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Effect of wood fiber addition on shear strength of waste soil at waste disposal site

Abstract:
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[ Objective] The influence of different gradients of wood fiber addition on the shear resistance of the

waste soil at waste disposal site was analyzed, in order to provide data support for the improvement of the waste

soil and the prevention and control of soil erosion at waste disposal site. [ Methods ] Taking the waste soil from the

Xinpu village waste dump in the Chuxiong section of the Central Yunnan Water Diversion Project as the research

object and using wood fiber as an additive, soil culture experiments were conducted by setting four gradient
treatments of 0 (CK), 1% (ML), 3% (MM), and 6% (MH) according to the mass ratio of wood fiber to waste

soil. The cohesion and internal friction Angle of the improved waste soil under different gradients were obtained by

the direct shear test. The influence of different gradients of wood fiber addition on the shear strength of waste soil

at waste disposal site was systematically studied. [Results] O The shear strength of the waste soil was
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significantly enhanced after the addition of wood fibers. Moreover, the improvement effect of the shear strength of
the ML treatment compared with the control was the best under vertical stresses of 50, 100, 200 and 300 kPa,
increasing by 51.22%, 64.93% , 71.25% and 70.35%, respectively. The greatest increase was under the vertical
stress condition of 200 kPa. @ Adding wood fibers effectively enhanced the shear strength of waste soil. With the
increase of the wood fiber gradient, both the cohesion and internal friction angle of the waste soil showed a changing
trend of first increasing and then decreasing. Among them, under ML treatment, the cohesion and internal friction
angle of the waste soil were both the largest, increasing by 53.56% and 77.11% respectively compared with the
control. The cohesion of the waste soil under the MM and MH treatments increased by 48.67% and 11.41%
respectively compared with the CK treatment. @ Pearson correlation analysis indicated that the physical and
chemical properties of the waste soil after the addition of wood fibers were closely related to the shear resistance
performance. Through factor analysis, it was found that the addition of wood fibers mainly affects the shear
strength parameters by influencing the soil bulk density, organic matter, field water holding capacity, saturated
water holding capacity and capillary water holding capacity. [ Conclusion] The addition of wood fibers enhances
the shear strength characteristics of the waste soil in the waste dump. The addition of 1% wood fiber is most
beneficial for enhancing the shear strength of waste soil. However, due to the differences between the actual
engineering application and the soil culture test research, the applicable amount of wood fiber addition should be
adopted simultaneously in combination with conditions such as vertical stress.

Keywords: wood fiber; Central Yunnan Water Diversion Project; shear strength of waste soil; factor analysis
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Table 1 Basic properties of wood fiber additives
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Fig.1 Relationship between vertical stress and shear
strength of waste soil under different treatments
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Table 2 Regression model of waste soil shear strength under different treatments
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angle of waste soil under different treatments

R®3 BIXIEABEHLER

Table 3 Basic physical and chemical properties of waste soil
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CK 1.53+0.02 61.41+1.56" 6.60+£0.25° 7.07£0.02" 0.284+0.06° 8.12+1.81° 12.17+0.64° 22.23+1.146° 19.3840.39°
ML 1.42+0.03* 59.554+1.26* 10.98+0.65" 8.01+0.10° 0.55+0.02° 15.05+1.21" 13.314+0.33° 23.92+0.24° 21.22+0.38°
MM  1.314£0.02" 42.60£0.26" 11.23+£0.48" 8.00+£0.50* 0.52+0.07" 17.25+1.33* 14.87+1.29" 29.19+0.48  23.15+£0.68"
MH  1.18£0.08 42.97+0.62" 16.16£1.53" 8.03£0.14" 0.4440.05" 14.16+£1.41" 19.360.43" 46.41+1.28"  32.64+0.70"

T ORI AR HE2E 5 QAT /NG 7 B R R AN Rl A BETE p<20.05 K FAFTE W3 22 5% o

222 FBERWERERT N

BT AH SRS AT, B A [R] Ab R i 4 KR |
A LT O FPAE bR R [ R BEAE T b
T 5 FF . F P4k R F 5 KMO #1 Bartlett BB B 6
0 HEAT 7l P 4 BT, 45t KMO fE 2 0.677,
Bartlett BRJE J& £ % (p<<0.01) , 342 F F R L 57 ik
FR91.AT6 % iE A MATHF 0. Bk, X 45
KF AEE AL AL SE 9 R AE bR AT R4
Br L 45 516 A [6]B6 BE AR 2F 4E 35 0 8 4% 45 5 5k i+ Bt
BY SR A LR A VEFRCR . N ERAS R i P gy
S P8 1) R LR Tk OE 2SR PO YR B K B v 15 #)
TE AR AR [ S5 R LR 4

W o a L m, f— AR TF5HkxER
65.008% , & T 70 H B R K & B FFK & LKL
T AR K B PR B fer B 0.965 DL 1o 85 AR
DTER R 20.059% , F 5+ A LT pH (H F1 4

AL TR AE0.546 L o B = A F ok R A
76120, EF N TN R HEAE S ALBUE K pHAHE,
T TR 0.29 LA b o S ESR 3 A i B AR 0T
e 1% R 1 (o VA KN BE 5 i Co) 92, 1T 31 5
M3 AN T4 5 RO SN E R A
Pearson M CPES o A5 RTEWR S, FR 1 5 N EE
B PR F 0 IR R 3 ARG (p<<0.01), 5 Fy, Foffl
KA S, Ul W] P AP OGS S S T BT 55 R 1Y
PALES PSS RS ALRR ¥ IR NN
B o
X 3N x BT 443 5 3R 0 R R A A AR
VRS TN E LR D W)
¢=—0.057F, + 0.973F, + 0.034F,
(R =0.937, p=<<0.01) (2)
@ = —0.306F, + 0.770F, — 0.140F
(R'=0.855, p<<0.01) (3)



92 NS L SR %46
ol a CK& 2 sl b ML4& 32 AR
X, |¢ * X, | * * 1.0
X, \‘ * X, \\ * 0:8
i@ - LPO® - 18
i, X (o N * w5 | + Q@ - 0
P OISO Y N L .
2o C A @ - 2 NG * N 202
X, | * .\ * * X, | * * \. * \ * * o4
X .‘ * . * * X, * * \ * ‘ * * * 0.6
LN NUONNN G NN 8
X * '\\ * . * X, * \ ¢ o= ‘ * * * \,\ * 2
Xl XZ X3 X4 XS X6 X7 Xﬁ X9 Xlﬂ Xll Xl XZ X3 X4 XS X6 X7 XS X9 Xlﬂ Xll
T T
i Nl ¢ MM4t 2 X | . d M4 2 HERY
X, * X, * 1.0
X INQ X Qe - o
S ow N® o
0.4
L NNON CEN® i
Feese YN : .
. 9O0% NN &
L[ OO L NN\, B2
NS N\ © NN P AN o4
Xy \\\ * ‘ * Xig \‘ * * * \\ * 0.8
X, \\‘ ,«"v/ \ * * X, \‘ * * \\ * * 10
Xl XZ X3 X4 Xlﬂ Xll Xl X2 X3 X4 XS X6 X7 XB X? Xlﬂ Xll
¢

TE:OX, X5, X5, Xy, X5, X, Xo, X, X, X0, Xy 2 RN BB TT N BEIGEA VA H B LI & /KR pHAE A &0 A AL L Il 455 7K A

KR BERKE. ©FFRREFHHIE(Pp<0.05),

NitRiIESs

E3 ARAETELNNERESELEREXXR

Fig.3 Correlation between shear strength and physicochemical indicators of waste soil under different treatments

x4 BLEUERIERETFSN
Table 4 Factor analysis of physical and chemical
property indicators of waste soil

5 B KHTF NHT

F, F, F, Iy %

X, —0.68 0.119 0.68 0.95

X, —0.844 0.098  —0.35 0.84

X; 0.851 0.318 —0.21 0.87

X, 0.713 0.596 0.29 0.95

X, —0.251 0.947 0.00 0.96

X, 0.72 0.546  —0.06 0.82

X, 0.982  —0.158  —0.04 0.99

X, 0.965 —0.233  —0.04 0.99

X, 0.970  —0.180  —0.07 0.98
RO 5.851 1.805 0.685
DTk % 65.008 20.059 7.612
HETTHkE Y 65.008 85.067  92.679

VP By Py R — AT S AT AR T
Fy 23 R X i o 3 3R 0 B N R B8 R 1 O 15

Wiy, F 2% PR 0 A S IE S, F A TR X 26 3R R
TE RS WA, 0F A JRE 5 A O SRS R o U PR £F 4R VR N

XF i A A P e 3 K RE 1 A5 R AL P R ok
RONL , T B 280 B ) A B R O o B A X
P ZH, fe 2 52 BN i 10 B 98 B A 2 T o

x5 RETFEELIHBENRANEZEABXMIER

Table 5 Correlation matrix of common factors with
cohesion force and internal friction angle of

waste soil
15 b F, F, F,
FEI(0) —0.072 0.971" —0.05
WA (o) —0.316 0.787" —0.204

o P R TE p<C0.05 F p<<0.01 /K ki 3 AH K .

3 W w
30 ARALEFIMTELHREAEERNZNIY

A EF 4l ot Wy PR A S A A A T 6% 0 R AL A
AR e A RO 5 A DT 2 ) A ) o A
ARBLAE R T ORI R L YRR R, R
AT 4 9 58 5 FL BT, (A B 04T fE B R AL
RAHE) R o X B AN 2 L 0 B A i B0
AT STk IR N 21 4k B 12 A a] A SR e i 4
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BB, N [ R R 2 B L7 4k K R 3B R A
M, Tang % HRIE T B 00 25 4 in i 1 P 1f o B 4y
PRI 52 e 2R, % B 5 T 0 {5 R RN AL TR A A% o
[SEEZ SIS IR N

A B BIF 5% 2 B, T AP0 BY o R B K 2T 4 =
W 22 B0 SRR s N R AR A e fE ML Ak 3
BF, b [R] B L B AR ST 98 /) | £ 4 5 A AT SR AE T A
B 48 9%, - X 08T 5 B 1Y K, O 40.8 kPa; MM, MH
A P T A 4t 2 (0 i A B 5 5 EE Y 5O [
R B 8/, SF ¥ 40 5 5 43 5 o 31.14, 24.56 kPa.
IX 5 T A O A S 2 £ 4 v KR i
JE 58 3 e M B SO AL B 43 BT I I ST A5 SR A AL, B A
KRR L4 Ja 00 19 B0 5 3 BE 22 5, (R 5
PN D [N | I SR N & N TS S & |
S AR IS L AR e R . A R SRR 5
T ORI 27 4 -MICP [& k8 72 VR Al /E T i ) 2%
PERE, ML A B 1.5% BF, R PR 5B T
TRy BB W AR5, AR 00 T 2 ok B B 3 1 L T
B s 2% mF % b R [ AR R 20 B A S AR
F o ARBIESE 350 AR EF4E 6 %0 A28 4E 7 s 1) 7
I B 5 B 4y )k 20.34 F115.21 kPa, 4 /8F 1% A
LFYERINT B9, M 21.62 kPa, [FIG A & AT 4
VS XTI 1 e B A R G A A ROR Rk
32 AKRGFHFMITELREBESHNOZME

R EBIE KR 451 D) IO B TR b
BRI K A G W I 45 4 FRE B0 A 35 53R 1™
o 4B, 2 OR8] 51 )RR ) 25 A 1R F Y 45
TP B A D) T A R P S 4 U =[] Y JEE
B RN A R 2 R B W Bl EE 4 g
A A,

T2 56 rp A [) b BT 8 R R o PEE A AR B B 4 R
B K S T BB E o X 5B A
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YA N R 3% ~6%0 i, it 2 KL 4 5 + A Ll
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BN EB 5y B H KA 55 245 G K AT - BOR
JE) LK 43 %6 o7 A2 A2 5 AR I 08055 7K S (%) 10
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R L — i BRI, Aok ] LK RS B K Vi W A
R FAE5IER , 4 0k UK ] 1 1 48 4 7 Fn i i
/N, A A D) AH B AR /D SO0 26 3R D Bl 22 BRI
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WA F 4 i 38 A28 T 9 FLBRE (& 8 & K
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R A P I A R R T RS R B T Ak
W AME S KPR s T A R UK [R] (4 25 A R
71T 4 o AT ) (7 B 4 0 4 7, B s O - HU By R
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KR E A LYY W B T (p<<0.05) , 1
MM F1 MH £b 3R (%) H (] 45 7K Gt AR R REK i J B4
K25 5 03 (p<<0.05) . X6 A 25 4 i i 5% i
5 A FAR M R i AR g SR IR FH R RE D

(2) BEARLFAERE LR 0, i 26 T N EEEE A
4 5 B B 0 e 0N 9 AR Ak R A ML AR BER A 4R T
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