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Abstract; In order to study the main influencing factors of bearing behavior and settlement deformation of rock—
socketed short pile composite foundation, the static load tests of seven CFG rock—socketed short pile composite
foundation were carried out, and the test results were analyzed in combination with site investigation reports.The
results show that the CFG short pile can be used to reinforce the soft soil foundation in Qingdao, and the bearing
capacity characteristic values of the CFG composite foundation in the two test sites are 430, 450 kPa,
respectively, which satisfy the design requirements and still have room to exert its bearing capacity. The P—s
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curve of the CFG pile socket into rock, with length from 3 ~7 m, showing “s” type change, appearing the
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characteristics of semi—rigid end—bearing pile. The deformation of the composite foundation is mainly stemmed
from the compression of the pile. For the pile with length ranging from 3~6 m, the settlement increases by 52% ~
78% as the length increased by 60% ~70% , while the settlement increases by 36% ~ 106% as the pile length
increases by 1% ~4% for pile with length ranging from 7~8 m. Even so, the whole settlement does not exceed
14.5 mm, which meets the need of construction. The results provide design and application references for the
similar CFG pile, and improve the economic benefits of similar projects.

Keywords: CFG short pile; weathered rock foundation; static load test; bearing behavior

LS4 | Pk BT [ RE R M £ S bR , CRG A7 52 4 Hb 35 o 3] b 380 AR 76 % [ 14 22 4 IX 15 51 % e
7 FEL A ) ., R e 2 A SR N ] b B v oA SR CFG A B A g — Fh Al 2 vk AR 2
JEAEHFE AP TG T AURCRE KU BRI | B T B , -5 3 - P ] AR B 3R A7 2 Ay T i
P HBIEAL 5 v HA 5 RE M AR A0 K A P R4 A R A 1 PG ) 44 . CRG At
AT ] Az P ) J5E P 7 5 AT 5, 25 0 ) A R 38 TR T K, S A Ao R A ) A
P JE] ok 2 A R L B SR o ] AR 5 3 (08 A 3 3 R W 5 25, DR T XA ) 240 5 A S
G il 1 B 1 V€l N O -5 M DM b S T =

HHT, 6T CRG BN B 3 10 7 1 T A S04 5% % A0 DA AR A R AT 3t W DGR SE . 15 25 I (2004) )
S FVBUE R 7 9T T Fe SRR CRG Wk 4 S HR A 2 0 /6 FE AL X [ 45 (2005) ) A 3 K i
TERHFLAY P FE CFG A7E o I35 Acb 3904 R L i 56 (4 6 T 25 B A ) 5 Ak B8R 6 T %6 (2006 ) 17 4%
£ CFG L [F 4h B0 R P52 5 - R (U028 S, S0 BT 1 % 2 A M LR AR, 4R35 T T Pl T 1 2
SR T LU B AR (2006) il 3 CFG A7 7634 2 0 0 B L ) BRI AT S, 20 W T CFG Ak
5245 o BERE AP - 9 73R ZS RS TR R Chen 25 (2008) /151 T 81 CFG HEAI CFG R4 4 i 15 1 /K
71 S0 PR 2 A3 12 Feng 45 (2011) VO 1S T =k 4 Hb k3 J2 T B R 38 XA = 17 13 G 1 S
SR, 6 T AR 25 R AR AL XA R A EAT LA AR A RS 0 45 (2013) N 454 30 22
FESUH AL BRI 4R T KA A M R 3 ) 5 TS O . F B4 (2013) VR AR AN X
FEAT CFG A 2 A I 20 52 4 Hb i i 2 A7 3K 06, 3 30 25 01 0% X T B PR L T 2 % A Bl {1 4%
(2015) "5 X EE AT 3 AR RIVRBE R AP RS )2, 15 T 5 35 R AT S IS ] CRG A [ 4k
PRA AT ATE.

BE I, BRTE 2% E TR LR T CFG MEEFR ik -+ Ho I b i n 808, H. CFG B K
K, FEB BERERE A5, TG XU 5 M X B iR 1) CFG MRS A BE AT 40 75 19 M IX AR g %
I RV 3 A DX 22— , R 23 A e S TR A 5 B AT R AR R TR R 2 45 T R
B CFG HEAETT 15 XA 25 DX b i 5] A 3 o i 7 P9 L1 52 PR , AR SR T 75 85 7l 0 1 X 25 J2 40
(I ] CFG MEAN AL B H , Ff5d i CFG MER & UL BB AHR R, DF92 T 7 4R CFG M E &
HUEEAE 1A A F T B AR BRI RS T AR , JE X 5200 CRG HES A b BE TR 1 3 2 R A T 4307

1 R & TR

PRI LT 8 U L DR WA 2 A e % UM 2 O B R B DO R A AR X R
T WL L, AP BET aR ILR 1 A S RO B I3 2 e PR R, B R s T2 2O e L U] 7E
R A S R A R BE S ARLAE R A RS 2 Q) ~ @WIRTE M N e A A& S SR DJZ o EH K
JZ2 5 U AR FLBIE K TES TPl T K /N AR NS K S5 25 T K R #b 23 2Ok B RAK, T &
ikl =y C =il

DX N R IR MRS , BT UL R FHOK TR b B A1 9k ( CFG AE) 41 v it B /R 0 g Ak IS %6 CFG
AR FH I R 8 BATE T 25, SRt Sk e A BERBE ARt S , Tl b i XU 2%, S B T ki R A XL 5 T2
PIARRERYSEERE B B AR 00 A MR FHATE LR, ZEAl T CFG AEEMERL 713 MR, BEA 0.5 m, A1 3~6 m, B
OB 1.2 m IETTIEHES A B, A0 B s R AR B AL (E D 430 kPa; B MR AL RLAL, 2R R CFG



%5 3 1 SEFMEL, 55 WAL L RE CFG BEAE 45 B AR R e 7K 35

SVBER 580 AR, BEAR 0.5 m, HE 7~8 m, HEHLLEE 1.2 m 723X N CFG BERY A EIE TR A B, B 2R AL
B MR R EL g 450 kPa. PIARBE AOBE s 7 JZ= 3 38 L e 053 XA AE B

Bl i
FRREXLEE: Bk Fi o
RRFE  HKFR, WREERA FLBR W R BRI NEE HILRE)

TR /(g/cm’) % iy 14 58 B/MPa /kPa fi/(°)  HHE(E/kPa
bigsig i 1.80 22.0 16.7 0.711 0.38 5.64 46.7 29.4 180
S+ 1.90 26.5 14.8 0.789 0.26 4.94 41.0 25.0 170
s AE B 2.25 / >50.0 / / 46.00 40.0 30.0 800
%2 MHREEE

Hp=¥ e JtIg S P/ m Mif2/m HEFE/m A TR EE/m

A-1 3.5 0.5 1.2 0.75

A-2 3.3 0.5 1.2 0.75

A-3 A 5.6 0.5 1.2 0.75

A-4 3.8 0.5 1.2 0.75

B-1 7.3 0.5 1.2 0.5

B-2 B 7.4 0.5 1.2 0.5

B-3 7.6 0.5 1.2 0.5

2 Ry FE

R T WG R S iR CFG R A (1) 7R 8 A P R o ] A #4
BORBOR B X N B AR 7 At 2 A Rk 7
F AT I G , K 3 4 Y TR R K SCH R A5 S ka2
RARGE G AT

TR SR FH 8 0 4 1 ey 20 AR 6 R S b i A B B R
BIFEY (JGI 79-2012) 1 A, B #E7R He AR M 1E 7T , 7R AR 141
KHR 1.2 m, AR AT A% 50 mm JERD £ 442 38000 Tl Ak
AE &K 1700 kN, T 15 2 000 kN, 35354 Ml s

B2 #&RAARBIAS



36 MR RHE IR (A RBEIR) 2019 455 34 4

g TREBOARA FRA R A 1) RS-JYB JEBERF AT 10 R 4, nTSE B A 370 SUM B 5L R AR A A7 B
A, B HEXIIRAT 10 GMA, A BETFHINZ 86 kPa, B BEREZUINZ 90 kPa. BLIILH 1 LL AN TE 2 7.

3 R4 RE M

N TG CFG e i S & R AR AR TSI R s H 5 i s BERE SLIE R 5 THiCa BERIBIE ST,
RZ A F NI AR HE 3 1 JE 00 A SRl oo B 08 A 1 DA B U T 202 R M 7 e A AR R AR A £ 280
B REEN FZN K T CFG HEE G LM TTRE MR 5T, A7 W B 0 23 O ST B4R 1 B A
A BRI AR AR LN ) L R E A T N Z MR 0P ORI T K 0 S R R R 2 L R TR
AR BER 31 e S e S BN )y B I CFG WS A BT 1 R R
AT 42 R 7 2O B £ AR ) R A e g S
3.1 CFGC #HRaEnE AthEAIERS

A, BRE T REHER G MR AT IR 1Y P-s fhZKANTA] 3 FIIAT 4 PR

P/kPa P/kPa
172 258 344 430 516 602 688 774 860 946 180 270 360 450 540 630 720 810 900 990

R T T T T T T T T T 1 0 T T T T T T T T T 1

el
10
12
pp VM 14
14L 16 L
B3 AMAANEIER S RAT B B4 B Ak 3 A AR AR AT SR i 2R

M 3 FIE 4 FTLAE L, YR80 1k B i R g i, 7 AR B A S i P-s ik RELTE BT s
ALK P-s fZ AR A AL EERI 23 4 BB, IV S5 00 A9 BE Lk AR T B B L B SR At AR T B B B IR B A
B 4 MR A B R AE N R A RN 2R R 880 kPa I, e R YT 10.5 mm, i 28t TG S 433 45, ¥R
PEABEIR B B AR ALE Y BER A B A A MU A R AR T LR 430 kPa.B % 3 HRLBRE R A it
AR AR E IR IMER A 900 kPa i, f KR Ah 14.5 mm, i 2840 JC 0 5 453 50, 359 A E A SR I B L AR
PEALTE" W 26, B R B B A2 A S () AR AR T AT (B 450 kPa, WA & 4 5 14 R 38 ) AN
TR R ALK 33t 3 WIS A A MU AR R R 1 T S A, 7 MR A 52 4 M 6 14 7R 2 4 fiF
(B L2 3ARIRAEFLIBURESE S, WE & - IRV i , 7R AR, k3 7 2 7R 3% 01 w8, IR 46 28 /8. i e ]
1B TRITTIE Sk [ W 4, (AR TR A A8/ K 3~ 8 m 4% 5 5 5 5 38 B 1 ) S P i A
(PR, 20 11 A B (1 52 4 M LA AR KA 22 4 4 LA BN (612000 S8 RL A7, I b RN 361 77 588 ] 647
— 3B AR FIEIRE | LA 48 B F0RAR S

A3 BB RBERLYE

W 55 4 W PR 77 2/ kPa A LK 3R )RR kPa
A-1 860 430
A-2 860 430
A-3 860 430
A-4 860 430
B-1 900 450
B-2 900 450

B-3 900 450




533 AN, 55 ML AL CFG BER & M B R R B 5 37

LA A BE 4 AN P—s BEC 0], 73 ks R S M 4y A% AL 52 A MR AE DU AT 381 T T
AR A AR R A, A T 0 2 0 T s, 2 WA M 2 Py i i A i 28077 X0 52 5 MR DT R 2 IR 0K
o P-s M2k 5 s BIARAR I B SR DA NI F T A A 0 0 B R 0, 24 e 2R A
(172 kPa) i, AEFIAE ] oA R FEAE T, 08 2 ARAH 1 4l iy 280, JHL A S5 2 0 ) S 494 5 >4 1y 288 22
258 kPaltf, gy TAHERI NI EEBO, 7 3 32 2 CRG AR 0 — 2 ¥ Fi A A AR AH Ak TR A D42, FE i
FRHEAR N ITECTR , BIVAZ A i A T T R 1 0 B 2 R 4 A SRR AT 7™ A BRI | e B B oAy s
R B Rt 2893 K, 2 280/ T2 4 M /R 2800 R AR (430 kPa) i, A7 38 [ fH_E 38 A 280, {H el
k- LA 2RO, B R B CFG AR H, AR B A e I 4. 52 M SR DL R AR AL B 5248, P—s
e BULT- 22 5, ik TARET ., B B AT B Be. 2 J5 O AT B 28 A, b RS A 2888 i 1 136 )
A LA 355 73 2, I Bl 123 i A8 39 O (A i Ry g 2 28 7 A A A P IE | BU  e  AY
SR, el BOR SRIRVEASTE B B

1 LA EAE R, d T e Be L b A A S 2 TR A VR, AR B, 2 3t R K R
B E T N AR BT  sE 00 5% sy 3 RO R B, ZR A A2 45 S ] 2 A ey 8K Ak ]
FAEBRATEA T, MR FREERH T A A b LA/, by AR PR AR 338 2 A 45 0 )2, A i s 24 4
WK AE R TS )2 i WA L R IAE B i 12 IR AR AR /N, TR 2 PRy, T4t 2
W AR 7, (EFRZ S & M A DR R B .
32 CFCHamEHEatEREsmERS

WG AL B BT UL AR RO I RS A TR BE S BUa Tk 5 52 G B TR R A2 1
B RARVS CFG s R S IR DR R N R e T4 R L3 4.

4 AAERAREETHARERIT

W5 50 Kiztt R IE/m 1P K/ m A YU/ mm

A-1 7.0 0.75 4.15 4.99
A-2 6.6 0.75 4.15 5.85
A-3 11.2 0.75 4.15 8.87
A-4 7.6 0.75 4.15 10.5

B-1 14.6 0.50 7.33 7.04
B-2 14.8 0.50 7.33 9.59
B-3 15.2 0.50 7.33 14.5

GETER B, T A MR RCA HETERIIE (3~ 6 m) , FE XIS A O T, A AR PRAR IR I, A 4
K25 R TR R OR AR 1K 60% ~67% , DRI AT HE S 52% ~78%  HXS FAHERAHITAY A-1,A-2
BER Ta W 22 e A W fe iR 22, B T A-2 MEDRR LA ME KT A1 BRI DCRENZAS s X T B £
AR AINE (7 ~8 m) |, Y H A A AR R I, BERCHE K 1% ~ 4% , TTFE I AT 4K 36% ~ 106% , TR i G
FRIAFER 39 e 2 [ B R AR O B e L MR (ELB LR B /0, A7 . T 5 28 I R WA AT 2
PR B A RO AT RO s B 45 A HEA L, AR L 7 m By 3k R 4 o A TE i
(Y FC R, TS/ T 7 m, AR AT BN B B i T 4 B /N S I P A iy ) 2 T
BN AR BRI, A B (4 He 4 Bt A/ N R ), B B 4 5 D A E AR I B 1) 3 5 0 i) B A
HEOR, AR 18.4% , HOMTEAE Y 150 2 S fK, AT 110% 1 79.5% , 3% -5 Rif if v ik (9 RLEEAS
FE G 4 S0 AR B R R AT R 55 1 A ) R AR 5L B 02 T IROK PR 4, OF B A
WACRG L AR B BT, I AR AR BT , 15 7 /2 i 5 /KR B L DA ST L e
KB REEMA SR 2 M G AR, AT 2L 4 50055 3 S TR 22 K.

4 #ip
1) 4575 55 LI 7 FF GG A F I 712K - 55 T BTS00 R , 1 405 v M e AR 2 1 1 [ o



38 MR RHE IR (A RBEIR) 2019 455 34 4

FEMATL) T R, PR LUAR 5 , R BT IR B0, A 78 CFG 25 MM FROK B R AE(H D 430 kPa,
B 1Ty 450 kPa il i B 2OR HHORE A A% Rt

2)7 MR AR RACAE A 1Y CFG JEME(3~7 m) A5 HIEE P—s fiZ N ZALTE , B 2P W b B AR
AR, AR A R AT R 3y 4 ANBBE, BB B SR B BE S IB PR A TE B B BB B BE, 2k
7 AN ] HE S R DT IR K.

3)VMEMZAE T i CFG AR UTREAL L 1 Bk AME S I 4 i AEASIK IR AR AF B, X A e T
JEAE(3~6 m) , Y HA A M TR, AR 3 K 60% ~ 67% , LIt AT 38 K 52% ~ T8% , %ot - i W T S e
(7~8 m) , YHADZEAFAR R I, AR 1% ~ 4% , DU AT 36% ~ 106% , (LS TR AT B/, AN i
14.5 mm, i 2 TARRTE 2R CHHEAE AL 7 m, AL 5E 40 7 ST A9 FEE 2 28, 10 S /N T 7 m,
BERY AT S /N A B s s 2 R .

S 30k

[1] Zheng G, Jiang Y, Han J, et al. Performance of cement—fly ash—gravel pile—supported high—speed railway embankments over
soft marine clay[ J]. Marine Georesources and Geotechnology, 2011, 29(2); 145-161.

[2] WA, XUZE, ARFNAE. AKPeB KIS AT (CRG) HEAE S L 25 73 AT [ T ] W K=k ( HIABRFRR) , 2007, 34(9) .
1-5.

(3] REEdE, AT, KU s fie s gt b CFG R A ki S5O0 Al 1], 545, 2019, 49(12) : 120-124.

[4] You S, Cheng X, Guo H, et al. In—situ experimental study of heat exchange capacity of CFG pile geothermal exchangers[ J].
Energy and Buildings, 2014, 79. 23-31.

[5] BNl CFC HEE &S H L2 TARTERIEE [V ] 3R89 TAR Ca a8 TR ) , 2004 (8): 1-3.

(6] XIPREE, FhBIIE. KIRBERGALA NI CFG MEFEMFRAL S ity i JH [T . SRR, 2005, 21(3) : 73-76.

(7] EW, A, AL, %, CFG FEAHl R R 2 4K T s B iR R g m st [ 1] . BRiE#4, 2006, 28(6) : 112-116.

[8] #R%, LT, FFBI4 58, CFG A 5 i fim [l o s 2 % L ) BB F 5 [ ] By Ak “# 4l , 2006, 26(3)
305-309.

[9] Chen Q, Zhao M, Zhou G, et al. Bearing capacity and mechanical behavior of CFG pile composite foundation[ J]. Journal of
Central South University of Technology, 2008, 15. 45-49.

[10] Yuqin F, Lu Z. The study of mechanism of the lining on CFG pile composite foundation[ C ]//Electric Technology and Civil
Engineering (ICETCE) , 2011 International Conference on. IEEE, 2011 899-902.

[11] RoT5, XA Bt w2 SRR S BT )], B HoR 50, 2013, 13(6) : 1681-1685.

[12] £, RIEAR R 5. WX CFG MRS IRSITUE A iE R & s Bk BRI e V], & TR,
2013, 35(s2): 1063-1066.

[13] XL Kt 35 2{E%E CFC HER At ST AP AT (1] iRk, 2015, 31(11) : 98-102.

[14] o [E SRR IEBE. JGT 79-2012 @i I b i RFFE [ S]. 2012.

[1S] B BRe, TR 03, XUEHH. Jk AL — 6 45 0 00 R P A i Ry 2R A% 8 20 A [0 ] 8 J1 2% 5 TR A0, 2009, 28( 1) :
103-110.

[16] WAL CFG MER SBR[ 1], & 1 J1%, 2005, 26(s) :248-251.

[17] Femtd, £58, FEn 5 T EFIIRNE S AT I AN [T]. R RO (B ARB )
2007, 22(3): 61-65.

[ 18] Zhang C, Jiang G, Liu X, et al. Deformation performance of cement—{ly ash—gravel pile—supported embankments over silty
clay of medium compressibility: a case study[ J|. Arabian Journal of Geosciences, 2015, 8(7) : 4495-4507.

[19] &5, BEE, SHE % CFG HEE G M UTRE B8 Ryt m R R B [J]. Dk &5, 2013, 43(s1) .
476-479.

[20] Zheng J J, Abusharar S W, Wang X Z. Three—dimensional nonlinear finite element modeling of composite foundation formed

by CFG—lime piles[ J]. Computers and Geotechnics, 2008, 35(4) : 637-643.



