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Identification of shallow gas-bearing strata based on in situ
multi-function piezocone penetration test and its application
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Abstract: Although piezocone penetration test (CPTU) is widely used in engineering geological exploration, it has undeniable
deficiencies in detection accuracy of shallow gas-bearing strata. Based on CPTU penetration principle, the shear deformation
characteristics of soil at cone shoulder during penetration are analyzed. Furthermore, using the consolidated undrained triaxial shear
test of dense gassy sand with different initial saturations, the response law and difference of excess pore pressure in soil at cone
shoulder are discussed when CPTU probe penetrates into saturated and gas-bearing strata. The results show that, the presence of gas
can significantly affect the shear deformation characteristics of sand, and with the increase of gas content, the shear volumetric strain
increases, and transitions from shear dilatancy to shrinkage; however, the sensitivity of pore pressure response in soil decreases,
leading to a non-negative characteristic phenomenon, which can be regarded as an important symbol of gas-bearing strata
identification. According to the characteristics of shallow gas reservoir distributed in Jiangsu and Zhejiang coastal plain in China, a
fine identification method of gas-bearing strata based on in situ multi-function piezocone penetration test is developed. In this method,
the “dual control” index composed of silt or fine sand soil property identification and non-negative characteristics of excess pore
pressure is used for preliminary judgment, and then combined with multi-functional auxiliary parameters for further inspection and
correction. The validity of identification method is preliminarily verified in a practical engineering, and the identification accuracy of
multi-layer gas-bearing strata is thereby improved.
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Fig.1 Schematic diagram of spherical cavity expansion

FERDJZ A, 25 &S L BTARYE, ZEAREEPIRE T Yao
SERURRE Y HRD ol RS, S T RER LY
SRAGHERTERE, s (1D .

no J“fp df
o éal_g_vo/[v(l—f)z} )




3476 = +

Vaj % 2022 4

r=n

iﬁ%ﬁ%%%f=’A:éﬁﬁﬁﬁwﬁﬁﬁ@;

& RNBRFLILEERIRS; v N HARELARFEL; vo aPEIX
FAREAARFR

Bl 2 s, W, EiAs 3 P SEEERD L AEEK
FLALEY R 165, BD a/ao = 2 W FLE AR LLARER
RIEREE. Hr, BARRIR SRS FLEEEE 5,
PALFRA AR v, HAEBRR, BWRE LA LA
BRI E S, R HE 2 TEH, 176
IEME X P, 3 s SE B Ok R U AF A OR 22 5
XFBAAASH -, SEEFLEER I LLARFR v 9, =
WE BRI ST, Emseswt, bkEEE
I fLEE, FOARRR v (EI OB, TEFLEERL (rao =
D kB, UL FLEE, P E7E CPTU &8
LN FE B IKRAS TR B 5, FLEE AL A4 L AR
v A[EINIE 30%. Kk, CPTU #k TN FEH,
HEJB AL B AR BT U AR TR B2 R HE ) A ) FL e
Mo

281 — %
FAVE X <-— — FPEX g

26 ik

4 5 6 78910
rlag
B2 ANFESEEERD 1 LR RR R R AR
Fig.2 Development law of specific volume of sand with
different compactnesses

2.2 £IhEE CPTU KRB

H 20 tHh4d 90 FEARLLK, il TR R, &
LR TAEH M4k IT & 7 3& F T SR (1 2 Thik
Feikas, FIE SN R IRE Z T e R AR R A S5,
ol L PH SR A RS . MR DA I B 2R A K
By U RIS TR R 8 2504 252 R
H BIA 2 ThRE A& AR IR M 2R ES 4L, vl 4 Bh
PR S)Z

A JE SRS H T RA M2 Uikt CPTU 4Rk~
L FH % CPTU (resistivity cone penetration test,
RCPTU) ##3k, #MAT{NA4 RCPTU. RCPTU &
TEH AL CPTU &4l 390 1 P 2 A B, Ed i
PR AR S ot RE, HATER S + TR
5 Gt R 1) B LA B i AR FE VPR DR R 1)

MUY, 2 E i Hogentogler HAFHR#ER L,
Bl 3 o, HLBHEAL B R D Bl w1 77 20,
FHAREAR AR A 5 em.

—

R AL — o HUBERE > MU
%%m%ggg
o
KCE ' MIEEAEEE S

MEEINETCAE
v #ER BT

LA —EHE
FUE RS

B3 RCPTU &AM
Fig.3 Composition of RCPTU probe!'4!

F T R B A B 52 ) A 5 R 2 ] R i ok
PECREE KB ANE S BL K B T PR A% 2 B A
RINLEEW, BB ERSHE AR, B
Hp) “TRDRIR” WA AR 2 R P20, fEAR
e, AR IR SRR I AR — R B
PERES ZHOm AR .

3 EEEN CU BIFLIESFAE

AR, CPTU SIS #EE A B AR R8I )
AT AG SR MZ AL FLE IR N, WA B HE R AbFLIE
A TS R FL R T 7 1 3% AT DA T4 g e HE AN [ - 2 AE
TINGKAT NSRRI, T 3 ) =4
R, B CPTU TN HARMIBT U RE, S &S
ARG AORE N AR RS R, FFRTH LR
M SRR, A BT R IR R B SR RRAE

1 Geik 740 T ERE T T R S A v 2
SAEZEEAYPERFIER0, RATEH, REAW
T EAEEZ LR EO RS, AR, HALBIE e — %
INF 0.7 IRHE Ca T TREMEMIE) (GB 50021 —
2001) PBRFFLERLG e FLAIE SRR 5k, WEH
LW AE 200 L2 . Bk 4imb.
DRI, AR SC = At DL SEAS AR AR BT FE Xt 42

4 CPTU #:k A 1.5 coy/s BEANMBZNF, B F1f
BAEFBT AR R, FLBRZKORAS S HEH, P2 AR B FLIR
IKIE S, FefUR i S AFAE ] 22 AN HEK & 1F T %0
BT ISR R Rk, DU RH CU R TT R



#1284 VEREXREE: He TSR 2 D RE AL IS 8 70 AR 1) 35 2 Ut 2R ) 5 3477

WHFT
R THIGET R SRR R YERAE

Table 1 Physical characteristics of gas reservoirs in typical
shallow gas areas in Jiangsu and Zhejiang coastal plain!?-3!
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otk —5 2RI R L 4Aih 0.72
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Fig.4 Grain size distribution curve of testing sand
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Table 2 CU test scheme of gassy sand
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Fig.6 CU test results of dense gassy sand

4 FREEIITE

HIR CR, ARSI e B3z 0 A1 ) i
RRJZ R EAEE T o~ 3 SIS R,
IR EBOR, X TR fE E R R . ik
AT RORRIIRAE RS 25, i 2 TR, A



#1284 VEREXREE e TSR 2 D RE AL IS 8 0 AR A 25 8 J2 U200 5 3479

BN ESERBMPR L, A TRERMAX
1% ThEE CPTU M7 .

(1) B4, RAZINEE CPTU #4M8 (F /1filiR
FARFNY (TBI 37—93) PIHATHI AL E: J1fih
PRI, FRIVHERBA ST g MIEEFR DT fin FEKE TS
uos FLBRKIEST ua L7 N FT ovo PA K 22 T REAE JK
A S H bl HhZ TR FE AR A 2k

(2) T FARPTRECEAE, X e s AT £
BRGNS 2R, SRS EVIVERHE R AiRD |
I3 JZAAZ &

(3) HEFZIhEE CPTU Frill /56> 2 Mt FL Ik 3k
FURFE, MAHRD . 4 oA E iR A BB U2

(4) HRAEZ DRI SE, B EURE 7% A
SRR SR MG — P, BAME T SZEMAR
USRS

5 TLTHENH

e Em R E K <\ B md kg )
CYRTLEE” METLRRE, 2 ntir i BhIE A (1)
MRS 7, R = A3 B O Ik i . 1
B sy b, mEEEEE. 2. M. Ml
Jeuli, ZSEIEIE. SEOBITRERIE M LI sk
W —BL, PR ARERE TILARES R
BWE, BKY 141 km, BEETHEWAE 7 Fis.

B 7 SR REE T B
Fig.7 Plan of cross-river tunnel from Chongming to
Taicang

FRTTPETE TR IR Z AR, EhERE R
W2 IR 2 AR IS, %o R TE ) AN 520
EFArRR S ESRITE, A IR sk
SR OK RV R 18 B 1k [X 3 =2 <40 57 JF & R A2 22 D e
CPTU 5%, PAESHIEA ST HR IV 2501k
51 LEREHS5EERIS

e, B II% L IhEE CPTU 1R 36 $K B e Ik

R = B R AR s, EAEHEDRRE ) g MIBERH T fon
#KEST uon FLBRIKET) uns EAEER S ove LI
Z R R SRR ) At S HIR, AR
Robertson 143287572 (SBTn K) B8Ixt R k48 bR
AT Ao 3, 15203 — A HESRPH /) O A — AL BERH
b Fro i8S OcF: 52K T R S R
X5y, HoE XanF:

Qt:(qt_o-vo)/(o-vo_uo) (3
Fr=fs/(qt—O'V0)><100% (4)

FHT SBTn ISR 1 bR+ 5 73250715 (USCS),
5 E e (A TREEEMIE) (GB 50021 —
2001) BUFR KT E UAFEZE R, B
AT AE NG 45090, Bt J= g [ s = 4 R v ) 8 I
& 3 FoR.

103

107

10!

H—LHERIEE O

107 10° 10!
JA—ALEERHLEL Fy

8 EintirRKIriE

Fig.8 Classification method of Chinese standard soil*’!
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Table 3 Soil classification in Chinese code and
corresponding partition]

Ert 2 LA X
AR L 1 [XA12 X
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R 3XA4 X
e 4 X
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Fig.9 Comparative analysis between borehole core logging
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Table 4 Analysis of error between borehole core logging
and CPTU soil division results
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Fig.10 Verification results of resistivity curves
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