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Abstract

The rapid setting of non-dispersible underwater concrete is a technical requirement for its application
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in emergency rescue and disaster relief, seepage prevention and leakage control, rapid repair and
reinforcement of underwater structures, and underwater construction in special and harsh environ-
ments. However, the complexity of the underwater environment, characterized by water flow scour-
ing and pressure changes, makes it difficult to ensure the stability of concrete during the early setting
process, thereby imposing extremely high demands on its anti-dispersion performance and early
strength development. Based on a systematic review of the research progress on rapid setting tech-
nology of non-dispersible underwater concrete, this paper experimentally investigated the effects of
flocculant (UWB-II type) and polycarboxylate superplasticizer on the workability of cement paste. In
the review part, the admixture compounding technology centered on accelerators, anti-dispersants
and early-strength agents was discussed in depth; the adaptability of different accelerators (alu-
minate, silicate and inorganic salt types) to various cements was studied; and the research progress
in cementitious material optimization (mineral admixtures such as silica fume and nano-silica) and
workability assurance (novel anti-dispersants such as cellulose ethers and flocculants) was summa-
rized. The advantages and disadvantages of different technical solutions, their applicable conditions,
and their effects on the final mechanical properties and durability of concrete were compared and
analyzed. The experimental results show that the flocculant dosage exhibits a dual effect of “inhibition
atlow dosage and enhancement at high dosage” on the yield stress of paste and has a non-monotonic
influence on the power-law index; the superplasticizer can alleviate the conflict between workability
and anti-washout resistance to a certain extent. Finally, based on the existing challenges such as the
difficulty in balancing rapid setting and workability and the insufficiency of long-term durability as-
sessment, future research directions were prospected, emphasizing the development of green com-
posite admixtures, the application of smart materials to precisely control the setting behavior, and
the establishment of reliable long-term performance prediction models. This review aims to provide
theoretical references for the material design and engineering application of underwater rapid-set-
ting concrete.
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BE DA AR TREAN W [ K80 i, B UnEs i AR Al KRB R i hsiE Adfe b XL 2t
SOK T TREEBH 217 (2], R0, AR KR A0 . BaRIE R R RKE SRR, ek
HhFE 1R AR K T i L R ARSI AR K BEHUN 2 S BK P AR il RHITTRR 20 8
S EE3] (4], A R EE SR T RN AVEASE, AT RE S AK RS & IR LS M. R kiX
—HARMER, BHIFN G I T OK N A BOREEL[5]-[7]. 2S8R E L@ BN SRS D et n R,
WENESE T PSR TR IS BRE ST, KT S R e L R R I AR S [8]-[10]. IR,
GMELR S R BT B% L, ERRIG T SRR, A RRIE 7K T2 8 1P
L o AESLBUK N A USRI, PR RESS VEREFI I U R 1] EBhEKIELH, (XFEHT L
PEAE AR OR TR0 &, T bR ek 25 3 R BE 0% (S VR Wk - AE N /K 5 TR BTG SR, A R TTK Tl
FERSEALEEM S . ARG K N A7 BUR BE L PR SE BRI TR, B R A R RS

DOI: 10.12677/hjce.2026.1510237 51 T AT


https://doi.org/10.12677/hjce.2026.1510237
http://creativecommons.org/licenses/by/4.0/

TEFIBLE, W scBlPRodigess I BOR BRI, BASVEREIFIN T ik, IR BRI I OBk iR 5 R e Tl
UG TREN e S %5

2. MBEFE*E
2.1. FE#HR

AUGREG KA P-O 42.5 S ImfEmR Hk e, HERWH N 3050 kg/m®, LRI 356 m?kg, #x
YR P T K BN 27.2%, #1kS ZBE A1K A 223 min #1273 min. B RREHTZOM K, W%
N 2250 kg/m3, FHIKEELA 98.3%, iETEFRHUE 76.1%. IR/KFINIL IR IR EH AR5 BR 2 F] 2 A 1)
RRIR R = TER UK, FRoK 2 25.0%. 251K b B il 4 ] TAR BB 7 e K (1) UWB-ITHY
R AR =M [12], A KN TE 22T H KK,

2.2. LI RECAEE

ABIE T SR ARSI 22 BT 5 KGR B AR (5 U0)BEE Xtk BEJa, it 17 is - alie: o
SEHEAT T 6 AR SRS BRI FESAE R BGTIB R E N 2.0% 5%, 24T 7 3 HAFRKH
LM%, PrARc ey LI UNC Bo& EEONERE, /KIRECE N 0.40. Jorr, ZREER 5 h /K ) 4% 4k
BIEIN, HREATE AR SRR, I DD T BB RS BRI B 70 oRFoR B & . A iflia i
IR 1.

Table 1. Mix proportion of slurry test/(kg/m?)
= 1. RIS L/ (kg/m?)

s K K KR gl %l
uo 5143 970.3 320.2 0 0
Uo0.5 5143 970.3 320.2 0.5 0
U1.0 5143 970.3 320.2 1.0 0
Ul1.5 514.3 970.3 320.2 1.5 0
U2.0 514.3 970.3 320.2 2.0 0
u2.5 514.3 970.3 320.2 2.5 0
U3.0 514.3 970.3 320.2 3.0 0
U2.0P0.5 514.3 970.3 320.2 2.0 0.5
U2.0P1.0 514.3 970.3 320.2 2.0 1.0
U2.0P1.5 5143 970.3 320.2 2.0 1.5

2.3. SRk

IR R B AMINFA] TR 7)Y (GB/T 8077-2023) 58 17 E T 3 A4 1 3t 5 B ik 56
K F Brookfield RST-SST i ASCHAT FA M A AR MRS, 7858 VT-40-20. AR PEREN 105
I BeRIBTUE RAE 30s A 0 203 % 507!, THEBTY) 60 s J5 HAlERE 0, HEE 60s; 1EXFTY)
BRI UDE R NIAE 100 s A 0 LR PEREE 100 s (LFHBY), Bl FRZRMEIRE 0 (RFEREY). ARYEFAR S
EE ] DAL BT IR /) - BT P A dh 2R R AR 2% -
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3. XWHERE SR
3.1. KzE

Figure 1. Slurry flow situation
1. RIERENER

E 1 ORI FE R AR AR SRS, 2 BOR T R ARG B AR ZE . AT 2(a) R R I,
KRB LR BN 85 mm. BEE LEFIFIBN, HshERMEDRE R, GFRFRE. #
BERRMAI[8]. EAEERRE, ABENE 3.0% (ishE RN 140 mm), HAETET L B RS
T 64.7%. M 2(0)ATLAE Y, ZEEFIB EFEE N 2.0%0, HshEFER/KAIBEBINE 1.0%mMHEKE
200 mm, HEMGKMZIENTE.
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Figure 2. Results of slurry fluidity test
2. RIFRENEMRER

3.2. KT14RE

Kl 3 JRIR TR B S ROK R B R AR BR AR - 2 . 0 al e BTY) R g Bl BT )38 A ) 19 0
BB . FN, 2RISR S S YRR T BTN /)
T=1,+ky" (1)
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Figure 3. Rheological curves of slurry
3. RIFHIRT L

Table 2. Fitting results of rheological parameters

2. RESHMAER

40 60

80 100 80 60 40 20 0
iR /57!

(b) NEWKFBE

95 7,/Pa k/(Pa-s) n R?
Uo 22.8 2.1 0.83 0.996
U0.5 7.0 1.9 1.12 0.998
Ul1.0 4.5 3.1 1.04 0.997
UlL.5 13.4 7.8 0.89 0.996
U2.0 26.0 13.2 0.81 0.998
U2.5 53.5 243 0.74 0.997
U3.0 78.7 33.6 0.69 0.999
U2.0P0.5 17.1 11.0 0.81 0.996
U2.0P1.0 153 9.4 0.84 0.998
U2.0P1.5 13.9 9.7 0.83 0.998

WP 2 AEER, AR SRR S B RN A BRI T R E R
(1) JEARRLTg o IR, SMINFRIES X AR A7 PR VR . SRR R I b J5 T 1E

BE 1.0%0 HIAE 4.5 Pa (BT HLALREME 80.3%); fEBE 3.0%MH HELIE(E 78.7 Pa (BT LU ZH#3Y
245.2%), s T H ARBEIG]. mBERR” PO VER o WK R ) 23R Fr S PR RS 17,
AAFAEBMIG: BRI 0.5%/5 MEEM, HAEBE 1.5%M AR HAIE 13.9 Pa. Ib4h, FFFTIERI,
i R 5 2 B A SRR B PRG3R 5 SR M BE A AT, 2R BE5R00T T IR R g ) X =LA
FUET RN TSR ARBER, &1 R85 LLF 0 A5 78 55 T /K e MOR & i, it
(812 BH 55 5 FEUHE S VR P A OIURE (8] 1 iR AR SRR 45 40, IR R IR I B 2 BEAIG: 4B IR FYE S,
T R R A A AT ORL R R A M I R B T R B R SR AR R S = YRR 24, UKL [A]AH LA F 7 %
HIGaE, JEIRR I ORIE ETH13] 6 S8R e AR g ) BEARAE FH T T R B s A i e v e 0 5 72 [ r
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BEL, FoF 45 1) 55 SR 1) 280 19X 2%, 1L A2 R T J0A 2 T A P R P £, PR R Bt 5 B 1 Kt T i A 117

(2) PR T PR TR RBCRARRE N EES L — T HR ORI ST S, B
DK B 2357045 BB N34 R (445 20 0.5%I5 LB A /INIEBEAR), JEAE S & 3.0%0F 36 25 ek, it
WA $ o SUEE 5 B R SR IR AR R A P (0 RO AR . S — T, B ORI AK 45 B U A B R A T B IR
EMEF A, HBUKFB R 1.0%)5, AR BB 00AT, 28 W LA sk /K )Xo 266 5 158 1 4% B
T TR

(3) TR BAREUE H-B MR P OSE, HEUEE RS TR UIER R R
BONF 1 N8I, BBV KT 1 NBTDARR) . AR RS, %850 25575 &N 2
LRSI PEAR . MO ELALR 0.83 (BT IS M) ETHE 0.5%B RN 1 1.12 (B A BIY) A8 H), b5 788 TR,
7E 3.0%B H 0 [ 2 0.69 (B VIR ). XRHAZIE— DL 1L0%MIE ARS8, M5 AR AR AR A
AR . ROWIOKF, B BRI R R AR H A R G MR, E S 32 B O A 1 e RS
S5EE, MmARH B IR s A AR . N FADER A B b, R R B A R AR A S R AR A
FRI L SE R I BT DI N B VIR G P58 0.5%IN, 40 R U (K s o RELE BT DR A R IR B T A R, B
() N 2 25 1 A R DL P B B U R T i B oK, RIUABI DI 4B R E G, S8
WL E R BT YRR N R ARG IR, SRR K T B R, ROWR B VR R T &g, %
DUABIUIEH, HINSGEEE, B M e .

3.3. 1E4EE

FRRPE . BERUR B B R R A DAL K N AN ORI R OGS ) S U 14] [15]. AR, UK
i 580 B LA E Ny — T VPN R Ar, HAEIRE ARAKT 70%, AR R K i TS B0 5R k(4] [15].
BRAELTE HRE 1K 7 R 28 KK BB 58 B K fe /N KR 5 L A, 57— AN 4 W R 4R A 7K T Y R
55 5 5 il BRI P BGT A VAR AR 0 R (0 EU AR, 122 EL B A T O b S B /K TR AN 4 BT g - 1) LS BR E
PAIAB DL o 7K i 38 P bb 5 BEAR I G SR BENT 50 B8 R 520, 1T /K 25 56 B LU DU 3 — 2D 255 IO T 7 43 G 5
ANFTs R AUV 16] 6

TEREALE RERE T2 7 1T, CA 5 SRR P AN BB EE 10 715447 N[ 16]-[19]. MIETHARE+, Z%
TR L M TAE M S P08t 2 W& . e, W 2l S EAG BRGSOk R B
BERILIA = H K R[20]. B, KEERERKE 20%)5 4% MESB N, R EERLS
R AT Bae 21 Rl CRFF AR PR s 1, ELREAK S BT He 5 3 AR SR . Ak, 35 N GRR IR (an
YK Si0) HAFIF S o] i — P IR FHR B - LR M BR, A F v 45 0 2 5 B 1Y s b S WD RGFE, A G FE
TR — 4518217 [22],
3.4. A MBE

TEM APETTTH, AR ZHET TR, WHUBIENE. PUEE 712 Il A i i 7K 12 Tl A 6 7K
A HURE S IE[16] [23] [24]. % TiZ2RE -2 N FIlREREE25], KT ESHHEE TS —
SEFEE BARIEKYE R A, B /KT B VR 1 L L e v TR BRI L SR, K HATE
AEE, XUt B A2 s B R B A AR BB PSSR, AT ST H A BE[20]
[26]; BEAN, SEGHIIRSOARRE, 2 VR I AT SR S Ak k2 AL I B 10] .
3.5. BILFEARSRA

AR Sfr TAR VAR, B i 7K B SUE TA LA SR TR L) A 3, KA R &L
N AT A IR, 2 F FHERE AR as e T, Whidei. K. TEiksuitFE % 51 [2].
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A R

BIAnAEAR T AROK L IR SRR S 1 BB . HT I RSB =R E R SR e Y€ AKX
A 5 TR, BEuUR A SEE SR BIER /K N A BR B BT I 2] [27] (28], {H
THBANLEG G RE R BN, 4598 LRRHE T RBOR . Rltt, b AR kag it —2
PR T A BB ORI RE, AR ARBURF PRI B 26 AF T, SCBLEROK T BEs, AT 4 96 1
TREE I

3.6. HAEIGAT LA <EHkEE

Ho—, Shxmiiid. sk RS & T BORBE R AN E , AR R BT B ke B S R E bR
HEAR R A TERE, BAFINIR[29] [30]. BIRFAFADGEmIRE L RITEFERE, o CResiHE M ARBEL
R TR R R MG B TR 25], XM AR B AL

H=, TS U0 Bk 2 [ 3 P2 SEBUK R BESUAZ X 117 F A H BRI 7] B g
HARTHR A, (RSB IEAE S P EERE TR, B R 2 G Tl R s L. TFRE T
KA ) BGIRRE - B R R ATR] AT SR i VA 1 2 O B L5 TR

H=, BUAHETON KT A R e B SI ANE ST A 2 (241 AR 22 3 T- Rl U] 2 K 8
TP, T skPrigre TAE iR gL BRI m K b bt IEFAZZFMETRRMEM. Fit, JTR™ES
B iz TS SPUR RN TR A EEE .

FCDU, R AR T K T AS 7> R e R R Ik i K[ 3 1] B IR R A SR T AR,
SRR G ERIBEA TR Has Rt SR, BG5S GBI ] 99 5 08B, [RII e SR Bt - 1
TARPES BT oM MR an (TSPl o 5 R A CEREII S —, T RIR AR R

4. g
4.1. RIERTLSEHEKT EMNMEEROALEREL

RIS R R, KRR SEE KA HORE L MR 2 AIAEE % V) ORI B
fERLRIR R4y BT i ) AR 54000 B0k A LA )L R AL T B[ 11]. i RS 7 A2 e ik
WARPL BURE S S H: 8 RS 7 A (nxf E 4l U0 588 1.0%00 U1.0 41, 7,383/ F 10 Pa),
WARN IR BREE TS, NOKIE BB AR PRI R, KRR ATE, PiotiEaezs; 8RN
(W1 U3.0 4, 7,15 78.7Pa), KARFERMEE R, M RE N, i TREEE Q% SER . AL
¥, U5 2.0% (U2.0 1) JE IS 7758 26.0 Pa, X NRENEZ) 140 mm, 40T RS sh R
I ST X (A 7ESREE AL B R RCR/KFIJE (U2.0P1.0 1), JEARS /1B 2% 15.3 Pa, WshEHETH 2 200 mm,
TR AT AE — 7 0 BBl N 2= AR S oo Bt 2 I o0 i, AE AR ) Bt v B 7 R 7 1R
WK X SRR F I “WoK B B INAE A 3 B B RE N R 1 e R — B 1], R T
IR AN G5 BOIR B AR A 5 Bt 23 B A LA e st Py 3 A 2 A o o

4.2. REBIT RO IEREE

MRS RN w7 TR AR, AT UG B8 U 5% 38 ) Jt ke 2 75 45 i AR i AR AL B Y
OB S, Ho—, RN RS REGHBE R T AT BT R 20 2R R K R 2R 1T PR B PR
TEAHAL: ARIBE(0.5%~1.0%)I, ZLEEG T 701 BT S W B - R0RE 1, 83 2 (R0 A3 BH5 7 B HE 1 T
SRURLE) SR A SRS, IR B BRI IR A 1.5%))5, i & T RKBEAE AR SRR ] 4
&, TUBGESE=AEPIRG N, AN /R R[13]. H=, BHRIERESE 0.5%N B3y V12w # 5y
DIAER(n = 1.12), IR BT VI 70 B R A e 73 T BT B 5 TRV e R (BT B I 23 X 2%, 3R

DOI: 10.12677/hjce.2026.1510237 56 T AT


https://doi.org/10.12677/hjce.2026.1510237

HENT

MR L RE BT DR R T i ok, BES RSN, S REM R IUIER T B8R, hRKES
VIAERAT )9, H on BEBEIGINFERSEECN 117 FaR LRSI ARE 15— 70 I P2 0 A BT A 1 5 41 70 H
PERIRA R, OB BCR R it 3R 4t 7 BB ik .

43. MIREANETR

BT B b, BRI A HOREEL 0 TAEN AR LR E: -, ok TEE S EEr)
FIEARRMBIR— 2 7, BERA “ 2067 + FEREoKR” ElE R, AR+ U2.0P1.0 HIERIERA
TR TR N BT T E, RE A TENMAMEMELX A T, EEEK S, N
MRS SRR J AR S RS, 738 B PT/K B I, 38 3 D8R AR A, 6 G R Jod 3 SR 3 JEE 1 3 R i
BRAEE ) R=, TEARTUEBIEHOK AL, W& YRR S5 LG it TR, SOl B R it T
FAFIIVCHL

5. &hig

KR AN B TA2 SCBUK N BRI WA 5 IE R RS TR RO BI 1] [7]. HAzL
FEAE SRR B h ORI U HerE, R SEBLPR I B4 DRST Pl . 9 SEBLIX — F s, AaToE s 2R e
TR B R oS 5L BONCREGHD A SN, LB RSN GORFRD K )
(A4 T B e S O 2 S .

SRT, AR R RTINS AR TARYE S BLo Bt 2 1R A B 25T Xk LA 217 -
SKIRW], BREGIESRTH U B (IR, 2 0 iR R R, BRI TR R £ A
TARYERS, SCATREEISSHU BRI — 7 JE R L 52 B A% 3

FEVEREPPN T, BRPUTESRZ . PR SE R EAR AN, KB o 5 P AT 7K 2 5 52 LU 2 5 S B 1
EHRE8] [20]0 J& F RE I SEH S BRI IB A BT BRI TG AR SR BE AR 2K, DA T PG AR RE SR fit 1
A

HAT, U AT il LR S = 38 T s U A B8 ) T 0 ORI hR o s PSR A4
JCH AL SRS T IIFUR MR RERT AL s SRBGTIIB N S EGRRIR R L T R WM. R, R
R FEAG [ TP R ek A RN M BEARIRS HE R F VERE, I N vl FE AR I RE TAR Y,
DU 2 SR R SURF PR LR (K s 2. TSR K R Be it
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