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SUMMARY
RoHE)

. Title of research
—Photoelastic measurement of principal stress distribution in a particulate

assembly of atypically—shaped particles with soil-structure interaction

. Summary of research

- The overall aim of this research is to compose particulate assembly
stacked atypical particles made by using 3D printing techniques. The
atypical particles using photoelastic materials are effective to measure
contact force chain. To effectively measure contact force chain, polarized
light using LED backlight techniques was developed. Soil-structure model

was composed to atypical particles to check soil arching effect.

Il. Research contents

- Development of the potoelastic model particles assembly and load
frame

- Development of manufacture techniques of photoelastic particle

- Development of polarized light system using LED backlight

- Loading experiment using photoelastic particle

- Development of manufacture techniques of an ellipse shape photoelastic
particle

- Production of soil-structure model to check soil arching effect

- Production of atypical particles using 3D printing techniques

IV. Research results

- Development of more than 3,000 photoelastic particles and loading
frame

- Application of principal stress measurement techniques using contact
force chain by soil-structure model

- Development of atypical particles printing techniques using 3D printing

techniques

V. research objective achievement

- Development of model particle assembly using 3D printed atypical



particle

- Development of equipment for photoelastic image analysis

VI. Expected contribution of research

- Prediction of geotechnical problem such as tunnel, pile foundation,

ground investigation using photoelastic model particle assembly
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A AFEA AA= EA WHA FoAXNAY 7HEE g HAA =
Al (limit equilibrium state)oll £<1 3o HF HEE 7}A3 S o] F
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HEAAE J2 ol
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W o Ast AWHESE 33 AFY #F-99 FAA FA 7197)
AolZ 37l YE Aol ANAAY, oA FAFL A% ARE FTRAHA
A7t d&How doju YA AR oA 3
. webd eE @ Jx SFel qANE Awe YPAZ T4
Aok a4 A o Bol 2Ekel AR J1E AW AT Aol F F

FEM SimuJlations 12} G|
with linear elaslic & Mohr-Coulomb plastic model £ 12‘ /
g E ‘ ll..'r G - 0
- Deviator stress increase with deoth. c o4l
- Ma parizular generstion of “banded” line of stresses 2l Qi A
?J.IJ 02 04 06 08 1.0

Displacarment (mm)

QM ya,=99%

Very mon-sniferms strain ficd sl Gl plans saly
bl e Tardting.

= I8t D AE (F=-Tatsuoka, 2005; £=-d&=, 2010
EllM=E OIEXQ MUHS Jt&otd MUHN HEols S e
PS | (=2l
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[08 1.4] 25292 XXd= SESHAML Xigh Ot
£, 2007). EX WRo HE HEHE
[¢]

U AH 88g XS S0

[0 0
HU
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B3, 1992), dABY AAAS(ALHT, 1997) & s
FEH} A3F, 2004), "AE oA ;| FHEE o83t
i Ake] RFAAL ST §, 201D 248t A= oln A9 WA

W odd 7129 AT 9A o] 5L BB YA Awel WY AL 9
A% & Yok FolA FRAAWL, W3R $Ye| BFo) ks Hol A
g9 Aol urre AwFHH BAL $UL 4 Ageta g

[
omz, WY FARo] Fhed AZA =Y Ak g A
AT 2HNE =5 F dth

B 43A 23 v &8 A9 IHAdE A7 H3iA FE8 714
(photoelasticity technique)s =UE 4 Stk FEAdolgdk BAAAI7F 5o <
A WEslH BT BFHL goyn 7Y HHo| JehtE AL 9
ugith, FEAG A5 74 HEAL ARV ¥ JdE SEHH dFAHA o
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s e & Eol hotd 4 Yoke Aol vk

(c) 1549 N

{(a) Beforeloading

W29 $3E AR AEOE A AF 2US Wby A B aFgME
WA ey Ee BYRTA AT 29 15 B ATIA AL 93
ARE o FHY EAAY FEHAY BNE RAFG. Ve WY FBHY
1M g B Ul AEE g Ao FHE AAE ANY
F ootk webd AAl AuelAd uehg 5 g ood 94 3 3% A6s
BTt AAHOE BAT & Yk

B ¥ 162 AZd AAE Bol wHEod A Anke] &L Vx5S &
Ste w e VA olnA e gAY olnx A i AL URY @
Z W Exoltt 19 169 ZAgE Fury W9 T Iy oz Ui &
g AHE sl odude AEs A8 BAEH F I 169 F50A
£ 712w e Ay Rgen %RA duwe FHHY AREe oFo|
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24 dEata e FHHEY XA JPor FHHE Ao oy, T
7 o]dd FAFHUA H=ZH Al<=(contact force chain)® =] 3 &I+
o2 BAHE AL AT & Ut olHE A+ A= VIEY A &4 9]
2ol Zg 7129 AAY o]&FH AT o7t AT

W24 433 Ase A2 U@ A7 GABAGL BFE ATAEA 9
B clgdon Bws oFeAn Utk AF So] Hunt 5 (2010& 9 ¢
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2743 Adke] XX & o] E(theory of soil bearing capacity)< IA +R3E &+
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3. BE ok wulle Vefd %

A
A

it
FiA

(1) BaRok FUS ATEF 2 F£H =

B oA EYAE ZE37] A8l b AE5Ee] ALHAEH, 1 d=2 F
AR F8ZZ(Allersma, 1982; Dantu, 1957; Drescher, 1976; Dyer, 1985;
Wakabayashi, 1958) & 2] 7+&(Lesniewska and Sklodowski 2005)& A}-&
gk o7t Sl H ®Hoh dAFQA A ARkE FA8H7] Y3 Muir Wood 9}
Lesniewska (2009, 2010, 2011)€ 2 #&8 73 e 4% FH&& 7}
e FAE AFESt Esld A¥EE FASE HPE LS T3ty YA
Agre] &8 Ay sj"lg XA vyt gtk

| XI(Drescher and de Jong, 1972).

[O8 1.8] CR-39 22N 28 Xz HEE ZEH
UCBZ AXt ATHIF FHoloF &t

ol1o
Ep) ﬂo* Bd Jg2 L0l SHME SUotooF ZUE &2 =
Ct. Mt 22l HE = =l S2 SHe W I HE2 AES = UL

W39y 497 ANEsd Ae £Y99AS W, A% 29 Fuy dras

o] g3l EHAE XA3Y I (Drescher and de Josselin de Jong, 1972;
Rossmanith and Shukla, 1982). H&Ad t23a= J3Ae 3 AE A2
g3k AFE f3 HZE oA ALEHSJWHDa Silva and Rajchenback, 2000;

Howell 5, 1999a, 1999b).
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[O" 1.12] ZEtH D2 0I=256t)| {8t 28 LAH XEtel 224 (Wood and Lesniewska, 2010).
SUE ZEY JIHE2 A=0ol)| fdl 2&s HAE 30| ZRot0 02 ol LIEE #ZE
AMNE5HSCH

Bopol A= 28 1113 o] 89 v wE HEE AES
FZd 3 FeA =AH (Majmuldar and Behringer, 2005)2} A o] & 43174
Ll

oz FA}uA e AR} oJFAAT Yrk

B = ARFs Foldae R A AFA ARvkE FA317] 98] Muir
Wood®}t Lesniewska (2009, 2010, 2011)E #& 8 <3 43¢ L3 F
#E&E 7R = FAE AHEst 23lE Aubs FASty HPE UE 535ty

PFA ARk &Y A AHES 2AR #7F o £39 Fed 54 7Y
= AH&E7] S8 29 1129 22 ¥ YEF #ZE ARESIH

=

)

B ¢AA AL F2E odlsty] 984 /I8 QA ¥H(discrete element
method) = H< ZFWA ARSEHIL Jvk. 27 11439 Zo] 74d 84X =
AAF =7l FFoA vA 9 e A F (micromechanical response)g %3k H

Moz BEY F Uvks el Ath HAW o}H7A WRre] ABesy
57t 43 EmE Y A 2ol oA FHTE BE + Yo FE
593 BAd VAGEE B9 W BHAstts 9ol A
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200 kgf

600 kgf 800 kgf

B 2dAAY ssdAd nE 48 A=

A A
B SdgA A3 A1g 1A

LOHW}E}UrE}?: 2 W oFed Y ws

3=

Fringe color

D-

(b) 98 N (c) 196 N (d) 294 N

a) Before loading

PTFE particle
} u

s

l

wuw ST

Wmm (e) 392 N (f) 490 N (g) 588 N (h) 686 N
4. 3D Z™-EE o] &3 B Y3 HAZYE dA
43l BHYy vAH

B O3S vEY dAE Ay fsted 3D ZLHE °]8

ARE A=
B 3= 20 mm, 9= 10 mm, =°] 15 mm9 =5<¥E 4A 5078 A3}
H =4 =8 8938 vAY 4dACEFF 20 mm, &= 10 mm, =] 15 mm)
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(@ 2L A3A FFAFE AT ASE A A=
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W IE 299 2718 Bl YA YFUNS §3

=

_28_



CDERE

3L

W A=E dA

)

Ua 1 HH 1

_29_
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50 kaf &5 100kgf A5} 150 kof A5}

200 kgf A&t 250 kof TSt 300kgf 76t 350kgf Yot

o Zete wEe] g A1x A3
W e 249 gAgeR FeauE FEAES A5
W 3wy wgol A8 Hold @&
W A3 55l
e

150 kgf TS}

200 kgf A3 250 kgf X3} 300kgf T3t 350kgf T3}

(5) 2AAE o] &3 TAYA A EPxo] AY
H =#AAE dFAut ZA} SEX 3543
B =AXE2 AFAREE EALSIo Efzo] WHIE Ao|stA] R, wheha
7l A% AHdXE JAAd EFroly FEFo] LA
B Ex=o] o & 359 WHstE FFAs] AHw
B 32 Efixo] z7] 11.9cm
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2. 150 kgf S8 _ 3. 250 kgf

3. 700 kgf

4. 950 kgf 5. 800 kgf 6. 850 kof

4. 550 kgf 5. 500 kgf 6. 1,000 kgf

6) Hezd PHE o]&F EFPEol 49
7 TE 4R G A(set-A)ol 3 EF o] AF (E
W Efxo FEo Fst=2 oj57tsd A ALst
B 27 A3A 45 A EfEo B #2F 4

B Ef=o U] mE 44A AT ¥
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(7) LVDTE °} &% Efio] 43
7k oA 93AC @ EfEo 49 (LVDT=Z Asta ¥4 A2 54)
W2 AA 3 A3 3
} H
TestID Test#1 Test#2 Test#3 Test#4 Test#5 Test#6 Test#7 Test#8 Test#9
T'ap:i"z’é’zn‘:ﬁ,:’i"i"g 90 90 90 110 110 110 130 130 130
Load (kN) 784 588 3.92 784 588 3.92 784 5388 3.92

B Test #1914 ERALo] W o] ul& W3} $A

Stage 1 (0 cm) Stage 2 (0.5 cm)

Stage 3 (1.0 cm) Stage 4 (1.5 cm)

B Test #2014 Efxo] WMol W& W3l A

Stage 1 (0 cm) Stage 2 (0.5 cm)

Stage 3 (1.0 cm) Stage 4 (1.5 cm)
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Bl Test #40] tgt EREo]

Stage 1 (0 cm) Stage 2 (0.5 cm)

Stage 3 (1.0 cm) Stage 4 (1.5 cm)

W Test #79] 0@ EQmo] Wsld e Wi ¢y

Stage 1 (0 cm) Stage 2 (0.5 cm)

Stage 3 (1.0 cm) Stage 4 (1.5 cm)
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(8) 2= A3y LVDTE o] &3 Efirzo] Ay
7 o2 JAAd i3 ERE 01 A3
X

W =d5o) 4937

B TE 4d3A 45 2

3 ‘ﬂbﬂfﬂ e E%EO} FAGA 2 Fery

L2 11 C RLR2

L2 11 C RIR2

(a) Initial condition (b) At §/B=5.5%

L2 11 C RLR2

(c) At §/B=9.1%

L2 11 C RLR2

(d) At §/B=15.5%
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Initial condition
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20 25
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(b) At 6/B=5.5%
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=4.6%

(b) At 6/B

(a) Initial condition

(d) At §/B=13.1%

(c) At 6/B=7.7%
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W osRo HFAT 9AE 13 A3 YRl dehts EQE sgude

200

50 fL

--¢
L1+R1

LZ+RZ

L1+L2+C+R1+R2

Normalized vertical pressure
P./P,, (%)
3

0 tae sy f"“"l".“'liw‘- davnealo= 1 1
0 5 10 15 20 25

Normalized trapdoor displacement 5/B (%)

W oaol WFAT 4AE 1% 23 A et EAme] A
We B9 ws

(a) Initial condition (b) At §/B=4.6%

(c) At §/B=7.7% (d) At §/B=13.1%
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100 kgf 75} 200kgf To} 300 kgf 75}

kA
N
0z
42

100 kgf A3} 200kgf 75}

E
E
ot

|
olt

1% 99 349 Hlw

4

= Sucharge load #1
= = Sucharge load #2
-« =Sucharge load #3
3 Sucharge load #1
= = Sucharge load #2
= « = Sucharge load #3

Axial load (kN)

Applied Displacement (mm)

B 7Y% QA= A28 A 4% 43 A AWM dE 459 A&

50 kgf x5t 100 kgf x5t 150 kgf x5t

200 kgf T3t 250 kgf AY 300 kgf A3t 400 kgf xj3t

_45_



4He 9% 4F AS A"AA Yed 459 A&

50 kgf 3}, -mm 5t 100 kgf A2}, 246mm &t 160 kgf XY}, 3.10mm &2t

200 kgf A5}, 3.49mm lsH 250 kgf x5}, 3.89mm A} 300 kgf A5}, 4.34mm A5} 400 kgf X3}, 5.23mm &3}

W 7Y% Y42 329 A vz APl Jed =Y Al gt

20 kgf THat, 5.37mm &St 30 kgf X3}, - mm &St 40 kgf XfSt, 6.55mm XS}

38 kgf x{st, 7.47mm &t 22 kgf St 7.59mm &St 37 kgf XSt 9.67mm At 6 kgf XSt 11.88mm &}

b 30 kgf X}, 4.00mm & s}

40 kgf XY}, 4.96mm &St 45 kgf Aot 5.29mm K5t 37 kgf Yo}, 5.83mm A3t 17 kgf K2}, 7.81mm Kt
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B 7Y% 942 828 9% 95 Ash Aol vee 83 w34

Axial load (N)

| ]

Axial load (N)

272 AP Ve 94A AR 3F

t

kaf Z§st 4.96mm &St 45 kgf Z§ st 5.29mm & s}

4000

20 kgf X5t 3.22mm FSt

37 kgf X5}, 5.83mm Est

—— Test#5-3
3500

3000

2500

1500

2000
1000

500

0 | 1 | ' Il 1

0 1 2 3

1
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4000

WAz 458 9% 4% A
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1500
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2000 -
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0 L |

0 3

Applied Displacement (mm)
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W9 92 A58 FE ez 2PN vEd 33 ue 2

—— Test# 1-1

400 |-

Axial load (N)

o

Applied Displacement (mm)
U 712 AW 4 mE JAA AR AT Aol
B 2L 4= Wi A 8 &7 %27 de AF, obd: 71 7FE7F e
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