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Experimental study on influence of plasticizer on fluidity of convection-
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Abstract: Compared with the traditional backfill materials, the performance-controlled fluidized solidified (PCFS) backfill
materials are characterized by high flow state and self-compaction, which can effectively avoid engineering problems caused by
insufficient compaction, especially for backfill in narrow areas. Using silt as raw materials and cement as curing materials, the
PCFS materials with controllable properties such as strength, fluidity and setting time are prepared. The influences of different
initial conditions on the fluidity of the PCFS materials are discussed through the flow tests. In order to improve the flow
performance of the PCFS materials, three water reducing agents, calcium lignosulfonate, naphthalene superplasticizer and
polycarboxylate superplasticizer, are selected, and the effects of three water reducing agents on improving the flow of the PCFS
materials are compared and analyzed. The results show that there is a positive linear correlation between the fluidity of the
PCFS materials and the initial water content. The addition of cement will lead to a significant decrease in the fluidity of the
PCFS materials, which mainly occurs when the cement content is less than 2%. The increasing range of fluidity of the PCFS
materials by the three water-reducing agents is from large to small in the order of polycarboxylate superplasticizer >
naphthalene superplasticizer > calcium lignosulfonate, wherein the incorporation of polycarboxylate superplasticizer and
calcium lignosulfonate will introduce bubbles, and the "saturated content" of naphthalene superplasticizer and calcium
lignosulfonate is 2% and 4%, respectively. Different cement contents will make the three kinds of water-reducing agent to
improve the flow effects have a significant difference. The increase of cement content reduces the effects of the calcium
lignosulfonate, has samll effects on the polycarboxylate superplasticizer, and shows " anomalous effects" on the naphthalene

superplasticizer. Finally, the causes of "saturation content" and

"anomalous effects" are discussed, and the expression formula SR 7 Mlikis THREREEDSHIETHE (CHSX-FW-
for fluidity of the PCFS materials under the initial water content CHSXYJ1-2023-18); FFRFA LRI IIEEARINL BT H (Y322002)
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of 2wr and cement content of 5% is proposed. N
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Table 1 Main physical property indexes of test silt
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Fig. 1 Grain-size distribution curve of silt
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Table 2 Design of initial water content of silt and cement content
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Table 3 Types and dosage design of water reducing agents
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Fig. 3 Test photos of fluidity of PCFS under different water
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Table 4 Fitting results of linear relationship between fluidity and

water content of PCFS
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5 138.5 -194.0 0.992

10 138.5 -198.5 0.993

15 138.5 -199.3 0.993

X (D TREH, EVIE S KL T 2.0w~
4.0w I, PCFS 380 BE AR UG 75 7K 3 2 [R] 471 fi]
ILEPEIEM SRR, Hib o EOYEE N PCFS 1)
WA EREYIE ERKRARRIPE: b ERZEHER K
EB RIS, NS0 HrKlesExt
PCFS it 301 5 15 M A

(2) KEB=E

NT DB A FIKIRIB EXT PCFS i3I
SO, AEAH [FIRITE 2 K Z 56 T e 48 AR
KR, R K S fox, liegs Rl 6 Fior.
OBEE /KB RN, PCFS [V 30 EH /N,
FIBAS S B R DPIR— B OPIR— 3 & R 221k,
& KBRS IE A ;. @K B BRI
HIEMR EBERAETESRNT 2% B, XK
b ERIKESB N BE FK PCFS Hshikge. 1%
R 5 SR A4 AT, PSR 6 K
B, BRI R AR SRR FE B AR 1)
T3, KM ExpDec HREGHATINEG, 152HE HhE I
Kle, WMEHRNES, WERECH

D) =Do+ A" (0<x<15 . (2

3w -0% D=404.8 mm

3w -2% D=223.6 mm

5 REIKEIZET PCFS RantEmit iR~
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Fig. 5 Fitting results of relationship between fluidity of PCFS and
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Fig. 8 Influences of calcium lignosulfonate on fluidity of PCFS
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Fig. 9 Influences of naphthalene superplasticizer on fluidity of

PCFS
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Fig. 10 Influences of polycarboxylate superplasticizer on fluidity
of PCFS

(b) ZRILERAHAR
[ 11 PCFS NIRRT (BARRER)
Fig. 11 Photos of test process of PCFS (adding polycarboxylate

superplasticizer)
2.3 3 ARIKFIRIRIRELES

KL 3 K FIN PCES WRBh s, 76
2w 5%IKIRAN 15%KIEHFHIIE & T o hlB A 3
FKF, HERRIG LS RN 12 Fis. OBFKES
BRMT, BRI A AR A -5, X
BAA— AT AT o 5%K B8, PCFS I#Iih
WANFEN 102.4 mm, TEARESHKTF. 28 RIBKFA. T
R WOKFIIE R T, R sh B 4 il e 9% 12 Tt 2
204.4, 393, 524 mm, BN FEHE T 4 L3N 99.6%,
283.8%, 411.7%. i, FRRXT T80 R $E iR
EK, HBEEHLB RN, PCFS MRsEH 5
FRERTH A RUMZE RS AL, &S REIIEN,
PCF'S #1320 FE $& T P bl /N B 28 R B T Bia 3%
ORIE (=7 EL XV RPTT IV 2 DR
JHS A313—1992), PCFS Jii 3 £ AL T 180 £20 mm B,
RERTH 2 FR T H%SEZRR, M 11 aTRLEH, 4
PCFS s FEik 5] 180 mm I, 5% /KIEBEFKMLET
KEG . ZER. BRI =BBAKFGBESNLHN
2.33%, 0.87%, 0.33%;: 15%/KIeB 8% T 554
N 4.00% 1.01%- 0.35%. @7KIEXT 3 KT
WANE R AR FRRRER W, R 12 ein s

0 P AR 2 mT LUK B, KB IBE IR RAE1E AR
FER TR PR, ST RRR BN, X1
ZERNFRIE T E1EH .

PEREJTIH, 3 ZRIKFIST PCFS sl I T2
BINKBVMR IR R TG >ZE R > K, HERRR
MBI KRS, MZERSKEZ P& E
RTE TR R BB RILH . &5, 3 280K
FIRITT AN A 2 2 8 SRR 15000 J6/t. ZE R 2500
JO/ts ARG 1300 Jo/t, FIRER AN I = T 28 RAUKREY,
BN 25 TR, = 2RIBKFI S5 & Rias A
REVIMRIKNZE Z > A4 > BRI -

600 -
—u— FRRIRIRAK T —o— ZE R WK —a— REGWKFH
5%k I8 *— JRIB LB BE
500 (o—15%7K I8
o0l y —15%7k 8
E ‘;;* 5%k I8
= p*
R 300}
3 /
"
200 o o —aS%IKIE
f  — A —— o — — — — —
/ e TR
100 Lé% ., IAUmm

05 0 05 10 15 20 25 30 35 40 45
WoKFIBER%

Bl 12 =@k FIxt PCFS REhERIIRA R
Fig. 12 Improvement effects of three types of water-reducing

agents on fluidity of PCFS

3 HERiTig
3.1 RIUKFING “laFsE”

WK FIE AR AN, KEIEE— AR5
B, 7EASCH, 5 PCFS Vigh B A FRTHIN 15
FROKFI RIS, @itk RS
B AR T L E ITHE R . R, AR “HRE R
T 4% A, EAM “WRBR” 2% KA. Bl
K AU AR 384 28 P (R B 431 P L 38 L
KBTI, K FULE K R~ K I 2 I8
BAER, HREERFARRGEE: ORISR
PR K R R i, T S K Sl S R
KA T2 6 T IR — R SR f A, e 50k 2 1) 56
RN @UCNIK AL Tl 4 A (-SOsR
I RCOO-%5) [y A B ME 6 (-OHD [l
15 i 5K U8 BOROAR TLR M . F ) R SR T 5 T
B, WOKF T EIRE SRR L R T AT . £
& BT, HTIA IR A S SRR, SRR
I B P SR A T QOB i Tk VR ks 1 s
BRI, FUR TR AR B R B 1) T @i
B, JoKFIES N PCES (R &JS, Al AL 2 I ZE
Je R F TR — R SE (A, IR 7] 545 5



8

FICHh, S GRS e TN 1 ) R R T 1611

TEB), W ERTE KR BRI R T A 2 5 L AH R F A, 0RE
() 7= A B FL R AN 235, T PRI 5 5 () R B PT R 2
YK T A 8 SR 2R T AN /K Y8 SR 6 18T 110 VR R 38
THIRL, 485 NUKF, PCES [Hish AT
LR RN T ST
3.2 ACRIMERBIKFIN “REW”

ghA FSCRBIMBOK IR ER, 75 2.2 (D
e, CRCE LA B H I 7K Ve 0T 25 R KRR T
WMBE RS “RERRL” . B 12 h7EZE RoK
B E KT 1.2%H, PCFS it sh & (15%7K7E) >PCFS
MBI (5%7KIE), ZIGF R KIE B2 M
X} 2% R BRI BN E I RO B« RCE R 7K
VeAE KR BRI AL, A S 155 KB AR I3R 8)
JE B, TMXT PCFS AR, fE—EBEMNZERBK
FWERT, KRB RIS RSN S 25E Tt
gh4 B SCHR BN R K IR BRE F 23 A7 A A e Rtk -
@7KJeB N PCFS AR5, T I IEAEFH 2B Z ik
RIVRBNE, EEIRFEE, FTRESHEmZE RIBUKFIIR
BRHPERE, A [ A A 2 T R PR Bk 7)o TR K
SR [ P FL T JJVE XG5, AT PCFS (133l B 15 21
. @IS%BRIKIEBN PCFS AR, AlaZE R
AKFNPHER, M TAER RPN T K= /B
IREURL, AT PCES SN AR
3.3 REBEREAR

TEAT T KRERIRSIE K, AR5
HAT R T B BERIA

Ai— 4
‘m@:m+('w£ . (5)
l+e¢ 5

K D G ARBIE (mm); x AEUKFIBE (%);
A1, Az, Bi, By NLEZHL

HONTZE R IBK IR SRR BRIk K 77 2 Lo FH I, {H
X} 15%7K e 45 B Ao KFIANIE H , Herbal 3404
2L 13,

600
. RRMWAKH
0 ———-ZRRWIKH|
500} . AREGWK
g 400 P Y -
® P
R / ( 1_A2)
2 300L D(x)=A
300 /l (= D)
// BZ
200} K
1001 L
0 1 2 3 4
BokB %

132wy S%IKEANIASA T ROt G RIL
Fig. 13 Fitting curves under initial water content of 2w and

cement content of 5%

4 % 1
ST P4 B L X SR B4 AR KB AT S AR

ARG, 25 RMERIR 3 BREMWKF, Eid K
BIMENERK, W97 PCFS HITENIE A fom K 25
FT 3 289K TN PCFS Jsh PR TR, R
6 M4,

(1) WIEEE KX PCFS (R R 2,
HHEMRAER, HIHR3IERYILE &K 2 A7
TELRME IEACR R ix T IR VER UL, ILish &b
WG /K Z 3G AN T, AEH T s 3 e R )~ o

(2) KRB N2 T3 PCFS i 5hJF 3 K,
WILE S /KFMFR, KB EBK, PCFS HIsIE
/N, HIKJEXT PCFS Yl g 3 2k A7 /K e
BE<2%JEHEN.

(3) 3 WK% PCFS R sh B B A #RTHE
F, TR MOR B IMER IO SRR IR > 25 572 > R4,
FRATTHR R, 3 FBOKFILE G RE MOK B MK
UONZE R > K5 > RRIR

(4) 3 ZKP/KFIHRTE PCFS Bh B ik fe v, A
BRBAZINDES, BRRIEBANEE RN &
FINKESIN; AEFZERAE “MRIBE”, 25N
4%, 2%,

(5)KPEBBAFEES 3 2K THR S 1
RORF AR ZER, KRB & I3 AR AR e Tt
RORBEAG, X TRRAIEmEN, X128 /N
BT “RERRL,

(6) BT ASCRIHIE, S92 T 251803
Tl L g RIS PCFS s ERIAN, HEESE
ST RS FIE .

SE -

(1] BEIEZR, WPEHRE, 1% 85 HrkRILIE i ash 1A & i
PRI T [J]. A L TARSE R, 2022, 44(2): 235-244.
(HUANG Yinghao, DAI Jiqun, XU Kai. Experimental study
on fluidity and viscosity of newly mixed solidified sludge[J].
Chinese Journal Geotechnical Engineering, 2022, 44(2):
235-244. (in Chinese))

2] WIS, ok, # M S BALIRTR S TE ) SRR
MR I W 7T (7). KA 23R, 2014, 4534 F) 2): 130-136.
(HUANG Yinghao, ZHU Wei, DONG Chan, et al.
Experimental study on structural mechanical properties of
solidified silt[J]. Journal of Hydraulic Engineering, 2014,
45(S2): 130-136. (in Chinese))

3] WIS, # M, KK, & SO EALR e 2
PR [T]. A 4 TR, 2012, 34(9): 1728-1733.



1612 "+ T

¥R 2024 4F

[4]

(3]

(8]

(]

[10]

(11]

[12]

[13]

(HUANG Yinghao, DONG Chan, GUAN Yunfei, et al.
Effect of compaction on physical and mechanical properties
of solidified silt[J]. Chinese Journal of Geotechnical
Engineering, 2012, 34(9): 1728-1733. (in Chinese))
DEVARAJ V, MANGOTTIRI V, BALU S. Sustainable
utilization of industrial wastes in controlled low-strength
materials: a review[J]. Environmental Science and Pollution
Research, 2023, 30(6): 14008-14028.

ALIZADEH V. Influence of cementing paste volume on
properties of controlled low strength materials[J]. Journal of
Materials in Civil Engineering, 2018, 30(3): 04017305.

LING T C, KALIYAVARADHAN S K, POON C S. Global
perspective on application of controlled low-strength material
(CLSM) for trench backfilling: an overview[J]. Construction
and Building Materials, 2018, 158: 535-548.

LACHEMI M, HOSSAIN K M A, SHEHATA M, et al.
Controlled low strength materials incorporating cement kiln
dust from various sources[J]. Cement and Concrete
Composites, 2008, 30(5): 381-392.

LEE K H, KIM J D. Performance evaluation of modified
marine dredged soil and recycled in-situ soil as controlled
low strength materials for underground pipe[J]. KSCE
Journal of Civil Engineering, 2013, 17(4): 674-680.
MNEINA A, SOLIMAN A M, AHMED A, et al
Engineering properties of controlled low-strength materials
containing treated oil sand waste[J]. Construction and
Building Materials, 2018, 159: 277-285.

WIEH, Wk, B, S AR SRR AR 2
P ULAS MR RHAERE ORI [T]. RERRERIEIN, 2022, 41(9):
3227-3233. (TAN Zhengri, TAN Hongbo, LU Zhouling, et al.
Effect of plasticizer type on properties of construction spoil
based high-fluid backfill materials[J]. Bulletin of the Chinese
Ceramic Society, 2022, 41(9): 3227-3233. (in Chinese))

LEE K J, KIM S K, LEE K H. Flowable backfill materials
from bottom ash for underground pipeline[J]. Materials, 2014,
7(5): 3337-3352.

KIMY S, DO T M, KIM H K, et al. Utilization of excavated
soil in coal ash-based controlled low strength material
(CLSM)[J]. Construction and Building Materials, 2016, 124:
598-605.

HWANG C L, CHIANG C H, HUYNH T P, et al. Properties
of alkali-activated controlled low-strength material produced
with waste water treatment sludge, fly ash, and slag[J].

Construction and Building Materials, 2017, 135: 459-471.

[20] XI55, D35, 2=

21] SR E, ¥

[14] TR, XBr, EEM, 55 &S ARG TR 6+

R sk 6 5 SR T )], A+ TREAEAR, 2013, 354 T
2): 55-60. (DING Jianwen, LIU Tieping, CAO Yupeng, et al.
Compressive test and strength prediction of soil solidified by
dredged silt with high moisture content[J]. Chinese Journal of

Geotechnical Engineering, 2013, 35(S2): 55-60. (in Chinese))

(15] 52295, MRS, R, 55 AFS T EARRBIR SR

K PE RE B FT[T]. TR KV I A, 1999(3): 7-10.
(QIU Xueqing, YANG Dongjie, WU Xiangwei, et al. Study
on properties of calcium sulfonate water reducing agents with
different molecular weight[J]. Concrete and Cement Products,
1999(3): 7-10. (in Chinese))

[16] M B, Mk, THEAR, 55 ARBUKH LIRS X6

BV KR MR RE S A [7]. LR 35 B 8 TR, 2012,
34(1): 124-129. (CHEN Ke, YANG Changhui, YU Zedong,
et al. Effects of different water reducing agents and their
mixtures on properties of alkali slag cement[J]. Civil,
Architecture and Environmental Engineering, 2012, 34(1):
124-129. (in Chinese) (in Chinese))

(17] By, SERE, T HI. 2RSSR S S

B[], ERDCEE T K22 2E4), 2005(9): 38-41. (HU Hongmei,
MA Baoguo, HE Liu. Optimal synthesis and modification of
superplasticizers[J]. Wuhan
University of Technology, 2005(9): 38-41. (in Chinese))

naphthalene Journal  of

(18] &8 <&, TR b i, & JERIR & Rusk /K i il

# M HVERERF T[], RERRELIEHR, 2012, 31(1): 42-45. (WEI
Jin, DING Xiangqun, SHEN lie, et al. Research on synthesis
and properties of polycarboxylic superplasticizer[J]. Bulletin
of the Chinese Ceramic Society, 2012, 31(1): 42-45. (in
Chinese))

[19] JOLICOEUR C, SIMARD M A. Chemical admixture-cement

interactions: Phenomenology and physico-chemical concepts[J].
Cement and Concrete Composites, 1998, 20(2-3): 87-101.

Ve, S IREBEL AN S BOR T
MM, db st 42 Tk H Rk, 2019.10: 45-46. (LIU
Jinggiang, FENG Jingjing, LI Tao, et al. Practical Technical
Manual of Concrete Admixture[M]. Beijing: Chemical
Industry Press, 2019.10: 45-46. (in Chinese))

§e, VBRI, A KUERIR TS AN [l
TR 5 B AR PR D). REFR #h 2% 4, 2013, 41(3): 328-333.
(MA Baoguo, YANG Hu, TAN Hongbo, et al. Adsorption
characteristics of different superplasticizers on cement and
clay minerals[J]. Journal of the Chinese Ceramic Society,

2013, 41(3): 328-333. (in Chinese))





