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A case study on a tunnel back analysis to minimize the uncertainty
of ground properties based on artificial neural network

Kwang-Ho You, Won-Young Song

ABSTRACT There is considerable uncertainty in ground properties used in tunnel designs. In this study, a back
analysis was performed to find optimal ground properties based on the artificial neural network facility of
MATLAB program of using tunnel monitoring data. Total 81 data were constructed by changing elastic modulus
and coefficient of lateral pressure which have great influence on tunnel convergence. A sensitivity analysis was
conducted to establish an optimal training model by varying the number of hidden layers, the number of nodes,
learning rate, and momentum. Meanwhile, the optimal training model was selected by comparing MSE (Mean
Squared Error) and coefficient of determination (2*) and was used to find the correct elastic moduli of layers
and the coefficient of lateral pressure. In future, it is expected that the suggested method of this study can be
applied to determine the optimum tunnel support pattern under given ground conditions.

Keywords: Back analysis, artificial neural network, elastic modulus, coefficient of lateral pressure
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AUk 0 7 A3l 4(back analysis)> A3l 4 (forward analysis) 2] 2|4 A7} ASZATe}l &
Aok Ao mEe] vl WS oS SRS ultich dehae A AskeEe
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(1) o5 HHERS] 72

o SRR S IBAEe] AFoRA on AFTY i o A AYolaE o
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SelEs AN 7 frele] ZeAEE AN, s AmelBe] ofdnt Gl Bag
A

Z2IOHS eroo‘Eéj S5 darelEe ol %;(1101] upe} e 4= glom, 7} darejFolA o
Sh= ks wiEtnlEl S A AAste] Shsgoll vk 4= Qltk ERL UIESIA A} Al GD, GDM,
GDA, LM, SCG 53} 78 59 dug&S Adgsty] gt ¢a1a]2 GD(Gradient Descent
back-propagation) = 7]-27] SO 7187l vlela @A 1ol SAK o R Bre] 24
= Hof| A2A oz HIsl= uholcl. GDM(Gradient Descent with Momentum back-propagation)
el SA Haghe A7) Sle Tl tfet A 7ax7ls wolth GDME o
AdueEo 7I5AE WAsHs S5E BATS @Il Qltk GDA(Gradient Descent with
Adaptive learning rate back-propagation) &12]&2 k58 AMESh= TS 7= 7] Wl
et 7RSAE A7 ol

LM(Levenberg-Marquardt back-propagation) &112]&2 H|AE =59 AlFe o=z ¥
o} g2 7501 Newton's method S HE S W o, JAFAFY ool vile- & k= 2oz
A Qlk SCG(Scaled Conjugate Gradient back-propagation) ¥i1g]&2 q
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7RAE WA shEE ol Qlol 450 koA=& s, pilA SksufEle] Hiet
i jolA AR & g= A ()9 2ol 71T & UATHEE-E, 2001).
517/‘ =0, (1~ Opj); 5pkka 2
t priA Shsside] tieh &8 w9 kS & du= A 3) Ak

5[)1{ = (Tpk - Opk)Opk (1- Opk) 3)
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Wg (e 37t 1 W 24 7o j2RE 28 7w k20 7RISR0, 4] (42} o] ZYAl

Wy (t+1) =W, (1) +118,,0,, + (W, ,(t)~ W, (1~ 1)) @

o714, riz BBl T4 SR o TARRORA 13]0] Sl T wislars A} 9ok
of ol ST, SHeg-e A4 malol whe} o2 gho® AA/FEXIC] WMkRS Hain], PR
ofglo] ol el Wistel WO R 2AHES HFoRN Lul2 Aol mEehA Fohu AE
S WA WHFte] SHeS W] APAATE AL Sk 2 ol it exfE Gros

A,

3, 917 CHMEE 2 SIS TR

3.1 t{AEHE 1R

2 A7)t HES SduSdE Al OO0 8% ol A% ¢ S5 Aol $AIskL
= 9.16 kmo| HHE A=A A4k WEske Aot dolnk dkd BE2 4
of AlFsklen, S7g7(total station)E ©]-8Tt AS2 Aol whE 2XHe] HelkE EAst] A5
912] IR E Bl JaA diit 2|3¢] Sta. 36K+990 A70] EgtEl= ARIR|TE A7)

HRE 13 3ol Lehfolom thh HAe 22 AIERQl TR SIECKch A, 2009)
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ASHFY T[Hol 2% S gR(Q| 28ddS FAsfchy] Aot B Hold A ET

PEL FAR - Q4 e - A4 el e GAER SRS 40% - 40% - 20%:
21.g510] sk

a9 st awe] s a4 W A 20 el Zoltk 4 aageld eue SYow
I 2o awe 55V ST Tela BEA AR Slste] HAe] ke B
A EREo R A4 aaue LS Agakr

SHAjell ARGl AJuke] BAAE F 1o trekon], 17 dofd i ufeh Zo] 452 3 5,
302 5 e 1 Faol slgE Ao® Bk B3k A 29
10, 15, 20, 252 5t0] 2§ugich 2l 47120 2AE2006)0] AR 1ol $7b

47 2ol uel vkt ek 1Agele] AL NIl 3 5 hie] 369

27 GPazZ A-&3}%ch

B9 B3 A A ol 915te] S AHGE Al AMBAA E 12 Mgk 4
A4S 4=88517] {ote] A|HEslAl-g 2 730 FLAC-2D ver 5.0 083190, 3% 2= =
10, 15, 20, 2,590 weh Lk AbSkE e 8] 9 EHIE Lieki glolc WelE
Hlas) B ZeAS 259 U S EESZE 110 mme ekt 212 Aelstis W) mR
10 mm o[ Vit Bl FA A WASIZF A MAISHA gk Ao etk

]__

B 1. siMoll Akget x2S gX|(tH 4, 2009)

559 22.0 200 33.0 0.56 0.30
4 5= 23.0 500 35.0 2 0.27
359 25.0 1,600 42.0 9 0.25
2 5= 26.0 2,600 44.0 20 0.22
1 &+ 27.0 3,500 48.0 28 0.20
3;‘}2%— 25.0 1,600 42.0 27 0.25
B 2. ZYAS0 012 BHID(HLA, 2009) (Er2l: mm)
oo s st

Aes g A Wz

1.0 0.22 0.05 0.18 0.33

1.5 0.17 0.08 0.10 0.58

2.0 0.12 0.13 0.03 0.84

2.5 0.07 0.21 0.05 1.10
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SA R =2 $J5}o] Itasca Consulting Group Inc.(2005)0f|4] 7EHst X|Hkel4]-8- 2 73 FLAC-
2D ver 5.0 AREste] R4S =askRink Bl s ele AIRke] A dAl, H3d
g ol weh defAl=tl, 2 delA 7P 2 3 viRls Aem gl ARkl Al
oF ZUATE WA HSE ARESIATH A A7, 1995; A, 2002). vl AdE
e ST, sk Rt ©Al 37HR9F SUAITE A 37 gres HIIAA F 81719
RS Slolch BARAE B AR ol B 22 A, AFERRoR ols) wAlsHs HTg)
W gie} shkt ¥ walsis ATk W RIS A8eialck B SR A
Ao AREEL GES 1710, 140, 1702 7H2:A17) Zho] T, ZRPAKR 05, 075, 1002 -85
ok S 7 el WS AN ASE G 1102 B gaARE o AZse)
of 27 W} Lrefiteh. mebs siol ALSE RIS AA AN AR ZES 11108 7
2A7) RO AHG 53 el A9 016 MPa, F05Q 5 ISl 49 026 MPa,
k(1 5w) UHF] A$= 035 MPa= ARESIITE

b

o

-

J

.

o

d

o
Inc., 2010)o(4] Y ELZ 2] A] dA9 &H &d18]= = GDM(GDM, Gradient Descent with
Momentum) HHHE ALES 2 249>(hidden layer) 49} =S(node) 4 4 &5
(learning rate) ¥} ¥ 3 (momentum)o]] WehA] a5 55 U o5 50| 2 Ao|E LRty 117
22 B =22 5 247 g5 9t A9 ok HlolgH|olAE A flElA 24 4
27FR|270, 37), =& 4= 67FX(4, 6, 8, 10, 12, 147Y), 858 47}14](0.01, 0.02, 0.03, 0.04), TAJS}H
47}](0.40, 0.60, 0.80, 0.95)% 23} & 1927]9) W= BAS 48519} o, MATLAB
2R SHE e B T e 4 JRlold A ) 2US et St gJelo] ZRselA

A = e A ) e 6t b Solkes Algislo] alch Wk ol el

P
2
B
S
=

O

B9 AGHoR 4F ARol et SRS HUEPaEA stk
LAY e A4Sl 2 A ok 243 249 1 o, S5l e 2

& ulae] BSIT E 4 2UF 4} 37015, ol 0.02, TARO] 0.800], LYF et
47} 2 A% hue T 0 A A5ATE vehi 2ol 5 Y @ Eeust 242

L] BEEE 14700 RES ZHe He BES 23l & 96 714
o] AL T3] WS A7 BH531E 10,000 0.2 ASkelaL SkEAIZLE A HES 93]
BAA T2 *HMSE, Mean Squared rror)J—} AA A 5x(coefficient of determination)”} AREE|$)S
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H, A= & 40] eI & 40 BE BuAeaks 295 =5 47t 6791 H-2
mElofA] 04308 7 Zhon), &YZ w47 127)91 H-5 Relo A 8328 71 28

S Ik ol BB AT ot Sl A Hlmsks Som AAguEm, AL

74 A Aolnt Qe Zleolw, 19 7hess A4l w22 vtk

A=) ANN layers B A5 22} AR AR
H-1 4-4-4-4-4 3.54 0.98655
H-2 4-6-6-6-4 0.43 0.99811
H-3 4-8-8-8-4 1.63 0.99401
H-4 4-10-10-10-4 1.75 0.99178
H-5 4-12-12-12-4 83.2 0.47313
H-6 4-14-14-14-4 1.24 0.99299
. Best Validation Performance is 0.42991 st spach 9799 All: R=0.99811
10 -
Train
Walidation T Data
7777777 gi‘( ' @ 2 Fit

7 o % - | Y or

= = o

A0 B

z T

£ 10

= 0l g

o 5
| 0 , !
B TR e R e e e T R o [l 2 e
10000 Epochs Target
(a) BrXSKL (b) BEA=

=
a8 6. H-2 RR(2HS 3, =E £ 671)2| stgZu A4S

Best Walidation Performance is 83 2281 at epoch 2527

0 _ All: R=0.47313
Train
Walidation o Data
Test
rrrrrrr Best -
—_ o
@ +
2t &
= - o) =
2 o
= e
= o
= Lar]
2 [
& |1|
1
£ 10 £
= E
]
10° . , , . . . .
o 500 1000 1500 2000 2500 3000 3500

3927 Epochs

(a) WAMZ22Xt

a8 7. H-5 2H(2YHE 3, =& + 1270)9 stedat 43
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I 63 % 7 3F 4004 BAART AT 7P A et H-2 Zdllat Bt Al g et 7
A vebd H-5 wdof| glo] 245 7 37 A wf 24959 k= ol whE FatAlg ekt

ARATE S8l SaEHE A5 Zlolth 18 604 & 4= %ol H-2 Hdlo] FetAlr et
= 04322 Yeptom AAA4= 0.99811 0.2 Yepdt) v7iX| & O 72 FE H-5 299
B ARG A 83.2, AAAIG = 04731390 & 5= lvk 29 63 1% 72 el & uf HHA
HRAZE AA YERaL AT ol 77k H-2 mEle] A4l ¥ woa o o itk o,
I3 6@ T(@)olA & o FatAlrexte] =7t 37 QI ol SsAE AEsHA Asst
7] 913 MATLABO| A= & SR5A1R2] 60%, 20%, 20%S F2k9]2 Ealsto] zFzt $)<5(train),
A5 (validation) 3 Al(test)oll ARE8taL 2|4 2] Al K best) S &3] HlZ Uk

24T 7 270 o ARole 24T 7t 370 Aot FUSHA T 96790l thel ShsAl7]aL
SR Ao whE AR A5 ARG 1 AT 29S| k= vF 22 12 A A9t
FAAFLA= 047, ARASE 09979652 Leh} A0S & 4= 9lsich

19279 Sh5ANE vz S oR whe off, 243 7} 37]0]aL =TTt 242 67114 0]
o, 3h580] 0.02, W/J30] 0.80Y 7B BatAlFeAt 7P RaL AAA7 7P w2 AeR
LR 2241 9] IFAIEY Shsid e & o Uitk 229 mdll H20] ot 1S4
Shgndl 25 Jgo® yehiid 9 83
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S5 Y-=2 Hy HY

kS gk ik s HAdg | A=
ArE At B A 4=(GPa) 0.05 1.50 AFEt 2 Th(mm) 0.00 30.0
35§l S A 5(GPa) 0.10 2.50 Rt & (mm) -2.00 20.0
3t% ik B4 A 4x(GPa) 0.10 3.00 Shat 3 e (mm) 0.00 40.0
29| 2~(Ko) 0.30 1.30 shek W5 (mm) -2.00 250

/10 myol] Sehs FHa] 2o grow -&_EM A8tk AXU walz s QLA
HealAe o) 220] S 053607 LRl Eek e AAAA B4R ek Hol
£ Kol A9 AL 0271 GPa=z Ueht o, Z7k=3} 51=9] 7L 712 0.274 GPax} 2.911
GPazz. fepsief, 221e] st HolEol g Agalel 72 ) xmr 247]91 7S A7 Ao
AN B0l 10 25 e 5 B Ao o
B3, S1%8 AR 4 S Aol sfEs Aow YRl rq«zw A7) Alol] A4 370e) A%
© A7) 202 Y,

Ei, By, Es, Ko 99

M2 B BA EEEE

A - Azws

#HH By, By, B3, Ko &2
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