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Abstract

The objective of this study is to evaluate the field support performance of high-
performance lattice girder (BK-Lattice Girder) by using numerical analysis. Three
types (50, 70, 95-type) of existing and high performance lattice girders were applied
to the cross section of highway 2, 3, and 4 lane tunnels to compare the supporting
performance. The numerical analysis was the finite element method and the lattice
girder was modeled in three dimensions with an elasto-plastic frame. The ground
was modeled as a spring receiving only compression. The load was applied as a
concentrated load on the central ceiling of the tunnel section. The yield strengths of the
lattice girders were determined from the numerical results to compare the supporting
performance of lattice girder. In case of 50-type, the yield strengths of high-performance
lattice girders were increased by 6.7~10.0% compared with those of the existing lattice
girders. In the case of 70-type, the high-performance lattice girders increased yield
strengths by 12.1~14.9% than the existing lattice girder. In the case of 95-type, the
high-performance lattice girders increased yield strengths by 13.3~20.0% than the
existing lattice girder. As a result of numerical analysis, it was considered that the
high-performance lattice girder supported better than the existing lattice girder when
only the lattice girders were constructed.
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FEN(50, 70,95 E}Y 2] 718 B 1% AR BAE A galod 27 5-S vlasisict 54l
219 AAA e B mEgloR 3A¢10 R MRSt ANk YT W A
52 Bl Tho] Foh ARl WEslEo 2 A gskint Sl Znase A Eae] R
2| 2135-8 v WL} 50EF] Q] AL, 1S A A= 71 AR A EC =TT 6.7~10.0% Z7VoEe
ok 70e1519] A9, T4 AR BARS 712 AR BA R R} 12.1-14.9% Z7Fck 95E1SI0] Ao
Z AR R AT RT3 3~20.0% Z7 1T SRl S gt A, AR
2] 9ol Tl ARRIEAY 712 AR A R 0] 94 A0 wekElic

NATME 1 71402 $151o] 2148 3joF = /A AF-a1o] 22ake B lolck NATMS] A
ol ShLtel A RA B2 2| F x|} epaslo] Shas] Hstel] A7k At 271 AGE oAsH ] 9]
Slo] AREEIE NATM EZ 7ol AR HA 2 2 HE 73S ARSI o, HR7Z4S AAIE=o] F719 A
3/30] HojA| L, S&45 = A HA O] Aol S Fol TF 3714 DS TAA717] & shlt. el £25e
E A HFZ vl 221 2[HEAolof] 3-Fo] WAlste] SeT 2| EQt AR WA AASF=A] o= 785
ST, T SRS 0t E A SR B BARN ARl ekl WAL 9Js) 22
(Pantex Lattice Girder)E 7l'&rote] AR8-51a! It Baumann and Betzle, 1984).

UM = 90t 258 AR EA O] =] At A5 4-35H{TH(Cha et al., 2010; Jung et al., 2016;
KICT, 1996; Kim et al., 2002; Moon et al., 1996; Moon et al., 1997). @Af+= @787, HEn]7HL Hokx]
W8 Al B AN ARARAE ZARAR AT 2, Teht Fohe B AelEol
=i 1 230 AL A A 61 2 s s ol A1k ek 20
ARA BA ] 2|25 A5 M= T8 B eS AdsliTe 2uto|t| e 782 ST
o> F-Qsit}. 12y 71E AR EA O] Autoltl= A SES 7L QlojA] A Tl Feat -84 A
o] olekgo] EAJskR Girk. 71 AR AN 3t A Anfolele] £ AEA BAE A
flste] Axtoly S 4 Hebolo] -840 2|12 /d5& FIAIX 145 AAFA| HA(BK-Lattice Girder)
7+ B E]SITHKICT, 2010; Kim et al., 2011).
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2, 1185 AR HEAl 2] 2|54

2.1 APAHE 2 R

s AR AR ZAE 9
ML= AFKKim et al., 2011). A1 FES] AR A} 52 HE A
o1 1Y % ek, HRQLIES AT 2o S SYstol BHEIS) DA AR Ao 7|
A A] APtt AE-E A e

Table 1-2 Z=2|a143-S Qo] 2185 | Hafjelv} 2HES-2-S HodZ 11 Q) B]d 22 215 7145 AR B A

TANEL Agslo] AT L A P B H5EES FU

N

_lﬂ, oX, ol
o[r

ok A el A S ] Fi] i 2, 372047 el 371 A
& 217 8 alo] SAohH S SYsiolet. EdUET} AumEe N R 2o AHgE 71 B AR
£ 245101 ZASHENKICT, 2010). Frflol A 371 (50, 70, 95 B 2AA AV} 72 ARg =]

)

HI|e] Type-40l= AR BAY 50618 851577, A € Type-59I= 70E14-S, 2| HIE Type-69=
AR B2 95812 A-8-51itt. A| |’ Type-4ofli= A[HFs& IV, A EI§ Type-5°i= AHHs+ vV, A Haj
® Type-6°Ti= ARFea VIE 28513t @7 B}l o] 71& AR EAet /s AR HA 0] 4355 H7Tst
7] fl5ted & 971212 739l Histe] 2[shAlS 85tk

Table 1. Support pattern for numerical analysis

Lane Lattice girder type Type of support Rock mass class
50-type Type-4 v
2-lane 70-type Type-5 v
95-type Type-6 VI
50-type Type-4 v
3-lane 70-type Type-5 A%
95-type Type-6 VI
50-type Type-4 v
4-lane 70-type Type-5 \Y%
95-type Type-6 VI

Table 2= 2[slA0l] 2185 2t 2|8Fs5'E APd5a HoAFal Qlnt. A5 A& 2 248 A

[e)
|5 71E Bld AAREE EAste] A7oEATKKICT, 2010).
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Table 2. Rock mass properties for numerical analysis

Rock mass class U?&V;I‘:%h t Cohesion (kPa) Anili?ii;nzf)m al de f(?rﬁ::ilgf ((I)\fIPa) Poisson’s ratio
v 23 300 35 2,000 0.28
A% 21 100 33 1,000 0.30
VI 20 50 30 500 0.33
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A HA(Fig. 1(c))= 77482 2782 Adohs Autolt] /4 2 ATt ol B = Al 4
Zol5lk(Kim et al., 2011). 02 9J5le] REEL 32110 2 o|2o|H T ARARHAS A K= F742, HE
788, Aufoltl= B me¢lo 2 mulglsirt. S3t k= AWk EThE Hhie AXE] 0 5 HERSIGrh
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(b) Modelling and shape of Pantex Lattice Girder

(@7

i /

L\ f
\ /

(@) Modelling of full lattice girder () Modelling and shape of BK-Lattice Girder
Fig. 1. Modelling of lattice girder

AL AAA|EA O] F7FE B Bl Eo] g shdel IS A= Aoz si3ltt 5152 Bld
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HHZ] 28 0] 83 Wolfer 241 o]8ato] AAsldrt 4] (1)oA] E= 2|5t

J&F
X

|57 2] gt2]Zolct. Table 3=

Table 3. Spring coefficient and radius for numerical analysis

HPAlo|AL RS R A

T2 ol 28 WA AT AE HofFal 9l
E AR BAE Fohe e 2uto|H O] AUt 2732 Table 49+ AT

(M

Lane Lattice girder type | Rock mass class de fol\:ﬁ:tlil:;s ((I)\fIPa) Radius (m) Sprln;gcho/er:it)'lment
50-type v 2,000 7.05 1.64E4
2-lane 70-type \Y% 1,000 7.09 8.18E3
95-type VI 500 7.09 4.09E3
50-type v 2,000 8.19 1.42E4
3-lane 70-type Vv 1,000 8.24 7.04E3
95-type VI 500 8.24 3.52E3
50-type v 2,000 10.62 1.09E4
4-lane 70-type v 1,000 10.68 5.43E3
95-type VI 500 10.70 2.71E3
Table 4. Dimensions and properties of steel bar
Type of lattice girder Dzanrjlrs;er Cr(;srse—:ezfrtllzc))nal elell\si(i)figl/u(?\/(l)lia) Iy, Iz (m) | Sy, Sz (m) Ylel((]i\j]t)r:)n gth
Major steel bar 30 7.07e-4 2.10e8 3.98e-8 4.50e-6 510
57%'3‘;’;’ Minor steel bar | 20 3.14¢-4 2.10e8 785¢9 | 1.33e6 510
Stiffener 10 7.85e-5 2.10e8 491e-10 1.67e-7 510
Major steel bar 32 8.04e-4 2.10e8 5.15e-8 5.46e-6 510
95-type | Minor steel bar 22 3.80e-4 2.10e8 1.15e-8 1.77e-6 510
Stiffener 10 7.85e-5 2.10e8 491e-10 1.67e-7 510
3. 145 AAA| B2 HE 4

3.1 50ERY ARz

S0ERQIQ] 7] 9l 1A S ARA

W517] il AR

HAE

Al FE g BYSA

TEER 2R 322 94212 Edol 285198

T 2252 vl

u
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Fig. 2. Results of numerical analysis for 50-type lattice girder

Table 5. Yield strength of 50-type lattice girder

Lane Pantx Latice Ginder (1) | BicLatio oo @) | 2D (@710
2-lane 75 kN 80 kN +5 kN (+6.7%)
3-lane 74 kN 79 kKN +5 kN (+6.8%)
4-lane 70 KN 77 kKN +7 kN (+10.0%)
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Fig. 24 22, 3712 9 4752 B Thel2 KR8 alo] X/l Al ATk e Qlofr] 515 189] TAlw} 515
AWSY A85 T BolF1 Ql). QibH 02 ARAEAY] PEALE 515 We] HAoREE AHY 4
QIF}. 12} Fig. 29 (a), (0) 9 (e)TA] HofFi0] 4x]al] AThziie] Qlofal s5- 1] Ao i gy
& 2] 417 ¢Skt Fig. 291 (b), (d) 2 (Dol HoiF-E0] 515- A8SY 4515 2412 AFgste] 22 mA)
o] QLS AN, AHY A5150] Fho] AThH 2 AP ARl A9E Agste] 1AL PR
2 A5 Table S 2742, 3342 9 4312 B9 Ge] 8%k s0etale] 71 2 1Al Az mAfe] o

ool

EAEE HoFal Qlrk. TRt 7]|E AR HA O] FEA T tiH] 145 AR A O] FEE WSl Ko
£ 9t} Fig. 23} Table 5O|4] 713} 11435 AR B A= Pantex Lattice Girder2t BK-Lattice Girder
by

Fig. 2(b)¢} Table 5014 Hoj%0], &L 2 2212 E'go]] -85t 7|& AAR| HA Q] E7F 1= 75 kNO]
/s ARR BA 0] R = 80 kKN O &2 et 1445 AR A= 7|& AARA HAY tijv] =41
7F5 KN (6.7%) 571t A 02 VERITE. Fig. 2(d)9} Table 504 HolXo0], 145k 2 3212 o] 21831 7]
& AR EA O] R = 74 kNO AL AV s ARA|EA O] fHE7d = 79 kKN =2 AP E|]Ich 1/4ds A7t
A EA= 7|1E AR HA] tE] AT} 5 KN (6.8%) Z7FE A0 & LRt Fig, 2(H)} Table 50114 Hof
F20], AE LR 4212 EB'Fof| -8Rt 7]E AXR| BA O] FEAF 1= 70 kNo| 1L 1785 AR HA 9] =57
L= 77 kKN & AA =]l 175 AR HAE 7|E AR HAfof| v =777 kN (10.0%)57 Vot
Z0 = et

ku
Bl
rel

3.2 70EY AR |2

TOEFRI O] AXPA|HA O] 739 7]&E U 1/ s AR BA O] 2| 2]/4d-5-2 Hlwlsl7| 9fste] 42|54 Axp=4
B AR H A o] R =B APISHA. Fig. 322202, 3212 Bl 4212 Bd TS ARgsto] x| shAlt At
=HE Hojxl 55119 A 515 AR LY 4515 T4l HolF11 Stk Fig. 39 (a), (¢) F (e)= Al 2
2 5E AL s 91o] PAIE HolFal QLo o]Zts o8] AR HA| o] FEAEE st o=
ol2tzo] AU 508H] ARFA AL B A =, Fig. 391 (b), (d) B (HIA HoAF0l Ql= 5Ha- A9 43}
T FAS ALgoto] AR B 0] FE S A5t Table 62 22F2, 32t2 9 4312 E'd T o] 2831
T0EF} 9] 71E Bl 11735 ARA| HA O] FEAEE HofFal Qlek T3t 7|E AR EA o] R4 tiH] 117
5 AAA HA Q] AT WolEFE HolZET It} Fig, 33 Table 6914 7|3 1A% AARA| B A= Pantex
Lattice Girder2} BK-Lattice Girder= 3 E|SICh

TR 2312 HUTo] A9 71E AR EAlS] BEAEE 67 KNOE UET, 1Al ARRo] 3
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702 Uehh, T4 3312 E TR 71 AR s Ale] 7R 67 kNoT 3L s AHEA
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Fig. 3. Results of numerical analysis for 70-type lattice girder
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Table 6. Yield strength of 70-type lattice girder

Yield strength of Yield strength of "
Lane Pantex Lattice Girder (1) BK-Lattice Girder (2) @-(D) (@)/(1)*100)
2-lane 67 kN 77 kN +10 kN (+14.9%)
3-lane 67 kN 76 kN +9 kN (+13.4%)
4-lane 66 kN 74 kKN +8 kKN (+12.1%)
3.3 95EIY 22|l

95EFQ] O] AXFA| HA O] Z-9- e 71E B 2145 AR HAY O] 2|2/ 5 vl sl | flste] 2|sA] Axta S
g A2 A ] AT APl H ot

Fig. 4:=221=, 32t= W 4212 B'd ©hiof] 2831 7|& B 1/ ARA| KA 9] o5~ 9] 4} of%- 41
RV 4545 & BofFal QITk Fig. 49 (a), (¢) B ()= TRl S 27 E] 4P 5 5159 41S HojFl
Ut 50EH 2 708HY) ARR| EAfe} nt7 [A| = o] Z1E o|-§oto] ARFA| KA o] FEI S ke 4 gl i
Fig. 49] (b), (d) & (D= 71& R 245 ARA| EA 9] 515 ALY 45K TAls HofFal §lom AR x| B A
O Y75 A7kt AFESISITE Table 7-2 958FY 2] 712 B 135 AR HAE 222, 3212 9 43t=
B'd ohof| 2183t - AP AR HA O] FEA L E o0l Q). TS 7| AR EA O] FELEE
7|%0 8 VAN AR BA 0] A Hold: HoiZ 1 Qi) Fig. 49} Table 7014 71&3} 7143% AR H
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V&2 221E B ©HSl A FEA e 71E AR EA 60 kNo |l 145 AR A= 72 kKNS =
UeRTh 1785 AR B} 71E AARA BAY tiH] 12 kN (20.0%) 2] /85 o] = A o= Ueyith 114
L= 3212 Bg Tl ¢ 7|E AXR EA O] FE 7 A= 60 KN = LFEF T, 11/ AR HA o] =
T =70 kN = AR E . 145 AZAA AN} 71E AZRA EAY HiH] 10 kN (16.7%) 2] A5 el =
O = UEith 15 = 421 Bd T 2187t 7|E AAA HA O] A A= 60 KN = LB, AT
AR HA O] 7= 68 KN O 2 WUERHTE 145 AXR| HAN} 7]E AR EAY tiE] 8 kN (13.3%) ]
T o] = AR YT

TR Ate R TE 7| ARR|BARL 11485 ARR| EA 0] 5k AW QY 4515 Aol A
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6.7-20.0%"3 = A et 5ol o 9t 2 0 2 Yeith ool AnE £ o] AZRA|EANE Q= 735l
AN Anfolr] o] o] AR Lo A5t WAt TAIE 7HA AL Lo ™ a5 AXFR| EA7} 7] A=k
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Fig. 4. Results of numerical analysis for 95-type lattice girder

Table 7. Yield strength of 95-type lattice girder

Lane s Latce Ginder (1) | B Ao Corder 0y | @HD@I07100
2-lane 60 kN 72 kN +12 kN (+20.0%)
3-lane 60 kN 70 kN +10 kN (+16.7%)
4-lane 60 kN 68 kN +8 kN (+13.3%)
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4. 95E1QI0] 71E 9 WAl AR RAIS 1T R 22bR 3312 o} 4212 Bl Bl A85 A4, 7= A
A B A 0] REA =60 kKNOE LA /s AR BA O] =7 e = 68~72 kKNO. 2 UFEliTh 7| & 2

AR B A O] FEAET} 13.3~20.0% 271 A 0 2 Yepdtt,

>

K9
HT
=2
1o
olt
T
E
v)
5
or
i)

I A Hetdsol B pret Ao LERgT o] Atz AR AR Q= 7g-feolle /s ARt
ABA7} 7)E AR EA ] vlsf) 223 50] ¢t Al o= wtE Al

References

1. Baumann, T., Betzle, M. (1984), “Investigation of the performance of lattice girders in tunnelling”, Rock
Mechanics and Rock Engineering, Vol. 17, No. 2, pp. 67-81.

2. Cha, B.G., Kim, Y.S., Kwon, T.S., Kim, S.H. (2010), “The prediction of deformation according to tunnel
excavation in weathered granite”, Journal of Korean Tunnelling and Underground Space Association,
Vol. 12, No. 4, pp. 329-340.

3. Jung, H.S., Shin, Y.W., Son, K.I., Shin, J.H. (2016), “Performance evaluation of lattice girder depending
on the quality of steel”, Journal of Korean Tunnelling and Underground Space Association, Vol. 18, No. 2,

Journal of Korean Tunnelling and Underground Space Association 907



Dong-Gyou Kim - Sungyoull Ahn

pp. 165-173.

. Kim, D.G., Yoo, C.S., Kim, H.J., Bae, G.J. (2011), “Development of high-performance lattice girder’,

Proceedings of the Korean Geotechnical Society Spring National Conference 2011, Yongin, pp. 435-440.

. Kim, Y.I., Yoon, Y.H., Cho, S.K., Yang, J.H., Lee, N.Y. (2002). “A case study on the construction of

a long tunnel in the youngdong railroad (Mt. Dongbaek-Dokye)”, Journal of Korean Tunnelling and
Underground Space Association, Vol. 4, No. 2, pp. 155-165.

Korea Institute of Construction Technology (KICT) (1996), Application of lattice girders in tunnelling,
Chunwon Industry Co. Ltd., pp. 141-203.

. Korea Institute of Construction Technology (KICT), (2010), Development of rapid and safe tunnel

construction method using IT and new materials (development of new support system for rapid stabilization
tunnel construction), Ministry of Land, Transport and Maritime Affairs, pp. 214-220.

Moon, H.D., Lee, S.W., Bae, G.J. (1996), “Evaluation of an applicability of lattice girders for the tunnel
support”, Tunnel and Underground Space, Korean Society for Rock Mechanics, Vol. 6, No. 2, pp. 122-130.
Moon, H.D., Paik, Y.S., Bae, G.J. (1997), “An experimental study on the characteristics of a composite
structure of lattice girder and shotcrete”, Journal of the Korean Geotechnical Society, Vol. 13, No. 2, pp.
155-167.

908

Journal of Korean Tunnelling and Underground Space Association



