ' values
et ®x a'/kPa
*rt % 0<<a'<<5
B+ i 5<<a’'<15
Byt ] 15<<a’<<30
1 AR a'=0
b s 10<a’ <20
w 5L 20<a'<50
+ G E 4, K4 T, R a'>>50

2 N SEB

BN A B A R e = RN e 3 0 QS I DI v 1o 71 N = T 0 R S W (7 B AN e I A i



126 woE T O’ 39 £

VR 2 KU X, S0 22.8 °C L 1 IS HE T 8030, K VR 23~27 m, B4k b TG b [ 25 RS 7 1] 7K I 5%
DR

20m I:l bm= Z<10m

ﬁ :{% l:l Z =20m

BT o Xl

Fig.1 Location of the study area

JAHEL 37 i A X3 AR B b2 X, B R P 2 S S DU 20 48 S M L U G b HIORE R L A A
VAR O BURI R AU Oy 3, AR EEA W ZER R /ST I 2 R ML AR AL R . AR SR R W1
B EXELIE 3 AR ALB AL O fL E S Z /Y PCPT S8, A 3 FhoJy vk i B b + 2 N BE 3 4, 25
WE 2 s, Hd, J5/ =8 E45 R 50 45 B AR GB/T 50123 —1999¢ + T ik 46 77 B bk v U2 rh 81 2 19 18 56
T R E

W58 350 H AR 2 o i BURUR BUAR )2 455 B HOIR B0 BORE & B, B o LR 285 38 v 28 i 20 SR + R b
HESFENAEMK A, 208 KRR 15% ~30% . A HAZILIEHE N 19~20 kN/m® , Bk Chiiz
/NTF0.005 mm B AURLD BT AR SRV BT SR 306 ~16 %6,

Xof T A EEL 37 v 3 v A RRLRT R AR D )2 L R O 3 1 0 BT AS 0 P B A A AR K T 45 R (I
2) AR KRR Lol TRD = N EEBE L T LA, O ik 1 3 T SORL B S B R A i AR R A A D 2 . ARSI
SR A 2 Fp R A AR AN ] 0 AR R R D A A R T TR A R

Tk 2 BIET L2 LIRS SRR R T N TR BRRAA . ik 3 ALk
WG S 4 J7 2 B R FH B 52 BR AT HR L T840 R T U A OUR R N - A B 722 U I L L A 4 SR
S R EICREOL . LB/ R 4 00 B TV v RE L IBURE BT AR AR B RE S EAT L BRSPS/ T L AR
HERR R b L2 0 TARRRME . S5 G 18 2, A s SRR WY, I 5 vk 2 FJr ik 3 43 B i As b - P B 48 A 5 ik
B 25 S W) B A R B LS R WD ) D R A TR T IO B AR T AR AR

U T BT 22 (A R BCH 25 50 SR vk A A b D T S L (ELSE a0 B A AR SR i L RUFR
Wit e, 3 TR A )2 e ik 2 R0 vk 3 BEAR S S RS - 10 Y EE A A L i) A SRR B LR B
KT S Al 550 TR TS A £ S 4L



2 E RN S5 LR 7 Al PR A 0 S 2 D9 R A i R 127

PRI A/() B A/()
(20,25 30 35 40 45 50 55 60 65 70 75 80 15 20 25 30 35 40 45 50 55 60 65 70 75
T aaBg? o000, TN
B G IR :E:}»SCZE
11 j L
- ° g Edg "
E s N
£13 g9 4
gl gl
I::é 14 %}520
= g5 =
= =
g 16 522 1
T 23
18 24 1
19 25 1
20 26
()ATL
WEEA/()
20 25 30 35 40 45 50 55 60 65 70 75 80
12 o
131
14 1
_g\( 154
g(ﬁ o
= 161 -
=
B 171
]
B o181
gt
191 & Bl
N Fikl
o Fik2(F )
211 - JriE2( LR
 FFik3
22 « BE/ZHERRE
(e)CAL
B2 A, B. CALAESIN )2 NEE A CRITT PCPT i B
Fig.2 Internal friction angles of partial soil layers in borehole A, B and C (by using PCPT data)
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Application of PCPT Data to the Determination of Internal
Friction Angle of Sandy Soil

WANG Hu-gang, JIA Wei
(China Oilfield Services Limited s Tianjin 300459, China)

Abstract; As one of the shear strength indexes of sandy soil, the internal friction angle is an important
parameter in engineering design, and in conventional marine engineering surveys it is mainly determined by
indoor geotechnical tests such as triaxial compression test, direct shear test and particle size, gradation and
compactness. With the broadly implementing of PCPT in marine engineering surveys, parameters such as
cone resistance, sleeve friction and pore-water pressure measured through PCPT have been used to deter-
mine the internal friction angle of sandy soil, which has the advantages of no sampling, fast, reasonable
and reliable and is of more and more important engineering significance in the marine engineering surveys
such as pile foundation, pipeline routing and underwater foundations. In the present paper, three types of
methods in which the PCPT data is used for determining the internal friction angle of sandy soil are sum-
marized, which are the empirical formula for evaluating the internal friction angle proposed by Mayne, the
maximum minimum experience formula for sandy soil and the empirical formula for calculating the internal
friction angle of sandy soil proposed by Senneset, and application practice is carried out in three boreholes
taken from a wind farm in Guangdong coastal area of China. It has been illustrated that using PCPT data to
determine the internal friction angle of sandy soil has certain reliability and applicability if skilled in mea-
suring method, data acquisition, data processing and interpretation of PCPT and based on the calculation
method proposed by Senneset.
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