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Dynamic response law and stability of live tree stump slope under train load
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2.School of Civil Engineering, Central South University of Forestry and Technology, Changsha 410004, China)

Abstract: Based on the three-dimensional finite element slope dynamic analysis model which is validated through the test data of 1:
7 indoor physical model for live tree stump, the attenuation characteristics of additional dynamic stress on live tree stump slopes,
the stress response characteristics of taproot and lateral root of live tree stumps, and the influence of live tree stumps on slope stabil-
ity are studied. The dynamic stability mechanism of live tree stump slope is explored. The research conclusion is as follows. The
peak value of vertical dynamic soil pressure calculated by the three-dimensional finite element dynamic analysis model is close to
the measured results of the indoor physical model. The method and calculation results of the three-dimensional finite element dy-
namic analysis model of the live tree stump slope established through Midas GTS NX are reliable. The peak value of additional dy-
namic stress on the slope is affected by the superposition effect of train axle load. The higher the train movement speed, the greater
the peak value of vertical dynamic stress. The additional dynamic stress in the ballast layer is the largest, it rapidly decays and dif-
fuses downwards showing a semicircular arc shape. Only small dynamic stresses are transmitted to the two rows of live trees on the
upper slope. The degree to which the shear resistance of the taproot of live tree stumps varies at different positions, and the taproot
at the foot of the slope is subjected to greater shear stress compared to the taproot at the shoulder of the slope. The taproot is simi-
lar to the anti-slide pile to exert its shear resistance ability. The side roots of live tree stumps growing inside the slope are similar to

anchor rods, while the side roots growing outside the slope are similar to supports, and they form an anchor-support effect that syn-
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ergizes with the main root to play a sliding resistance role. The existence of live tree stumps leads to a redistribution of stress in

soil, and the shear stress concentration near the live tree stumps. The live tree stumps hinder the transmission of shear stress in

soil, inhibit the connectivity of plastic zones, and improve slope stability. The degree of influence on the horizontal dynamic dis-

placement of the slope is related to its distance to the location of the dynamic load, and the closer the distance, the greater the im-

pact. The live tree stumps can reduce the horizontal dynamic displacement at various points on the slope, but the reduction at the

foot of the slope is the greatest. The live tree stumps can significantly improve the stability of slopes under train power, and their

slope safety factor can be increased by 15%~20%. The potential sliding surface of the live tree stump slope presents a circular arc

shape, and the live tree stump moves the plastic zone towards the deep soil layer, thereby improving the stability of the slope. The

research results can provide certain guidance for the application of live tree stumps in roadbed slopes.

Keywords: live tree stump support; dynamic response; slope stability; train load ; numerical simulation
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Fig.1 Schematic diagram of live tree stump for slope

stabilization
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(a) Embankment slope model
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(b) Live tree stump model
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(c) Schematic diagram of live tree stump layout
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Fig.2 Calculation models of live tree stump slope
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Mugunghwa train
i ' Al BE /m Al /kN

1 0.000 220

2 1.854 220

3 1.854 220

4 8.789 220

5 1.854 220

6 1.854 220

7 4.582 220

8 1.854 220

9 1.854 220

10 8.789 220
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Tab.2 Dynamic similarity constants of living tree stump

slope model test
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Fig. 3 Monitoring points layout of slope model (Unit: mm)
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Tab.3 Material parameters of sleeper-roadbed-live tree stump
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TR T2 0 i B _
e L MPa At ) (kN-m2) (kN-m )
Lok P 30000 0.20 — — 25
HAEZ i 200 0.25 — — 24
SR JE IR 120 0.30 33 58 23
FHIRIEZ FEIR-PE 110 0.30 31 45 22
PRI 4 JE IR A 90 0.30 17 30 18
i K FEIR - 50 0.35 15 25 17
T B A S 650 0.35 — — 11
Fa HBWMBTIR 301 - R
Tab.4 Test loading conditions fﬁ 25 - R
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H 10 \
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6 3 20.52 14.1 34.62 B
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Fig. 5 Comparison of experimental measurement and
numerical simulation peak results of vertical dynamic

earth pressure
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longitudinal axial surface of slope
2.2 iEBAE R Bh R 77 i Rz ML

2.2.1 FEHAMEZARG SR A oamHAE

G R 245 kKN, 25 m/s, E 15 &
JnF 4 By faf A F B 15 AT S AR A9 5T 1 ) = B
B8 T o MY TS 2 30 AR UK A 58 1~4 HE 6 B
BE o 5 LA 2 HF AR 2 1R R 32 59 0 7, H By N
FIWEAE 43 ) g 5.84 1 5.34 kKN, H BT R F7 A\ 32 AR THHE
FRHR W o B 3 HE T AR AR B N 7 06 {1 I
N 478 KN, HL AN FRAL ) BY I g 4 A B 35T
55 A HE F AR DL rp B R AZ 59 N ), 55 N ) W R
33.35 kN, H. H 3= AR 100 &6 2 i 4 R 28 v, 4R 5 T
ANFE R . 38 kR EE 4 HER AT Y 55 R g 6 AT L
M AT BB A 4 HER B AR 1 BT
VIR O NI (R e S W N L S R £ DR (SR S N
B ATE TR o FH B I 3 0 5 B TR JEC B A S b, A AR
oy RAETERERERBUBTRE J) o AR, BT A IS AR A AR
BT B /. T FRAS B TN R RR Y R R LR R
L5 A 7 BRI M RS A O . T AR A AR S
“PLAET, R EPITEE T . T IEBAE R M
HE LA (4 3 AR 7™ A 08 5 0 3 AR /N R ARk #5E BE BT 1Y
YERT, 2 WIZ T.00 T MR LATR 3= MR BRI 4 iR %A 7
AR BN AR W AE W E A TR AR LA B A
2.2.2 ERHEM MG F R F e B A

& 9 51| 25 48 R 245 KN, 3 BE K 25 m/s, FT 5
W] 0.7 s IF 8 i 76 g 3 4 FH R 336 A0 A7 A0 AR %) il g
=B wT LA w3 N AR K AR 32 i 1) 3 A AR
KR MR 32 Fe o 3% B AE P00 AR S ARL A AT, AP AR 288
oL S 3 3 5k % e A R AR 1) B2 B RN 3 A AR R



5 4

T2 R A5 9 A A T 0 AR A 0 394 ) 28l g e 7 L 7 5 8 E 865

LIl
BIN /1Y / kN

4 3% W ¥ %
/S R FR IS R

(2) BB 1HEE A
(a) The first row of live tree stumps

117173

(b) SB2HEE R
(b) The second row of live tree stumps

171773

RS

RS

(c) BE3HREM A
(c) The third row of live tree stumps

14444

(d) FAHRERBE
(d) The fourth row of live tree stumps

8 Bk AR Y hiz Sy = &

Fig.8 Nephogram of shear stress in main root of live tree
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Fig. 10 Nephogram of maximum shear stress of slope
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Influence of live tree stump on slope horizontal displacement under different driving conditions
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