54555 W b2 LN ~ S | O Vol.4 No.5
2022 429 H Journal of Ground Improvement Sep. 2022

DOI: 10.3785/j.issn.2096-7195.2022.05.011
[TiERA]

WM E KRB RNEZ LI FL SR L RERT 5
BEA L, HE)S, AR BAR? REFE? BERT

(L IR HTT MR B8 528 SR B E S SEue ==, WL IR 3250065 2. WILASH+H—Husi KBA, #iT iR 325006;
3. Wi A R AR AR, WL BN 325006; 4. iRMIATEIHUR TAEA R A, WL iR 325006)

/.

# E: NRAKERESUINETE AL B FL A e S M RE AR A0 RS i TS e, USRI K B AR RS FLAE
e TR 5, AR T 37V 2% 1 R 1 0 2 8 TR R B 1) S8 B it D K AR B FLAE it TR S . 45 3R,
FE AL AR R I T BRI LR YL, AL VR 2 LL BRI/, S b 3R 5 L A3 & Ha 8 R2 75 0.858~0.987
Z 1A RFERRMERTBOLFE T, M IN, JeRP RIS B, S805 LA R
R TR AFLE, BETWRN B EEEWILRITEEE, FURIREK S ER R &k 86%. KASL XIE
W7 R EBR O ALEATIEFL, 1.5~2h I SEREfL; TE AL e R RIGEHE VR 1, 38 o FLIR BRI AR DT
XHEIR: KEAN; R SR, WE;, FE Vs

FESES: TU473.1 XRAFRIRED: A NERS: 2096-7195(2022)05-0437-08

Study on the mud properties of large diameter rotary drilling bored pile
in sand stratum
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Abstract: In order to investigate the changes of mud properties and its impact on the quality of construction, the
construction of large diameter rotary drilling bored pile in the process of hole forming in Longquan city is taken as the
background. According to the changes of mud properties measured on site, the control measures are formulated in time,
which provides reference for construction of large diameter bored pile. The results show that the sand in the mud of the
hole precipitates towards the bottom of the hole during hole forming, so that the mud specific gravity in the hole
gradually decreases, and the fitting indexes R? between the sand content and specific gravity are between 0.858 and
0.987. The decrease of sand content results in the decrease of mud viscosity, and the colloidal portion of the mud is
gradually consumed during the cycle, which leads to the sand carrying capacity of mud decreasing during hole cleaning.
After finishing drilling, the changes of sand content of the mud directly affects the thickness of the sediment at the bottom
of the hole. The sand content of the mud is up to 86%. The gas lift reverse circulation together with the sand removal
machine is used to clear the hole, and the clearing process can be completed in 1.5-2 hours. After clearing the hole, it is
necessary to pour concrete immediately to avoid sediment deposition at the bottom of the hole again.

Key words: large diameter pile; mud; sand content; specific gravity; viscosity; sediment

0 31 B 08, FER TR, MR TR, BB T
AT AT I [ I8 FEES) . Sk B AR LM (6 T
SRPLHERERE A TR EFMET TR S RARR R, ABEARERAE R, PUEME. B

ks HEA: 2022-02-27
1T 3K (1968—), T, Widbair s N, WL, B2 S m g TAEIN, 5B N Fik L AR SO B 45 D7 I Y T4E - E-mail: 252735683@4qq.com.
FEEEH: AEFEMR (1992—) , FB, WHbEHA, Wit, TRH, FENFPEEGH, HEA T TRSSERN RSN . E-mail:
shaojicheng2021@126.com,



438 o K

b

20229 H

SENE RIF, G X RARS . B2 R
BRI v TR LR Bk AR 45 D RE T H A A
BOR e, X RMEAB I ESRZH IS, KB,
et AR TRE IR L P B R 2 1, R AR E
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1.1 TiEEN

AT E AL TR T R TR %, TH A
A M R ST AT AR, VR R 2 DR S A
&, WM FEHEIL 35 2, & 156 my A RHESE 30

JZ, T 159.8 m, BB G N R T iR A .
ADHWIHA 91 R TN, #EAIHN 1 200~
2 400 mm, HEKALE 17~39 m, FKF XR 550D #Yjig
ZEGHLEEAT L. 1% TREILH 5 RALMIHE N
2400 mm, JLPARERLIR &% /1N 8 960 kN, 7E 5=
IR N FE I, B TAR 5%, KT
WEHE 32 J1T% A v A bE,  BA RALAE 5 5 N FF 7
2, MEANTEREIRIE N 0.5 f5hife. # 1 NZ TR
BB A (b B RO 4

x1 HEMKE
Table 1 Types and quantities of piles

HEA%/mm A SRR PR A EII/KN
1200 11 2200
1800 16 4800
2000 17 6 200
2100 22 6 800
2200 20 7400
2400 5 8 960
Bk 91 —

1.2 IfEMRER

Jiti T3+ 2 At an sk 2 fios . fEBEHIER
0~13.1 m. 0.8~12.8 m &[N 550 fi 5 kb2
YA Z, JEE5 AN 0.2~9.2 m A1 2.1~12.0 m.
T RKERTEIZEFLNE S, TERALERES, Bid
JERGA Z XIS BRSO . 3T O A
T 7 MREeE, FH 2 IR ERD 2 AL IS Ty
L, DR E FLASIE b 5 U O HURE I R AT [
B FWEMR . ST AT TGO, A AR
N s sy Ao FLEERE AT B, (6 il fE R /&
Tt AR FL N VR MERE R AR A, P I F LT
B R AR

#2 mISTESH—ER

Table 2  Soil layer distribution at construction site

HE S HhJZE 4R JZ TR Im JE T e JZ IR Im 2Kt JZ2)EIm
D4 i+ 0.00~0.00 196.40~191.40 16.70~0.20 194.90~178.70  16.70~0.20
@®- i+ 11.10~2.60 192.10~182.40 14.50~5.80 190.30~180.10 6.00~0.50
- -t 2.20~0.00 192.70~191.40 2.70~0.30 192.40~190.90 0.50~0.30
@ W gL 3.70~0.00 193.40~189.30 5.90~1.30 192.10~187.30 3.70~0.50
® Wb 5.80~0.00 194.90~187.60 13.10~0.80 194.20~181.10 9.20~0.20
@ YA 6.40~0.80 194.20~185.90 12.80~6.50 188.70~179.30  12.00~2.10
104 2 RNAE R S 16.70~5.80 190.30~178.70 26.10~13.80  179.80~167.80  17.20~3.60
©- R RAAE K 26.10~13.80  179.80~167.80 43.30~21.90  171.20~149.80  23.40~2.30
03 B AR 2 43.30~21.90  171.20~149.80 — — 12.50~1.00
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1.3 KFLIEE St

WK 1 Frs, BEAZA 1200 mm 4G FLEEEAE,
AL ()76 8.0~145 h Z[a], N&EKHAIE 1.5~
3.7 h i BE4EA 2 400 mm R BLAREFLAE, R
FURF A K, J@HAE 16.3~25.0 h 2 [a], A ZHfE
£ 5.4~12.6 h 2 [a], WK 2 fiw. X T KERE,
MEFLE B AR M LN B AL 2, FLRRFLA ]
NI EEK,  BALETFL e ERE A BRI AR
o, HHEFLRR E MRt K. A LR B ) R ¢
£, g LG ML, S 7 A
WAL P e 2 % IR bR 1AL AL, FF 75 B Rl & 1L
WY MEREM AR AL .
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Fig. 1 Hole-forming time of 1 200 mm pile
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Fig. 2 Hole-forming time of 2 400 mm pile
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BE, fE g R A2, AN CMC. PCI. PHP LA
J Na,COs 252 Ak, BARRCELUNZ 3 FrR.
*3 ERAL

Table 3 Properties of slurry t
MR WK EEtE CcMC 4k PHP  E G A
fickk 100 8~12 0.007 0.2~0.5 0.003 RLHE

NI L (P4 B e 2R M S e e, A TR BEYR
WHIWIIE LR 1.08~1.15 g/lem3 2 [a], JEE)e
PIVIIE S RPN 0% RRALES, )8 &5 s
By der, AR KBS ML NEE, SEWE
FLN VB R A ek Ar . LT R S b R Chr
B=75 pm) STERCKFRREE B KL E . itk
Gb, VeSRAENEFL IR B AS R FE 73 AT H AN 5T,
I PR, B AL R RE SR A A
ZE5t.

22 DIRREEWERSLLESIT

PLILY Z18 ‘S HE AN Z40 S hE N, RFLS XL
WK SRR AL E AT &, HERwE 3 (@
Frose Bl RO FE RIS CRY RSB fa) 3 D
EEEEAT, FLAREH T RS it
HRE TR EN—E ) &S FN, LA
Ve IR B LE B B R IR ) P& . Z9L0E, W
FEWISHT N BRSO AR
i 2 h, XMFLETRKILBNFE AR, SRR L O
VeI NER IR, FL VR 2K 1S W0 R0 L i )
FRERA, FLORKMEW A 0.2%~0.8%, JeiK
FIELE A 1.08~1.10 g/emd. EiEFLIY, HTFLER
WA DU IR AL, FLE A D R BRI n
FIaH, 2°4 0.4%~0.8%, [KItFLIT78 3% b & g
R, #5°4 1.09~1.10 g/em3.

1E Z18 “SHEAN Z40 S HE AL FEH, X FLIR—
PALE CRAL KBTI, LR e
EE BN S b 2R 2 () A B ] 3 (b)) . BfE
FALERFERIIE N, PARAE S FLIRAE TR K S b et 2
PRk, Rt EABRE 2 PR, YR LLER
P2 T Bule o0 FLEE A SRR S Bk, X T
KERHANET S, Wi E RO A 25 N A 5
FLRE R 230

FUREKM SR —ER S, LHEERIA
wid R, T AR R S B LR SR R, LRI
B, M FEVERK RS ARG, vk 64%~
86%, eI ML n] ik 1.81~1.82 g/em3, U1K 3 (¢)
Fime i 2 WPt b FL NS FLERE, R 5
M A7 PR S
23 BHERSLEXRUEST

X} 218 S HEAN Z40 S AT AL A FLIR TR K
IR AT RS b, B AR IRYE K
WTFRZ, AL FE A e 2K 1 & i AR e B
K, HESWEALFE AR 2 FPEEOR, Rkl
JRVERA BA RN, AU FL A LR e
THE T, ERWE 4 MR 4 Fios.
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Fig. 3 Relation between the sand content and specific gravity
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Table 4 Fitting data
' (e e WA .
ign| B HEE T gk
R i B R? «’,E\
Z18 7L 0.0250 1.0685 0.00327 0.00400 0.935 2
Z18 *FFLYE 0.0116 1.0788 0.00231 0.00694 0.858 g m Z18 4LH
' ' ' : : - ® 718 LFLix
Z40FLO  0.0235 1.0885 0.00134 0.00180 0.987 A za0 40l
v Z40 FFLE
Z40 FLYE 0.0229 1.0850 0.00394 0.00827 0.892 el e
0 1 2 3 s 5

WA BT S0, Z18 =LAl Z40 S HEHIFL
AFPEALIRE R ML E S5 ERR 2 IEM R, &

# R21F 0.858~0.987 2 [f], & ER &, KPS
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T EI%
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Fig. 4 Fitting results between the sand content and specific
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Fig.5 Relation between the mud sand content and viscosity
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Fig. 8 Variation of sediment deposition at hole bottom
during hole clearing

5 4 ip

(1) K EAREGFLEE B AT T B A, FL
PRI ER WEHAECRA L, XL E
PESZI R, B 5 ML FL

(2) RFKME R B RFEE 2 e
ILLE, el RIRbFrfLR TR . AR, LA
T LCE IR, PR35 L p A& a4k
R27F 0.858~0.987 2 [f]. fE AN Li&¥idferd, nlid
20 N0 2 I 2 B A A P BE TR

(3) FALIE R Hlle ¢ B b 28 B A 5 e
MIREEENI%, VeRAETEHE R, H AR A2
B EAE, FEUEIL VIR ERE N . R
V7 B At R AR D 7, I I RO i 2R
BHATANE, A& 3G INHTR e R N

(4) MEENAR, FLRJEK SRR, &
FLJE FLIR T I b 28 45t 1y 7] 9 86% . FLIRTEZAAL 1 h
W, SERCKER BTN, fE4L 2 h JEWEFLIR
DU JE Y 100 cm.

(5) KEAAEFLIEA AT ALK TS 5 AR,
HAMECLE B9 SR A AEF 7 2 [F BRib AL
HATIESL, 15~2 h A SERUEFL, JEFLscEe 5 A
FRHETREE L, BT L IR AR A .

SE 0

[1] E)N%2, shidsm, ER. B FLRE A DU B A 7
T[], B TR, 2013, 35(14 T 2): 1212-1215.
WANG Chuan-ying, HAN Zeng-giang, WANG Yu-shan.
Detection method for bottom sediment thickness of bored

piles[J]. Chinese Journal of Geotechnical Engineering,

[2]

(3]

(4]

(5]

(6]

(7]

(8]

2013, 35(S2): 1212-1215.

JEWIRR . RIKOR BLAR Bl FLRE AR - ) R 4[]
Il 725 22 ¥, 2006(5): 33-35.

ZUO Ming-fu. Discussion on large diameter bored piles
in deep waters[J]. China Harbour Engineering, 2006(5):
33-35.

FEodk, WET, XE, F R R RERY
JREWEVE BE TRE PR R 2 T 3], BRAHOR E TR,
2019, 19(34): 308-314.

WANG Gui-sen, HONG Bao-ning, LIU Xin, et al. Impact
of pile diameter and expanding diameter ratio on
engineering characteristics of belled pile[J]. Science
Technology and Engineering, 2019, 19(34): 308-314.
R, BN, B, S5 YRR L E X A ALRE AL L
1A IR S2 R [3]. KA 224, 2015, 46(H T 2):
349-353.

ZHU Dong-wen, ZHAO Chun-feng, ZHAO Cheng, et al.
The influence of slurry gravity on the variation of the
pore diameter in cast-in-situ bored pile[J]. Journal of
Hydraulic Engineering, 2015, 46(S1): 349-353.

X, ZERERE, AT, 55 KERYRIE IR m &
WERE[N]. IR AR BB, 2016, 47(2):
541-547.

LIU Nian-wu, GONG Xiao-nan, YU Feng, et al. Vertical
bearing capacity of rock-socketed pile with large
diameter enlarged bottom[J]. Journal of Central South
University: Natural 2016, 47(2):
541-547.

BZRVE. KBRS OK ELAR AR Bt 0 i X SR [0]. LA
% 5%, 2009(2): 103-105.

HU  Dong-fan.
countermeasures of large diameter piles for railway
bridges[J]. Construction & Design for Project, 2009(2):
103-105.

FBR, ZkE, RO RighoRKEREAERKE
NI I A 0], A L TR R, 2011, 33(12):
1817-1826.

WANG Wei-dong, LI Yong-hui, WU Jiang-bin. Fleld

Seienee Edition,

Construction difficulties and

londing tests on large-diameter and super-long bored
plles of Shanghai Center Tower[J]. Chinese Journal of
Geotechnical Engineering, 2011, 33(12): 1817-1826.
fFEEAL, f5om, ER. REARRFLRETELIE L H Wi
Ak 3R 5 TR AT FE[] ST R B EAR B OE: HTRR,
2018(23): 122, 91.

FU Lian-hong, XU Bin, WANG En. Construction



444

o

b

20229 H

(9]

[10]

[11]

[12]

[13]

[14]

accidents and prevention research of large diameter bored
pile[J]. Urban Construction Theory Research: Electronic
Edition, 2018(23): 122, 91.

LMY, wOIF, KAV BEFLREEMEIE Trh YR b E i
HIBFFC[I]. A&, 2019, 64(7): 145-148.

JIANG Peng, ZHANG lJian-ging, ZHU Zheng-ping.
Research on mud proportion control in bored pile
construction[J]. Highway, 2019, 64(7): 145-148.

FWRE, Mo, EEE, . PR KBS THE R
HXPR]. KDL 4k, 1999(1): 81-84.
YANG Bin, MO Jian-jun,

Construction difficulties and its counter-measures of big

LI Man-cheng, et al.
diameter piles in bridges[J]. Journal of Changsha
Communications University, 1999(1): 81-84.

fkThE. HEIERD R S T RS LA i T
HORFIH[I). W&, 2020(1): 14-16.

ZHANG Gong-ying.

technology of rotary drilling bored pouring pile under

Application of construction
geological condition of ultra-thick sand layer[J]. Henan
Building Materials, 2020(1): 14-16.

KR, B, SR, S KA RERE ) R AE
JedyRE R E D], £ D3RS, 2019, 33(6): 704-
708.

ZHENG Wan-dong, SHEN Hong, JIN Li-an, et al.
Effective hydrostatic pressure of slurry and its role in
stabilizing the slurry wall excavation[J]. Soil Engineering
and Foundation, 2019, 33(6): 704-708.

e N RSN 3 55 A 2 S i, v A A IR IE A [
B 0 B A B A B e R . R SRk R R TR
FEIUHYE: GB 50202—2018[S]. dbnt: it
Hihit, 2018.

Ministry of Housing and Urban-Rural Development of
the People’s Republic of China, Inspection and
Quarantine of the People’s Republic of China. Code for
of Construction

Acceptance Quality of Building

Foundation: GB 50202—2018[S]. Beijing: China
Planning Press, 2018.

Jarh, skgE, SME, 55 W E R Z VR K E RS
BERBRH AN PoERl¥E TR, 2020, 17(3):

682-689.

[18]

[16]

[17]

[18]

[19]

[20]

ZHOU Zhong, ZHANG Lei, MIAO Lin-wu, et al. Mud
permeation tests of slurry shield in fault fractuared
stratum[J]. Journal of Railway Science and Engineering,
2020, 17(3): 682-689.

Mo, B, RE, & AFEMERRE eI R
B BE I A SR []. AR S TR, 2021, 37(3):
58-64.

YANG Guang, FAN Zhi, WU Zhi, et al. Impact of clay
properties on transport ability of mud residue[J]. Journal
of Transport Science and Engineering, 2021, 37(3):
58-64.

ABBAS A K, ALSABA M T, Al DUSHAISHI M F.
Improving hole cleaning in horizontal wells by using
nanocomposite water-based mud[J]. Journal of Petroleum
Science and Engineering, 2021, 203(4): 108619.

MRV, EuEE, A, & RN RN R e K A
e e B AR MBS F L 0], A A 1 LR AR,
2018, 37(5): 1260-1269.

YE Wei-tao, WANG Jing-yu, FU long-long, et al.
Laboratory test and characteristic of filter cake formation
of slurry shield in medium-coarse sand stratum in
Fuzhou[J]. Chinese Journal of Rock Mechanics and
Engineering, 2018, 37(5): 1260-1269.

VOUEZE, bR, BEtA, . BREEMRRAN LA K B E
JORAS R FE[]]. BB EEA, 2011(6): 55-57.

FAN Ying-hong, HONG Wei, HOU Shi-quan, et al. Study
on mud viscosity and rheological properties of bored pile of
railway bridge[J]. Railway Engineering, 2011(6): 55-57.
AR, 18, W, . FibihE K EAIZ 1L
FEEME LR DU A [J]. 3L /%, 2021(2): 82-86.
SHAO li-cheng, ZHAN Yun, LUO lJia-cheng, et al.
Analysis of sediment at the hole bottom of large diameter
rotary drilling cast-in-place bored pile in sand stratum[J].
Subgrade Engineering, 2021(2): 82-86.

e NIRRT [ 3. B SR R R Y JG)
94—94[S]. dbgL: A S Tk H AR #E, 1995.
Ministry of Construction of the People’s Republic of
China. Technical Code for Building Pile Foundation: JGJ
94—94[S]. Beijing: China Architecture and Building
Press, 1995.


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;

