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Mechanical Characteristics of Soil-root Composite and Its

Influence Factors in Degenerated Grassland

He Changbin  You Yong Wang Decheng Wang Guanghui Wu Hongjian Gong Shuangjie
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; Soil-root composites exsit in the degenerated grasslands with high compaction level. In order to
break the soil-root composites effectively by mechanical means, the mechanical characteristics of soil-root
composites were studied. The physical characteristics of soil-root composites were analyzed, including the
compaction, bulk density, moisture content, porosity and root content. Shear strength, unconfined
compressive strength and resilience modulus were measured and analyzed, and the influence factors were
discussed, which were the bulk density, moisture and root contents. An orthogonal experiment was
conducted to evaluate the effects of influence factors on the mechanical properties. The experiment results
indicated that the composites in degenerated grassland aggravated soil compaction and gathered roots to
distribute in shallow soil layer. The shear strength, unconfined compressive strength and resilience
modulus varied with the change of bulk density, moisture content and root content, the interaction effects
existed among these factors. The bulk density and moisture content showed significant influences on the
internal friction angle (P <0.05). The cohesion and unconfined compressive strength were significantly
influenced by moisture content (P < 0.05). The shear and unconfined compressive strengths were
strengthened as a result of the existence of root system, while its influence on resilience modulus was
different. The composites were prone to be broken by mechanical means at high moisture content.
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Fig. 1  Soil-root composite of degenerated grassland
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Tab.1 Orthogonal factors and levels

B %
KT B A/ ok SR C/
(grem ™) B/% (mgrem )
1 1.2 16.52 0
2 1.5 24. 68 10
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Tab.2 Soil particle fractions analysis result in different soil depths %
T 2R/ kLRI AR/ mm HrRLRLAR /mm Rk KBLAZR /mm
cm 1~0.5 0.5~0.25 0.25 ~0.1 0.1~0.05 0.05 ~0. 005 0. 005 ~0.002 /NF 0. 002
0~5 2.1 9.8 30. 1 19.8 28 4.2 6
5~10 1.3 6.3 28.4 26.8 27 4.2 6
10 ~ 15 2.9 9.7 24.5 16. 8 35 3.2 8
15 ~20 2.8 9.4 25.8 19. 8 32 8.2 2
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Tab.3 Composite compactness, density, moisture content and porosity in different soil depths of sampling plots

TR B/ em B S/ MPa HE/(grem ) KA % fLIBRSE/ %
0~5 1. 540 +0. 474" 1.291 +0. 149 25.373 +£1.989° 51.276 £5. 634"
5~10 1.771 £0.453* 1.374 £0. 121" 26.082 4. 248" 48. 146 +4. 550"
10 ~ 15 1.701 £0. 527 1.382 0. 162" 27.842 £5. 118" 47.847 +6.098"
15 ~20 1.508 +0. 328" 1.429 0. 177° 27.243 £6. 190" 46. 063 +6. 665"

{8 >R T Duncan W #4720 5 LB, 6l — S U G A 1R 5 B 3R WIAE P <0.05 RF 2257 W3, T,

*4 BERTFEEIERENARE
Tab.4 Root contents in different soil depths of

sampling plots mg/cm’

FERE/em AL TR A7 2 HUFE A 3
0~5 8.129 +0.336" 7.392 +0.330° 7.188 +0.253"
5~10 9.821 £0.819* 3.283 £0.259" 0.800 +0.059"
10 ~15  1.842+0.224° 0.863 £0.112°  0.304 +0.041°
15~20  0.696 £0.418° 0.425 +0.189° 0.121 +0.018°
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Fig.2 Relationship curves of shear strength and vertical pressure
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Fig.3 Relationship curves of axial stress and axial strain
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Tab.5 Internal friction angle, cohesion and unconfined

compressive strength of composite in different soil depths

TEWE, NEEM FEIy TG ] R AT R 58 i/
cm /() {t/kPa kPa
0~5 25. 060" 23.459° 43.593 £11.248"
5~10 17.581* 54.362" 76.227 +15. 784"
10 ~ 15 15.772" 46. 046° 68. 469 +12.979"
15 ~20 13.770" 44. 814" 60.711 +7.805"
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Tab.6 Resilience modulus under different pressures and calculated resilience modulus MPa
JE 77/kPa P ] g
T2 EHE/em i
25 50 100 200 a8y
0~5 35.475 £0. 001 22.740 £1. 672 17. 055 £0. 965 17.168 £2.778 17.093 +2. 640"
5~10 27.789 £7.169 20.915 £6.565 19.221 +3.034 19. 548 +2.927 15.526 +2. 602"
10 ~ 15 21.876 4. 464 17.719 4. 604 13.359 £2.206 13.350 £2.119 12.473 +1. 964"
15 ~20 23.735 £8. 481 21.000 £2. 050 16.553 £3. 681 15.442 +1. 538 14. 622 +2. 588"

DURFTE SRR, 5 2 S IR G5 SRS | R A
A 5K, R, 525 MR 5 K R b 52 A AR g 2
Y= A R

3 EGHRANFHERWERSN

3.1 wWERHNRESWEFESH
B N EEE A BE R T IO BR BT 1 58 14 55 (]
SRR AR I B A b, A LS K ROR S AR B AR

3R RIFWE 2 DK (R 1), BB IEA
B RS WM E TR T s

I A A 22 53 BT R I R P A AR R Y LR
WIRJEHR:A>B>BC>AB >AC > C; X & & J15m
R R EWRF N :A>AB >B >C >BC >AC; %} Jt
0] R e Fs 5 32 52 el ) DR 3R R : B > AB > A >
C>BC > AC; % [ $8E 1 5% Wi 1) ) 3R 32 kBT Oy
A>C>B>BC>AC>AB,

RT EXREERRREDHT

Tab.7 Orthogonal experiment results and range analysis

55

FEMBR

g NEE S/ TR 1/ SR [i] 3 A5 o/
A B AB C AC BC ) kPa LPa MPa
] 1 1 1 1 1 ] 1 24.608  0.462  19.819  17.221
2 1 1 1 2 2 2 2 23.701  6.006  32.141  18.421
3 1 2 2 1 1 2 2 20.204  6.648  10.344  17.284
4 I 2 2 2 2 I 1 20.907  14.780  25.491  13.925
5 2 1 2 1 2 1 2 20.405  38.800  79.172  24.381
6 2 1 2 2 1 2 1 20.052  47.120  135.952  22.137
7 2 2 1 I 2 2 1 17.066  16.630  9.975  23.442
8 2 2 1 2 1 1 2 18.675  12.010  11.453  13.562
T,  89.420 88.766 84.050 82.283  83.539  84.595  82.633
WEEBEfE T,  76.198  76.852  81.568  83.335  82.079  81.023  82.985 "=
W 13222 11914 2482 1052 1.460 3.572 035 0018
T,  27.896 92.388  35.108 62.540  66.240  66.052  78.992
B T, 114.560 50.068 107.348 79.916 76.216  76.404  63.464 r=
W% 86.664 42.320 72.240 17.376  9.976  10.352  15.528 142,436
T,  87.795 267.084 73.388 119.310 177.568 135.935 191.237
KR T, 236.552 57.263 250.959 205.037 146.779 188.412 133.110 =
PUREEL wse 148757 200.821 177.571 85.727  30.789  52.477  58.127 324347
T,  66.851 82.160 72.645 82.328  70.204  69.089  76.725
MEAE T, 83.522  68.212  77.728  68.045  80.169  81.283  73.647 r=
W2 16.671 13.948  5.083  14.283  9.965  12.194  3.078 130.373

T: ABAC BC M RAHE AMBEE B HE A MBEEK C.HE BAEEK C 20 #3HAR M T 3FRom A AR bR E B S, T F00 T, 53 53R

2 AKX R Y 51

PLzs B A D R 22 51 % 1 SR 3 iR A7 O 22 4y
Br, SR 8 s .

M5 22 3 B 45 R AT LA, 4% DR300 4% 48 bn 1Y
PARSE 'SP g LRSS ANV ER/Q I <F
Bl S A TS K RO P B 5 A R
T Z B S EA T PN BE AR A BRI 5 5 K
5T AR S EL A X Y B A ORI

R X A BRI A DA I . B RAEE S 5K
R AR G R 0 LA 5 S 5 KR B
RN BELW s RN R NG LR X F R %
AR ARG KREMEGHRERS FKRLH
PERIXS TGO R YL IR 38 2 B W, 5 A &
X T RATC H 558 B2 A 52 0 5 AR e 6 G ) BR 47T s 5
JEA —E R, AN R G T BB X To il BRI
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Tab.8 Variance analysis of orthogonal test
£k KR F-J5 Fi A Y75 F WP
21.853 1 21. 853 1410. 941 <0.05
B 17.743 1 17.743 1145.592 <0.05
AB 0.770 1 0.770 49.719 0.05 ~0. 1
C 0.138 1 0.138 8.932 =0.2
PR A AC 0.266 1 0.266 17.203 0.1~0.2
BC 1.595 1 1.595 102.976 0.05 ~0. 1
e 0.015 1 0.015
Fo,(1,1)=1.89,F,,(1,1) =3.85
Hl 42.380 7 6. 054 Fo,(1,1)=9.50,F,,(1,1) =39.86
Foos(1,1) =161.40,F, ,, (1,1) =4 052
A 938. 831 1 938. 831 50.317 <0.05
223.873 1 223.873 11.998 <0.05
AB 652.327 1 652.327 34.961 <0.05
C 37.741 1 37.741 2.023 =0.2
AC 12. 440 1 12. 440 0. 667 =0.2
FEH BC 13.395 1 13. 395 0.718 =0.2
e 30. 140 1 30. 140
E 55.975 3 18. 658
Fo o (1,3)=0.96,F,,(1,3) =1.56
| 1.908. 747 7 272. 678 F,,(1,3) =2.68,F, ,(1,3) =5.54
Foos(1,3) =10.13 ,F, o, (1,3) =34.12
2766. 081 1 2766. 081 9.376 0.05 ~0. 1
5503. 107 1 5503. 107 18. 653 <0.05
AB 3941.433 1 3941.433 13. 360 <0.05
C 918. 640 1 918. 640 3.114 0.1~0.2
AC 118. 495 1 118. 495 0. 402 =0.2
AR BC 344.229 1 344.229 1.167 =0.2
HUREE e 422. 344 1 422. 344
E 885. 068 3 295.023
Fo,(1,3) =0.96,F, ,(1,3) =1.56
gl 14 014. 330 7 2002. 047 Fo,(1,3)=2.68,F, (1,3) =554
Foos(1,3) =10.13,F, o, (1,3) =34.12
A 34.742 1 34.742 29. 341 0.1~0.2
B 24.317 1 24.317 20. 537 0.1~0.2
AB 3.230 1 3.230 2.728 =0.2
C 25. 500 1 25. 500 21.536 0.1~0.2
N AC 12. 414 1 12.414 10. 484 0.1~0.2
S BC 18. 587 1 18. 587 15. 697 0.1~0.2
e 1. 184 1 1. 184
Fo,(1,1)=1.89 F,,(1,1) =3.85
Fl 119.973 7 17. 139 Fo,(1,1)=9.50,F, (1,1)=39.86

Foos(1,1) =161.40,F, o, (1,1) =4 052

P <0.05 BLBR I B350, 05 <P <0. 1 BEBIAT ;0. 1 <P <0.2 LW — W P=0.2 SIS e FmiRk%s E FRBIERE,

SEIEWA W, EAMRAEE SHRE TR EFK
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Tab.9 Shear strength characteristics under different levels of density, moisture content and root content

RIS A/ woKER, R/ NS/ i BBy 5 B/ kPa

(grem™?) % (mg-em ™) °) kPa 100 kPa 200 kPa 300 kPa 400 kPa
1 1.2 16. 52 0 24. 608 0. 462 46. 262 92. 063 137. 863 183. 664
2 1.2 16. 52 10 23.701 6. 006 49.905 93. 804 137.703 181. 602
3 1.2 24. 68 0 20.204 6. 648 43. 449 80. 250 117. 050 153. 851
4 1.2 24.68 10 20. 907 14. 780 52.980 91.181 129. 381 167. 581
5 1.5 16. 52 0 20. 405 38.800 76. 000 113.199 150. 399 187. 598
6 1.5 16. 52 10 20. 052 47.120 83.620 120. 120 156. 620 193. 119
7 1.5 24. 68 0 17. 066 16. 630 47.329 78. 028 108. 727 139. 426
8 1.5 24.68 10 18. 675 12.010 45.810 79. 609 113. 409 147.208

M9 W LUE A AT KRS R
A4 A8 A fil 52 & 1A B 0 B 55 R L N R A RN R R 0 Y
KAWL,

M AN KRS, E AR 0 mg/em’
I 10 mg/em® I, 52 4 P 1 BT B 5 2 B A 7 AR
AN B B AR S HE—
W, NGETT E B T ie 1 WF Al 3 7 B A0 35 K R AR A
B AUE MR R AR AR A B TR N BE A AR AR
B R 1 e A ) U B WA b Y BT 5 R EE T DU 22 531
AR HAEM SRR KM E, & KEH
16. 52% 341 & 24. 68% B}, 5 & UK i Bi 57 534 J Bl 4
FOR B IG I A o BlE & K A0, N e 15
P02 /N D B, L PR JEE 458 A1 DN 4 R 22 0 AN K
TEARA TR ME T A2 PR 3 R 0 W 5 7K SR 10y 334 o o
BN AEAE S A T AR AR T 3R DB K A A B i
W o A RN, A 12 g/om’ B
INE 1.5 g/cm’ i, 5 A VR M H0TT 580 52 22 e 18 ol s Dk
AN TEAR S AR A PE T L B 50 2 B A A
T2 B 30 A B, A K R AR PO R
Wt 25 T ) 1 i 2 B g /0 1 A D EE A A B A R
{9 8 T T /0, 285 2R 0 AE AR 5 K R KA T A EE Y
B I AR R S KR BRI A AET
W 25 S 1 00 30, AR AR A OO B A R % 0
TN o AT UL, 78 g S R R AL R R, 2 KR
B I, 52 A A Al PN R B B2 A AR B0 22 [ Y DY EE
BB 7 RIAR B 22 16 B RE 205 R 0 B AR 5 K R I B
AN AESREZ D RAEE RS KRR THE
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Tab.10 Unconfined compressive strength under different

levels of density, moisture content and root content

s ﬁﬁ/ fokgs ﬁ*ﬁi_/s HLFE SR/

(grem™) %  (mgem™)  kPa

1 1.2 16.52 0 19. 819

2 1.2 16.52 10 32.141

3 1.2 24. 68 0 10. 344

4 1.2 24. 68 10 25.491

5 1.5 16.52 0 79.172

6 1.5 16.52 10 135.952

7 1.5 24. 68 0 9.975

8 1.5 24. 68 10 11.453

M 10 WT LA A A & KRS R
1 AR A A 52 5 PR A T PR T 1 5 R R A R A

A LLE MR AR A AR T LA 0 3 i ) R
PO SR BE o 24 2 3 M & K R SR E A ), &5 AR i b
0 mg/cm’ Bl & 10 mg/em’ W, 52 A 1A 1 TC M FR 4
e 568 J3E it 5 AR S O S T S B T . B — B e i
B, TCVE T MR 2 5 A0 5 AR 26 F R, O BR 970 1 5
JEE Wit 5 7K 3 A 8T D0 AEL R /N ) R i
A AR R A AL AT AN [ o 2 5 KRR AR A A
[, A5 1.2 g/em BN E 1.5 g/em’ i, 5 K11
TN BR T 1 5 5 7 9% 464 Jon i 49 O fEL 2 K R
e — € (ELA , JO M BR BT He 98 S5 Bl 3 7 2 019 48 Jon i
y /N i LA A A B J0 N R BT 55 B2 AE o A AR
IR IR I B K, v 7 L R K R TG BR AT T
50 JSE IR B re /0 o DRI, F T e MR S R i, AR
S50k L2 I MU A RS TE S K R B I R B
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Tab.11 Calculated resilience modulus under different

levels of density, moisture content and root content

A/ aokE/ R Iu] AR AR/
TS
(grem ™) %o (mgeem ™) MPa
1 1.2 16.52 0 17. 221
2 1.2 16.52 10 18. 421
3 1.2 24.68 0 17.284
4 1.2 24.68 10 13.925
5 1.5 16.52 0 24.381
6 1.5 16. 52 10 22.137
7 1.5 24.68 0 23. 442
8 1.5 24. 68 10 13.562

R PR 2 Ak, [ S ek 2 At 2 B RS T B R A
Fage, YR A G K R A, S AR 0 mg/em’
30 ZE 10 mg/em’® , [a] A HE i KR S o 38 7E A1
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5 E&KE REME R LE A E A O A ik —
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