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A tunnel back analysis using artificial neural network technique and
face mapping data

Kwang-Ho You, Kyoung-Seok Kim

ABSTRACT Considerable uncertainties are included in ground properties used for tunnel designs due to the limited
investigation and tests. In this study, a back analysis was performed to find optimal ground properties based on artificial
neural network using both face mapping data and convergence measurement data. First of all, the rock class of a study
tunnel is determined from face mapping data. Then the possible ranges of ground properties were selected for each rock
class through a literature review on the previous studies and utilized to establish more precise learning data. To find an
optimal training model, a sensitivity analysis was also conducted by varying the number of hidden layers and the
number of nodes more minutely than the previous study. As a result of this study, more accurate ground properties could
be obtained. Therefore it was confirmed that the accuracy of the results could be increased by making use of not only
convergence measurement data but also face mapping data in tunnel back analyses using artificial neural network. In
future, it is expected that the methodology suggested in this study can be used to estimate ground properties more
precisely.

Keywords: Back analysis, artificial neural network, ground property, rock class, face mapping data
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a3 1, MEstX MAD QlZMZA(after Wasserman, 1989)
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Aol neh i kel weels] AR Aokl A G 3uel
27 GPa= ZA-g3s}gich

e 915 KNm')| W2 (KPa) | WRobaa () [ 9445 (GPa) | ol
3ETAFD) 25.0 1,600 42.0 9 0.25
2ER(ED) 26.0 2,600 44.0 20 0.22
152(312) 27.0 3,500 48.0 28 0.20

Zrotig gerogl 25.0 1,600 42.0 27 0.25
BE 22 Al A2 dotiy] flste] sfjaef AREE AAl AREEAXIS] # 12 ARESEIT:

AL WS Siste] AN TR FLAC2D ver 502 ol§3kiom, & 2k
A= 10, 1S, 2.0, 2,500 web LpeRtks AR shik g wie) 9 UgEeIS ek Aot

29}
WIS vlms) e Z9AGTE 259 o S WE WSl 110 mmE ekt A Alelstars
#S] B L0 mm o Lhet B 23 Al S AS] WIS ek Ao R,
H 2 A0 OE HAH| (Y, 2009) (Et2{: mm)
ZgAS g AdAe | AW uEwsl | sk AWAS | st s

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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st ST A4S0 QHISES SEFoR Stk I EY Shte] AT RS
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AAEA Al AR ARFEARIE dO= AarA shsAlas 53l 71EdTet g =1
WIS o5} RteHe AP ol Z712 ARMe/dA1e] 7hset HelE A st
9 delld =3t 7Rt -] 5 Esl] SeARE TSkt AL 2l EE E9
7100 AR e A 2 e 3 49f Do) ARSI & 4014 E= vie}
o) 7|EAH = 55 BdAR= 030~5.85 GPa, 2142 0.03~0.14 MPa 1] Flo] ARg-
| QIct ESE 459 A= 1.00~13.01 GPa, 2 0.10~1.12 MPa Ale]e] Zlo] ARS-E| It

3 49| ARl AR ke ol8sto] hiteaE 7R MetE Rtk o] o v Y

A2 g AAR B 2F SEERE ANEdR Y M SEEe A9 e BANS
vl 245 Sl & 59 o] A A" 4 24ASS] 7T Hehs 455 B
59] S99 HEy Zol, zZ¥zF eAeE= 1.90~5.50 GPax} 0.30~1.90
GPao|H, ZHZF&-L2 0.12~0.37 MPa¥} 0.05~0.12 MPao|t}.

Bl

kel

=106 oL
501:1 7:10 .

1)

B 4. 7|ZA70) ASEAN STY ALt MY

o A4 (GPa) A MPa)
59 | 450 | 368 | 269 | 159 | 56H | 469 | 35w | 269 | 169
3] ) 2(2001) 1.0 3.16 | 10.00 | 40.00 | 80.00 | 0.041 | 1.12 | 3.05 830 | 225
FRERZFA 585 | 13.01 | 19.13 | 2924 | 3412 | 0.05 0.1 0.25 0.50 1.00

ERENE7&Y

(2002) 280 | 6.04 | 13.01 | 28.02 | 34.12 | 0.05 0.1 0.25 0.50 1.00
ul2£ £1(2003) 159 | 342 | 737 | 1587 | 3420 | 0.05 0.1 0.25 0.50 1.00
A %1 2(2003) 159 | 342 | 737 | 1587 | 3420 | 0.05 0.1 0.25 0.50 1.00
HholZ £(2004) | 2.80 | 6.04 | 13.01 | 28.02 | 34.12 | 0.05 0.1 0.25 0.50 1.00
73 1(2009) 0.30 1.00 | 500 | 10.00 | 20.00 | 0.03 0.03 0.3 0.90 1.50
A<4=41(2009) 0.33 140 | 540 | 970 | 19.50 | 0.14 0.5 1.7 3.8 6.70
12 21(2010) 0.30 1.0 8.00 | 12.00 | 20.00 | 0.03 0.03 0.15 0.80 | 2.00
4 28((2011) 140 | 3.00 | 650 | 14.00 | 17.00 | 0.05 0.2 0.6 2.00 | 3.00
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RLinn= € Al 4>(GPa) 2= (MPa)
153 23.00~34.00 2.40~6.70
253 11.00~23.00 1.10~2.40
353 5.50~11.00 0.37~1.10
453 1.90~5.50 0.12~0.37
S5 0.30~1.90 0.05~0.12

T

FUT 712D SUGQOITL] Bl E 60 Felgich E 6ol M uleh Zo] £UY
(Q012) AX] A A AGE 7 AFe] SR AR A3 Auglo] 27149 e
MR AN F 19270-20 % 3)9] SRS TESGI WA B Aol ShSEe
weh AuREARIe] st 9] el ZF SR kAol AR, ZUASE 42 374K
CFE BIEE aA1A F 218770309 SRS TEITE F 604 BEGH] S AA]
MA A ARG gl e ulee ook

® AT B A5 WA 0 GRS SUWAGTE SEARY WA A
A~

¥ 6. st&XtE &S fle 38 XHEHX Hl
4 =7 oful = A+ 7| EATFH(FHLY, 2012)
: H | =@AAS (GPa)| AFEY (MPa) | SEAIS | BAAS (GPa)| BRE (MPa) | ZLAS
. L 1.800(1/5) 0.107(1/15) 0.900(1/10) 0.800(1/5)
Ap= 5543 0.900(1/10) 0.080(1/20) 0.225(1/40) 0.160(1/10)
0.300(1/30) 0.053(1/30) ' :
2.000(1/10) 0.130(1/20) 0.5 0.5
Zz= 555 1.000(1/20) 0.087(1/30) 0.75 5'2838283 00'256200((11/150)) 0.75
0.290(1/70) 0.052(1/50) 1.0 ' : 1.0
. L 5.600(1/5) 0.350(1/10) 2.800(1/10) 0.700(1/5)
3= 4= 2.800(1/10) 0.233(1/15) 0.700(1/40) 0.350(1/10)
1.870(1/15) 0.117(1/30) ' :

4.2 FHe| HERY MEZ Y3 HES o7
H Ao AE QlZAAY sksrde] =2 9|5te] MATLAB & 13 (Math Works Inc.,

2010)9] HFlut darels F AsAlEY ol vl & s Zle® A#A 9= LM (Levenberg

.
-Marquardt) Fale]E2 ARESHITH 52, 2009). LM ¢ale]&2 2-H95(hidden layer) 49} =&
(node) =0l WA Th55E A oIS o] & AolE yehdth 18|82 Bd =2 5 =44
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H-1~H-6 2 8 6x1=6
10
12
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4 4
6 6
H-7~H-42 3 8 8 6%6=36
10 10
12 12
14 14
4 4 4
6 6 6
8 8 8
H-43~H-258 4 6%6x6=216
10 10 10
12 12 12
14 14 14
H 8 stapd 3A 9. SHEZAMO HEXIHE
o9 ANN layers sl ] FaAFLea | AAARR)
H-1 7-4-4-4 H-1 0.0829 0.9949
H-6 7-14-14-4 H-6 0.0117 0.9955
H-7 7-4-4-4-4 H-7 0.0705 0.9965
H-42 7-14-14-14-4 H-42 0.0311 0.9996
H-43 7-4-4-4-4-4 H-43 0.0224 0.9979
H-221 7-12-14-12-12-4 H-221 0.0002 0.9998
H-258 7-14-14-14-14-4 H-258 7.6472 0.5821
oS Szt 2Me] BHARE AP A LU 4 371 @, 3, A7), = 5 671, 6,
8, 10, 12, 147l) = REsto] 3 73} o] F 258712 mj7ljHa= A5 aisioink o, w2953
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4 AR TEE ARel] 9kl 83} Qo HAo H2SEIH F 2587H4

smelo] ul s Q1o Ak of ) ) ShEg 1000002 AskEon, Ql

F9 w4t Tl £90%0) w5 S ol DS, SUFel 2, 3, 4l FHsict

7t ezl wE 5B Sk WS JlEaTel 9e 7 2uFe) e i 0UF UE
L6, 8, 10, 9 147)e] 2gho R MshAlATI SiAIF

F 9= 2587) Sksrdo] s5ANE HEA|#Q HHAlF 2L AHMSE, Mean Squared Error)2}

A4 R*(Coefficient of Determination)= A 2|3t ZAo|th. HHAA|F A= olFAIZH Lo 25

i)

S AF5S MIIEHE SO R ASEIR, BRAFOWF A e TP wHUUSE o Art
202 ougith S AAGE A=19 A9, BE EE BEA7 2AE 94 Aelut

-

9&1

© ZolH, 19 7hess A4l w22 vttt

AT 245 VN, 1HA 24T o 1270, 204 2495 5 1470, 3HA 245 = 127,
0

4R 2493 = 127090 H-221 HHo] HatAlgeatel 24 A= 1™ 73 o] 22} 0.00022}
0.9998 =2 LRt 2|4 shgmdlz A= Qdek o 2 oM AAE 24 shsrde: 2AAS
0.99999} HtAFLAF 0.00645 2= $UY(2012)9] 22 sh5idy} vud o, 2HAc=

Aol ulZstAlel, BEABOAH oF 30u) B 2ol o A1=fa 4 gl Bhrmdlole} piEc). S
T7 7)ol BEAEEA] I 37 QlE|, ol SRATIE AWk AE5Y] $15) MATLAB
o F BREAITE] 60%, 20%, 20% 5 k9 £atslo] 217} Sli(irain), (validation) % |
(test)oll AHG3ETL H2o] BRAZO K best) & =T,

Best Validation Pedformance is 0.00020981 at epoch 2168 Al R=0.99933

Train
Walidation
Test

Data

Mean Squared Error (mse)
Output~=1*Target-+0.00032

Target

£ 1 L 1 L 3 L 1 =
1] 500 1000 1500 2000 2500 3000
3169 Epochs

(a) EZMS2%t (b) ZEA+

ad 7. H-221 RE(7-12—-14-12—-12—-4)2| St&Z 0t
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9] sgud H2lo] gt ABAZY P27k I 8
3159 SAAGES, Bz, Ba) % YRB(Cy Ca, Ca), ZAARKOIH 293 G 47olA
22 1w 5 1270, 144 120, 12702 25 Gk EERE SNl AR AT 2 ups), shit

Ak 9 sl sl .

X%
SR
A>3

a8 8. H-221

M

4.3 z|H x[HEdx| L
FAo] A= 1 99 2 Aol wEk AP E It 2 59 S AIGE, Es, Ew)
2 HA(Cy, Cx Co), SUAFKYE Sh5HE A3AAY mdol QJelste] oSH wflet
AZH99] 2jo]7F £2.00 mm ¢tof] Eof & ke
el ARHE 9] A9 gho] APFEISIck o, £2.00 mme= B £0]9] oF 1/5,000(=2
s

o
mm/10 m)o] Sfshs S8 e ghow wheEo] sl87]Eow AMgsiL.

HAo| shamE o8 ofad WS Bo HH MBS st X 103} Lol
AFue Hejsl, 71EdT Autel vlasieltt E 100)4 2 uiel Zo| £Y%U(2012)0]
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