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W% ( Elymus nutans Griseb. ) . ¥R ( Poa crymophila L. ) F1& B % [Puccinellia tenuiflora (Griseb.) Scribn.]4 Ff
FARME ARG UL, AT E R AR P SO YIRS, BN RGEHEN T 4 FhRARH MR S SR EERRE . S5 %
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KAEWRA 5 a F1 10 a 9 4 FhEARRLBBIR ) FPLET X L A Hr AN, 4 FEARZRPP G KIEE N
11.71%~62.31%, LBy KRN 26.30%~92.61%; (3) H#K 4 P AR R HARFRBLBIN F1 200, 15 e
AR B O B AR R ) MR AR OL T I 2 bR, T RSl 5 X [ 3 AR R . ASBIE S AT R T SRR B e TE T
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Mechanics strength test of herb roots on earth-borrowed area of Tuotuohe River
section of Qinghai-Tibet railway
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Abstract An earth-borrowed area in Tuotuohe river section of Qinghai-Tibet railway were selected as the study area, and
four kinds of herbs(Puccinellia tenuiflora, Elymus nutans, Poa crymophila and Puccinellia distans) with growth period of 10
a were selected as the test species. Single root tensile test and single root shear test were carried out in laboratory respe ctively
to evaluate the mechanical strength characteristics of single root of four herbs systematically. The results show: @ the
descending order of the average tensile strength of single root of four herbs in the field was Puccinellia tenuiflora (66.29
MPa)>Elymus nutans (50.78 MPa) >Poa crymophila (46.11 MPa) >Puccinellia distans (40.62 MPa), the descending order of
the average shear strength of single root was Puccinellia tenuiflora (44.37 MPa)>Elymus nutans (37.74 MPa)>Poa crymophila
(36.80 MPa)>Puccinellia distans (26.66 MPa), and both of them have a negative correlation with the root diameter in
accordance with the power function. @ According to the comparison of the single tensile force and shear force of four herbs
with growth period of 5 a and 10 a, the tensile force increased by 11.71%-62.31%, and the shear force growth rate was 26.30-
92.61%. @ By comparing the mechanical strengths of different root diameters of four herbs, it is concluded that the
mechanical properties of the roots of Puccinellia tenuiflora and Elymus nutans are significantly better than those of the other
two herbs, which can be preferentially used as soil consolidation and slope protection plants in the study area. The results of
this study can provide some reference value for the selection of dominant plants of slope protection in Tuotuohe river section
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and its surrounding areas of Qinghai-Tibet railway.
Key words Qinghai-Tibet Railway; Tuotuohe River; earth-borrowed area; herbs; tensile strength; shear strength
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Fig.1 Schematic diagram of the study area
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Fig.2 Working principle of single root tensile and shear tester
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Fig.3 Process of single tensile and single shear test
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Tab.l Results of single root tensile test results of four herbs

e FARPLEL /N AR 3/ MPa
R TR A E AR EREH L3 AR 5 A E AR EAEE
0.1<<D<0.2mm 2.7240.29 2.1340.29 1.80%0.16 13994024  141.16%£2353  96.43+19.02  91.58%£22.05  74.79%+17.27
0.2<D<0.3mm 3.7010.46 2.8410.38 2.63%0.30 2.40%0.33 77.74£1027  59.61£8.86 59.73£9.18 50.37+8.77
0.3<D<0.4mm 5.1740.53 4.6410.38 3.8740.37 3.2740.31 56.13£4.86 49.86+4.65 41.29+5.24 36.31+4.16
0.4<D<0.5mm 7.0040.77 5.9240.63 5244033 4.5940.52 44.54+2.22 38.244243 33.65+4.36 28.52+1.46
0.5<D<0.6mm 8.79£0.76 8.3620.69 6.6610.40 6.01£0.45 40.6410.85 35.77£1.60 29.8241.50 27.2440.75

e RPN E S
R2 ARPEARAY) PARGUHL D A b 98 S AR AR &5 77 72

Tab. 2 Fitting equations of single root shear force and shear strength and root diameter of four herbs

I — __—__
i mmgzﬁgmﬁ MR BT P ﬁ;%gg%ﬁf MalER  SERAT P
e F=1.72&313D 0.986 6 * P=17.19D!12 09791 *k

e Y e F=1.36¢332P 09735 ik P=18.19D09! 0.943 8 *k

b BL3 R F=1.29¢3-070 0.9573 ik P=14.33D101 0.974 0 *k

R F=0.98¢3430 0978 7 k¥ P=14.20D0% 09418 *k

Vi e RIR B E MK P<0.01.

B4 4 FhEABARGTN ) 5 R 2 WK R

Fig.4 Relationship between single root tensile force and root diameter of four herbs
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Fig.5 Relationship between single root tensile strength and root diameter of four herbs

3.2 EXREYRRHBEESME

MR 3 FIA1, Bher AR PUEY JJRIPUsy aR B AN Ak, AR A R BOR IR, B E R R,
X5 R AR PR PR R KN R — B . ERAN 0.1~0.6 mm B, BESE . AR B
BLOAH R BORAE B B AR 58T /18 7.82 N 7.63 N. 4.89 N fi1 6.76 N, HA-FHHisTiRE N
44.37 MPa. 37.74 MPa. 36.80 MPa #i1 26.66 MPa.

HeAh, 4 FhECR AR BUEY ) R I BEAR R I i 3G KA b (| 6) , HEBIBEI I S5REZ
RF AR ECR (R 4) 5 N, 4 Bl AR -F 2 SRR BT BY o B 1 R I o I AR A2 385 0 g sk /)~ 1)
ke (| 7, HEPBERESIREZNFEREE R (R 4) o %24 R 5 RPERX Y
R 2R HAR BT BT IR 50 25 B A — 2

X3 AFPEAREY) AR B LR 45

Tab. 3 Results of single root shear test results of four herbs

e EARBITTJI/N SARPLIY #EE/MPa
T TR EEH AR EEg R 5 EEH AR
0.1<D<0.2mm 3.7540.25 2.8640.30 1.60+0.31 3.11£033  90.66*14.18  77.45%14.18 42224825  69.25+8.68
0.2<D<0.3mm 5.0940.63 4.49%0.56 2.8740.60 4.3840.50 55.68+8.53 4776580  3032£352  47.08+%7.5I
0.3<D<0.4mm 7.51£1.02 6.6310.74 4.4940.68 6.0520.69 39.62+2.23 34524376 22.87£238  32.19+%345
0.4<D<0.5mm 9.88+1.21 9.03%1.01 6.5610.86 8.06%0.91 31324235 2839%1.68  2L11*136  25.72+1.60
0.5<D<0.6mm 1247+1.21 12.00+1.22 9.1240.97 10474093 3026+2.17  26.67+1.71 20.61+0.79  23.07%1.30

e R EE P A
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Tab.4 Fitting equations of single root tensile force and tensile strength and root diameter of four herbs

] BT E 4 . o L H | BT = L\A‘ .
T *Efpjjjjﬁgﬁ‘l MARER  BEMATP T +§i{;;;§§?ﬁ BERE gapppor p
= + | . = =
[T Fy=2.41¢3150 0.949 7 ok Ty=13.32D103 0.951 6 ok
PR B F,=1.93¢342P 0.977 2 ok 7y, =10.42D110 0.9355 ok
ERE F,=0.99¢34210 0.9812 ok 7, =12.10D 066 0.889 9 ok
A BOR F,=2.08¢301P 0.9822 *k Ty, =11.44D10! 0.9777 ok

RN EE KT P<0.01.

6 4 FhEUA MY ) 5 R AR 2 6] 2K A

Fig.6 Relationship between single root shear force and root diameter of four herbs
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Fig.7 Relationship between root diameter and single root shear strength of four herbs
33 HIRTEHmIA. FHUREABEAERKPTHIFE
3.3.1 BRFHIRI N ERKERTHEE

4 MEREHAKFERN 5 a B, HE N SRR 45 A5 2 H SR r b S8 53 51 ik
% (3.45 N) , BB (444 N , AHEHK (377 N) , BEE (299 N) B AKERN
10 a I, 4 FhiE ASE 35 AR Fii b /14> 5 A 5.60 N, 4.96 N, 4.48 N, 3.72 N, 54Ky 5 a L H A
HE~F I H i 7 B8 e BE 43 5 R 62.32%. 11.71%. 18.83%F1 24.41% (£ 5) .

3.3.2 IR F BT 1 Bl 4 K F PR L4 AE

4 MEREYAEKFERN 5 a B, HERSFHPE E DN ey (4.06 N) T FE 30 5
(433 N) , AHEHK (416 N) , BEEE (3.87 N) B4, ARKAERN 10 a iy, 4 FhEAH R
PUEY /1009108 7.82 N, 7.63 N. 6.76 N F14.89 N, HAEKAERAN 5 abfAHLL, H AR 5087 /138
W B 73 73 A 92.61%. 76.21%. 62.50%. 26.36% (% 5) .

Bk DL B draran, KR 5 oa B, MEAEERE R AR IR S MPIEY i B T H A 3 M
A, —EREEUHAZAEKERZME T, TR B A M X0 B2 P stk ae; A K
PR 10 a B, BCr AR PURL D RNBTEY 139453 8] T B3, X RS A KRG I, BeE AR R A 1
. B K LR AR AR BN R3S . BeAh, B AR KAERRIE N, 4 FhE AR ) AR BB P AR AR
Prpr e REAH 1S B BN B 52, X — @ FRRE UL 1 BEAHR R 7K S A ) 47 2 BE 1 IR A BT N5
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Tab.5 Comparison results of average tensile force and shear force of single root of four herbs at different growth stages

AFERI AR T35 /N AT R A AR B B /N AR RIBE

it

5a 10a 3G IR RE /% 5a 10a I IR RE /%
ER 3.45 5.60 62.32 4.06 7.82 92.61
TR R 4.44 4.96 11.71 433 7.63 76.21
74 b B OR 3.77 4.48 18.83 4.16 6.76 62.50
SRR 2.99 3.72 24.41 3.87 4.89 26.30

4 g

(D e B3R5 X 4 FhECARREY), AP bR oRE h K2 /AN A B5F (66.29 MPa) >
FEEPLINE (50.78 MPa) > FL#R (46.11 MPa) >EE# (40.62 MPa) , HHS5HEAKERK
AR KR

(2) FARSEHPIBIREE K E /NN B (44.37 MPa) >TEFEILIHEL (37.74 MPa) >¥4 Hi F 3 K
(36.80 MPa) >&Z B2 (26.66 MPa) , HILS5REMERRE ALK R,

(3) X AKFER ) 5 a f 10 a 1) 4 MEEAR AR BLR J MBIET T L i g i, R Rbudi /38
KAE N 11.71%~62.31%, Fil /1 KRN 26.30%~92.61%, B3 B MR Fi b /7 A0 85 7 38 K i@
B, 20N 62.31%F1 92.61%.

(4) AT AERKERN 10 a (1 4 FhE AR AR S 555, B . BRI AR RPih /1. Pidiis
FE. BUEY I ABUBY SR FE IR T oA 2 BREA, HBEE A K AR PRI N, B AR R A e A X B A AR R
o ] A g ) S A

S % 3Lk
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