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In the construction of mountain tunnels, unexpected events such as geological abrupt change and sudden 

water inflow often lead to the situation that tunneling construction must be forced to stop. In addition, it is 
traditional and inefficient to select the supporting pattern by comparing the standard pattern of the design 
stage with the construction site. In recent years, with the continuous advancement of drilling technology, it 
is possible to use drilling data to evaluate geological conditions ahead of tunnel face and to select tunnel 
support pattern effectively. Therefore, it is extremely crucial to effectively evaluate the geological condition 
ahead of the tunnel face. In this report, In this report, correlation analysis between drilling data and geolog-
ical conditions and support patterns was carried out. The results show that there is a certain correlation 
between drilling data and geological conditions and support patterns. Furthermore, the support patterns 
were selected by using artificial neural network(ANN) based on drilling data, and the optimal ANN model 
was proposed after verifying the construction site measurement and construction results. The research 
shows that the method proposed in this report has  a great practical significance for the geological condition 
prediction and evaluation of mountain tunnel and the effective selection of tunnel support patterns. 
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1. INTRODCTION 
 

Given a high demand for mountain and under-
ground tunneling systems, tunneling techniques are 
constantly being optimized. One of the factors affect-
ing the safety, rate and cost of tunneling works is the 
effectiveness of the selection of tunnel support pat-
tern. This problem has been a subject of numerous 
experimental studies and theoretical analyses due to 
the operating aspects involved. 

The current technology of selecting support pattern 
for mountain tunnel site is to select support pattern 
after comparing with the standard patterns in design 
stage, combined with geological data ahead of tunnel 
tunnel face in excavating. In recent years, with the 
advancement of drilling technology, it is possible to 
use drilling data of drilling rig to evaluate geological 

condition ahead of tunnel face1),2).  
Therefore, in this report, drilling data was consid-

ered to be used to explore the relationship between 
support pattern and geological conditions. In addi-
tion, based on drilling data, the selection of the sup-
port pattern was performed by using artificial neural 
network(ANN), and the construction site measure-
ment and construction results were verified. 
 
2. Case description 
 

The data sets used in the study were obtained from 
new Nagasaki (east) tunnel project in Japan. The new 
Nagasaki (east) tunnel is located within the Nagasaki 
City in the southern part of Japan with an East-West-
ward trend as shown in Fig. 1. The tunnel is in the 
form of Single-Arch with a length of 3.88 km. The 
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Fig.1 Location of new Nagasaki(east) tunnel,  

Nagasaki, Japan. 
 
approximate project cost is 60 million USD. The pro-
ject started in 2013 and has finished in 2017. The tun-
nel was excavated by the New Austrian Tunnelling 
Method (NATM) 3). In this tunnel construction, many 
support patterns were applied, namely I-2-A(RC)(B), 
I-2-A(B), I-2-A(C), I-2-A(D), I-2-B(B), I-2-B (B) C, 
I-2- B(B) D [I-2-B (B) E], I-2- B (B) F, II-A-B(B) 
and II-B(B). Due to the lack of part of the drilling 
data [corresponding to the tunnel with support pat-
terns I-2-A(RC)(B), I-2-A(C), I-2-A(D) and I-2- B 
(B) F, totaling about 190 meters] collected from the 
construction site, the selection of the remaining tun-
nel support pattern was predicted and analyzed in this 
study. The support  patterns corresponding to the re-
maining data were divided into six classes according 
to number of bolts, space of bolts, type and shape of 
I-beam, initial and secondary lining thickness and ec-
centric or not, as shown in the example in Fig. 2.The 
classification number of support patterns  are shown 
in Table 1. 

The hydraulic rotary percussion drill was used for 
drilling investigation ahead of the tunnel face. The 
drilling data (the part of the data as shown in Fig. 3) 
obtained from the data collection device include pen-
etration rate (PR), hammer presser (HP), rotation 
pressure (RP), feed pressure (FP), hammer frequency 
(HF) and specific energy (SE). Each set of these data 
and the class number of the corresponding support 
pattern constitute a data set. The total number of all 
data sets from 97 drill holes is 318, 649. 

 

 
Fig.2 Example of pattern I-2-A(B) and II-B(B). 
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Fig.3 Visualization of drilling data recorded. 

 
 
3. CORRELATION BETWEEN DRILLING 

DATA AND MOUNTAIN SHAPE AND 
SUPPORT PATTERNS 

 
In this study, correlations between drilling data and 

mountain shape and support patterns were evaluated 
as shown in Fig. 4. The parameter of input energy is 
a comprehensive parameter of other parameters and 
was therefore used for evaluation. It should be em-
phasized that the input energy value used for evalua-
tion is the average value calculated from  per 1 meter 
long drilled hole. The SE is calculated as  equations 
(1) and equations (2): 

SE sE f
k

vS
   

s sE ALN  

where Ed is SE (J/cm3), f is hammer frequency 
(1/min), v is penetration rate (cm/min), S is cross-sec-
tional area of the drill hole(cm2), K is loss coefficient, 
Es is hammer energy (J), A is piston com pression area 
(cm2), L is piston stroke(cm), Ns is HP (MPa or  

Table 1  Classification number of support patterns. 
 

Class No. Support pattern Number of samples

1 
II-A(B) 
II-A(B)B 

66514 

2 I-2-A(B) 49228 
3 I-2-B(B) 75767 
4 II-B(B) 81976 
5 I-2-B(B)C 35413 

6 
I-2-B(B)D 
I-2-B(B)E 

9751 

 

(1)

(2)
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Fig. 4 Comparison of SE with mountain shape and support 

patterns 
 

 
Fig. 5 Structure of BP-ANN model4). 

 
N/mm2). As it can be observed from Fig. 4, the shape 
of fitting curve of input energy is similar to that of 
height line of mountain. In addition, the distribution 
of input energy and support mode are similar, espe-
cially between 60 km and 60.7 km. 
 
 
4. SELECTION OF SUPPORT PATTERN 

BY ARTIFICIAL NEURAL NETWORK 
 

In this study, different ANN models were set up 
applying MATLAB software according to the com-
bination of different training sample size, different 
network structures and different unmber of feature 
parameters to search for the most effective ANN ar-
chitecture. This study used MATLAB software to de-
velop its own code, without using built-in ANN tool 
of the software. To train ANNs, the most commonly 
adapted agorihms is the back-propagation(BP)5). In 
this study, BP agorihm was used. Fig.5 shows the 
structure of BP-ANN model. In these experiments, 
learning rate of 0.01 and momentum term of 0.5 were 
used. Testing and validation of the ANN models were 
done with date sets shown above. Randomly selected 
600 data sets (corresponding to 100 data sets of the 
remainder of each class) were used in testing stage. 
Accuracy and computing-time were taken as the per-
formance measures. And, average accuracy (average 
accuracy = accuracy / 10) and average computing-
time (average computing-time = computing-time / 
10) were obtained from 10 experiments under the 
same experimental conditions. 
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Fig. 6 Variations of the average accuracies and average compu-

ting-times with different training sample size. 
 
(1) Training sample size 

Fig. 6 shows a graph with variations of the average 
accuracies and average computing-times with differ-
ent training sample size. It appears that, for average 
accuracy, the average accuracies are lower as the 
number of samples is 3000, and the difference is 
small when the sample size is 6000, 9000, 12000, 
15000, 18000 and 21000. For average computing-
time, the larger the sample size, the larger the average 
time consuming. There is a linear relationship be-
tween sample size and average time-consuming. 
 
(2) The number of  intput layer nodes 

For the number of hidden layers, Kanellopoulos 
and Wilkinson6) stated that a second hidden layer is 
recommended when the output layer of the neural 
network has 20 (or more) nodes. Garson7) reported 
that a single hidden layer is usually sufficient to solve 
most problems, especially classification issues. Thus, 
one hidden layer was preferred in this study. For the 
number of nodes in the input layer, it was equal to 6 
(corresponding to the number of feature parameters). 
For the number of nodes in the output layer, it was 
also equal to 6 (corresponding to the number of the 
classes of the support patterns). For average accu-
racy, as it can be seen from Fig.7, the average accuta-
cies of the predicted results of the ANN models in-
creases with the increase of the number of intput layer 
nodes. The growth curves become horizontal, until 
the number of nodes equals 30.  Moreover, for aver-
age computing-time, that the average computing-
times increase linearly with the increase of the num-
ber of hidden layer nodes. This means that when the 
number of the hidden layer nodes increases to a cer-
tain value, the performance of the network will no 
longer enhanced. 
 
(3) The number of feature parameters 

Fig.8 compares average accuracies for different 
combinations of the feature parameters. As it can be 
seen form this figure,  the average accuracies increase 
with the increase of the number of features. The case 
of 6 features obtains the highest results. The case of  
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Fig. 7 Variations of the average accuracies and average compu-
ting-times with different number of hidden layer nodes. 
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Fig. 8 Average accuracies with different number of features. 
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Fig. 9 Classification results of optimal ANN model. 

 
1 feature obtains the worst results. This is due to 

the significant influence of the number of features on 
the performance of ANN. Also, as  shown in this fig-
ure, average computing-time increases with the num-
ber of features. The case of 1 feature obtains the min-
imum value. Additionally, average computing-time 
value shows that there is on huge difference for 2 fea-
tures, 3 features, 4 features, 5 features and 6 features. 
 
 (4) Optimal model performance 

Considering the performance of the ANN models 
with different hidden layer nodes, different sample 
sizes and different feature numbers, the model with 
30 hidden layer nodes, 6000 training size and 6 fea-
tures is recommended as the optimal one. Therefore, 
the average accuracies of the six supporting patterns 
of 0.84, 0.87, 0.84, 0.72, 0.86 and 0.91 are obtained 
as shown in Fig.9. 
 

 
5. CONCLUSION 

This report analyzes the correlation between the 
actual tunnel support pattern and the drilling data, 
and conducts feasibility verification for the reasona-
ble support pattern selection through the ANN. From 
this study, the following conclusions would be de-
scribed. 
 

 (1) There is a certain correlation between tunnel 
support pattern and drilling data. Especially,  the cor-
relation between input energy parameter and moun-
tain height is high. 

(2) Large training sample size, more hidden layer 
nodes and whole feature prameters can improve the 
performance of the ANN model, but at the cost of 
high computing-time. 

(3) For this study, it is feasible to select tunnel sup-
port pattern by using ANN based on drilling data. In 
addition, the optimal ANN model is recommended. 
 
ACKNOWLEDGMENT: The authors gratefully 
acknowledge support of Civil Engineering Depart-
ment, Technical Division, Konoike Construction Ja-
pan for providing field data and sharing experience 
on tunnel construction. 
 
REFERENCES 
1) Masayuki, Y., Koji, I., Takahiko, Y. and Junichi, T. : Appli-

cation of drilling survey system for weak rock with inflow 
water, Proc. of the 31st Symposium on Rock Mechanics, 
JSCE, Tokyo, pp.191-195, 2001. 

2) Liu, J., Jiang, Y., Ishizu, S. and Sakaguchi, O.: Application 
of back-propagation neural network in tunnel support pat-
tern selection, Tunnelling and Underground Space Technol-
ogy, Revised, 2019. 

3) Rabcewicz, L. V. and Golser, J.: Principles of dimensioning 
the support system for the "new Austrian tunnelling 
method", Water Power ,1973. 

4) Saemi, M., Ahmadi, M. and Varjani, A. Y. :  Design of neu-
ral networks using genetic algorithm for the permeability es-
timation of the reservoir, Journal of Petroleum Science and 
Engineering, Vol. 59, No. 1-2, pp. 97-105, 2007. 

5) Toghroli, A., Mohammadhassani, M., Suhatril, M., Shariati, 
M. and Ibrahim, Z. : Prediction of shear capacity of channel 
shear connectors using the ANFIS model, Steel Compos 
Struct, Vol. 17, No. 5, pp. 623-639, 2014. 

6) Kanellopoulos, I. and Wilkinson, G. G. : Strategies and best 
practice for neural network image classification. Interna-
tional Journal of Remote Sensing,  Vol. 18, No. 4, pp. 711-
725, 1997. 

7) Garson, G. D. : Neural networks: An introductory guide for 
social scientists. Sage, 1998. 

 
(Received August 9, 2019) 

 
 
 
 
 

 

- 4 -



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice



 
 
    
   HistoryItem_V1
   AddNumbers
        
     範囲: 全てのページ
     フォント: Times-Roman 10.0 ポイント
     オリジナル: 中央下
     オフセット: 横方向 0.00 ポイント, 縦方向 28.35 ポイント
     前置文字列: - 
     後置文字列:  -
     レジストレーションカラーを使用: いいえ
      

        
     1
     1
      -
     BC
     - 
     1
     1
     TR
     1
     0
     278
     291
    
     0
     1
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     10.0000
            
                
         Both
         409
         AllDoc
         420
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     0.0000
     28.3465
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0g
     QI+ 3
     1
      

        
     0
     4
     3
     4
      

   1
  

 HistoryList_V1
 qi2base





