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Study on the Mechanical Properties and Construction Techniques of Ultra-Early-Strength
Flowable Solidified Soil
— A Case Study of the Tongjiang Avenue Rapid Upgrade Project in Wuxi
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Abstract: In order to meet the increasing demands for self-leveling performance, self-compaction ability, and ultra-early bearing
capacity in backfilling works of box culverts and bridge abutments in urban expressway projects, an experimental and engineering
study on ultra-early-strength flowable solidified soil was conducted based on the Tongjiang Avenue Rapid Upgrade Project in Wuxi.
Engineering spoil soil and bored pile slurry were used as raw materials, and the effects of curing agent dosage on flowability and
unconfined compressive strength at early and later ages were systematically investigated. The results indicate that under a slurry water
content of approximately 140%, the curing agent dosage has a limited influence on flowability, and all mixtures satisfy the
requirements of self-leveling and self-compacting construction. When the curing agent dosage reaches about 12%, a significant
improvement in early strength development is observed: a stable structural skeleton forms within 12 h, the 1-day unconfined
compressive strength exceeds 150 kPa, and the 7-day strength reaches more than 1.3 MPa. Based on engineering practice, a mix design
approach incorporating a strength safety factor is proposed, and an optimal dosage range of the curing agent is determined. Large-scale
field application involving nearly 10,000 m3of continuous casting demonstrates that the proposed ultra-early-strength flowable
solidified soil exhibits rapid hardening, stable strength development, and high construction efficiency, providing practical reference for
similar municipal backfilling projects.

Keywords: flowable solidified soil; ultra-early-strength; unconfined compressive strength; mix design; municipal engineering

S e G5 [ SRR R A 2% % 568 R 40 P YRR 7
BE IR T HO e . ST R R TR b, M TR R SR M R B R T T AR — 5 R R
TR R 6 S IS R R MR R T s AR, VASE PR RTRIE 1 SRR R A [ R 5
R, — 7, FEAORE R4 RIF IO EF S A sctkag, VRS, BWENBR IR PERNANM., A, E
DAIE RS AS 45 RV RIAT Z6 M 57—, TRl Tk,  WIARI TR %ﬁ%ﬁéﬂlﬂ?ﬁﬂﬂ#?ﬁﬁﬁﬁﬂ?ﬁﬁk@ o
S [T ORI B 5 BB PEE 2 T AR SR BB A Ak AR MR R SR TR I T I 1 S A

48 Copyright © 2025 by authors and Viser Technology Pte. Ltd.



TR THEA - 2025 3% 124
Engineering Construction Technology.2025,3(12)

5t T T2 R A 2 -

BT, ARSCRFETEE Thm oK IE P — B TR,
B FEIRAEAE 54 & 6 1 R TR SR, B T FL kiR
BEME A B 73R i T 12, FiEid i
39 K HASE I FH 3640 T AR5 i

1 TIEBURSRAEK

1.1 TR

ST P — 1 TR TI12 AR H A FIE A T
Bl X, BRI E, Fdb BB G312 HhmiE
JadkHh, LT TEmELG AL, THEZEER
K2+252~K3+644.217, MiiE S &IHSES 1392m, 3
FE 49m~62.25m, KHIRA NG IE it Bk s
80km/h o /N TE 8 T AT T BT RE , HoHh AR T 11 7 4 B
AT H B SCE K IR, XSO LS AR L
SRR A . ORI E = PR ICRIHESE, My & &1 A
TR A UCR R A A, BRI SRR R KIR
XA R AR S TR T s B T
TR, AYGHR R SE A HEAEL 1 5 m®, N

TR VM R R ] R XU DY T A R R R

T T I V8 58 FBE iy« PR L 8 SR P L AP AR R
W TSR R, TS, ZaERmSki.

1.2 FAREX

B X g N A8 AR A H T, #
BRI R SR fe bR, A& CBRMET i) (R
PN RGBT R LN B S T,
BARBAR R T

(LD A& RGPARY. A%,
VIR B EAME T 180mm.

(2) it 7d ToMIPR bt & 58 E A KT 0.8MPa.

(3) FEHE 6~12h B B AR &EITRES, 1d
JE A PR T 58 E AMIK T 150kPa.

(4) FELRAEIE . KRR T4 FATTFRL., K,
WAL IR T AZ O X S it T AR

2 MRS A ENR

2.1 BB A

AR H 3% TREE = A e A/ 8,
WE 1 foR. MRIERIFER, WERKILE 1.35~1.4,
PTG KN 140%, [F LTS 2 e 3K 1T 5 1) 8%
10%. 12%. 15%, JFEi&ELi s k. 28
T/CECS 1175—2022 { H % sk E LIS H ALY, RH
AR LA 80mm {25 0a I 5y B s [ o R A 4
[0 ah E, il 2 Aok . 288 T/CECS 1175—2022
CH %I EAGEF AR, KHP8 5 5 A E L
R e R, #E R~} 70.7mm>70.7mm>70.7mm,
T 5 # AR ME TR A6 Hh IR 4 A2 48 e W T J T ) BR Bt
JE SRR, W 3 iR

HAsE A+

Copyright © 2025 by authors and Viser Technology Pte. Ltd.

: :!-'" R
E1 MERAELSRE

—

B2 mSERLmentEnis S RE R E

e

B3 RAERLBEMNLRESIRES

2.2 MEREMIALER

AR H (A E AL TG R Bl B R 4 R 4
e WTLAER], EJREESKE 140% %0, HAHE
-G S BE B AR5 B R 2 IR T Rkt
Bkt 8% A 15%HH, AN H 220mm F#{K
% 195mm, B R PEIEE /N T 12%. X —IEERY, 1E
mEKREA RS, RiEEHAKETERL, BERARKEIA
oA S S BB R R 1RV 8 5[4 700 /KA A 30 DA
5 S R R, X RS RE S A R, Y
B AR EAE 200mm 224G, APRM AT Ik SE B S S H
W5 B %S, L B A AR 5 A T 2 A0 TR it
TR,

250

L VES AU 7K 140%
225

200 |

sl /mm
B

150

125

100

9 10 11 12 13 14 15
[ %
B4 EHFIBENRSELLRNIEHE

49



QS?VBE?

TRl THEA » 2025 #5334 #5120
Engineering Construction Technology.2025,3(12)

[ Ak, 70145 B 0PI AS [ 4 = 1d 1 7l 34 1 T 000 R 5 B 1)
M 5 B, B 1d Jofl PR 5 A R 4 SR aT LUR
B, Bt p A A R SR B R R B W RG4S
BN . BB E<10%N, 1d NREEKEE, &
R AR MBS R =12%00, #
BHE 12h ] EIRT TR BOE S 22454, 1 d Jofl FR$0 58
IAE 150kPa LA I FEMLFIEEE 12%E &2 15%, 1d &
¥ 1 150kPa #2712 310kPa, MK 35 . X L WAE %
R, 12%9SEILE AT sl B = X R] . 4[]
B R Z R S, KA R BEZ B R, 5

JEEHE N DK B
3000
—a—1d

2500 o 7d
@
A
24 2000
~
!
% ............................................................... .
14 1500 §
2 i
% 00 _ """"""""""""""" ./‘/
ﬁ o/

SRR
500 |- 3
i A
_
0 i 4—"——/? 3 1
8 10 12 14 16
[E L FIB R/ %

B 5 FASEKL 1d 0 7d RMRESBESERFIZER XA

i 5 FIRTFTLLE R, 7d GYI5E R E 1L 75 B R
PR K O R, (HIGK AR SR XA A K.
MEAFIBE D 10%E 58 12%K, 58 H 1.07MPa 1
% 1.37MPa; 1 4[4k 7145 &t 12%5E T+ % 15%H, 585
i 1.37MPa .35 1 %5 2.52MPa. %45 R0, 765 S KTe
KRR, FNFIBEAGEIRL TR, EREY
Wi 435 K 5 3 P P 5 LI AL B 420,

EF AR 1 BE TR R AT 5 KRR E
WU ELR, ARSCT) NGEFE & AR R B y=22 0 5 B T B
BT S . A TR E y=2.0, HABEMADIE: (D
HIHIH AT GRERIFEE A /KBRS 7= %
PEAEARD ;s (2) AREEER M T A5 55, 2 6h LA 12h
B AISERRFR R (3) fmait e b s, B %D
B 53R T AU o 122 JEL B T DR AL T B R s [ A = e vt
PRACATEHI TREEK . T ERo, AT HRSEL
- EA B B X T A 11%~13%, i 2% L R% S it [F 44, 7
BEEN 12%20.5%.

3 MASEMLTEITZ

3.1 MIHES

T I I D, o 3N 138 i i 2 AN DR
ATRRR, I SE I R EE S T AR, W E IR EaE S
PR IX 35, 5 AE AR TR an B 6 Fivs .

50

El6 RMHAGES
3.2 HEERE
AT H R A E AR & E AR 8
- — AN i, AR EEAN, RERAR
%It E SN EThEE, RIS hER T S h
Py obE, wEBRYLRIHME TR S EERAH, wE
7R

” ‘VA |
o v S @
ey g ‘
b v ¥
; !
& p
/

B7 RAELIREIFELR

3.3 MABLEIE

HFEHURE e da s IR -HEpE— AL, nokaa i
FEE eI L 1.35, B 5 BEE A6 0 B SR e AL
SEREAL IR, BB SRS, R AR ST
KLk 8 fros

B8 MASELLEIIAS &

3.4 MELER
M T AR E A A TR, BT SR
FE R B IR M R AL A AR, I DB R R AR AT
RLYE, K8 Ja A IR AR AT I BE S, W 9 Fr
AP JE M fLAE <10mm, ARG E AP S ik
JECHB IS ABURHE T AR S 5 R 1%

e

: ‘ & \a.\;
B9 HsE
3.5 RIERR
R PV 2R e T A T A 2R 006 28 il TR, HEAT RS
] 4k LR, BB SR 4 2 77 3, e AR RS 1
i PR 10 fos.

Copyright © 2025 by authors and Viser Technology Pte. Ltd.



TR THEA - 2025 3% 124
Engineering Construction Technology.2025,3(12)

@ VISER

~ N

B0 RAENEREER SRR N E TR
3.6 FiP
P SE NG K PE REARTE 76, W/KFRP R % —
W, 11 Fiose

B 11 CGRESER T EESEKSR

3.7 REHRN
MLV TER 100 JFXTRE RS LR
AT T, B 12 fros. TLVER], Froesiiias i
LRI, PR IR, RWEIS) oK.
FERG, BRROPTRE R RFEER 1d J5, JBATE
EAE S ERAHH T, W 13 PR,

NG~

12 R 10h FRELHR (EAXEND)

: \%ﬁ"& 4

B 13 R 24h FBITREB L ES EEREMET
M HE It AR L, bl 3= A AT 5 R R SR A
FERNA PR A B 5 A AL 160 7d ToBR 5T & 553 5 34T
THIEEAS I o PR ARSI 45 AT A, B AR IR AS Ak

Copyright © 2025 by authors and Viser Technology Pte. Ltd.

RS BN, 7d SRR E] 1.35MPa, DR T
Beirk-fabs, ORI R

4 H5iE

(LD fERmE/KICREREA RS, B8R mnAsE L+
BA REFrmshttse, BB ELE 8%~ 15%3t H P X
WA IR BN LSRN, MR WK E B E S B R 5 5
BT, TR AR R G B S A E R i TR .

(2) [EFIB B RS Ak - A58 B R B
B, 2 12% BB R RER R RME . UBE
METFZAEN, MR 12 h ARSREESEK, 1d &
MBR 7t & 5 FE ik B 150kPa LA b, REAEIH 2 PRid i 1 F
WhEAT I AR SR

(3) ML I NGRE B R & B B, AT
B RN I e RIR IR %« B 7K P B e TR S A A
EERER, feml R T et s G mfaett. &
AR P FE A BB E XN 11%~13%, BA R
U TR

(4) FEABITRIE POE A TAR A RARAE S BN
FHZH, A A ARl TR AR E T I
W iE N 7 TS5 R I R AT, WIAE A% G [ AR A 808
5%, N BUH S J R TR IR AL v HE T I H R B/ 12

(5% 3]

[1]74, B, g F S MFRSEA LN T REEHAR
Ht & BRI [J]. 4 B 5 47,2024,38(9):66-72.
[21 A+, EZiE EHN ERBEASEAM AR
R R B[] A A § 4H,2024,38(15):130-138.
BIREE, R b1, 28 1% % ARW B Tk B & EARES
4 T (1 B A 5[] B #h 38 4, 2025,44(12):4492-4502.
[ EH Nk EBEFERSEMLEAYE A FHER
I 5 17 B A A [3]. 1 5% R T AR 4%, 2025,45(4):941-948.
B %z MExERHEBRLRARAE LW RANKE
55z BRI A R[] 2 A AR 5 AL A, 2025(3):38-42.
EHEA: W (1981—), F, Wik, THALHA, &K
A, HRFE: FEREMHEEIEA; HIAEH:
B & (1986—), F, Wik, THAAMA, &8, BIEX
IRIF, #HEAE: BEREALFA,

51



