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FEM Analysis of Controlled Low Strength Materials for
Underground Facility with Bottom Ash
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Abstract In this research, finite element method was carried out to evaluate the defomation of pipe and surface
displacement for backfill of underground ficility. Various conditions for analysis were employer, including two
different pipes(PE and concrete pipe), two different excavation depth(60cm and 150cm) and width(1.5D and 2D),
a regular sand backfill, and four different flowable backfills. The vertical deformation of 60 cm diameter for PE
was measured three times more than that of 30 cm diameter. The measured deformations for regular backfill
and four flowable backfills were 0.320mm, and 0.135mm to 0.155mm, respectively. It ratio was around 40%. In
case of 30cm diameter of concrete pipe, the measured vertical defomation was around 0.004mm for all the
backfill materials. In case of installation depth, the effect of flowable backfill for flexible pipe is better than for
rigid pipe. There is little effect on the deformation of concrete pipe with regular sand backfill and flowable
backfill.
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[Table 1] Input Parameters for Analysis

E vt c [
(Nmd)| Y| N | (N | ()

=¥k | 70,000 | 03 | 19.0 15 | 35 | 043
utmaf | 17,600 | 03 | 15.0 - 30 | 043

Ko | w2

Case B | 57,400 | 023 | 17.67 | 132.07 | 43.85| 031

Case C | 47,000 | 024 | 17.41 | 108.44 |43.59 | 031 jo 4
=A

Case D | 69,000 | 021 | 1637 | 97.77 |47.42| 026 XHE

Case E | 63,800 | 029 | 16.14 | 180.70 | 36.53 | 0.40

B : @HIEG2%), HFENS(13%), Eeto]of41(10%)

C : FAPUAE46%), HFHEHF(20%), Zeto]of41(10%)

D : FANANEBI%), HHEol41(16%), Z2Folof+(20%)

B : @PUAE@a%), HHEN419%), Eetolol41(10%),
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[Table 2] Input Parameters of Pipe for Analysis
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[Table 3] Factorial Design for Analysis
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[Fig. 1] FEM Analysis Result
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[Table 4] Vertical Deformation(mm) by Pipe Diameter(mm)

= _
=° PE ZIEZH
273
SRR 30cm 60cm 30cm 60cm
QJutki 2jf 0.320 1.097 0.003 0.636
Case B 0.146 0.395 0.005 0.121
Case C 0.155 0.453 0.004 0.081
Case D 0.135 0.340 0.005 0.084
Case E 0.138 0.339 0.005 0.082
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[Table 5] Lateral Deformation(mm) by Pipe Diameter
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[Table 7] Lateral Deformation(mm) by Installation Depth
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[Table 6] Vertical Deformation(mm) by Installation Depth

Sy PEY} #oe|egy
Zio]

SR 50cm 165cm 50cm 165cm
ke 0.320 0.192 0.003 0.010
Case B 0.146 0.094 0.005 0.012
Case C 0.155 0.095 0.004 0.013
Case D 0.135 0.088 0.005 0.012
Case E 0.138 0.088 0.005 0.012
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=9 PEY} a3 EEY =9 PETH FaEg
3 29]

"?"]iH%XH 30cm 60cm 30cm 60cm _yHiH_‘%_ZH 50cm 165cm 50cm 165cm
Pl ant 0.266 0.671 0.022 0.079 Ank ) 0.266 0.172 0.022 0.015
Case B 0.120 0.403 0.022 0.075 Case B 0.120 0.008 0.022 0.014
Case C 0.126 0421 0.022 0.041 Case C 0.126 0.082 0.022 0.014
Case D 0.110 0.383 0.022 0.071 Case D 0.110 0.074 0.002 0.014
Case E 0.114 0.388 0.022 0.072 Case E 0.114 0.076 0.022 0.014
4.2 BAZIojo] TS THAR LIS 9 4.3 2E Zo| ME DM LIS He
3 6 FAHZl0] 60cme} 150cmof whE v dyke] 3 82 2ol v dye] 15D 3 2D =Y off e

ZHNE vt dupgholoh. AdEel PERY] A9 # WS vusith AMgstke Al SR 23

dzlo] 60cm v d¥ke] AHRZE 150eme] v d¥ke]  off A7]of whE o] W A9 YRE FA = A

FARS] Hop B o2 Ladjold A veRdth B 2 ueRdeh Jefuy, 3] S, 8t Adahel o

oF dRtrel FREA FAZoE WEes wel S| & Adke vEA yebdth A B e dAdE

A 2HEShs THENCR AT o AXEWTE AL, A AlFA] ZEF whE wjdwe] 2] 3 sEHeE

o

50%52 02 ATAIL 4 9SS HojZe)

[® 8] =& o w& o] 4=2H | (mm)
[Table 8] Vertical Deformation(mm) by Excavation Width

g PET Faegy
)
oA 1.5D 2D 1.5D 2D

Qluhn gy 0.320 0.370 0.003 0.006
Case B 0.146 0.170 0.005 0.007
Case C 0.155 0.183 0.004 0.006
Case D 0.135 0.153 0.005 0.008
Case E 0.138 0.156 0.005 0.007
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[Table 9] Surface Deformation(mm) on PE

;’,—_; B , O]—‘ﬂ 22 O-Ed';_]' C;se C?:se C]z:l)se Ca}lsse
170 pr

15D 60cm 0.906 | 0.417 | 0.456 | 0.380 | 0.378

30 150cm 1.023 | 0.464 | 0.510 | 0.419 | 0.417

cm 20D 60cm 1.104 | 0.547 | 0.589 | 0.497 | 0.492

150cm | 1.323 | 0.620 | 0.672 | 0.558 | 0.553
15D 60cm 1.172 | 0.762 | 0.787 | 0.720 | 0.724
60 150cm | 1.568 | 0.777 | 0.844 | 0.696 | 0.693
em | on 60cm 1.985 | 0.905 | 0.975 | 0.808 | 0.802

150cm | 2.310 | 1.084 | 1.172 | 0.960 | 0.953

[E 10] &o] wjdA] Z|3EH HL|(mm)
[Table 10] Surface Deformation(mm) on Concrete Pipe

U B SA{ UuF | Case | Case | Case | Case
27 Z10] =2 | B C D E
s 60cm 0.826 | 0.389 | 0.426 | 0.354 | 0.351
1.5D
30 150cm | 0.928 | 0.429 | 0.471 | 0.388 | 0.385
cm 60cm 1.097 | 0.542 | 0.584 | 0.492 | 0.487
2.0D

150cm | 1.308 | 0.613 | 0.665 | 0.551 | 0.546
60cm 0.546 | 0.476 | 0.305 | 0.455 | 0.454
60 150cm | 1.283 | 0.660 | 0.712 | 0.595 | 0.590

cm 60cm 1.885 | 0.871 | 0.942 | 0.778 | 0.771
2.0D

150cm | 2.161 | 1.038 | 1.124 | 0.920 | 0.912
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[Table 11] Vertical Deformation(mm) by Type of Pipe

kU3 2z F)Z2f YWt | Case | Case | Case | Case
Eand I =AU el B C D E
60cm 0.320 | 0.146 | 0.155 | 0.135 | 0.138
1.5D
150cm | 0.192 | 0.094 | 0.095 | 0.088 | 0.088
PEZ}+
20 60cm 0.370 | 0.170 | 0.183 | 0.153 | 0.156
.0D
150cm | 0.253 | 0.117 | 0.120 | 0.108 | 0.108
60cm 0.003 | 0.005 | 0.004 | 0.005 | 0.004
1.5D
- 150cm | 0.010 | 0.012 | 0.013 | 0.012 | 0.012
e > 0D 60cm 0.006 | 0.007 | 0.006 | 0.008 | 0.007
' 150cm | 0.011 | 0.013 | 0.014 | 0.015 | 0.014

[ 12] EEEF o ¥ 43 (mm)
[Table 12] Lateral Deformation(mm) by Type of Pipe

by 23z A8 YdF | Case | Case | Case | Case
Z2 |27 7o) e B C D E
s 60cm 0.266 | 0.120 | 0.126 | 0.110 | 0.114
5D
150cm | 0.172 | 0.080 | 0.082 | 0.074 | 0.076
PE3}
60cm 0.306 | 0.140 | 0.152 | 0.128 | 0.132
2.0D
150cm | 0.216 | 0.100 | 0.104 | 0.092 | 0.092
15D 60cm 0.022 | 0.022 | 0.022 | 0.020 | 0.022
_ ’ 150cm | 0.015 | 0.014 | 0.014 | 0.014 | 0.014
o 3!
= 20 60cm 0.024 | 0.024 | 0.026 | 0.024 | 0.024
.0D
150cm | 0.020 | 0.018 | 0.016 | 0.016 | 0.016
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