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Full-range analysis of elastic-plastic model of pull-out interface between
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Abstract; Based on the ideal elastic-plastic model of reinforced soil pull-out interface, aiming at the strain hardening
and strain softening phenomena of geosynthetics during pull-out, a bilinear shear stress-displacement elastic-plastic
hardening model and a trilinear shear stress-displacement elastic-plastic softening model were proposed. The pull-out
process of strain hardening reinforcement was divided into three stages:elastic stage, elastic-hardening transition stage
and pure hardening stage. The pull-out process of strain softening reinforcement was divided into elastic stage, elastic-
softening transition stage ,pure softening stage , softening-residual transition stage and pure residual stage. To verify the

accuracy and applicability of the two elastic-plastic models, the predicted results were compared with the experimental
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results,,and several classical models of pull-out interface between reinforcement and soil were introduced for compara-
tive analysis. Based on the basic control equation of reinforcement-soil interface,the expressions of interface tension,
shear stress and displacement at different stages of reinforcement of two kinds plastic deformation , strain hardening and
strain softening , under pull-out load were derived respectively, which well reflect the progressive failure of the pull-out
interface between reinforcement and soil. Moreover, to directly reflect the stress evolution law of the two types of rein-
forcement at different pull-out stages of reinforcement-soil interface, the evolution law of interface shear stress at differ-
ent pull-out stages was analyzed. The results show that the predicted results of the two elastic-plastic models are in
good agreement with the pull-out test data, which can better reflect the hardening or softening characteristics of the
pull-out interface between reinforcement and soil ,and the calculation is more simple and has better applicability , it al-
so verifies the validity of the proposed two elastic-plastic models for the progressive failure analysis of reinforcement at
the pull-out interface. In the pull-out process of reinforcement,the transition stage of the two elastic-plastic models is
not obvious. The results can comprehensively reflect the progressive failure of reinforcement-soil interface with different

strain types,and provide a theoretical support for the study of the interface characteristics of reinforcement-soil pull-

out.

Key words : pull-out interface ; elastic-plastic model ; geosynthetics ; strain hardening;strain softening
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Table 2 Critical tensile force between two stages of

hardening pull-out model
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3 NMTHRUEHMRRSFES

3.1 HLEEE

IR BA AT 5 i B 77 5 A 2k 3 i
{ERTAT IR B S SE R | 2 J5 R B BB P AL A
FAPER S, A SCRE AP ZAFAE T o A& 6 7R i
SRR -RECR (T —w ), M6 TR ER 1
BrBe(0A B) , LIRS RS ik B AT N 1 5
PIRE IR 5 2 BrBL(AB BY) , LAEZ /R b 1 AL
Ak 5 3 BB (BC Br) , LKV AR Fom i i 48 v
WEh. 6 Lk, K 0A BRVE, by = 7 /u sk K
AB BURER, 7, RS AR BTN ST, u, X RS
ko= (7, —7,)/(u, —u,) < O;ZRIBIRHAYE K
P Z (B A LU AEE SCH R B R =7 /7 o



www.chinacaj.net

4068 #H % F 1#® 2020 4E55 45 %
(ku, Osusu, | FRIEX
|
T_<k52(u’ u’) +Tp’ u <usu (36) " —>—>—>—>—‘L1X)—>—>—>—>
Rk u , > 0 :
L hau, u u = s
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1
s e e o e e —
A L=l
2 I
|
| ka (a) BYERT B
K I e J"”’B‘ C F’)WGR| LXK |
koo | . o) |
} } T_'____'____T____'____'____'_____'____'____T__!
o dp 4 u 0 : %
______________________________ |
Ko —ZelERmIN I EME(r -u)RKER _’L_’_'_’ _Z;L_'_' e
Fig. 6 Relationship between interface shear stress [~ ! i |
and displacement of trilinear ( 7 — u ) (b)) FVE- b R B
FEARE K AL B AR A A L A R &) o3 | AR

SR SR~ Al I | S A AR BT - R AR A R
SERIRA S AHBL IR 7 (a) ~ (e) (L, N
ARG R AR R ) ol B TR AT

PR AR B B 0 S TR S 99 R ) R B 4 %2 T~
o | */;?1J6l3"5&‘
3.2 BUEERIE (c) AR ILH

AR IR

LB VERIOCHR[ 3] LI T 100 kPa JRIZBETy
0. 85 24T 1 - TR S5 B - R R 80 55
SEFRHUL B ROLTE 3. S {8 0
S FTHRE  5ATAS BSBPER  — fE
PR )2 25 L T30 1 X 3BT, B
PGSR 8 B, P8 LU Hy B SR
T PRI Ao 2, T —H A )
AU L 7 17— 85 3908 M0 R B
LT R, 5L 5 S8 T S 15
8, ek, AT O 03 PR, A -+ b
SRR 0 124 BT A AL B S T B
AR, EHU RS A TR HO ST S 4P b 5
Prdcket o B 8 A BE 11 ANV P 32 8 Fi B X [a] (e) LR ARME
ARG, SR -+ % A R R b
R SR B2 R B A 5 A Sy
ELFRS A1 R Pty S 0 2 B AR AL RS reinforcement in pull-out model analysis

| X |

£3 HERBHOENSED

Table 3 Simulation parameters of pull-out test in reference*’

o, /kPa L/m t/mm E/GPa ky/(MPa+m™)  k,/(MPa-m™) tan @, R}
100 0.2 2 0.4 1.73 -0.52 0.21 0. 64
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Fig. 9 Evolution of shear stress in different stages of pull-out process soil ( softened reinforcement)
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