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Experimental Study on the Effect of Basalt Fiber on the Piping
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Abstract: To study the effect of basalt fiber on the piping restraint of cohesionless gap-graded soils, in-
door tests were conducted on discontinuous graded soil containing basalt fibers to investigate the inhibi-
tory effects of fiber content, fiber length, and soil prevention location on the occurrence and develop-
ment of subsurface erosion. The results indicate that the addition of basalt fibers makes the migration
channels inside the soil more tortuous and narrower, thereby suppressing the growth of soil piping;
When the fiber content is low, the control effect of the entire soil is better than that of only the overlying
soil. As the fiber content increases, the control effect of the overlying soil is close to that of the entire
soil control; When the fiber length is 15 mm, the containment effect of all soil prevention is better than
that of overlying soil prevention by the greatest extent. When the fiber length is 10 mm, the difference
between the two is not significant.
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Fig. 1 Schematic diagram of the test setup (unit;mm)
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Fig. 2 Gradation curve of test materials
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Fig. 3 Basalt fiber used for experiment
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Tab. 1 Experimental plan
U G5 LHEKE/mm GHEH R/ % AHORL 5 1/ % fLELE
Z-Chf-0. 4 15 0.4 20 0.5
Chf 2 Z-Chf-0. 8 15 0.8 20 0.5
Z-Chf-1.2 15 1.2 20 0.5
7 4 Z-1bf-10 10 0.8 20 0.5
Lbf 41 Z-1bf-15 15 0.8 20 0.5
Z-1b{-20 20 0.8 20 0.5
X HE 2 Cbf-0 0 0 20 0.5
S-Cbf-0. 4 15 0.4 20 0.5
Chf 4 S-Cbf-0. 8 15 0.8 20 0.5
S 41 S-Cbf-1.2 15 1.2 20 0.5
S-Lbf-10 10 0.8 20 0.5
Lbf 2H S-Lbf-15 15 0.8 20 0.5
S-Lbf-20 20 0.8 20 0.5
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Fig. 4 Variation curve of pore pressure with flow rate( S-Cbf)
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Fig. 5 Variation of hydraulic gradient-flow rate-permeability coefficient under different fiber contents



% 6 e MR A« 20 IR £ S TR 1 1] T 2 e 3 ) R 5 29

VIG5 I B B, I B K T B A 4R R R
B LR FE, 3% ZERY BERE K 186 B A PR 8
IR RS LT, 535 B0 K B R i 3 m
BT R, ARt — B T E TR,
i f3 L RE 7B 15 R BOR W AKX EE Cbhf-0 41, 7
LR YERFE 5 35 2R B IR0/, T G KB i
T B T 4 2 RE A b SE B B b R R R AR
B OEAK 4(a) LIRS, fEIEZER B FLE 1 F
FUIE 2 SRt Rk L 4T 42 s T ORI
JEEADFLE B 43 A5, DT 38 7] 3 2 B B3 200 55002 M JES
T ARSI A IR B B, A
(oo 10 IR K 7 86 B 43 51 R 0.88,0.90, 0. 88,
0. 97, 1T WL i ¥R 7K F1 00 B 5 47 2 5 i 22 [0 Y
KARRE, X R T EE 2 465 B
SEME T AS R T BE 0 FL O RO AR A O, B 1 B A 4 1
R AR FLE AT A, S8 IRy
BL KB TR T B, 1835 R B BE & 240 0RO &
PRGN, 21 4 & 0w, 58 3R s b i
IKFIRB R

2.2 S-Lbf HEBAXREME

AN 7 2 B R ) FL U 5 97 e B K Sk v B
AL el 6 Fron, MR 6(a) , il FEAEK
ST R AR LE R ARG K IR E AL
JE 3 FHER  fLE 1 T ie® . 2 Rk sk s B
REIIEFEM G A S, TR R TR ERKH
Je kIG5 ARSI RSk  FLIE 3 Gl TR FLE
1 FISLHE 2 T A — 2 13 f5 4, — Beit ) f5
A RARTE, XAPAR IR S W T 405Uk M T iE 2

—a—Lbf0-FLJEL
—e—Lbf-0-fLJE2
——Lbf-0-fLJE3
—a—S-Lbf-10-FLJEI
g —o—S-Lbf-10-fL.JE2
—a—S-Lbf-10-FLJE3
—a—S-Lbf-15-FLJE 1
—e—S-Lbf-15-FLE2
—a—S-Lbf-15-FLJE3

— e STBE20-FLE
o —o—SLbE20-FLIR2
= == BTt )i
‘l—' ~¥
1.0} '
05 1 1 1 1 1 1
10 20 30 40 50 60

7K:3k/em
(a) FLEE-7K k22 4k I 28 (S-Lbf)

TR I ) ARG o s, K Sk 48 T g i
WG IEM N TR W & e & L iE, MK E
Lbf=15 mm B, ¥ 5 4 & W] 2, Lbf= 10 mm K
2, Lbf=20 mm B SIS 55 .

HRYEE 6(b) , £5 41 A48 1k 2 80 o e 1
KB K P 3 AN, E 6 ol
DU, 2F 2 K 8 6 R O & 19 R b AR 1 —
AU

Bl 7 AN TR £F 4 B T iR i /K B -0
W55 R EE A 2 . RS I B, AH R K )
FAEE T, Lbf=20 mm By R K, BB REHRK;
Lbf=15 mm MR/, B35 RN, WEEN
B ANIR) 27 4K B 10 450 19 A8 Ak B S R B ]
T B A 7K T 6 B 8N G2 18 1, 5 3 R AR
Z BN, SEFERYBL Lhf=15 mm Y5 1% R BUK
SRORFRIR /N, DI € 31 & A6 S 1 3K 1 7K g 6 3
AR BB A, 12 Lbf=15 mm B, FAFZ i
2T Y A 2 38 A5 T R R R SR B

2.3 AARREESKESN

Vg1t ALE FERY B s X 07 149 7K T Ao 8 AR T
Ryl G- FE K 0 B R i S 3 FE Uk o R L 2K 2
SSUARE IR H A TOUS B X 07 149 7K T Aefs B8 AR TR A
Il SR IR 7K g Aefs B2 T 1 SR R i 3 o 4 A sk
TSR B B 18 7K 7 A6 TR0 I8 338 4 3l R kg Jm SR
K 5 B R T S B T 3 A 5 4 IR Y B
i P9 7K 68 B8 TR I 3 0 PR A 5 A B TR K T A
FTERREIRTE , #5209 11 B K T8 BE Al S
HUNFE 2 FioR,

16
(B — Y
——S-Lbf-10
127 ——SIbf15
—S-Lbf-20
1ot
2 o8t
E
W o
£ 0
2 .
O -
)

(I) ll() 20 3I0 4|0
7Kk/em
(b) P E-/K AR 2R (S-Lbh)

Bl 6 fLE 528 fh i 26 14 ( S-Lbf)

Fig. 6 Variation curve of pore pressure with flow rate ( S-Lbf)



30 ok TR R o Ml (AR RE R 2024 4
0.10
k10 o
008 o S IbfI5
—+—S-Lbf-20 0.10r
" 0.06 T
5 5 008}
0,04 %
= 1% 0.06}
L \ —=— Lbf-0
0.02 e —e— S-Lbf-10
0.04r —— S-Lbf-15
—— S-Lbf-20
0 B
d 0.I2 0‘I4 0.I6 O.I8 ].IO 002 6 0.I2 0,I4 0.I6 0;8 ].IO
L i3 IKITBEIE
(a) ViLIE-7K F186 FE 224 T £8(S-Lbf) (b) BB R E-/K SI86 FERE AL 2R (S-Lbo)
B 7 AFAYER R K B - -2 15 R B A £ 5]
Fig. 7 Variation curve of hydraulic gradient-flow rate-permeability coefficient under different fiber lengths
2 & LIRS K 148 BRI SRR
Tab. 2 Critical hydraulic gradient and critical flow velocity for each soil sample
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Tab. 3 Plugging head and destructive head of each soil sample (unit;cm)
WAk TG K IR K Sk AR KR
7-Chf-0. 4 18 26 38 48
S-Cbf-0. 4 20 22 32 36
7-Cbf-0. 4 16 32 44 52
S-Chf-0. 4 18 22 32 34
7-Cbf-0. 4 16 32 46 52
S-Cbf-0. 4 16 22 34 38
Z-Lbf-10 16 28 44 50
S-Lbf-10 18 22 32 38
Z-1bf-15 16 32 44 52
S-Lbf-15 18 22 32 38
7-1bf-20 16 30 42 48
S-Lbf-20 16 22 32 36
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Fig. 9 Variation curve of hydraulic gradient-flow rate-permeability coefficient under the same fiber content to length



% 6 e MR A« 20 IR £ S TR 1 1] T 2 e 3 ) R 5 33

it R P TR B B K. 24 Lbf=10 mm B, P4
HERK,

4 g

1) 78 1 7 24 R W 2% B - 1 %65 T o e T 4
H 4 BB AIERB I B B S B I IR By
Bz 56 AR B B, s i R B B AR S ) () 450
B2 e e e e o N UK T R S g 51 )
PR A B T BB 0IR,

2) |7 [ 2T 4 - i £ G RO A
K I N B b B IR A Y SR A A
FEMZF 4K 2 8 45 T 2 8, AT 56 1) d5 A 41 4
KN 15 mm, HAE b3 2482 RB 05 35 B 1 K )
T B o R

3) 5 b A A 2T AR 4 AR hn [
LT YE (1 3% ZEB BE R s S0 IR B B S B (. H RS
fIRIRE G, 2F 4 B i s, b 2 (A [ 2F 4
T 1) 38 )RR AR 0T 4 AR Bl IR, MK
JESA 15 mm B, 430 A AT i 25 24 1 i i R0CR 358
T A [ 2 e B TR R AR

SE 3k

[1] FELL R F, WAN C F, CYGANIEWICZ J, et al. Time
for development of internal erosion and piping in embank-
ment dams[ J]. Journal of Geotechnical and Geoenviron-
mental Engineering, 2003, 129, 307-314.

[2] DANKA J, ZHANG L M. Dike failure mechanisms and
breaching parameters [ J ]. Journal of Geotechnical and
Geoenvironmental Engineering, 2015, 141, 04015039.

(3] XA ErRvErE SBR[ M]. dbst. K i
H AL, 1992.

[4] RICE J D, DUNCAN J M. Findings of case histories on
the long-term performance of seepage barriers in dams
[J]. Journal of Geotechnical and Geoenvironmental Engi-
neering. 2010, 136(1) . 2-15.

[5] BAARS S V,KEMPEN V. The causes and mechanisms of
historical dike failures in the Netherlands[J]. E-Water,
2009 1-14.

(6] iz, KK S [ M. dEst: KR K
A, R, 2002,

[7] ICOLD C. Internal erosion of existing dams, levees and
dikes, and their foundations[ J]. Bulletin 164, Volume
1. Internal Erosion Processes and Engineering Assess-
ment, 2013.

[8] BLIGH W G. Weirs on porous foundations and with per-

vious floors[ J]. Eng News, 1911, 65(15) :444-445.

[9] KENNEY, T C. Internal stability of granular filters[ J].

Canadian Geotechnical Journal, 1985, 22(2) . 215-225.

[10] FLESHMAN M, RICE J. Constant gradient piping test
apparatus for evaluation of critical hydraulic conditions
for the initiation of piping [ J]. Geotechnical Testing
Journal,, 2013, 36(6) . 1-14.

(11] REB. JORE 8 Im SRR T8 [T ]. K JiK
IBRFEHESE,1980,4: 90-95.

[12] WatE. ZALN B EBEIE[T]. KIKiaRe
9E,1981,3: 89-93.

(13] Uhade. TSR WA A —M ik [T]. KJ1K
BREAESE ,2003(4) ¢ 57-59.

[14] XVEZ, TR, IR, 55, HZIRILEN R ik 72
AR IA S MR AT [T, AR T AR 4], 2012, 45
(8):140-147.

[15] XIEZ, T ERE VR, 4. AUZSREE AR 5
JSFROS BB [ ], A T2 5 TR A4,
2012,31(44 1) : 3110-3116.

[16] RRUC, 3 Jy BEBHE, 4. 2T PFC3D KoK £
Bl SO BRI M [J]. ARACKRE2 4 (A
SRBI2ERR) ,2015,36(3) ; 428-433.

[17] FURUMOTO K, MIKI H, TSUNEOKA N, et al. Model
test on the piping resistance of short fiber reinforced soil
and its application to river levee [ C]//Proc., 7th Int.
Conf. on Geosynthetics. Swets & Zeitlinger, Lisse, 2002
1241-1244.

[ 18] SIVAKUMAR BABU G L, VASUDEVAN A K. Seepage
velocity and piping resistance of coir fiber mixed soils
[J]. Journal of TIrrigation and Drainage Engineering,
2008, 134(4) . 485-492.

[19] SIVAKUMAR BABU G L, VASUDEVAN A K. Strength
and stiffness response of coir fiber-reinforced tropical soil
[J]. Journal of Materials in Civil Engineering, 2008,
20(9) : 571-577.

[20] DAS A, JAYASHREE C, VISWANADHAM B. Effect
of randomly distributed geofibers on the piping behaviour
of embankments constructed with fly ash as a fill material
[J]. Geotextiles and Geomembranes, 2009, 27 (5):
341-349.

[21] DAS A, VISWANADHAM B V S. Experiments on the
piping behavior of geofiber-reinforced soil[ J]. Geosyn-
thetics International, 2010, 17(4) . 171-182.

[22] GAO L, HU G, XU N, et al. Experimental study on
unconfined compressive strength of basalt fiber reinforced
clay soil [ J]. Advances in Materials Science and Engi-
neering, 2015, 2015(1) : 561293.

ARG TR )



