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Performance Assessment of 3D Printed Mechanically Stabilized Earth
Retaining Wall Backfilled with Recycling Soil

2 A Kim, Jae-Hwan
° A 3 Oh, Jeongho

Abstract

In Korea, numerous large-scale infrastructure construction projects and housing site developments are being undertaken.
However, due to limited land availability, sourcing high-quality backfill materials that meet the standards for railroad
and road embankment compaction and mechanically stabilized earth (MSE) retaining wall construction poses significant
challenges. Concurrently, there has been an increase in structural failures of many MSE retaining walls, attributed primarily
to reduced bearing capacity and impaired drainage performance, resulting from inadequate backfill compaction. This
study aimed to analyze the structural performance and safety of an MSE retaining wall using recycled soil as backfill.
We conducted small-scale model tests utilizing 3D printing technology combined with two-dimensional numerical analysis.
The study quantitatively evaluated the MSE retaining wall’s performance concerning the recycled soil mixing ratio and
reinforcement installation methods. Furthermore, the utility of 3D printing was confirmed through the production of an
experimental wall designed to facilitate easy reinforcement attachment, mirroring the conditions of actual MSE retaining

wall construction.
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Fig. 1. Particle size distribution of the recycling aggregate



Table 1, Quality specification of backiill for MSE wall (KR C—06030,

2012)
Grain size (mm) Percent finer (%) Plastic index (%)
53 75 ~ 100
19 75 ~ 100
475 (No.4) 20 ~ 100 <6
0.425 (No.40) 0 ~ 60
0.075 (No.200) 0~ 15

Table 2. Quality specification of recycling soil (Ministry of Land,
Infrastructure, and Transportation, 2021)

Test type Standard Manual
Liquid limit (%) < 25 KS F 2303
Plastic index (%) <6 KS F 2303
Impurities (%) <1 KS F 2576
Hglom, AADI10)2 10mm, ZhAA-L 2F 19mm
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(a) Model chamber (b) Compactor

Fig. 2. Model chamber and compactor
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Fig. 3. Designs of compactor board
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Table 3. Model test conditions
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Table 4. Mixture ration for backfill material

) Mixture ration for backfill material
Relative (Soil : Aggregate)
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911 73 55
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Fig. 6. Horizontal displacement of MSE retaining wall (85% R.C)

Table 5. Maximum allowable load (85% R.C)

Mixing Maximum Increase rate of
ratio load load bearing effect
10:0 30kg -

91 38kg 21%

73 64kg 4%

55 68kg 6%

227 71} 27422 Ae|sto] Table 5o Uelgich

ox

Table 52] A3} Q91 &3l 9] oko] Z7lere
Ao 2HE ol worAl H=d, olol wt
gt FAeA e A% U BA7Ee] AL o] 2w o
A B} A et Ao B

€

ok, A 244 Aol 7t
H= Hie] 5:59 %01]*15 2 df “Askzol 68kg e
2 SHI A 140kgo] vlste] AA3] W2 ol
ol st HUS W) HeE F&ESICE EZ wigdd] 7:3
of Hlsto] stEAA] A F7HEo] njadt AL & 5
At

oo HYPLANZ 85% tH=R HAsH= =
23} 2uke mAlElgl 7o HAE S H3ex
7195% HhlE)e adsto] & o oy vt o
EFT Aeg wnt Hok

(2) 95% THAE (95% R.C)
95% THIE Q] - EEA] B8] 544 oy
o] golatA] tkot viEI(E=AR gAY 10:09] 22
& Alelste] Adle dAlsilon, 1 dkE Fig 79
LR QA
Fig. 7oA %= 47] 85% th = Ao} SUsHA 315
= A O = Afstelel whet A A o] g7}
DA S7Fskc dd F= Al X A2 i
Fu] 9:19] 7390l oF 120kg © 2 L ER W, wijel]

ot

W
J
i
h
0y
H
00
Jg
Hr
ro

EA BE SIS ds 8ot 85



"~ Allowable
displacement limit
6.68mm (0.0167H)

Load (kg)

—m— 9:1, 95%, 0.6H
- m - 8:1,95%, 0.9H
—— 7:3, 95%, 0.6H
- & - 7:3, 05%, 0.9H
—=&—5:5, 95%, 0.6H
- W - 5:5, 85%, 0.9H

2 4 5 B a

Horizontal displacement (mm)
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Table 6. Maximum allowable load (95% R.C)
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ratio load bearing effect
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Element Model type EA (KN/m) El (kN - m%/m) v d (m) w (kN/m/m)
Plate Elastic 540,000 36,450 0.35 0.90 212
Geogrid Elastic 52,500 - - - -

Table 8. Properties of soil

Back fill (Mohr—coulomb)
Mixing ratio
Element 85% Relative Compaction 95% Relative Compaction

10:0 91 73 55 91 73 55

y (kN/m°) 13.50 14.10 15.84 16.96 15.75 17.71 18.95
E (kPa) 9000 10000 11000 12000 13000 14000 15000
¢ (kPa) 0.80 0.81 0.82 0.83 0.84 0.85 0.86
D (deg) 26 27 28 29 32 34 36
v 0.20 0.21 0.22 0.23 0.24 0.25 0.26
Load (kPa) 10.71 12.86 23.21 24.29 45.86 50 64.23
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(a) 85% R.C — 10:0

Reinforcement

(b) 95% R.C - 5:5

Fig. 12. Comparison of incremental strains
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chul, THE 95% Z271o] Zoj 2 Qlgelo] AR
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333 W A 7L

°1H*JM°11 gk oPd& A4S o] gste] AT 4= Q)
CH(Ministry of Land, Transport and Maritime A
2012).
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Table 9. Internal stability assessment results by FEM
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(2) Tie Back Wedge BIH(TWM)of| J3t W2 QA
7}
TWMo]| oJgk W& oty A 7l A3k= Table 109
Uik o m, FEMe| ofah Afeh maivha) 2 w3heak
Mgt 7l 27hees ool Zrlatd o), At

85% Relative Compaction 95% Relative Compaction
Mixing ratio Mixing ratio
10:0 91 73 55 91 73 55
2.6m 0.57 0.55 0.66 0.75 0.31 0.42 0.45
1.8m 2.35 2.51 3.12 3.66 3.03 4.31 4.40
ks 1.0m 5.25 5.82 7.57 9.28 5.68 10.45 10.74
0.2m 6.47 6.41 7.10 7.57 484 5.90 6.50
Assessment results (FEM) N.G
Table 10, Internal stability assessment results by TWM
85% Relative Compaction 95% Relative Compaction
Mixing ratio Mixing ratio
10:0 91 73 55 91 73 55
2.6m 0.39 0.43 0.48 0.52 0.69 0.82 0.95
Fs 1.8m 0.80 0.85 0.91 0.96 1.16 1.30 1.45
1.0m 1.22 1.26 1.35 1.40 1.62 177 1.95
0.2m 1.63 1.68 1.78 1.83 2.09 2.24 2.45
Assessment results (TWM) N.G
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Fig. 17. Tmax for .S, change

Table 11, Internal stability assessment results for S, change

S, (m)
0.8 0.4 0.2
2.6m 0.45 0.50 1.66
1.8m 4.40 9.68 18.81
ks 1.0m 10.74 41.29 62.16
0.2m 6.50 5.09 6.1
Assessment results (FEM) N.G N.G 0K
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