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Experiment research on strength of deep mixing cement pile with
DEIPA additive

DONG Wu-jun
(China Railway 11 Bureau Group CO. LTD, Wuhan 430061, China)

Abstract: In order to improve the reinforcement effect of cement piles applied on deep soft soil roadbeds, additive such
as calcium chloride, aluminum hydroxide, raw gypsum, and diethanol monoisopropanolamine (DEIPA) were selected for
laboratory test. Unconfined compressive strength test shows that the DEIPA additive has the best effect on improving the
strength of cement soil and that the optimal blending ratio is 0.04%. At the same time, its application effect was verified
by core drilling test and static load test. The field test results show that the strength along the T-shaped deep mixing pile is
nonuniform. The load-settling curve is slowly changed, the pile top settlement is small, the pile-soil surface has no
obvious damage, and the rebound rate is greater than 40%. It shows that the composite cement mixing pile with DEIPA
additive has good quality, and its bearing capacity and strength meet design requirements. The research results can
provide reference for similar projects.
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Table 1 Physical and mechanical parameters of each soil layer

ZE Ry AT

5 Tz KGR FLBREL iR I ) gf;ﬁq - Hijﬁ bl }iffj%f
/m 1% I(kN/md) 1% 1% - ?
ol° c/kPa / MPa

(2) it 0.3~20 386 184  1.073 49.2 27 12.9 316 3.49
(3 WUemE L 14~55 534 170  1.495 52.6 29.2 6.8 14.2 1.9
@) it 05~2.4 407 180  1.161 433 24.2 11.7 19.5 3.26
(5) TR 1.6~8.0 593 165  1.668 48.6 27.2 7.2 15 1.68
(6) WUemE L 20~90 463 174 1311 375 22.4 7.6 15.9 2.17
(N i 20~3.0 357 182  1.027 31.4 18.7 8.7 17 3.22
(8) WIEBFKHFZL 46~218 402 178 1136 426 24.0 8.5 16.8 2.6
(9 it 1.7~151 472 173 1.346 435 224 9.7 20.4 2.63
(10) L 0.6~53 292 188  0.863 14.7 23.8 5.01
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Figure 1 Unconfined compression strength versus curing
age for cemented soil mixing with different
gypsum content

25¢r

20
g
s 151
i
E 10 0%
BT —o—1%
= —0—2%
= 05| —v—3%
R 0.0 . . . . )

0 20 40 60 80 100

B 39id
2 FEISLESIBALEKCEE RMBRITEBE SHREAX &
Figure 2 Unconfined compression strength versus curing age for
cemented soil mixing with different CaCl. contents
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Figure 3 Unconfined compression strength versus curing age for
cemented soil mixing with different AI(OH)s contents
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Figure 4 Unconfined compression strength versus curing age
for cemented soil mixing with different DEIPA
content
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Table 2 Results of unconfined compression strength test for cemented soil

CAIIiE] Te M BRI 58 A5 /MPa Qua/qu

H B L% 7d 28 d 90d 7d 28d 90d

TeAM ) 0 0.978 1.419 2.081 1 1 1
2 1.188 1.687 2.174 1.215 1.189 1.045
A 3 1.157 1.588 2.127 1.183 1.119 1.022
4 1.100 1.542 2.067 1.125 1.087 0.993
1 1.119 1.595 2.141 1.144 1.124 1.029
SARAE 2 1.164 1.626 2.221 1.190 1.146 1.067
3 1.202 1.676 2.261 1.229 1.181 1.086
3 1.101 1.521 2.061 1.126 1.072 0.990
A5 4 1.155 1.500 2.001 1.181 1.057 0.962
5 1.186 1.385 1.987 1.213 0.976 0.955
0.03 1.213 1.814 2.527 1.240 1.278 1.214
DEIPA 0.04 1.277 2.041 2.794 1.306 1.438 1.343
0.05 1.271 1.787 2.621 1.300 1.259 1.259
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Table 3 Results of core drilling test
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31 iiﬂ’@fi;% 0.4~0.6 2.11 1.0
e A T 41~4.3 1.92 1.0

RHE = NI H, I A 5 R 125 08110 L5 07
FHAET T K Ve = X 458 BEAE R AT INE, MEAE T A B, 1&N¢9 0@ ﬁ
P ORKHEARN 1000 mm, FEBHEEN 600 mm, HE 0305 le7 10
[E1 26 1.8 m, § Kk FE 6 m, B 18 mo SR PO42.5 4547 1.42 10
WIHEERR KR, KRB N 18%, KK 055, 185 g8-90 0.89 0.7
DEIPA # ALt 0.04%. 16.4~16.6 0.81 0.7
A I AR T RIS RO, B 43l it 0.4~0.6 1.83 1.0

AT ELORIG . B B e B AR Ay 1 6 R B A I 14 4.9~5.1 171 1.0
FR AT IR0 o FPLAE % ) A A Ay a6 R ) 1 ok 4 R 10.5~10.7 0.93 0.7
16.3~16.5 0.86 0.7
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Figure 5 Load-settlement curves of static load test for single
pile
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Table 4 Results of static load test for single pile
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Figure 6 Load-settlement curves of static load test on single
composite foundation

*R5 RS SMESHREKNER
Table 5 Static load test for single pile composite foundation

MEORKRe O RRUT BROKREER IR RARU
5 #HJIKN [Z/mm &/mm 1% [&/mm
1 360 2.09 1.20 57.42 0.89
2 360 5.47 2.35 42.96 3.12
3 360 2.56 1.12 43.75 1.44

(3) HpEE AR E ARG

K 6 N 62 5. 63 51 64 5 HbFE SithEEifH
fp kB Ui Mz, B 6 nTLUEH, 7k
INE R E (240 kPa) IF, MR HIELH &
BRIR, frdR-UiReih sk S22 R, WA M
w, BRI RS . BT =R s S
Hhy L 7 T RFIE(E 32K T 120 kPa.

MF 5 ATLLE H, 3 AR B 5 A L
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B RUTRE 251 12.15 mm. 15.44 mm A1 9.55 mm,
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8.23 mm A13.6 mm, [H]5% 7y 42.8%.46.7%71 62.3%.
RIS RS, FTR KRB S E U RIVERT, St
HAEMERR TGRSR, WE 6 ErTEH,
R TV AR A, AR TR /NI A, [ g 38 A XS

BE RO BRCOKUIRE mOKEISL SRR BRI

5 #/kPa /mm H=/mm 1% F#/mm

62 240 12.15 5.32 42.80 6.83

63 240 15.44 7.21 46.70 8.23

64 240 9.55 5.95 62.30 3.6
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BA R BIRRBRIRAS AR [l Bt R A E) R 35
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2.09 mm. 5.47 mm £l 2.56 mm, JIFEERN, B
ARWTTHER

(4) FBESE G M Sy i e Ay DT e e 2k
SR, BAAIRBIRRRE, HENES AR
WAV KT 120 kPao i KR IR fr #0t B A
FE T B K UL %40 5l 12.15 mm. 15.44 mm Al
9.55 mm, YTFFERN, M HEE)E R R A,
Ut B £ ot A



70 oA

i 2020 4

SRR :

[1] b2 4 2 T W o 25 2. R A0 3R F 0 (B8 = W) [M].
Jeat: o E E A T AL, 2008.

[2] Rezaeimalek S, Huang J, Bin-Shafique S. Evaluation
of curing method and mix design of a moisture
activated

polymer  for sand stabilization[J].

Construction 2017(146):
210-220.

[8]1 XA %, AREHE, WEME, 5. RS W AN
FEBE D0 R Hh R 0 6 LR T[], A TR R,
2009, 31(7): 1059-1068.

[4] Phutthananon C, Jongpradist P, Yensri P, et al.

and building Materials,

Dependence of ultimate bearing capacity and failure

behavior of T-shaped deep cement mixing piles on

enlarged cap shape and pile strength[J]. Computers and

Geotechnics, 2018(97): 27-41.
[5] Gilazghi S T, Huang J, Rezaeimalek S, et al.
Stabilizing sulfate-rich high plasticity clay with
moisture activated polymerization[J].
Geology, 2016(211): 171-178.

[6] MW=, MRER, R, & Kl LEINFKENK

Engineering

2013 4= 9 H AN 10 H A [ [FE X 5 13145
PR OHT LS BT R “21 el -
P2 MEIEEN. “—H %" BaEEHE
LG BRI IR S, w28 M R R IR, R
MR R SIREERMAEFSEERR, KFEATIE
BUREAG KUl G . SUhBaEIR L FEAR .
iz LRI ST SL A . BRI AR KA. R
=5 BRI A R il P R R S “— i — % 1B
WIHEEIF, “—m—8” " EEAERR:, I
LM SR A 2 R, MR A IE TR ER, MR SRR
Ao TR, S YRR BE RN 1A i T 1 M I A B
R TOBTBRL . FREDCHUE TR & kan%s, T
T2 1 138 Y1) 75 SRR (56 8 ) b e 4 B 4 R EAS T
KRR, ML T —HAa 5 H 52 m 77 615 R .

B [3]. A A=k, 2006, 19(5): 12-17.

[7] RALfe, PRURMS, 2BE, 5. A FEKJEHESME T E L
I B YDA HLR B B BB BTE A [9]. Tk AR
2019, 49(2): 93-97.

[8] T1&. 3T PAM-1 HLEE DM /K Y 1 10 B35 45 1 B
FL[D]. FHS: RUHE T K%, 2016.

[9] Mm%, R, HHE 20 [E i AH 5L KR A5 57
Rk FE[J]. & = LR 4R, 2000, 22(3): 319-322.

[10] MREREZE, Bafeid, WA, B lE Bk LR

55 R R [J]. YRR, 2012(5):88-90.

[11] ¥R, DU MR fi 2 W 5T %F 7K 8 K AR B 5 FE AP RE 5

W A D], T AR R FE Ok, 2014.

[12] 4 N RILAMEAE 5 M 2 &5 Es. JGIT 233-2011.

K Ll & b B R [S]. dbnt: PEEM T H
i 4, 2011,

[13] w4 N B JE A EAF 55 FIR £ & % &6, JG) 106-2014
EN

PRI A MIES]. dbnt: PEEM T E
4, 2014,

[14] fe N BRI EE 55 IR 2 d 3R, JGJ 79-2012 7

S FE AL FR R R MVE[S]. dba: A E S Tk AR
#:, 2012.

BTHANEZERELEZATIES (—SBF)

AR FEAL TR ARG, SRAEHEI . B
BOR. BHE, WS -r &, hEEATRE
P by KA L TRy 2T 2020 4F 5 HAEER
PRAS R8T 7 e A FE A 2R e 2% 2L
“ i — B FE LB SRR A, R
b B A HE AT BB AR 5 R a3
SURE]: 2020 4 5  22~24 H (22 HRED
BRRMbE: F RV PRI Vb AL A 83 S EKKY B

X & L0
ME #8: cgis2020@163.com

BERAN: Ti%&9] (13996171067)
J&  fi (15808004371)



