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Research on the time-dependent stability of filling paste under the action of

different concentrations of chloride salts

WEN Zhuoyue, DU Zhaowen, LI Shuaigian
(College of Energy and Mining Engineering, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract: In order to study the time-dependent characteristics of filling paste under the action of mine water, chloride salt solutions with
mass fraction of 0%, 5%, 10%, and 15% were prepared, and chloride salt dry wet cycle tests with erosion cycles of 4, 8, 12, and 16 times
were carried out. The macroscopic and microscopic characteristics of the filling paste were analyzed, the damage curve of the filling paste
was obtained based on the constructed compaction-elastoplastic constitutive model, and the stress evolution mechanism of the filling paste
under the action of chloride salt was discussed. The results indicate that the mass of filling paste shows a sharp increase, a slow increase,
and a slow decrease trend with the increase of chloride erosion cycles. High-concentration chloride salt solution accelerate the quality
change of filling paste. As the cycles of chloride erosion increase, the filling paste exhibits a macro-mechanical characterized by high stress-
low strain, low stress-high strain, and low stress-low strain. The compaction degree exhibits a dynamic evolution characterized by an ini-
tial sharp decrease followed by a stable variation, the plasticity factor demonstrates a developmental trend of initial stability followed by a

sharp change. The chloride salt promotes the stable development of the damage process of filling paste and inhibits the surge of damage in
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the later stage of plasticity. The development curvature of the damage curve after 16 dry-wet cycles in 5% and 10% chloride salt solution is

relatively small, and the development curvature of the damage curve after 12 dry-wet cycles in 15% chloride salt solution is relatively

small. Chemical corrosion is a significant factor leading to the deterioration of the binding properties of filling paste. The salt corrosion

products from chemical corrosion partly originate from the chemical combination of chloride and unreacted tricalcium aluminate(C,A),

and another portion arises from the chemical bonding of chloride with the hydration product ettringite(AFt). The coordination deformation

between salt corrosion products and internal structure is a key factor causing the alienation of the bearing performance of filling paste. The

crystalline expansion force of salt corrosion products resists internal stresses of filling paste, resulting in a reduction in compaction per-

formance and crack propagation ability. This study can provide a theoretical basis for the analysis of the time-dependent stability of filling

paste in mine water, and this study is of great significance for maintaining the long-term stability of filling paste.

Key words: time-dependent characteristics; filling paste; dry wet cycle; constitutive model; damage progress
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Flow chart of chloride salt erosion test for filling paste

LUk

Wi 5 52 ol ] A4, SRR VU R U AR T
AR IR 28 05 2 BRI | P AR P R R AR R
W, AR A 2 4 S R AR TR IR “4 kT
DR . TRBEDECH 5%, 10%. 15% BERE R
FEIHFIRAE 4 RTBAE 5 1 AR RN 0.537% .
0.834%. 1.482%, 1£ 12 I TIRAGI G (1) i i AR fL %
4 0.869% . 1.205% . 2.221%, AN [} i 43 B Eh s
P RURE TR SO AR T 1) AR E R 3 43 B R
ARG Y 1.6 £, 2.2 %, 2.0 f5 . BRI SR
ERAR AT T ) SO e MR B AR, R R R I 2
IR R PO K . & 16 IRTRAGERRT, Tl
AR AR R A TR, B 50 5%, 10%.
15% SR P IARE BT i AR (283 IR R 0.781% .
1.054%. 2.117% . %G U A Ehad B4R 1h 25 1) 553
FIUE R R RSP

XF L A3 BT AS )5 6 0 B R v i b se U A
T AR AR, o VA B S VA R 25 o S SRR AR
AR Ak, R Fe R (AR UM T A IS K R . 50
N 5% FEEW BG4 K, 121K, 16 1K
Je B FEIEE R B AR AR A L, 10% SR AR
A ) R T AR A BN T 0.297% ., 0.336%
0.273%; 5 BB B0N 10% LA TIRIEER 4 1K,
12 1% 16 R WY FESEH AR i ARk A L, 15% &
b VS VR A 45 B 3 A R B AR b R A B i T
0.648%. 1.016%. 1.063%.
2.2 FEIEEMHIEE R - HHE

FEIUE AR )24 P R B I WS AR 45 fh i



i LR TR R B S M R SRR AR AL PR IR AT 5

2025 455 5 1A

() SCEEFR AR, AR S T FEBUB AR ) | W

14 14
12

W& N J3/MPa

1

UEEAE N2 F3/MPa
SN SR NS

0 4 8 12 1 0 4 8 12 16
TG IR AR WK
(2) FR AP BO% A (b) RSP HU5% ST

W5 i 73/ MPa

P TNE 3—I& 4 Fs .

14 ¢ 14 -
12 L /
10L 7 g;
8 <
=
6f B
i
T &
2k
0 /|
0o 4 8 12 16 0 4 8 12 16
TG A/ TG /%

(c) BRI H 0% R (d) 57 H1 5% S Al

B3 R R R R A N

Fig.3 Peak stress of filling paste samples in chloride salt solutions of different concentrations

14r 14
12 F 12+
St S0t
®8F B8
H et E 6
k| k|
& 4+ & 4
2+ 2
0 0L / i v v
0 4 8 12 16 0 4 8 12 16
A5 JE& A/ IR A5 & A/ IR

(a) TR B0% AR (b) JT I S Y% ARV

Kl 4

Gz
=

WA N5/ 1

14 14
12 12
10 10t
8t 8t
6F E o6t
mf
4r & 4r
2+ 202 A 7 )
970 4 8 12 16 070 4 8 12 16
A X AR X

(c) A= B 0% E AR (d) JR RS H1 5% 5 Eh

5] 3k VB TP R A Y U R

Fig.4 Peak strain of filling paste samples in chloride salt solutions of different concentrations

o BT TR IR ARG N ) v L, SR T
F IR PR RRE BT 5 R 34 5 R S 1 S B A AR Ak
RRAE o JC SR VA TR e 08 R G R g il 2 1 i
KAERAFES 8 W IBIEIRAL, 2 KAE R0 bh 4t
FEAR R 1,15 4% SR W b s 08 R0 (E 1 77 ith
LKA R AT 4 TG AL, &5 80N
5%, 10%. 15% AL VA W s Re 06 L I i KA 43
FRRIEAPUE SRR 1.21, 1.20, 1.16 5. FEE T1@
PEFR UG N, TR ER W 78 BUR PR RE I
TR R BE R /N, 4% Bt ST 0 1 10 AR 22 R K
T SRR VA T Hh e U AR I L1 ) 1) I P AR A
WBE, R EHN 5%, 10%. 15% F AL hiteE
T 4 F 8 TG FE A I 1 2508 53 5K 0.24
0.51. 0.69 MPa, 7£ 8 & 16 K TBIGFR L2 BN S
ZAH 4>k 231, 3.41, 3.9 MPa, ZAERVEH T %
FARIREE R 7 AR R 2 D P i K0 | AR T
WA SR TR . 120G 2 I A 2 o FE R 4
J12EPERE M, AN [F) (2 1l 5 3 R e A
1) 2 SN ) R LA A R 2 Sk

T 28 43 B 70 R AR W (R AR T T, AN TR) SR
RV P R I 1 AR R AR (B2 & AR /N FE T
8 W T RARE I R v, FRICH R RE I (B 0 A8 2 A 2

J R B, BB 5% 10% ., 15% BER I Pl ke
2215 8 YR IRAE B 5 (AW 1 A8 R ) s WA (L0 722 1Y)
0.60. 0.59. 0.56 fi5. K& FERAZ 0 EIIE N, B
B 5%, 10%., 15% FER T 70 H A I (H
AR R A K IR 12 T IRAG R Y 04 {1 1
A R I E N AE 1 0.66., 0.86, 0.8 . 44ELT
MRAEER 2 16 IR, FuIUH AR WG (1 1 A8 fh 26 34 1
BN R A SRR, BT SR 5% 10%. 15% A,
ER VW R 0 7 A SR ) 4 W R AR 1Y 0.45.
0.77. 0.59 1. RIS Ui BTG5 WA= Dl F 240
il 78RR (AR B DA (BN AR, B FE IR ) K
RAF AR, F AR TS A AN [F] 25 5 | e e 808 (AR
TEHRE T RS RAE

LR AT SRR RN - AR REAE AT, ZETT 8
DT IRAE P 2 A8 v, AN [R) 5T 0 o B R T b e J
AR R I AT AR — =5 N T B )2 RAE . B
TGP 12 K, SR R V(BN ) &
A= BEAIR, ARG N AR AT BE A 4538 R K, AR ER %
VP T IR A R B o N AR RN g 1 g 2R
MGEER T IRIEIAIA R 16 Y, FRIEHE A 14 (0] AF
FEEAE N ) B 2 B T B AR fh e 3, AR SR I
W R X R AR AR IR 7 Y 72V

117



2025 4F5 5 11

#HEHMFHAK

553 %

2.3 FEIEE MR SHFE
TESN SRR FIVE R, SE U AR I (EL AT ST IR
ZPI T SRS PER BN 5 TR

g

JEHHTE PRPEM B | 0BT
SRR R | SRR | AREk
A Zﬁ@g e
| R ek
HHIE | Pl e
N ¥ LB AN
s B EREA

J%

e
B

FP T
GEHIEIR]
27, B
AR

B 5 oI R I R A — R
Fig.5 Stress-strain curve of filling paste sample

FE B BUR SRR M A 302 B8 A ) B A,
B SRR R R AR A B S, R A SRR
stk iz A8 GRS o 8 SR AS BRI SR
5 BT B9 L AR, 38 5 TR 52 B R AR 1R 7R TR 5 B
Byt I R et=(1-a)e.. T2 BAEM A A
FRR I VERERLSS , ST BUR IR TR IZ B B i ) B
AR B AR AR R

SH I 9 B SR (A N g 1 K ) Y, %

~ TR T
200 fiserg 20/ BERT
Mo 1.6 o N 4 M 1. T
12 e 12 ’
@ 08 08
04 e e O S AP
0 1 1 1 1 1 O 1 1 1 1 1
0 4 8 12 16 0 4 8 12 16
(E4LIERINIE AR A S/

(a) JiL & AT B0% F AL T

(b) B HS% AR

B Be ST BT PR N R AL DR AL T, AR S A Ak T
MR IRAS o KRR F 178 SO SERAE T T 7
BRGAERTEE K S0 AR £ AR, 8 550
T 1 RAE AR R DS SE U AR ek

AR B SESUE IR0 25 AL ) SR 0, 3%
B B R BV AR N SRR B AN R T TR, B 5
T P SRS A I R RS AR o SRR A A A 4 1
A5  RAAR A 8 70 K0 1, 450 8 AR T A
Ey U e KRB ER MR IERE R K, IR &0
UGS Eri s v

£ - EK (2)
K-E.

P B, e BRI B RS A e S BB R B BE A A2
ikt AFIBYEIR T B RE SON TRV RSB YL B
BRI 5 L

E.

o

W FEIEFARIRFE A BT BN ) RAE R
oc=((1-a)EAe, 0<e<e,
oc=[(1-we.+A&,)IE g .<e<eg,
oc=[(1-a)e.+e,+(1-B)A&|IE &, <e<¢g,

(4)
s Ae, R SR IEIRAE R 2 | SR RS B B 1
NARSE L, €, &, B &, 530 R FEIEE AR TE 45 B B 0
WEAR o 38 3 3 AT R SRR AR A B B N T R AE, X
AN R4 JR R 78 SR AR A R OC R HE AT I 5
Kl 6—& 7 Fros . BRI 0, 4. 8. 12, 16 Ik
MRIRAT N AR RECHN 0, 28, 56, 84, 112 d.

(3)

22 o BRER T 2.0} HENT
1.8 —o- JESEFE .16 o= JRSLFE
8 ~,, L o
FH10ke . 3 o N
& 06 - & 0.8
S IR e 04F % e
0.2 L L L L L O L T ----- T—- L L
0 4 8 12 16 0 4 8§ 12 16
52 e /K (ESCVERLIE-(

() BT H 0% FhiA W (d) BB 30 5% Eh

BW6 AEIFAT AT RSN E TN &

Fig.6 Compression-elastic stage of filling paste samples under the action of chloride salts
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Fig.8 Stress-strain curve of filling paste sample in 15% chloride salt solution
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Fig.9 Development process of damage in the elastic-plastic stage of filling paste samples
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Fig.10 Phase analysis of filling paste samples under different working conditions
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