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Abstract: The inner core of traditional stiffened deep mixed piles is typically a prestressed concrete cylinder, relying solely on
friction and bonding between the inner and outer cores to transmit load. Field investigations reveal that the bonding force between the
soil-cement pile and the tubular pile interface is minimal. When the design is carried out according to specifications, the shear
strength of the inner interface is often significantly low. To address this issue, the inner core prestressed concrete cylinder is replaced
with a steel pipe pile, and the shear strength of the interface between the inner core prestressed concrete pipe pile and the outer core
cement-soil pile is investigated. Additionally, a steel pipe pile with spiral blades on its outer surface is proposed as a new type of
inner core pile. Shear tests on the internal interface were conducted on pile section samples with inner cores of non-ribbed steel pipes
and spiral blade steel pipes. The factors influencing the ultimate shear force of the internal interface were analyzed, and the
quantitative data were characterized. The shear failure mode of the inner and outer cores of the new composite pile, along with the
evolution law and calculation method of the shear strength parameters of the inner interface, were determined. The shear strength
parameters of the inner interface in the bearing capacity calculation formula of the pile, as specified in the Technical specification for
strength composite piles (JG/T 023 —2007), were modified.
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Table 4 Size parameters of core pile
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Fig.1 Experimental materials
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Table 6 Summary table of ultimate shear resistance
of internal interface of pile section
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Fig.11 Relationship between ultimate shear resistance and
cement-soil strength under different vertical projection
diameters of spiral blades
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Table 8 Summary table of shear strength parameters of internal interface

URBERT

%{;}tt ijjﬂ o BZN91.4 mm E429128.0 mm
A A yIA ¥ /A [ A A 7/ ¥ W/ [
15(—HIfE)  0.1804  0.1268 01615 14255 02572 0.6245 01127 01340 0.1902 19686 03552 0.6152 0.1110
20 00391 0.1607 02649 68950 02699 3.0208 0.1182 01689 02826 10.0175 03921 3.1305 0.1225
25 0.0150 0.1368 02312 149519 02242 65507 0.0982 01592 02713 242154 03631 75673 0.1135
IS(C#IE)  0.1510 - - - - - - 0.1371 02023 23410 03536 07316 0.1105
15CFHME)  0.1657 — — — — — — 0.1355 01963 21383 03544 0.6682 0.1107
42 BEHH Hoez .

8 HEE AT R0, —IRENERIKIEB AN
15% 1 T TN Bk B, He 9 S I 40 8Y 9 B 240075
TEE R KPR IB N 20% 25%F FIAH N S5
Rk, ATHAAHTEKEB AL 15%~20%it 2,
TCIANE B B ALY s 2 ) T — A2 T
B RE, 7E 20%~25%2 (Al p&E B 1122
FEh, TERERIKIE RS K ERE B R
IKVEBANLEN 20%. 25%I FEA W3 sl 14 B 2 i
FKEBNE R 15%0F . X AT 685 4 AL Sy se
TEE—E ORI, AR/ R R, HA
S 5N E B, BT AR AT RE & A 5t
T P BY 3 P S HAE 15%~20% ] 2URI T B (1 — T34k
FERME. KB NN 15%IF, ToAhANE Bobt B
(199 X PN S THT B0 BY 50 P S 5001 B3 45 R ) AR s i
Ko JRFATRERAFERME . AFEHK RN E SR
TH] PR R T AR AR, BEER, 9 H 58t T
T2 | FhHMERBEZ MAERKOBER. KL
e NEE S e K AL A, oy A
DU SR AS B AR b, 75 EAN NS E F oRrf

X TR AN BB, TR 4 R it
ALL g PR RS VT R T P 88 [ 45 R T P LE [ A A ) 41 L
A N 5K AN EI I, e v E K Je R 3AR
ks, Bk, fEAEEDKEBALT, HAF ey
RESEMERN MG — T B E MR, RERE R —
BEAT N AAE ST A ES R, $R9F A7 TR A -
KRB NN 15%00, HIRFEM J T A 1 1m) T B,
H A FTHPUET RS A 7E 0.130 4 iHil; /KBS
ANEEA 20%0F, ATE 0.164 8 Fftit: 24/KiIEHB AL
N 25%HF, A TE 0.148 0 Fftir. BEEKIEBALLI
WK, A 2353 K Ja vk N R, a0l 12 B

T8y / A FoRIR Tt N BB AN B
WA HUBY R RIS EL R, HAE B KRS A
RNl IR S A R e b NI 32 by NP
Mg K o 7E 7K YB35 A B HE 20% 2510 5 25% i FE
BRI FHHPUBT R E S A EA Frs, HTK
Ve LSRR, B BRI et b Frae 8y 1
AR K R, R ARpiETae ) AR 8y
FERE ) B2 RN, PR B 4 T — A S s f



52 4 REFRAE: HEKYE S P ST BT 5 LR IR AT AT 475

KT J Bl /N R 78, B R 7R 1 REYE[17-18]
PAZK e T B e M BRI 9 B D v, SR bk
BEAT A A P ST B B i 5 A ) A e ME AN HERA
AR TE I FANE BB v/ A Ky ARALih i 13
FiR o

0.2826

30
IKPEBNLL %

K12 RARHEM e Bt B AR A AL 2%
Fig.12 Curves of A and A’ of steel pipe section
with spiral blades

242154

[ vi2
20 F <= -+ 91.4mm

ﬁ - —&128.0 mm
N 15 |
B 10.017 5 14.951 9
= 10 b
R %.895 0
E ST 19686
E 7 1425
D04t 03552, 03921 03631
L 0257 ———=— 1
02 02699 02242
0.0 '
10 5 20 2 30

IKIRBALL %

Bl 13 B e BR By AR y AL 2R
Fig.13 Curves of y/A1 and yof steel pipe section
with spiral blades

® 8P o fERE A8 BB ZEREN, H o6 A
BRMREGL . RIS By, BTN
By RN ST T IR RO IR, L
R BokAR A, wIGH 6 MIFIEK o ik T —
NG E. X SRR e it o B AN i
AT T AN AR T H AT F, AEK e 0RE
LG e ) B AR ORI E R, TSR 6 A
ERPEME, A A S 5B ZROR P S sk — %
M. HREEREMRE, dT kg Es
HIKYe ERERIE,  FHFRIE A T 22 e 52 B 51
RS AR, PR, I EBUE A DO T eI R
HAHIS AL T, 2R R TR A SREEAT IRZ R
WA 2 Bt e (H 0/ A AR o ST, AXU/EN
fiBhZ% . BRI E BB 0/ A N o A il

2K 14 B,

g [ w2 7.5673
#® - —+—91.4 mm 6.550 7
™6 o 1280 mm
& s
® 3r
B 2t
E 1} 06245
BS £ 06152
& | 01127, 04225 0.1135
01T o1110 0.1182  0.0982
0.0 . . . )
10 15 20 25 30

KB N %

B 14 BB 88 B R o/ A K oA I 28
Fig.14 Curves of w/A and w of steel pipe section
with spiral blades

43 BAAR

N B AT BT, 4 55U B
FOSIR IR SEARN, IR T TRER R U, AR
FR A e B2 ARt — AN £, B2 A B fe A
ikt

43 (D Hp(f,), &2 Hg (f,), &3
N, (f,), KR (D ~ 3) AR (5) W7

f
¢(2cu)=HXO.O4Xﬂ'1XfcuX106X0'l (6)

gl(fcu)_ —6
5 =1x0.091 4x A, x f_ x107 x0.070 4 + %0

nx0.04x 4 x f,, x107°x%0.029 6

f
%gw):nxoUSOX%xfwxm6xagm4+ (8

nx0.04x 2, x f x107°x0.029 6

K A NTERE BN A s g S5; 4, &
A N AL 2 T 15 e i N BE A
[EEIEE

Beara (60, (7)) LA (6). (8), fiftfs

0.148 691

2,=0.090 396 + ~0217517  (9)

cu

0.059 664

4, =—0.096 558, — +0.313 085 (10)

cu

0.049 085

A =-0.062 148 f  — +0.280 527 (11)

R (9) ~ (11) HLL 28 d /KIE H kBT R HT
JERERE f o NEARE, | 9408 MPa. TERIANE B



476 = +

b 2025 4F

PN S T 470 BY o R AEAE B g
o =4 f, =0.090 3962 —0.217 517f_ +0.148 691

(12)
WE e Pt B BN ST BY g R EL R

q =4, f, =—0.096 558 f2 +0.313 085f , —0.059 664
(13)

Q=4 f, =—0.062 148 f, > +0.280 527 —0.049 085

(14>
GG (130 (14D (P EME A v i e 4N
B BIN I PURY SR R R, B

Q¢ =4, =—0.079 35f > +0.296 81f,, —0.054 375
(15)

5 4w

ASCER M TSR R A, AT TR
B S B OIS, I T ASFK IR B AL AN
PGHENEIE T 28 d JBY SR EERFE . 5 AR 458

QPR TRiHiR= Y S PITLLR7IL1 27N S WP W
AN E BOEBORAFE, VAW E TR AR [F) T 5 A8
IKYE BT X FHRHE N B Boal ke, D9
JHE P AN IR e I P B v R T I [ A AR R A
[l 1) 5 4K e LB

(2) AT TBY 5 BE IR AL MU S AR B 47 -
BEH 26 5 T R il 2628100, 22 Py B PR
HETHHr BT L A EERIE TR B f o TT
P BRI, 3 ANE Bre T8 et Fr H8°E BOE BLm
= BEERReT A BEY EAR . KEBALL, K
Je ARG N, BRRGTET S AT I, SR K,
XTI E BUEBO 5, FEEKIEBALL, TKiE
LSRRI, ARERPUBY ) S POk B, PR IR
B, HED K e LR ITEL. RSB B
1 S5 TR ) W R4 BRI L AR AR RS, Bl R e
FREABGCEAR KIS A LLRE TN, ik
e ] J R DR B, A SR T A BB A B T8 )
B K . PRBTBY V) SR e Fr B R BA
LKoo B 2 1A) 25 B S 0t B R 2R I SR AR

(3) WATGIBY SRS E o & TREN A Xt
TN Btk B, A A DU BY 5 2 B R
AN VORI E A NS P Rk B X 1R
Jert P A B B, DLSESR A A SREEAT P ST BT
SRIEETH BEE/KJEB AR, A EHAL D6
KIa/NERE. BEEKES AL, et 5k im

W EARRIE R, R N BB AN & BN
FHIPLHI RO RAR 2 B R . FEE T e
P, AHE RS (12) ~ (15) #E, B
Fr m B BLAR MoKV R Y R e, B
HPLBY S HL K 8 F o i 6 MERIFEIE,
A I 5 14 P9 57 T 70 B 5 B R PR Ak SR 7K e i B
gt & s BA 2 B, DL A e g e
FANE BB

2 % X W

(11 FREE, BRED. Kl Lk R IR FRLRIR[T]. oA
%, 2007, 27(3): 34-41.

CHEN Su, CHEN Guo-xing. Research summary of
cement-soil pile composite foundation[J]. Journal of
China & Foreign Highway, 2007, 27(3): 34-41.

[2] KRB, g BRIEM, & SRS PERT RN KR

FIEFHBLHIEFE[I]. & 1%, 2023, 44(12): 3577-
3586.
ZHU Rui, ZHOU Feng, CHEN Ting-zhu, et al. Soil
squeezing effect and bearing mechanism of strength
composite pile[J]. Rock and Soil Mechanics, 2023,
44(12): 3577-3586.

(31 BidH, G5, FHFK, & VRS S T s
HAER ISR T[], & 1%, 2011, 32(8): 2473-2478.
GU Shi-tan, SHI Jian-yong, WANG Chun-qiu, et al.
Theoretical study of core pile load transfer regularity of
reinforced mixing pile[J]. Rock and Soil Mechanics,
2011, 32(8): 2473-2478.

[4] E20, BEX, WHE. KR Lh a2 5K &

HREE py BT[] & TR, 2020, 42(2):
381-389.
WANG An-hui, ZHANG Ding-wen, XIE Jing-chen. p-y
curves for lateral bearing behavior of strength composite
piles in soft clay[J]. Chinese Journal of Geotechnical
Engineering, 2020, 42(2): 381-389.

[51 FRE®, BRIFR, RIS, 5. RAVEREAL TS558 K e

TR AT BAR L RFE I HT[I]. W R RS R (B AR
2£1), 2023, 50(1): 152-160.
CHEN Chang-fu, CHEN Su-shu, ZHU Shi-min, et al.
Analysis on load transfer behaviors of equal-core
stiffened deep mixed pile under flexible foundation[J].
Journal of Hunan University (Natural Sciences), 2023,
50(1): 152-160.

[6] HGRH. SVES A HEA L AN R A o B U R
REHFF[D]. 75 HREBT K, 2022,



%

2

FRERRAE BN KYE T2 A P S T BT 5 LR IR AT AT

477

(10]

[11]

[12]

HU Guang-yang. Experimental study on shear
characteristics of the contact surface of strength composite
pile’s inner and outer core and pile peri-pile soil[D].
Nanchang: East China University of Technology, 2022.
FRA, KW, XA, 5. EH KV - E A
MR, A 5 TREAR, 2014, 336 T
1): 3068-3076.

LI Jun-cai, ZHANG Yong-gang, DENG Ya-guang, et al.
Load transfer mechanism of composite pile composed of
jet-mixing cement and PHC pile with core concrete[J].
Chinese Journal of Rock Mechanics and Engineering,
2014, 33(Suppl.1): 3068-3076.

FRA, I, RESE, & RKiBEEHEKELE
ErREAR BRI ST, 5 12 77%, 2009, 30(1): 181-185.
LI Jun-cai, DENG Ya-guang, SONG Gui-hua, et al.
Analysis of load-bearing mechanism of composite
foundation of plain concrete reinforced cement-soil
mixing piles[J]. Rock and Soil Mechanics, 2009, 30(1):
181-185.

. K YR B R A A B 1] AR SR AL I BF 7T (D]
K HEREE, 2021.

LI Zi-tian. Study on the vertical bearing capacity of
stiffened deep cement mixing (SDCM) piles[D]. Taiyuan:
North University of China, 2021.

RO, FEW], ERGE. KU 2 G A IR AT
). A LREEER, 2004, 26(3): 432-434.

WU Mai, DOU Yuan-ming, WANG En-yuan. A study on
load transfer mechanism of stiffened DCM pile[J].
Chinese Journal of Geotechnical Engineering, 2004,
26(3): 432-434.

VR, WilgE, WINE, % SRR st 7T ).
HFLE 2R, 2001, 22(2): 92-96.

LING Guang-rong, AN Hai-yu, XIE Dai-zong, et al.
Experimental study on concrete core mixing pile[J].
Journal of Building Structures, 2001, 22(2): 92-96.
VOOTTIPRUEX P, BERGADO D T, SUKSAWAT T.
Behavior and simulation of deep cement mixing (DCM)
and stiffened deep cement mixing (SDCM) piles under
full scale loading[J]. Soils and Foundations, 2011, 51(2):
307-320.

KRR, NRIR, ek, 55 K H R G MK
RIS AC[)]. TREF &, 2012, 30(5): 12-16.
SONG Yi-zhong, BU Fa-dong, CHENG Hai-tao, et al.
Experimental study on bearing capacity of pipe pile

cement-soil composite foundation pile[J]. Construction

[14]

[16]

[17]

[18]

[19]

Quality, 2012, 30(5): 12-16.

RIAR, FEHEE, DROR, 55 EHKR LR A& REET
TEN B[N, M THER, 2012, 41(5): 89-91, 99.
SONG Yi-zhong, CHENG Hai-tao, BU Fa-dong, et al.
Study on engineering application of composite pile made
up of jet-mixing cement and PHC with core concrete[J].
Construction Technology, 2012, 41(5): 89-91, 99.

PR, A, HE, 5 LR T AKERE LD AR
KA BRI 7)) L, 2023, 53(6):
53-58.

LI Xin, WANG Meng, WAN Zheng, et al. Experimental
study on cement-soil composite pipe pile in dense sand
pebble layer of Beijing Workers Stadium[J]. Building
Structure, 2023, 53(6): 53-58.

FA, R, BT, S LR T AR E LW INA 2
K L EEEREBHSHE L], #RE5H, 2023, 53(6):
47-52, 5.

WANG Meng, LI Xin, JU Zhu, et al. Design and
construction on cement-soil composite pipe pile in dense
sand pebble layer of Beijing Workers Stadium[J].
Building Structure, 2023, 53(6): 47-52, 5.

e N RIERIE 5 Fd 2 8. JGI/T 327—2014
S A PEBARMARS]. Abnt: B E@F Tk R,
2014.

Ministry of Housing and Urban-Rural Development of
the People’s Republic of China. JGJ/T 327 — 2014
Technical specification for strength composite piles[S].
Beijing: China Architecture & Building Press, 2014.

A N R 5 ANk 2 i@ B0, JGI/T 330—2014
KYe £ E A E A BORIFES]. dbat: HEEK T
Ak Hi R, 2014,

Ministry of Housing and Urban-Rural Development of
the People’s Republic of China. JGJ/T 330 — 2014
Technical specification for pile foundation of pipe pile
embedded in cement soil[S]. Beijing: China Architecture
& Building Press, 2014.

LA )T, DB13(J) 50—2005 JEFE K Ye -4
EHEE A HUFEBORIRELS). Jbat: hE @M Tk iR
#t, 2005.

Department of Construction of Hebei Province. DB13(J)
50—2005 Technical specification for composite foundation
of SDM pile[S].
Industry Press, 2005.

AL (55 M 2 3T, DB13(J)T 70—2018 itk
O F5 Sk e MR SR A A HORIUAR[S]. A 5 HE: it

Beijing: China Building Materials



478 ET I Y 2025 4F
BT, 2018, Technology Press, 2007.
Department of Housing and Urban-Rural Development of [24] VLA EBIT. JG/T 023—2007 SMC PR A HEHAR
Hebei Province. DB13(J)/T 70—2018 Technical specification FUFE[S]. FIRt: VLA EW/T, 2007.
for composite foundation of rammed soil-cement piles Department of Housing and Urban-Rural Development of
with rigid core[S]. Shijiazhuang: Department of Housing Jiangsu Province. JG/T 023 —2007 Technical specification
and Urban-Rural Development of Hebei Province, 2018. for SMC strength composite piles[S]. Nanjing:

[21] REWERBEEHEZE LS. DB/T 29—160—2006 =B Department of Housing and Urban-Rural Development of
GHAMEAMIES]. KE: RETEEEEERLS, Jiangsu Province, 2007.

2006. [25] YLHEEFA 2 @ET. DGI32/TT 151—2013 hitE
Tianjin  Housing and Urban-Rural Construction GAEHAFFES]. m Al VLIRRREHAR kA, 2013.
Commission. DB/T 29—160—2006 Technical code for Department of Housing and Urban-Rural Development of
JG soil-cement-pile strengthened pile (JPP)[S]. Tianjin: Jiangsu Province. DGJ32/TJ 151 — 2013 Technical
Tianjin Housing and Urban-Rural Construction Commission, specification for strength composite piles[S]. Nanjing:
2006. Jiangsu Science and Technology Press, 2013.

[22] REEMEREAW 2 @24, DB/T 29—102—2021 [26] = N RFEFNEE 5 FI £ # 8. JGI/T 233—2011
AT ENVE S AR SR URR[S]. REE: REEH(E 55 A KYe L HE A EE BT ARLS]. Abnt: s EE S Tk H AR
W2 @ b2, 2021 A, 2011.

Tianjin Housing and Urban-Rural Construction Ministry of Housing and Urban-Rural Development of
Commission. DB/T 29— 102 —2021 Tianjin technical the People’s Republic of China. JGJ/T 233 — 2011
specification for reinforced cement soil mixed pile[S]. Specification for mix proportion design of cement soil[S].
Tianjin: Tianjin Housing and Urban-Rural Construction Beijing: China Architecture & Building Press, 2011.

Commission, 2021. [27] AR RILFIEAE 55 AR 2 s 8. JGI 94—2008 4

B ERIT. DBIS3/T—19—2007 fiaSiteEptdi AR
MFE[S]. BW: =raRhs H AR AL, 2007,
Department

DBJ53/T—19—2007 Technical specification for concrete

of Construction of Yunnan Province.

core mixing pile[S]. Kunming: Yunnan Science and

FHEREB RIS, Abat: B E @S Tl L, 2008.

Ministry of Housing and Urban-Rural Development of
the People’s Republic of China. JGJ 94—2008 Technical
code for building pile foundations[S]. Beijing: China
Architecture & Building Press, 2008.



