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Abstract: In order to predict the unconfined compressive strength of Pisha Sandstone Cement-soil at
different curing ages and different basalt fiber dosage, Basalt Fiber Pisha Sandstone Cement-soil mixed
with basalt fiber of different mass fractions (0% ~0.6% ) was prepared, and the unconfined compressive
strength test and nuclear magnetic resonance test were carried out. The results show that the fiber dosage of
0.15%~0.3% can significantly increase the unconfined compressive strength, and the optimal dosage is

0.15%, and the unconfined compressive strength has a linear relationship with the secant modulus. With
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the increase of curing age, unconfined compressive strength increased and porosity decreased. With the

increase of fiber dosage, unconfined compressive strength increased first and then decreased, and the

porosity decreased first and then increased. Grey correlation analysis showed that the bound fluid saturation

and the proportion of small pores were highly correlated with unconfined compressive strength. Based on

this, a GM(1,N) grey model was established to predict unconfined compressive strength, and the average

relative error of the estimated value was less than 9.27%. The research results provide a reference for the

application of Pisha Sandstone in subgrade engineering.

Key words: basalt fiber pisha sandstone cement—soil; unconfined compressive strength; pore structure;

grey correlation analysis method ; prediction model
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Fig. 1 Pisha sandstone particle gradation map
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Table 1 Physical property table of feldspathic

sandstone
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Table 2 Physical properties table of BF

PERESE b KA
H#&/pm 13
KJE/mm 1.65
PSR BE/MPa 1.90
¥ /(geem™®) 1.77
LR R /GPa 14.50
Wi 2%/ 18.29

1.2 RESE

Z: %+ T g 7 b ) (GB/T 50123 —
2019)"2I4H 5 ML 5E I /E ©39. 1 mm X H80 mm #J (5]
HAR A, BF 8 &40 518 0%.0.15%.0.3% .
0.45% } 0. 6% (X} N 4% 21 43 5 4 5 i BE-PSC-
0. BF-PSC-0. 15, BF-PSC-0. 3, BF-PSC-0. 45

K BF-PSC-0.6) , fE & (20+2)°C B JE 95% 1)
HREE IR 7,14 .28.60 d, 7E A [A] F2 40 i 30 F 1F
fTUCS K5 5 NMR K 5 . UCS it AL #%
WDW-300 AL il H 77 A8 156 AL, NMR i 55
X 2% R F 41 3 MacroMR12-150H-1 1% 3% #% fg 3
P& 20 A, NMR i 56 15 4 % 44 BF-PSC il A &
23K s B HEAT 24 h B 2SR OK S #EAT I AL
2 RIS R
2.1 UCSit®
2.1.1 UCS FAE v A8

K2 UCS 5 08 W A A2 4k 1], h &1 2 AT,
AN R BF-PSC fifi BF #8517 i, UCS 56 1
TG W /0N V(N AR T2 0 350 B 5 4 09
UCS & Wi 3G 0, VA8 N 28 3 W 08/ o LA SR 9P 1% 1]
28 d i 1A ], 5 4l BF-PSC-0 A b, BF -
PSC-0.15 il BE-PSC-0.3 i UCS 2 % #2 %5 T
17.99% .6.88% ,BF-PSC-0. 45 #l BF-PSC-0. 6
1) UCS 43 B BEAK T 3.70% .10.58% ; BE-PSC-
0.15.BF-PSC-0. 3 .BF-PSC-0. 45 fil BE-PSC-0. 6
) U (B 97 A8 0 ) B R T 8. 240 .7..06 % . 10. 20%
K 18.04% . UiHiE & BF(0.15%~0.3%)# A
ELA BH %4 R 5 B PR 09 4E L BF 78 PSC B
IS 1] R S5 ), BHL Ik SR % 1 77 A 5 R R [R] i
TSN I AE B B & AR JF %4 BE AT DL 85 4 4%
AR Z BN 7, T B R A R P i i BF
(0.45%~0.6%)% A PSC N #FmF £ il T HA
Y7 i AT SR B0 42 BUR) B 5 BE T B, DA T 2 ) K A
SRR EVE . B SR PR IR N, i T PSC
S A U 7K Ak B AR R Ok v i M T 22 ) Y

300 —=UCS 7d-w s 74740
4d o 5 14d
8d -4 5 28 d
d-v > 60d
g 25 o 3.5
1 < S
@ 2.0 3.0 %
B i
g ¥
=
R s 25
1.0 1 1 1 1 1 2'0

0.00 0.15 0.30 0.45 0.60
BFBE/%

2 UCSH5EEHRETRBFIZEETLE
Fig. 2 Plot of UCS versus peak strain versus BF dosage



% 78

¥ E T X B R B KR R R E TN A A - 1863 -

B A B R AURLARAE K R K AR PR S BT TE B
IR LB, T 3G 5 BE-PSC 58 & .

& 34 BF 43 A s 2 &, i 18 3 T 0, BF-PSC
FE UCS 50 rh il IR 08 25y BAT — s i & AR B 1Y
Tl ) 4 4% | RS BF AR B 53 A 5 1) BE AR 3 2R 4
T A s B R RKOF A S AT IR 4R R I
INLR RIS FEPEAT UCS IR B I, SE A7 Tl 3R 26
J5 8] 43 A B9 BF BH 1k 24 4% % SR AR B/, BT
WSR2k 9 BE 185 B H: 5 PSC Uk 18] i LK BE #82 1
AT DA RBH IR 248 (7 A 5 % B J7 ) 1Y BF AT LA
A ROHG IR A AT RS ) 47 2R 0 BE T, KT O Il Y
BF 0] DL 2% 2 4% 19 & J o 25 [ R 20 6 19 BE
5 PSC i Kk e UKL HAT R4 19 A M BB A AL
3t i OR8] 1Y) [ AR 25 4 2 2 A X PSC O AF
() 7K 2R RE 1 B 5 AR, AR 2 A e >
T AR Yt 5 PSC UKL ] B 42 fk v B, B AR TR 42
77, 6] B BEAS T K Je Ok 5 PSC BURE 1Y) i 4

(EEHA (b)7KFR

-

(FFFBALE  (OBREBFRE

B3 BFaHTEE
Fig.3 Schematic diagram of BF distribution
2.1.2 HILEE
KA L TR i B R B o R A PSCE
TR, FLAR oh B g -0 A% £k b 5006 W (BN
REE LR E . IR ARXWT

E; = 2. (1)

2€05

K E g 50% g, i BE-PSC f4 5 £ B8 i 5 g, N
BF-PSC IWEE R H1 56050 0. 5q X 7 8 R A8 {H .

[ 4 5 BF-PSC Bl &k i 5 UCS X R K,
Kl 4 0] %0, BF-PSC i #FI LBt 5 UCS Z i) 2 8
H— P IR A SC O &, BVRE 25 UCS 19 38 , 1 £ 4
TN i D N B U DO R S 4 7B o R I BT
13 3| BF-PSC HIZ A it 5 UCS Z M &R N

E;,=41.186¢, (2)
2.2 NMRitiE
2.2.1 T,Hi&45¥r

NMR & 56 1Y T, 3% AT L W BE-PSC P &8

150 -

m7d
el4d
A28d
v60d v
120 — ZdHE
v
<
Ay
=
gL \
i
g Esq=41.186f;,
R’=0.99
OF 4
| ]
30 " 1 " 1 " 1 " ]
1.0 15 2.0 2.5 3.0
TEAN PR BT 3 B/ M Pa

El4 BF-PSCEIZLEEEUCSXH

Fig. 4 Relationship between E, and UCS of BF-PSC
FLBRRSE 43 A1, A8 A1 b ot 30 1) 2 5 FL B 12
BLIE . B 5 S AN TR % R BF-PSC TL il K,
i S Al 50, BE-PSC-0 B T, 3% P 52 B0 LG " 2%
¥, B BEA BF B 50980, A 30 =0 254 1
e JRIH RIS B BF 8 A B 4E 5 JOME 54,
XEALBR B AR, i & BF 8 AR i T 47 4
B A A, R 3 m T AL . U WS &= BF
BT LA AL BE-PSC FLBR 5345 , Wk 22> N #B 4L BR
i, i & BF 8 A X BE-PSC (1% L B2 23 45 ) B
HEMER . S\l JLFLEE R T, 0% o B R
I LB AR K W A AT DU Y, K [F] BF
$ 5 1 PSC i il JLFL#E R 3 AR M [H , B BF £
A AN
2.2.2 T, &0

T, i W i B ] DAz R L BR A 6o
BF-PSC T, i¥% U i FLUE 5% 97 0% 01 A2 181 . &1 6
(a) > T, 0% &b 1 AL, | &L 6 Ca) AT T, T, 3% B im 1
BF 42 f (19 34 Jin 5 0 /0 5 38, a8 B 44 9 8 19 AL
W B3t S el e 1 B R A 0T N o 3X 2 R
T3l i BF 5 ik b UKL AR e K A6 7= ) B A 35
UM A, M 3% T BF-PSC 1 FLBR 454 , i &
BF X%} PSC N #2548 HAT 5 AR AE T 8 1
PSCALBR % it . K 6(b) 2k TLik 5 2 3R L 2
A, E 6(b) Rl g, T3 2, 3 W i AL Bl BF 5 &
1) 38 00 5 0 /0N J K B 7 A o T 084 % T N
X Fl B4 5 W] BE-PSC-0. 15 fl BF-PSC-0. 3 4
BB R A AL B B 4 D>, BF-PSC-0. 45 Fl BF -
PSC-0. 6 By RALBR A K £ .
2.2.3 LI o G A A 1 R 2

FLBR R R AE KV + UCS i 5 245 45, FLIR



- 1864 - T MK F

0.01 01 1 10 100 100010000
B ) Bt R B B] /ms
@74

001 01 T 0100 1000 10000
A& R R B] /ms
(b)l4d

0.01 01 1T 10 100 1000 10000

15 13 R B 1) /ms
(c)28d

0.01 01 1T 10 700 1000 10000
BRI A [ /ms
(d)60 d
5 BF-PSCARFHIFHHETT,iEE
Fig.5 T, spectra of BF—PSC at different curing age
RN, UCS k. B 7 4 BF-PSC FLEF 1ok
2R AR RE BEF B8 A K, i 7 0 3R P iR

3’51
w
T

TR TEAR/10°
(3]

14 28 60
SRR
(a) 7> B EH

6000 -
[ BF-PSC-0
[C_|BF-PSC-0.15
[0 BF-PSC-0.3
[ BF-PSC-0.45
I BF-PSC-0.6
%, 5000
&
=
&
o
g?é
S 4000
g
3000
7 14 28 60
FEP R/

(b) T, #4852, MR A
E6 T,ifgEmREFFRETKE
Fig. 6 Variation of T, spectral area with curing age

11 60 d if BF-PSC-0. 15 8y LB K & /), HAH N
19.48% . 5 BF-PSC-0 # kb , BF-PSC-0. 15 fll
BF-PSC-0.3 1y fL B 5 43 51 BE K T 5.67% .
4.16% ,BF-PSC-0. 45 fil BF-PSC-0. 6 f fL B %
SR T 2.92% .3.62% . BF i & 4> Bt
PSC LB #1052 ) 52 5B 5 T a3 . BF B3
B, BF 345) 43 8O 9K U8 KK 58 4 40 58, 3 5
T RD A R R R S R ARALBR R . BEE
BE B8, K Je ARG B AN 4, 2F 4k R 65, 04K
R G I S Q) N s s = G 2 N L
K Ue IR BE AN FL PR 3G K BF 8 4 KB, K
T B 5 e L JE 70 2F A i AL, BELAS i 25, FL R 4
K, 5 SEERRAR, 5 T8 BLEF 4 A1 R 14, 45 4k 41 R
PERE .

B 5 35 47 B B8, K U K Ak = 4 3 7 i A
A EB LB, i AL B 3 B W AR, 5 7 d B A LR
FAH L, 60 d if BF-PSC-0,BF-PSC-0. 15 . BF-
PSC-0.3 .BF-PSC-0. 45 }2 BE-PSC-0. 6 43 31| %
KT 7.20%.10.04% 11.24% 6.54% % 6.72% .



% 78

¥ L F . AR B EME B KR L FERE TN AR - 1865 -

A <2 U R D) | W ) L B AL 53 i) S s 7B
FEALBR, AL B AR I/ AL B R AR, ORI
20 /N2 5 FL B A5 A B R K e A 1 o SR
SR

H 7 AT SR R AR B B 48 4 3R
i AR S S LB R AR, 5
UCS WY AZ A ML AR [R] o R0 3L AR 40 #11 E Bifi BF 2
ST R, X R TR AR A AR N R M
ARGER 73 T IR S /AL B, 384 o 2 1T AR, AT
& Th R4 A B R BE T o R, BF 5 PSC #Y
SN A5G g0 UCE 2 B Bl . i & BF &
BT YE IR I B R i FL B RS 3D T (kAL
Y 5, S R G A R T B R O A A
1 JBE B 7 7 e 00 34 0 3% 34 3 K, S I O BE-PSC
PR RIS A U8 KA B B 9 5 2 AT, 0D T A P
R FLBCRE

200 e LT 7d - RERABAE 74 18
AR HEE
ol e o e i B
_ S -
At 181 ?@
= 2+ S ”/,’ Y
# > < . =
B RO :
20+
- \/ . - ﬁ
18+
16 L L 1 1 | 73
000 015 030 045  0.60
BFBR/%

7 ABERMRARGEBBFEETHE
Fig.7 Porosity and bound fluid saturation change

with BF dosage

2.2.4 fLBS L
% 2% Deng ™ Fil Horpibulsuk "' % £L 48 # %1 43+
Tk B AL 43 R LLT 426 AL (<20, 01
pm) /NFL (0. 01~0. 1 pm) . P L (0. 1~1.0 pm)
FIRFL(>1.0 pm) . K 8 A BF-PSC AR L& 4
L 43 A &L, H B8 AT, o AL R K AL b 2z R R
BF & & 14 Jn 26 98 )5 3 oI5 & BF & A fig W >
PSC KL A7 b, 2 R BF B K I8 AR 78 40 1
B WK TR A A OBHA R % 5L P U B A
B BRAR T RALBR R . R 28 4 (0 345 4 A AR
b7 FLBRZEH B T /N AL B T LRI
LB A 5] R T TR PERE . SR, i =
BEF S8 RAL el 2, 0 P KR SR AR TS vk

FARFER 5% FLERE /% LA /%

LR L%

3L /I 7L e 7L, I KL

0.00 0.15 0.30 0.45 0.60
BF BE&/%
(a)7d
I AL /LD L KL

0.00 0.15 0.30 0.45 0.60
BF BE/%
(b)l4d
A BN L O ALK

0.00 0.15 0.30 0.45 0.60
BF BE/%
(©)28d

B AL /ML 0 AR

0.00 0.15 0.30 0.45 0.60
BFBE/%
(d)60 d

B8 FAEAEZELILEDHE

Fig. 8 Distribution of different pore sizes



- 1866 - FHRRFFROL F R)

% 56 %

SE AL T AT A7 2 R B AT 4R Y AL B, TR A R
RELAS T 7K U 3 A4 5 ik A0 2 000 e 45, T &1 4k
WIS 588, R RSN R,
7R AL
2.3 RBRBESHTAX

AR SCHE T R A8 I A3 B T ik ik — 2D W58 BEF -
PSC M HOW 2519 S50 UCS Z [ B & o

(DS K | Rk £

Xo (k) X5 91 2 2% )7 81, X, (k) X I )5 )
WL FH ., LI BF B8 UCS HE % 5
Xo (&), LA NMR it 56 1) 300U 285 74 2 808 LT 9
X, () (i 43 53] Sy o8 35 A 0 03 L 1 | O 4R T R
JEFLBR R T, 05 23 W i AU R TRl L AR
) o BOR X () =X, (), M A2 i1 X, (£) 578 &
X, (R)HE 3R M DR HE

(2) iz Fl# A8 1 6F T 46 B0 i 47 JC 1 40 4k Ak
LT

X/ =" (3)

1w
Xi==> X(k), k=1,2,,n  (4)
n =

(3) 438 DG Ik 2 1A vk 5, T 3 QI AR B

2% 7R X/ (D) =1{X/(k) , k=1,2, ",
m i JC i WAL I BEAE 9 225 3, DL AT 91 T
wEWAEEX (D)={X'(k),i=1,2, ,n, k=
1,2, ,mHER EEUIE S, K 6O R B
Ao T 0A
A (k)F oA
2 Ay A 73901 O B R A AN 22, A=
max (/) max (£) {Ai (k) } . A,,=min ({) min (k) {A;
() HE(1,2,,n) k& (1,2, ,m) , MAEHT AT
G0 WHUE A 0. 5

H1 20 (4) (5) Fr R 4 Rt A MO &5 S50
UCS A KA SRR -

1 n
y,»—;;&(/e) (6)

&9 S O 285 48 Z: %0 5 UCS Z (Al 19 K 5 ¢
R, mE9Ca) rT A, FEFLE5 0 S50 R gl
AL AR A RE 1 (6 DG T B B R T A I R
fHAF0.712~0. 819 Z I8 . & 9(b) AT Al 7E fL
TRy A v, ANFL o B R € S IR o R, HUAH
F0.782~0. 856 Z [H] . £E Lk, s mH UCS
F1hy = PR 3% 2 o A R T R R R/ INAL B

[ SRAWAAME [0 B BRAEmEmE
I 7. TR A

LR

7 14 28 60
FEFR
@AEHSH
1.0
5 A I e W S e

8 60

14 2
SRy A/d
OFiKeSi Vg

9 BEMILBEMHRBREKE

Fig. 9 Gray correlation coefficients for various

pore structures

2.4 GM(,N)3EEHMER

A TR 8 4 R R o AR RS |
it SOmAE U B b T AR O R A B/ Aok
it Z 8, GM (1, N) B2 84 Jig L (N— 1) 4> A2 5 X 32
A s AR S o PR, T K € AR R T Ak
FRACHE 0855 BEALE ™ W AR OC b B D TR
Wmr.

(D' X"=("(1),27(2), 27 (n)) A
i i & 5, H— B B A iU A e R X =
(@), 2V (2) 2 (), Hoh 2 ()=

T U X A 2 X
ZV=(2"(1),2"(2), 2" (n)) , KV (n)=
(2 (n) +2P(n—1))/2, &2\ HBHEH ,2)(i=
2,3, -, ) R HAEE dE ST B GM(L, N) AL
AR

2O+ a2 ()= b (k) (D)

Kb b=1,2, ;S8 a N RTRIEZR K 02" (k)



% 7 FOhL R R R RLEY B KR L BE B JE T AR A - 1867 -
SRR BT 5 b,k BR B R (k) NS HE N 2 (k) 20k 1D)=2"(k+1)— 2" (k) k=0,1, -

' CR) B B AR T A 52, (k) Sy 2 (k)
) — By Z A T4 (i=1,2, - ,n) .

(2) GM (1, N)#5 2 fil 53 J7 72 09 2 8051 a =
[a.bo, b, ] BBt it 5 2 -
n<N+1,a=B"(B"B) Y,|B"B|#0
n=N+1,a=(B)"Y,|B|#0 (8)
n>N+1,a=(B"B) B'Y,|B'B|#0
L

N

—=(2) 29(2) xN'(2)
B —2"(3) 24(3) x\“.(S)
—2"(n) 2 (n) 2V (n)
I(lo)( )
(0)
Y: X . 3 (9)
f(l())(ﬂ)
A (10) M=) A, Hofg a0 (11) .

(1)
dxl

N
o ta(h)= Db (k)  (10)
g i=2

xﬁ“(ia+l)—{x

fzb

(3 A (1) /E B ik i, IF B, (0)

(D), A A LA (A1)

2 (12):

2k +1D)=2"(r+1)—2V(k)  (12)

¥, N A BF i PSC ) UCS, 2/ (i=2,

3) N HAL I R HE FOR /N FL B AY o LE L AR R (7)
AT H GM(1, 3) B RN

DCR)H aV (k)

1Y
D0)—— Db, (k41 )}ew

a

(k1) (11)

be (k) (13)

AL LU 7] BE 24 (0% ,0. 15% .0. 3% .
0.45% F10.6% )PSC [ UCS | 5 48 i 14 16 A1
AN LB A H B O 28k — B R (1-AGO) £
BT IE R R KSR IR 7d 14 d .28 d
160 d Ay AL BRI AR A (1) ~(13)
RIS BAH RN UCS T AR, 43 531 oy 5K (14) ~(17)
ﬁi—\‘:

(k4 1)=[1.5540.1032" (k+1)— 0.1324" ¥

(k+1)]e "% —0.1032%" (£+ 1)+ 0.1328 (k+ 1)

(14)

AV (k4 1)=[1.67— 0.039x" (£ + 1)40.01924 X
(h+1)]e %4 0.0392%" (£=+1)—0.01924 (k+1)
F(k+1)=3"(k+1)— 2 (k), k=0,1, -
(15)

2 (h+1)=[1.89+0.0662%" (£+1)—0.095z4 X
(k+1)]e *—0.0662%"(£+1)+0.09524" (£+1)
A+ D=3+ 1)— 3" (k), k=0,1, -
(16)

AV (k4 1)=[ 2.26 4 0.1182%" (£+ 1)— 0.15424 X
(k41)]e ##%—0.1182%" (£+ 1)+ 0.15424" (£+ 1)
AR+ 1)=3"(k+ 1) =3 (k), k=0,1,
(17)

WG FLBRZ5 0 2805 UCS B K SCHRBE , ##5r
W= (13) fr s 19 GM(1, 3) kK 68 F I A5 0, SR J5 F]
R (14) ~(17) 338 UCS Al S48, i B 5 305
ERYICFR LR 3. 3R 30T« Ak AR 24 4 X i
ZETE9. 2700 LAY, T0 0 {8 45 X 36 (L =2 1] 4 K 0 i3
2N —17.1200~12. 250, L T8 B B, Uil ]
GM (1, 3) 15 U A7 45 v T OKS )&, nl DL 3 BF -

PSC 9 fLER S5 2 Houk H UCS #4700
R3 MNEMXREEZ EHETRE

Table 3 Relative error between predicted and test

values table %

fic3 1] BF %1t/ % SF-BAE X
/d 0.15 0.3 0.45 0.6 wE/%

7 —9.75 6.19 12.25 —2.17 7.58

14 —16.47 —0.43 5.16 10.25 8.07

28 —17.12 8.75 —2.55 8.68 9.27

60 —15.05 6.56 5.24 —1.01 6.96

:b N
3 én l/t\,

(1)BF-PSC  UCS Bfi BF Jit &t 43 5 34 m
5 I A 1 K5 Wl /0N 14 728 Ak A, I 7 A 0 1) 3
KB K, BF LB =R 0. 150, #ILkHE
W5 UCSBAM R, T 8 Z 0 RO
%3 E,,=41.186¢,.

(2)BF-PSC ) T, ik B i 1 5 2 3 i fL 2
%ni@FﬁBF#E%E’\Jiﬂnf‘aaﬂaféia,ﬁﬁé%?ﬁﬁ?%,ﬂ;ﬁﬁﬁ
R W/ . BF B 8 AL T BF-PSC
19 LB 43 A5, 98/ 1T N ER LB R BE i & 8
AU XFFLBR 43 A B 4 AR o



1868 -

THRKRKRFFHR(OT F RKR)

(3)btiE BF 2R8I, BE-PSC H i3 /ML

JIt 5 A3 b RS R R, R AL E S B2
JeUl G . iE i BF B AL T PSCHLERZE 1,
i FL B 43 A 52 SR 457, AT B R T BF-PSC # K
F18 R A1 i

(4) TR 28 i A 1 B2 AN LB o 7 23 LB BE

5 & 180 e 1 5 B [ R B e B i B
5BF-PSCHUCS BB HEAIM M, FFIK
BT S 5L R GM (1, 3) Kt fi Bl gt~ 1

BF-

PSC ) UCS Tl A5 7Y | Ak 50 {F - 5 40 6 158 22

TE9.27% LIV,

S E Wk

(1]

(2]

[3]

[4]

[6]

(7]

T . A U D A ML T S IM]. de et
[ K A 7K AL AR, 2018.

Dong J, Li C, Liu H, et al. Investigating the me-
chanical property and reaction mechanism of geopoly-
mers cement with red pisha sandstone[J]. Construc-
tion and Building Materials, 2019, 201: 641-650.
EES Y AT /7K S S A v = il R U =
DR IR I WA (0], HEVEPLBR T RR 240, 2021,
39(12): 1264-1269, 1290.

Wang Hui, Li Xiao-li, Yang Jian, et al. Experimen-
tal study on mechanical properties of basalt fiber—pi-
sha sandstone cement soil[J]. Journal of Drainage and
Trrigation Machinery Engineering, 2021, 39(12):
1264-1269, 1290.

Geng K, Chai J, Qin Y, et al. Collapse inhibition
mechanism analysis and durability properties of

cement-stabilized pisha sandstone[J]. Bulletin of
Engineering Geology and the Environment, 2022,
81(144): 1-18.

HH, 2B0ER , AR, . bR Ab B R R R L5 b
0] AT AN, 2012, 45(2): 127-146.

Zheng Gang, Gong Xiao—nan, Xie Yong-li, et al.
State—of-the-art techniques for ground improvement
in Chinal[J]. China Civil Engineering Journal, 2012,
45(2): 127-146.

ATE BRI, AR A . R At K IR A i RO
ma f) 3 g A Y (0] R 5 R R AR A 4R, 2021,
43(2): 35-40.

Niu Lei, Xu Li-na, Zheng Jun-jie. Experimental
study on the reinforcement effect of fiber on cement
soil[J]. Journal of Civil and Environmental Engineer-
ing, 2021, 43(2): 35-40.

IO, 2w e, TBIBL . 2R D M & 2 Jn 735 1 1k
Wi B2 R AR P [T]. TRERR 22244, 2019, 41(12):

[10]

[14]

% 56 %
1618-1626.
Xu Wen-bin, Li Qian-long, Tian Ming—ming.

Strength and deformation properties of polypropylene
fiber-reinforced cemented tailings backfill[J]. Journal
of Engineering Science, 2019, 41(12): 1618-1626.
Xue C, Wang X, Lian B, et al. Research on the
mechanism of composite improvement of loess based
on quantitative analysis of microstructure and mechan-
ical strength[J]. Construction and Building Materials,
2023, 379: No. 131215.

Chen J, Mu J, Chen A, et al. Experimental study on
the properties of basalt fiber-cement-stabilized expan-
sive soil[J]. Sustainability, 2024, 16(17): No. 7579.
Seyed S H, Meysam B, Mohsen M, et al. Freeze—
thaw durability of cement-stabilized soil reinforced
with polypropylene/basalt fibers[J]. Journal of Materi-
als in Civil Engineering, 2021, 33(9):No. 04021232.
X, B, iR, & KRELD AR ES
FLB 45 H T AR 1 IR DG IR A3 AT (D] Al TR AR R
2020, 36(24): 125-133.

Liu Xin, Shen Xiang-dong, Xue Hui—jun, et al.
Grey entropy analysis of strength and pore structure
evolution of cement-solidified Pisha sandstone[J].
Transactions of the Chinese Society of Agricultural
Engineering, 2020, 36(24): 125-133.

WS, Wk E, AR, . LA SRR TR L
PUEMEREA R A5 [T]. P EEER %, 2024, 45(1):
36-46.

Tu Yi-liang, Zhang Rui, Ren Si-yu, et al. Experi-
mental study on the compressive performance of hy-
draulic soil enhanced by basalt fiber[J]. China Rail-
way Science, 2024, 45(1): 36-46.

IhFEOR, RO R R R X K U 1 O 2
Hag B ir T 5 BE B 52 e [T]. N0 FH Rl 5 AR B
., 2020, 28(1): 148-159.

Ma Qin-yong, Gao Chang-hui. Effects of basalt fiber
and sand on microstructure and tensile strength of hy-
draulic soil[J]. Journal of Applied Basic Science and
Engineering, 2020, 28(1): 148-159.

JERE, A e, ERIR, &L LR 4K 1R
BIRBFEL] 1%, 2016, 37014 1) 2): 421-426.
Lu Qun, Guo Shao-long, Wang Min—min, et al. Ex-
perimental study of mechanical properties of fiber ce-
Rock and Soil Mechanics, 2016, 37
(Sup. 2): 421-426.

ERR, BERE, 8008, 45 06 FR 5 8 AF T 27 4K
Je 3 Rk 1) A+ Jr 22, 2018, 39(5): 1753
1760.

ment soil[J].



K5

% 7 H

¥ E T X B R B KR R R E TN A A

1869

[16]

[17]

(18]

(19]

[20]

Wang Min—-min, Lu Qun, Guo Shao-long, et al. Dy-
namic behavior of soil with fiber and cement under cy-
clic loading[J]. Rock and Soil Mechanics, 2018, 39
(5): 1753-1760.

XuJ, Zhao X, Chen Z, et al. Novel prediction mod-
els for composite elastic modulus of circular recycled
aggregate concretefilled steel tubes[J]. Thin-Walled
Structures, 2019, 144: No. 106317.

skak, LF, Wk, L BRACIREE LALBRAE S Au-
toclam T K% 3% M B8 1Y R ME BT T[], MRS
2023, 37(8): 50-54.

Zhang Cheng, Wang Ling, Yao Yan, et al. On the
relationship between pore structure and gas permeabil-
ity from Autoclam test in carbonated concrete[J]. Ma-
terials Reports, 2023, 37(8): 50-54.

Jiang Q, Liu W, Wu S. Analysis on factors affecting
moisture stability of steel slag asphalt concrete using
grey correlation method[J]. Journal of Cleaner Pro-
duction, 2023, 397, No. 136490.

JEBA, T, BRI, 45 T K S OB X AL D
IR BE L AERE e AR BRI R T]. 2 &4
BH2EH, 2024, 41(7): 3704-3715.

Zhou Ao—xiang, Zhang Yun—sheng, Qian Ru-sheng,
et al. Influence of granite stone powder on the basic
properties and gas permeability characteristics of
mechanism sand concrete[J]. Acta Materiae Composi-
tae Sinica, 2024, 41(7): 3704-3715.

T ME . KU A T A BR e e 5 R S o PR 3R 0 KOG
BREE 7 M (0] ki B2 5 TR 224, 2016, 13(3):
476-479.

Fan Ling-yan. Influence factors of unconfined com-

[22]
[23]

[24]
[25]

pressive strength of cement-treated soil based on grey
relevant degree theory[J]. Journal of Railway Science
and Engineering, 2016, 13(3): 476-479.

Geng K, Li X. Performance analysis of sulfate pisha—
sandstone cement soil based on the grey entropy theo-
ry[J]. KSCE Journal of Civil Engineering, 2022, 26
(2): 584-595.

GB/T 50123—2019. + Tik 5 Jr e[S,
WS AR, Bk, AL RRCA AT 4R -k R 4R
FEoK Ve L4 BT R W T T MR AR, 2025, 39
(16):133-140.

Tu Yi-liang, Ren Si-yu, Zhao Lin, et al. Experi-
mental study of basalt fiber—fly ash to enhance the
shear properties of cement soil[J]. Materials Reports,
2025, 39(16):133-140.

JGI 79—2012. 2 S HEAb BEEA M L[S ].

JEtE, sy W, AF AR S R RN 1 AR R
T T2 B T A L] E S R 2 AT, 2013, 16(6):
1097-1102.

Zhou Hua, Li Ying-liang, Gao Feng, et al. Evalua-
tion of consolidation of the brick materials by mobile
single-side NMR[J]. Journal of Building Materials,
2013, 16(6): 1097-1102.

Deng Y, Yue X, Liu S, et al. Hydraulic conductivity
of cement-stabilized marine clay with metakaolin and
its correlation with pore size distribution[J]. Engineer-
ing Geology, 2015, 193: 146-152.

Horpibulsuk S, Rachan R, Raksachon Y. Role of fly
ash on strength and microstructure development in
blended cement stabilized silty clay[J]. Soils and
Foundations, 2009, 49(1): 85-98.



