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Tensile strength is one of the plant root traits most commonly used by engineers when modeling slope
stability. In order to establish an integrated mechanical model of root tensile strength specimens of root
in North China of different lengths and varied tensile rates were carried out for tensile test. Analysis of
test data showed that all values of root tensile strength were observed by normal inspection; from a
mathematic point of view a distinction was made between fine and thin roots of four tree species by using
cluster analysis; both root length and tree species had significant effects on tensile strength while tensile
rates had no significant effects on tensile strength. Moreover based on theoretical derivation and data
analysis the synthesis mechanical model of tree singlestoot tensile strength was established and its
parameters were solved out. It had researched mechanism of single—root tensile strength which can
provide important reference value for the establishment of slope stability model.
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Fig.2  Frequency histogram of maximum tensile force and tensile strength
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Tab.1 Classification and average tensile strength results
of four species at different tensile conditions °
/ / / /
( mmemin~") mm mm MPa
0.50 ~3.02 22.00
50 °
3.06 ~6.75 14. 00
0.75 ~3.10 19. 00
100
3.18 ~7.20 13.00 °
0.50 ~3.10 19. 00
10 150
3.19 ~7.50 12. 00 3
0.47 ~3.01 18. 00 A
200
3.05~7.40 11. 00 °
0.80 ~3.27 17. 00 3
230 3.30 ~8.00 11.00 ’ ’
’ . . 4.3.2 N N N
2.00 ~3.04 15. 86
400 100 s 20 3 03 o 4 50,100 250 mm 3 10
) o ’ 400 mm/min 2 o 2
1.04 ~3.25 30. 00
50
3.47 ~7.00 22.00 X
1.00 ~3.10 29.19 '
10 100 3.4
3.30 ~6.16 21.00 A A
1.70 ~3. 40 21.63 o
250
3.65 ~7.05 15.78
1)
0.70 ~3.23 28. 67
400 100 3.33~5.94 20. 68 100 -
o ’ ' ( 1 10 400 mm /min
2.80 ~4.75 14. 67
50
4.85~7.17 10. 29
3.30 ~4.55 13. 40
10 100 4.87 ~6.30 9.53 o Mann-Whitney U
250 290 ~4.40 12.50 ( - U) Kolmogorov-Smirnov( K-S) 2
4.47 ~5.98 9.48
2 (0.721
2.00 ~3.60 13.29
400 100 0. 676) 03 0. 05
3.73 ~5.30 9.26 .
10 400 mm/min
1.99 ~4.09 27.22
50 o 10
4.27 ~6.50 20. 38 400 /mi >
1.77 ~4.02 22.67 s m
10 100
4.20 ~6.60 16.78
2.37 ~3.80 19.13
250 4.09 ~6.36 13.54 ’
1 4 10 mm/min.
; ( ) 50.100 250
4 mm
3.10 ~

3.50 mm
4.40 ~4.70 mm

3.20 ~ 3.50 mm

4.10 ~4.30 mm

o

Kruskal-Wallis ( K-W)

63

0.05
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(0.000) 0. 05 3
P=ADSLY) (2)
o 2.2.1
3) 250 mm.
10 mm/min. 10 mm/min
( 1 100 mm 4 (1
2 3 N} ) N
. K-W 1)
2.2
: N P =4F/
UP F E ¢ &) =fADSLY) (1) (wD?) D 1/D P
U f P F .
E £ & 2)
D S L P 1/D
o 2 o
2 P 1/D
Tab.2 Regression analysis of tensile strength and 1/D according to different models
(R)
5.007 0. 001 P =10.859 +5.007/D 0. 637 0. 001
10. 859 0. 000
4.027 0. 442 P =0.920/D* +4.027/D +11. 034 0. 638 0. 006
0. 920 0. 845
11.034 0. 000
1. 886 0. 004 P =1.886In(1/D) +14.960 0. 550 0. 004
14.960 0. 000
0.145 0. 004 P =14.996/D"'¥ 0.538 0. 004
14. 996 0. 000
-0.035 0. 023 InP =2.671 -0.035D 0. 386 0. 023
2.671 0. 000
0.378 0. 002 InP =2.395 +0.378/D 0. 604 0. 002
2.395 0. 000
Yy =BuBi ¥ =Boe™
o 250 mm- 10 mm /min
2 2 o D P
2 P =10.859 +5.007/D,
( <0.05) . 10 400 mm/min
1/D 2
P
( >0.05) o 10 mm /min+
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3 P =a, -kl +(mb, +&) /D (9)
0l o
Tab.3 Regression analysis of tensile strength (9) P=a+b/D
and diameter at different lengths for all species .
/mm R? o
50 P =13.704 +6.162/D 0.741
N 2.2.2.2
100 P=11.994 +8.367/D 0. 640
250 P =10.859 +5.007/D 0. 637 S,+S5,+8,.5, . .
4 o 3
50 P =20.399 +12.242/D 0. 942
100 P =20.018 +12. 184/D 0.718 (9) km.e
250 P=14.191 +16.517/D 0.873 4,
50 P =4.639 +29.670/D 0.748
100 P=4.533 +31.610/D 0. 946 4
250 P =4.501 +23.201/D 0. 850 Tab.4  Calculation results of integrated model parameters
ag b k m &
50 P =18.079 +15.170/D 0.826
100 P =16.953 +11.979/D 0. 630 S 12.19 6.51 0.004
250 P =15.837 +19.234/D 0.793 S 18.20  13.65 0.009 1 0
S, 4.56  28.16 0. 001
202 S, 16.96 15.46 0.003
2.2.2.1 (9) :
2.2.1 P(S, L) = (as —kyl) +b./D  (10)
P=a+b/D. S L 2 .
a~ R
b o 4
P =a(S L) +b(SL)/D (3)
P(S, L) = (12.19 - 0.004]) +6.51/D
a = lim P(D) (4) P(S, 1) = (18.20 -0.009) +13.65/D
a S P(S, L) = (4.56 - 0.001]) +28.16/D
P(S, L) = (16.96 - 0.003l) +15.46/D
. a(S L) 3
1) N
S as k ° mm /min 2
P =-0b/D’ (6) 2) 4
b 3.10 ~3.50 mm 3.20 ~3.50 mm
b =-P(1) (7) 4.40 ~4.70 mm 4.10 ~4.30 mm.
b P D 3)
D=1 o 3 b P=a(S L) +b(S L) /D.
S L b( S
L)
b(S L) =b(S) = mb, + ¢ (8)
b, D=1 P(S, L) =(ay —kyl) +by/D.
m-~g ° N
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