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Abstract: Backfill operations are often required for deep excavations, pipeline trenches, bridge abut-
ments, and culverts. Soil-based controlled low-strength materials (CLLSM), with advantages of self-
compaction, self-leveling, and self-hardening, have gained widespread attention in recent years and
have the potential to replace traditional compacted backfill materials. This study, based on the backfill-
ing project of the pipeline corridor at the Ningbo Xihong Bridge, investigated the effect of curing agent
proportions on the unconfined compressive strength (UCS), permeability, compressibility, and flow-
ability of soil-based CLSM, and discussed the feasibility of its engineering application through field
tests. The results showed that adding a polycarboxylate superplasticizer (PS) significantly enhanced
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the strength, permeability, and workability of soil-based CLSM. Specifically, the mixture with 9%
cement, 1% expansion agent, and 0.5% PS exhibited a 7-day UCS increase from 0.79 MPa to 1.36

MPa, a 72% improvement, a 20.6% reduction in permeability coefficient, and a 25.7% increase in

compressive modulus compared to the mixture with 9% cement and 1% expansion agent. The post-

mixing moisture content of this mixture was 64.6% , exhibiting a slump of 180 mm. The PS signifi-

cantly increased the total amount of hydration products in the soil-based CLLSM, forming a network-

like structure that connected the internal soil particles. It had a strong supporting effect, increased the

polymerization degree of the binder, and ensured a denser internal structure. Field tests revealed that
the 7-day UCS of the soil-based CL.SM reached 0.61 MPa, with significantly improved impermeabili-

ty, but showed nearly a 50% reduction in performance compared to laboratory results.

Keywords: soil-based controlled low-strength materials (CLSM); waste soil; resource utilization;

backfilling; field test
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Table 1 Physical property indicators of experimental soil
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Table 3 Water content and slump of each sample

[[R4E4 A TE TR E KR/ Y BIEE /mm

5% Kk 71.9/78.5/92.1 50/155/210
6% /KR 70.2/80/90.6 50/150/210
7% KR 68.7/80.2/89.9 50/150/200
8% K 69.8/79.6/91.9 40/135/195
9% 7K 71.1/81.3/89.9 30/130/185
9% K+ 1% Bk -+
i 64.6 180
0.5% WK 5
7% KB+ 1% Ak -+
65.5 185
0.5% WK 5
9% KR+ 1% gz Bk 7 78.1 150
7% KV A1 % ik 5 80.2 155




90 200

D74 EakE

[ {19
1 180
{1170 E
1 160
| 150 &
{ 140
{130

120

3
P4 A IRIC HaRe 0 35 K 38 8 V8
Fig.4 Water content and slump of samples with different

proportions

DR AT DL & B, S oK U8 5 a6 A [ AR
B FEA B KR BN, AR R 5 KR T, 5% K
T XA PG E S KR 71.9%, 826 7K I W K
69.8% ; L8 7% )& W By 50 mm [ F] 40 mm, T [&
20% o DAL, AU n K I8 B X I A T Ak - A o B AT
e B T B R K RO B 2%, B2 5% ) it A [ AR -
P RN By 1 52 e it TR R . 25 IR K TR e T L
KB, S YE EE R 150 mm B}, 9% 7K IR + 196 % ik 7
HMFEA & KFR R 78.1% , i [F) BE T 1 R 6% /K
e ildE, P A G & KE R 80% . A5 & /KRIE
ol HAEK V15 5 0 g oL, P RO
AR PRI WS R T AR 6 B v U A Ak e T
PERE B A — E ZHE . % 4 T Ui A [ AR RS 1 A
83 S AR R g K ), KB 4 Rl DL L 996 K
U6+ 1% B ik 71 +0.5% K I 4L AL #E 64.6% 1A
Ja S KM T S A 180 mm W JHE 5 I
AL YHE B AR &K E R 89.8% . H AR
B R AT B A b BT ) i B A T I I B
1 RHE 1 B A 180 mm =20 mm B B4 K i #Y it
TBRSUERE 1 4 P Es K R 20 15 20 2 B il it
TAAE . SEBR b JK TR Y n Afef 75 0K L R 2% ik
s, T B R AL B B A K SN R RN A
HH 7K S8 38 5 1) B 9 K SR AURE A7 A 4 F HE R L AT
DL A3 HOM 7 v 0 22358 45 0 U8/ TORE FEE BEL L 2 T
MR B PE o PRI, DK R FE ORI I A R A - iR
e SN T N W I B/ R S /o= 8
Jiti THERE

3 WUAE

& F Hitachi Regulus 8100 43 i #7120 55 X

9% K Ue +1% B Mk 7 +0.5% WK F 415 9% K
Je 4176 N K500 2H 10 7 o 7 09 3R A0 485 ) 91 41 4G
I, PRGEILBHOWHLER, 25 R AN 5 B s o MR 5(a)
AT LU, 900 K U8+ 106 I IR0 41 50K iy 5 i
FARY FIR CREARHE AR, OF BN A B2 B 3 LI R
YK AL = Wy 5, 5 WL RE L ) B et HC T o
B2, B2 LB Rk E 7B E RS RS
AR o XL 920 /K + 100 BE MR 0.5 00 W8
KSR 2H B HLBE P (5(b) ), AT L & B RE A R A7 7 R
KA ST ARG K A R S BE I (C-S-H) L, I B
AL A1 B TC UK R 2 Ol BURE B B B X
ARG o X8 C-S-H O 1 JORAR B 45 B 2 0F 11
FE A UKL 1] LB, 7 AL B 7 50k AR B L AR T ek
AN T B 2 A MUK — B A T RE AR BT AN AR R
B AR A, B BP0 SR . X 527
HHOWE A RARW A R AR e L, &
B 0T SR B TR R T EOE B N ERAE A
UL A 1T 2 B 00 o AL B R TR, AR BB
PERETE 47, [F] IR T AR TE RE Tt 3 D ek

(a) 9V7K iR+ 1 %6 Bl

(b) 9%k IR+ 1 Yo BERKTR] +0.5 0wt KR
E5 REEXEE SEM HL 8545

Fig.5 SEM results of different samples

4 WIpXE

MRFE 77 e 74 T AT A7 R ] S TR A R T
A pE AL, B DL 4Z S F L Wi RoF 7.30 m
(B) X3.85 m(H) , HYLHIZIRE — N 5.4~6 m /A
A, B 6 BTk o RIS ER 4 mo TR BE SR A O

945



FOR PEAT oAb BE, Y20 T B e T i A R
— M 3.0 m ZE A, 7 XA S HEAT BT AR . JRUE 5
GO IR e B, B A N 2R B O
UL A 18 Al A A R B3R, AR TR il BT 2 AR v
FAEREF L TP E R . AR TSR L
PR IR AR B FE R AR AT R B A
o IR AT . Ik, 855 ER 4 R K

3000 310 1000
i i
. il il

FEA TRETF J T 4 B o A [ Ak i R Y, 4
W 7 FiR o WE 5% A K+ 3% K+ 1%
K 15 9% KU+ 1% B IK R +0.5% Ik A
[ Ak A W 20 S5, K KK L 0.24 A B 4R oK
KR 0.6, B3 a8 W BRESRE IR 4= i 245 [
b AT 7 d JE M BR BT B R R S B R, A5 E Y
L R L4,

1000 310 3000 500
Lk kL 'IL _:,

PEOOER, =12 T g o
e R £40.800~1.800 /Tl BEVE DL FE - T 1 5 7
300 3¢ : g_.._
FLHFEMS00 X 300 % 11 X 185 FHE 11 = % T~ | [RUHFHMS500>< 300 11 1844 F#
& &= 8
&l i o
1k 1k =0
+ + 3 §
ﬁ rﬁ: 2k (T]
Ji JiE
it B
B —4.200~—3.200 S
——
| Hind r%%%ﬁﬁ
500
1200 HemE 3900
g HERA g
= fhaAmE e
18 mCH ARV AL 118 m RV R HAE
HEJEATES —16.300~—16.800 LA —16.300~—16.800
- _=ZuU |
I AR S B RS m—~6 mAEbTE f A
1:100

K6 A5 [Tt Al
Fig.6 Pipeline corridor backfill design

F7 Bk A
Fig.7 Field test

F4 HKBWEELLTTIRE
Table 4 7 d UCS of solidified soil in test section

+2 it b YRS EE /MPa B3R/ %
_— 5% A1 K +3% K+ 05840 06,2
1% 5 8 ' ‘
WA 9% KIE+ 1% BEAKFI -+
0.610 4 77.3
[& 4k £ 0.5% 7K 5

946

JNEE SR DL & B, (8135 PR 4 BORE B4 2 [ 4k
B0 R A L R 4 SR A T R A, AR R AR
PEfE W R ,7d UCS FFET 53.7%. FESLE
T A E AL AR 77.3% , BT E SR 2ZE R,
T 1¢ A DR DL e o Wt Y SR . SE PR A
(B 1 0 58 O Al e URL Y %% S ROk B AL I 2
iy [ Ak 70 e 25 B R 0BT I A &5 4 % 2R
A% 3 H R S RE D e R Y R KT % R R i
S A5, G R - UKL 3K B B A R S
B, R D e S A b o A R
AR, BOAS S SORE S B AR S It A 5 [ AR Y BT
5 i 48 b 5 ATAS I T, M0 BR PR 5 IS A AR N
LA 7 b T AR T A e AR . AR R 4 g5 BT
L FE L TR A T BRI R, A Ak £
UCS HK 48 4.6 %0, 48 i &5 [k + 0038 F T A



1 BV -

(EVE R = 7N S 1 < ) S Y i e o =
BB iERBILK S BIRIK 1B 5 R BHK K
B 38 /0N T 90 2 [T A = E 7 3 A JROIR - AR
8 J3E £ I A1 5 I % 09 098, 0 A 2 [ A 9 8
BRI B EREME., MBRSHEAL LB ERK
N SR, I BRI 8 7 d RS E A LB
BRI T 10910 AFFEBR 22 57, Xl g2
Tl TR PGS A R R

x5 RERBEUAUIZERY

Table 5 Permeability coefficient of solidified soil in test
section
; 1] 5% R R
% il 1 wwid
(10" °cmes™ ")
596 A K+ 3% KIE+ 3 1.56
Rt o
1% 8 7 0.49
WA 9V K1Y KR+ 3 2.41
I 1k + 0.5% Ik 7 0.92
5 & it

(1) ol 7K 570 RE 7 O IE i 28 [ 4k 5 BE | 4 1
A58 & 1 S5 IR B PERE A LAl b, A7 R TH LR 5
PE, S TPERE o MBROWL S MR &, 8 sl 7K 511
219 AR C-S-HOH 2 B S0 9 IR 4% & 45 4
SR 4R IR B AE

(2) FHBH MK PGB &, 85 D S8 K 550wl m]
DA 35 42 T i 2 11 4 - 09 56 B2 5 s 4 P e 5 AH B T
T UK RS B s AR S R A K TR B

(3) MRFIEB 0t T % B0, Je ik 1 7 IC be A9 20
ROR o B IR 90 /K Pe+ 1040 B2 IR +0.5%0 Ik
KR 2 T AL B9 7 d Je O BR BT R SR B2 3K 0.61
MPa, $i5 P RE R B $1 5, 18R 200CR 3%

(4) [m] 33 i B 7 ORG24 - Bt T o ) 5
B 15 Z RO e IR A5 R A BT I, & TS B
YN FE 5000 o H T A T Ak o ROB A 9 R B0 it T
J5 RAFTE 28 5, AN US0HE TR 552 2 AR Sy 3 25 81 46 = 69
J i B A AR AR I

S Z

(1] 41E, N2 B Ak BRI R — R i+ /)
SEREPELT ) Bl RO R TRE 244, 2020, 40(6): 992-1000.

[2]

[3]

(6]

[7]

[9]

Niu H, Sun D A, Ruan K L. Mechanical properties of
shanghai soft clay mixed with fly-ash and lime fly-ash
[J]. Journal of Disaster Prevention and Mitigation Engi-
neering, 2020, 40(6):992-1000. (in Chinese)

PR B, FLA9ER , BRDE, 35 J% 35 100 5300 3 [ Ak - i 588 B2
Rt SRR LT ] By KIS R LR 4, 2022,42(5) :
993-998, 1009.

BiD M, Kong G Q, Chen G, et al. Strength character-
istics and failure mode of solidified soil reinforced by
waste masks [J]. Journal of Disaster Prevention and
Mitigation Engineering, 2022, 42(5): 993-998, 1009.
(in Chinese)

KTz, L PMEE S A5 T R R A
A R T B RO R R4, 2020,40(5) «
811-817.

LuQY, LiHA, Sun X Y, et al. Application of steel
slag composite in in-situ solidification of shallow soft soil
[J]. Journal of Disaster Prevention and Mitigation Engi-
neering, 2020, 40(5):811-817. (in Chinese)

JEL KR, S AR, 4 ARSI B U AR EURUA R R DY
DR S S B[ T]. 4084, 2024, 38(15) : 23040087,
Zhou Y X, Huo M H, Hou L, et al. Current research
and prospect of low strength flowable filling materials
[J]. Materials Reports, 2024, 38(15) : 23040087. (in
Chinese)

SuY, Yan N, Bai X Y, et al. Research progress and
application on engineering characteristics of ready-
mixed fluid solidified soil[J]. Materials Reports, 2024,
38(9): 23070212.

YanD Y S, Tang 1Y, Lo IM C. Development of con-
trolled low-strength material derived from beneficial re-
use of bottom ash and sediment for green construction
[J]. Construction and Building Materials, 2014, 64:
201-207.

THESC, B ZE L XUAN K B YA R I B0 Ak B R
PRI T T]. A L J1°%, 2011, 32038 1)« 280-284.
Ding J W, Hong Z S, Liu S Y. Study of flow-solidifica-
tion method and fluidity test of dredged clays[J]. Rock
and Soil Mechanics, 2011, 32 (Supl) : 280-284. (in
Chinese)

BT T Bk B RT3 U 908 1Y T Bl 1k A 3R R R TR B Y
B s [T] A+ TR, 2002, 24(1): 108-111.
Gu H D, Chen S. Engineering properties of river sludge
and its stabilization[ J]. Chinese Journal of Geotechnical
Engineering, 2002, 24 (1): 108-111. (in Chinese)
Folliard K J, Du L., Trejo D, et al. Development of a

recommended practice for use of controlled low-strength

947



[10]

[13]

[14]

[15]

[17]

948

material in highway construction[R]. [S.1.] : NCHRP
report 597, 2008.

Duritsch D W. The use of non-toxic spent foundry sand
into controlled low-strength materials in Ohio[D]. [S.1.]:
The Institute of Advanced Manufacturing Sciences,
1993.

Qian J S, Hu Y Y, Zhang J K, et al. Evaluation the
performance of controlled low strength material made of
excess excavated soil [J]. Journal of Cleaner Produc-
tion, 2019, 214:79-88.

Raavi A K. Design of controlled low strength material
for bedding and backfilling using high plasticity clay
[D]. Arlington: The University of Texas, 2012.
Bheemasetti T V, Puppala A J, Zou H, et al. Quality
assurance method for assessment of stiffness of pipeline
bedding material[ J]. Journal of Materials in Civil Engi-
neering, 2016, 28 (4): 04015160.

Sheen Y N, Zhang L. H, Le D H. Engineering proper-
ties of soil-based controlled low-strength materials as
slag partially substitutes to Portland cement [J]. Con-
struction Building and Materials, 2013, 48 (11) : 822-
829.

R IMEAR , SCEh I R I A I AL R A B [T
BUT AR [T] SRR, 2021, 52(4):460-461.
Wang L. Y, Sun W D, Wen J B. Application of pre-
mixed liquid solidified soil in deep foundation pit backfill
project [J]. Architecture Technology, 2021, 52 (4) :
460-461. (in Chinese)

SR, E LA BERY AT AL - WO R AR [T] M
[L##, 2018, 37(10):136-139.

Zhang C, Wang L G. Backfill construction technology
of solidified soil for foundation trench[J]. Value Engi-
neering, 2018, 37(10):136-139. (in Chinese)

XN ZR . B HH L 25 11 Ak A HR A b T 25 487 TR e A [T
ST R R R [T]L SRR I K, 2018, 45(4) -
61-62.

[21]

[22]

Liu X D. Application of ready-mixed fluid stabilized soil
technique in foundation trench backfill construction of
underground comprehensive pipe[J]. Building Technol-
ogy Development, 2018, 45(4):61-62. (in Chinese)
R 7 AR HE : GB/T 50123—2019[S]. b5t . o
R ) Hh R, 2019.
RIEAT . WAL LI 1 ) R Pk &4 18 O
[J]. R4 3CHE F, 2006, 62(4): 618-627.
RS, R KT . RIR IR IS UK 7R KA ek R
15 T8O 45 4 00 5 Wi LT ). Rk R Eh 7 4, 2006, 34(5) -
546-550.
Zhang W S, Wang H X, Ye J Y. Effect of polycarbox-
ylate-type superplasticizer on microstructure of calcium
silicate hydrates[J]. Journal of the Chinese Ceramic So-
ciety, 2006, 34(5): 546-550. (in Chinese)
W AR Bk, T SC B REAR AR G 5 B K Y
BB FE [T, B 90 9 TR 244, 2022, 42(5): 1061~
1068.
Yang W D, Li B, Ma W H. Experimental study on re-
ducing water absorption of air-foam treated lightweight
soil [J]. Journal of Disaster Prevention and Mitigation
Engineering, 2022, 42(5): 1061-1068. (in Chinese)
XA, RFJe, XURSE, 5 b 2R G W%k e AL £
5% JEE A SR S JEHLBE R AT [T]. R TR AR, 2016,
38(3): 446-453.
Deng Y F, WuZ L, LiuS Y, et al. Influence of geo-
polymer on strength of cement-stabilized soils and its
mechanism [J]. Chinese Journal of Geotechnical Engi-
neering, 2016, 38(3): 446-453. (in Chinese)
BPHT, A AR, ZFE, 45 K-S Al i AL
ThWt Lo B RALBE[T]. B SR, 2020, 23(3)
625-630.
Zhao Q X, Cai H W, An S, et al. Strength and mecha-
nism of stabilized coastal saline soil by cement and fine
slag[J]. Journal of Building Materials, 2020, 23(3) :
625-630. (in Chinese)

(AXLmi . RE)



