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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 (£°) 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

ot
ik
ox.
o
=
=]
ot
rte
re
=y
=2
_>a
i
b
)
1o
)
i)
LT,

2 % B 44 A A Aw BYAE 2
AZAES 8510 MATLAB Z21800] QLZAE 24 7152 ol 83 e} 1% 43851
PP F ARG ZUASE WA F 8RS SRS ;L%a}aac}. Ao shaude 15347 99
% %9} wC(node) 4 B SR 3 BHFL MANA7I o ' T
F2AHMSE, Mean Squared Error)2t 24 A(R*)E w|istol A 054911, 0|2 olg3te] e A5 HAAS e
29SS Holth B ol Aol H40) By AnaEe 24 .

NI

T UZ AL 7|giE.

=]
=
FR0f: a4, ATAEY, B, SHAS

£21(2011,12,13), £82(2011,12.21), AlX&HA(2012,1.13)
‘—’F—QJI‘H Skl EEISH} w
“egioatn wR gk A3
*JWAAA: 923 (E-mail: khyou@suwon.ac.kr)

Vol. 14, No. 1, January 2012 37



—~ —_— —_ ~
o T T o W o W % a J) B o) mm oF W o
W oo W Wo o8 EB W M%m%ﬂ%ﬂ B O®D O
__owm,;rb% J.oﬂﬂm.'_u X_WA,_TN_HATMEHOW@ %Wﬂél
o ol 5% wrogmoop el d_ﬂ]mrow.anﬂﬂ'q KO o]
o . o — = dp T X R %o o <M gl oy
T A A
W.,_OMQ. j.§7ée < oEHL_I_.n_uLlﬂo
prld hEy POIPI o REn®
A No BT o N ﬂdﬂﬂlWVlﬁr1%%
= /W o — X %Wﬁﬁ7wmm‘z_ﬁl7r4®
o = < d T 7T = TE B P YR =k LS
%M% T T %.z_ﬁmﬂ;]_/ﬂy.%z

oy - E B N B o
:¥z "pzi fEcEiiiagice
— : = oA = r
Zes B> oLRIEULET LT
< S Y = e ™o o > N N
=K Noe J.E = UT.: sz :.;E N H__ﬂ ~o 70 = S
G = oy Ed.uﬂwbﬂvoﬂ#q_ﬁ
SIS el ) XY

%%1 N2 FeaglgidvsoE
o M e R Mgy TN Rl ERT oo ow
1R ERAE el raSiToele
el —_ A f = )
X8 pELe s2ldBcprgoel
W X o dlja._.,lﬂmow Memupﬁu Pﬁ,m.oﬂlao_ynm”oe
Ghn o giwe LT esg [ FQ
ke = T o o m,oﬁe.be%ﬁouﬂmm]ﬁe

e K a PR de 2PET TS EX
du o rd Xy 202 ER N6 §E 4
Moo 2 Lo W oo T I ﬂ.qor.d.ﬂwm/_mwm1
ol mﬁ%ﬂxﬂ ok o HI o %%% o Too MO gy oF
BE e E Nl Rwgoosd s ER G
TS gnzoaesgroe2zliz e
= o = = o ~ o £ N ¥
e ST - (R TIR A TT
S .szmuﬂwﬂooﬁ,meoeaﬁwﬁ%
2 No B Mm R U S A gy X B OEL W ST
FT W NN ®E § T N T AT of T oo
N A N gy e W B F oy oo W B o WO oo R
%__ﬁL_Lﬂé.d#mﬁcﬂwn#wmwﬁ#amﬁ%ﬂ#
R S - B L A - T R )
N T % o oW N oo B R R X o W

[e]

AsApe]

=

p5of Aolaet
ol

o

A
wig]

L

F A7k SRkl ol

kW

°

Z]
=

ot

‘]

&
Ll

94

=]
=

g

i

= ol8g3te] 7] Al %

€l
=

A2

=
-

27 ol

&

sl 52 75l

3
SEIEXIGIEZE!E

_(H

t

l
S
ef

=

=

oz

°]
38



(o)
1=

NE by

r
(03]
=
oX
o=
~
I
2
rd
N
rol
Ral
re
o
0x
Rall
1o
19
ol

o

mi

S8UgS z(desh| At EE

2 52 o|5ska A A=} vlimste] 284S BIskTE FADH ol ol 83 AFAY

o RS AP QI9PAI2006)S TR A shetulele] ofgk SXaA] ATE loleju]o] g}

shglom o2 QlBAIATel Hgste] AMHEAHICl ZeASet WA =it G2 A

NREAAE olgstel ANt B EY AFL ol Eshe mES RSk 1o §54] H2008)S

Bl A AESE AE F ARIE A 2 QA Bl Qlo] AFAFY e FEA
A

offv] AAEA N A2 2-8/d Hish ﬁ?ﬂ?ﬂiﬁ}- Ol%: lsf A iLLH =REHYS s A7

A7t 2ot 4= glglck et a1
Rol7] WEA ATloKL SIS ST letel B
A A el EE UEgie A A

O A D m 2eHAo]

Hefo] zpolof 71 2 G mixlthal 7Hgskink webA At E/d ] 23k S8 #
izt Zol7] 8l 348 EE o83t HFaliAS AASIAT: HEH2011) 9] Ate} 2, ¢354l
At S Y3 MATLAB =2 73 (Math Works Inc., 2010)2 ARESIATE TS 24= 4= 27}
227, 37H), =5 4= 6714, 6, 8, 10, 12, 147), 358 47F4(0.01, 0.02, 0.03, 0.04), THIa}
47}12](0.40, 0.60, 0.80, 0.95)%2 FESte] & 1927019 HIAE 248 E3L n7fjHs: A4S 4305}

of 0] SHrEUS AoLow, o) olgslel HAo) AUTHAE 24T 4 Aok AR
T8 Y8l A|HbH-E 4 =339 FLAC 2D(Itasca Consulting Group, Inc., 2005)5 A8-5}
ok

Vol. 14, No. 1, January 2012 39



1o
T
0y
;
=8

3| 4(back analysis)2 #3llA(forward analysis)2] x| 217} A=A} A
Aehes A4 mae] n]7) Mg Holshe SAIS olulaich sl B AskeEol
QP A Zake Aukgste] ofel EAlol7b ATET ook WAIAe] oo et
Sl T Ala A e ol % H(direet method) T} @}4ke(inverse method)©] gl
AlSY2Fe WH(trial & error method)o] ¢1+1%7|%= Fich

QRS AZ T} HATE ulmEte] L Holsl HATE uptA] S HA
12 F51o] A0 olal AR U1 D RS she Wolc ofha e ikl &

S el oz GeslAel Al nlXal Hgi Sohe Qe grom slo] erure] kAl

e
-
it}

E K
%0,
H
[
fo

i)

o

1o

r]I.

i

e

JF-T_
2 o]2oj7 ARG R TAE T, el AFe7) i elwl ok ATl AW A(synapse) & A
° [Rro g T3 1(b)e 2 AFAAY

30,
=
:
B
o
(07e)
L
S
Ay
r
4r
&
1o
o
f
L
2~
A
nd
fllo
N

R TEG 5 ek ATAAYOIA 1Y FRG DS o] gahe St Hel7lel

514 531 ~(activation function)o]] A|HAL 72 2AE 4 9l dAMo g LAET)

Axon input 1
. .
input 2— combining | | transfer
Am"ﬁ Celi body ; function function (1% output
from other
neurons )
Information flow
i t
Dendrites nput-n
(a) d=8tH AH (b) o12AH

a8 1, MESt™ MZAD ol2MZA(after Wasserman, 1989)

40 S=2EIXEBUEE=RE



ro
OH!
r=
oY
o2
N
oE
2
rd
_\‘I_
rot
>
re
o
0x
pal)
1o
MHT
o
nz
0x
1o
ﬂ
E
i
JR
el
1%
>
e
re
-

(1) o5 HERS] 2

O MAEES QB AFORA ol AT E TS AR ARYoleaE
u, Qg g HAER

NEZ pdlo ol HAEZ(single layer perceptron)i} Tl HAE
E(multi-layer perceptron) = U o= Ut} &5 HAEEL &S5y 285020 25,
A7) Bh52 i ol tiste] Ush= E9o] he=s ddAle 71SAl(weigh) & 279t
O 24 o] Rtk T @F SHIEES] 7= AR 2217 7Fs dE wEle] 3ol
Soler 2% Al AEshal sESe] Fart FEEOITk ok T o8 ARSI wie
o 7FA1¢] Hate] wie- vizisty vAdFE AR AIE dsh] F57] ulell AAl B-8ol 485t
7ol w2 FE7h ek
HAEEZL Qe Z(input layer)1} 23 Z(output layer) Alo|of| S} o]AFe] Z=7H=0|
L QlBAAY wER 7 20} g 4TS 2] of 1), Y3 BB Aolo] F7138
oY Z(hidden layer)olz} 3k} WEYAL AZ, oUZ FeEZ Wgon AR Hukfeed
forward) YIESIZL0]T). T FMERS B MASET} SAIT RS AT AT
7+ Zg)7)9] ¢-&8 EAS vAgos roay o= HAE
U HAERoA] A5 9] F2 = kAl S (function signal)@} @ x}Al & (error signal)7} §1.0mH,
FrABL QJeFoN AEe] 2UZS AX EHFoR AubEc) W,
X Ao} 7k B0 ok HmlEk 2, o

ol

e

QT;

1%
qw
1o
4
=
o
o
Ir
1o
o
@
>~ F
ﬂllﬂl
T
”5
ity
2
rlo
1C
ol

YA

sas L Uy wws

a8 2. 0E DYEER X

Vol. 14, No. 1, January 2012 41



o] v AHEES] Sk5e A7lut sy date|ES ARESto] 3 = Sl o] darelE
& Fol7l qlelo] dhe) Ysks FRRIE HA7IA T v ALgete, EeE0] 7} oA W
J5l 2eloAE oor Mol UrhA AZdeae] 715 442 Fa) oAl HAsAI
H Lo A= Math Works Inc.(2010)0|4] 7EHst MATLAB X2 1308 A |-835}%cl. MATLAB
2 ofTt o darElEs Foixl EAlol whet Aded 4= 9lom, 7} darejFolA o
Sh= ks wiEtnlElE A AAste] Shgoll vk 4= Qltk ERL UIESIA A} A] GD, GDM,
GDA, LM, SCG 53} 78 9 da1g)&e Adgsle] g3t &)= GD(Gradient Descent
back-propagation)= 7127] sl 02 71&7]el vldigt AR YA AR Fe] Ha
= Hdof| AZ2A o= HIsl= "ol GDM(Gradient Descent with Momentum back-propagation)
Ao 5-2 =721l FaghS 47] Slsl Bddtel wet AARE Haeal7ls WiHoltk GDME o7
1|2 9] 7EAE JRAERE S58TF TSRS X3Skl @itk GDA(Gradient Descent with
Adaptive learning rate back-propagation) &322 S5 ARESH= WSS 72 7] HElo|
et 7RSS A7 ol

LM(Levenberg-Marquardt back-propagation) ¥312]&2 v|AE 59 AlFY o=z

al .l
S} g2 T3] Newton's methodS WS HHold, QIEAIEY Shgof w9 & o= Zlo=
A
1E

o

A

A Qlk SCG(Scaled Conjugate Gradient back-propagation) ¥il2]&2
4ol 0f s s ABAAT YEYD sholth Tein cha s Y
7ROl fERITE & Aol ARE 7S] R =E GDM dalE|EE AlEskylon,
Rt 28 e B8 A

A 7S] Aol A A SkguElo] ol fS o SR kol thell Wdhe H3EEE Tu
A QlEAAe] AN fet B Ourlole] SANES HAFLAHMSE, Mean
Squared Error)E #-8&3to] 4] (1)} o] 5k

P

1 N
E:Ez(Tnk _Onk)2 M
n=1

o714, N& sksade] & Zlisoltk

42 S=2EIXEEUEE=RE



Aut mEle QAgr EE 2] flste] 352l 7SIl tiet RS WM A7IRA 8t
= $A RAgEAlE dEy) S ke 7o st «Akgh B9 A7 whet
ottt shEagel ol 459 kmollde @At WAstH, priA| shaulElof digt

sl jolld] WAISE 93 6 A ()9 Zol 714 4 ItkE8E, 2001).

il
f
r 1
rE —‘Y‘i
;“r

517/ =0,01-0, ); 5pk Wi ©)]

5pk = (Tpk - Opk )Opk (I- Opk) 3

Wy ()= 5397 1 of & 4 jREE &9 T k29 7keR]olH, A (4)eh o] 784l
ek

W (t+1)=W,()+ ndpkop,. +aW, () =W, (t-1) @)

oF7VH, e SIS e SR, o BHFORA 18]9] S0l mE WERE AN 915t
of o gEek SHEL Y male| wet T2 gro R AA/LEAS) MakeS Eolu], BHTL
@agro] of7le] MY WFO R ZYHEE HFORH ST Hage] =B Rotu WF
She AL ASIe] SS We] WPAATE RS Ttk 7 Fol e 9L yFoR

3, 917 CRAEE % SIS R

3.1 WAEY e
o] gl BYe SdusdE A 00T @4 vl A7 3 39 554
S 9.16 ko] Hefeld @A AFAE ESH= otedolet th el AR SRR ok 25

o] /\l%ﬁ}‘iii’—tq, =747 |(total station) S ©1§2t A5 Aol whe =X HolE E4fsie] ASH
flo] RS RIS Gt #3 <l Sta. 36K+990 A0 EetEl= ARYA|E W1

AR 29 3o dehiglen] i ehe 2 el A7e] AL 209

Vol. 14, No. 1, January 2012 43



/‘ \3\,71[-8-{‘." i%‘,'@.‘ﬂj ) >0

NNCNNEZE ST
KIS

§ém
w//%'
B B m- ‘‘‘‘‘
. 3‘%&%". B
W QL gorr990.
& FZH(kmie0) 7 ,~  iy

a8 3, Mol Heis

3.2 HANEAE Hgt x4y

AR AdARlA At B T = 2S5 9 A 7HSET§: 5 40l YErfiie: A 7
5

_Vll

MR GAoln, U AL 915 B Wolo] B2, S HAS 40D oo He,

AR Bhe) FURE 71ROR 29 247} oF 65 mE STk -9 ZAFAL S

MSIE PEAL SRR SARTS PEHES JAZAS APk HAEHLL PE
4

Ao, ARt Jekeele A dilolM alEe AR ZPYEelnh A

54m
_ K
309m| g = K 57m
e e
N)
i
130m
T 4, CHAIEHE 2 SR
e
P
BY YN Y YIYYYY YYIYYTYIYIYTY

44 eSS =2



SABY 7180 27et XHEgR|e S2EYE Flasiely| ffe BE ol e

PEL RAR - QY Soe)E - Y waeE b TR SERTES 40% - 40% - 20%2
Agto] sABkck

9 S e S a4 W AA 2 e ol sl aameld Bde SR
VS B 4T FESP STk el BRH HAALLE Slste] B9 Fhe R
A HlREO R URE QAT LSk Hgskick
SHAloll ALE Abe] BAHAE E 1o Lkt on], 117 404 B vloh o] 4Fe 3
FU5L 2 5 3152 | S0 s 208 wusgr wa *‘Al“ﬂlﬂl*ﬂ—t—% A7
10, 15, 2.0, 252 FLE5t0] AGEe. 3 57103} 2A22006)0] AT 1G] F7}
47 2l W el 1219 et AR gkl 3 5 ghas]
27 GPa® #8343t

Bl 22 A ABS Yohy] S1to] sl AE A AR E 1S Ak 5
AelAE 43517 glate] A|ukalAlg 2R FLAC-2D ver 5.0& ol8319om, 3 2 2907
10, 15, 20, 2.59] mheh vl ARk Hek 89 9 GFEIE ekl Aol
ulms) W S 259 o SRk UFESE 110 mmE vt 218 g
10 mm o[ vieht Bl FE Al WSIZE A MR ek Ao vehgrk

1
H»

ol

B 1. siMoll Aget XIS gX|(tH 4, 2009)
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2.5 0.07 0.21 0.05 1.10
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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
2 Best Validation Performance is 0.42991 st epoch 9799 All: R=0.99811
10 3
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,,,,,,, e 5 Fit
7 o % - | Y or
= = o
3w b
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: 7
5 £ 10
= oL =
o 5
. 0 ; ;
mu_ 000 2000 3000 4000 S000 G000 7000 000 9000 10000 0 10 20 30
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Best Walidation Performance is 83 2281 at epoch 2527
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