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A Lightweight Approach to Railway Infrastructure BIM Models
Considering Geometric Detail Features

XIE Yakun'  ZHANG Yang' HU Yunong' ZHAN Ni' SUN Ting'  ZHU Jun' ZHU Qing'

1 Faculty of Geosciences and Engineering, Southwest Jiaotong University, Chengdu 611756, China

Abstract: Objectives: Railway infrastructure is diverse in type, large in data volume, and complex in
structure. Lightweighting its Building Information Modeling (BIM) models is crucial for efficient data
processing. However, existing lightweighting algorithms face issues such as poor retention of geometric
features and significant loss of detailed information. Methods: This paper proposes a lightweighting
method for railway infrastructure BIM models that considers geometric detail features. The method first
focuses on the geometric detail features and lightweighting needs of track, roadbed, tunnel, and bridge
BIM models, identifying the challenges faced by lightweighting different models. Secondly, based on the
geometric and detail features of different types of railway infrastructure, it establishes rules such as
boundary preservation, angle control, and neighborhood area. The boundary preservation factor helps

retain the contour features of the model to a greater extent and reduces the occurrence of hollow parts in
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the model. The angle error control factor prevents the loss of triangular faces caused by large rotation
angles during edge folding. The neighborhood triangular average area factor helps retain more local detail
features of the model. Finally, it designs simplification methods for various types of railway infrastructure
based on different model needs and analyzes the method's effectiveness using five evaluation criteria.
Results: Comparative analysis of the three algorithms shows that the method proposed in this paper
simplifies the railway infrastructure model more effectively. The method retains more geometric detail
features, effectively reduces the geometric error of the lightweight model, and provides high-quality visual
effects. Furthermore, the test results of the simplification factors demonstrate that the boundary
preservation, angular error control, and average area of neighboring triangles introduced in this paper
effectively reduce model voids and maximize the retention of model contours, surface features, and local
details. Conclusions: The methodology proposed in this paper effectively simplifies the model and is

well-suited for lightweighting railway infrastructure models.

Key words: railway infrastructure, building information modeling, model lightweighting, geometric

features, detail features

BEE R E “—r—B% 7 AR UM “PURRORTR R R ) S, kB A VR A B ) 7 SR AN BT
(4], BIM (Building Information Modeling) K HAEB T T #HIRA . $&THH E 2255 5 TR
AR N TR T IS 4ER B, SR, BT ERER ARG 2R, BdEE KA
iR A, BIM BEBYTE SRR RAATE MBCE NS . (EAE TR R AR RS s, i,
BRI SEA A BIM AR S i A o0f Tk g A B B R

HAT, BIM B8 Sk 3 Zhd Ak S8 A A ST A0 AT s i Fb oy SR ail), ] &g
FHE TS I AGEE . AF R AL EIRCR . £15% BIM B g A5 S AR L, 305 %3 R A4y
SRR, SEHUSIAL AT R B VS B IR A B R R, R TR P B DG, T
OB R TUR SRS BUOY, g i i R 1, Rk A | R R R, &
B 5 U TCR @M, 3D MR s U213, £ BIM AL L[ B 1 faifh, 302K
RS R RS, MEEAAE—E S, HRWEEE 5 S sciiE B EA, M
/AT ) J LA EHEU 1)y oA 2 e o A T A 1) T BORU M R T U B &, 7V BT L
e EMIBRTE (T 0. A TSR IIERRAEEN8, FER YT AL+, Schroede %5 A
PR T IO B 07 ST A A U0, (B 1R T R B A% S5 A PRI R SR AT AR b e iR [RIAE 2
Turk FIFH E B 53 2 1001 1) 7 2068 T S RAE R0, (R A b B AT R A B T AL 8RN s B S
Rossignacl? V& H T T0 & I RAR T AL v, (B0 TR B 4015 1 PR RFBE /15855 Hoppe %5 AFIH
RE 5 bR BRI 3T B T R S A R AL, (Hi TRe TR 244, SRV SR ZE.

TEUEHEA I, Garland F1 Heckbert $2H 73T iR ZE & (Quadric Error Metrics, QEM)
WA B SRR, LT RS BT T I BE B R R IR ZE AR R, BT SR 2 A R
AR BIT, 33 772N . 28110, QEM Rk AR L F A5 E B 5k LRIk,
BAC = AT S ), S A5 A A P AT 2 56 e R S S v R AT IR B AR I R AN . A
fITE QEM ByREERN kA7 olodt, W TR AE P = M ) 1a) f, A il 75 B A,
TR IR R 2R S =T, S B TUARDRS BE R0 kTR R T B 1 )
PEANIR A AR ZER L R e, BERLH 200 AR R, S e 8
PR R 2627 S T AR Rty 1o DX 1 5 R ) I R, 22 Al gl AR, Tz, S
e, A 255 IR th 2 1 K1, B 5N AR = AR T AR B N R 2%
FEr, AT RIE T B AL, PR AR R A R RS0 S AR A SRR AE X SR AE 25 R 1 Il



A, BTN A ) I AIKRE 8 G T RHIE X I FE (AT Ak, SR TS i A i D07,

ASSC T TR TR At B BIM AR TR LA Kt B 1 (), e A% i Ae 7 At AT A f Ak
B, (Hh TR AL iR 2 R H LTSS R 2%, BUA IR IS (] 4 75 951 S B N R T3 SR A7 4
AR B, PUERTEE SR LT G54 T8, DA D5k A JE I S H R AL AORS s R IE AR
R R AE 5, RTUAN = P RS [ ™ 5, MR 22 e M R 2%, Tk o T4l 5 e ik
HITRIFRETIA L »

BT L B, AR S R AT SRR ) LA R AL 0 R B A A R BIML A AR A U5k, i
SIHTHUIE . BRAE. BRIEAIMFLE BIM B LA S AT RAAE, B A R B E G S R B AL TR K,
PRI FORST . AR IR AR = AT A T AR A TR AR, et 22 S Rk it R At B0t T 44
Jigg, R A JE A U S AR e B

1 BREBERNEREREUEE

BRIEGIERH AR e AL SR SR R I & 1 e OB RN A R E R NS, IR
NGRS BRFE . BRIEAIMF A Y FRRPAE WA AN (R R o B A e s P ¥ A s Lo, B
AN RIS B R A B0t ) LA 5 20 SRR 9 B, S ST S OR AR L A L ) S AR AR U S A
B, RAEAFBRRREEATR, B2 RUEMBEREA TSR, CIBREEIER A i &
g EAL

R L S |
| y ) |
! i i P
[ e | [ wmsasw || ([ wwsaks | [ zouemmx ]
ez | ([ memes | [ emewsw | [ cowekek |
I e 3] B2 S g Sy AL :“_“:':'i LA F% i | Sp—p— _ ________ g :‘:'::: Jl
I S t . t |
I

T QEMBEYE [T ASOREE FHEF ) ABEmEA T l
| ARSI WL AT R SRR i B8 2 RIS | |
| | | N ! » | |
| B BB B TR i |
| | | | | [
| BB LATRE G A 5 BT mEBATE |
|

| |
I G G N L |

[ ESEEN T Sneis

Fig.1 General Research Ideas

11 ZRREEEHEE

TR ZEER (QEMD Fik, B ERM T N E e AL R ERRZERN, R RERD
(PUBT IO S AT B, S HOR A E S/ I AT 47 8 LA SR R R A0 230, ] 2 o, 243 (UL V)
Y@ Ja, HIaAV,, 51 U,V) TS SV, ME, AR =M. EEKX
—iIfE, HBEAFIELE .



K2 Rt fe
Fig.2 Folding Process of Grid Edge

B, BT IR aR R 22 B AR, F P=(a b ¢ d)" K3&7R Planes(V) &A= ML FT(E
TP I 5 fE . BP0 ax+by+ez+d=0, Jidra® +b® +c® =1. 14 (V,,V,) fBSFITA N
Vo (xyz1)", TV, 2 P MEEEFE 7wl (1D FiR:

d*(V,)=(PV,)* =V, (PP")V, D

Horb PPT Oy x4 XARAERE, Wal (2) Pros:

a“ ab ac ad
ab b> bc bhd

2 (2)
ad bc ¢ «cd

ad bd cd d?

PP’ =

Hk, SR &R TRV, BRZIEFEQ(V,) » Wi (3) Bz, Hrh Planes(V) A2 B 45 T

R = AT A
QVp)= >, PP'= > PP’ 3
PePlanes(V) PePlanes(V, )uPePlanes(Vy)

e, RV, MV, BERZER AT (v, V,) BT B8R 2 a(Ve) » REEANEIEAT
oy, RO EBCN ARSI . Hraa 4 A RN DGR TR TRV, BIALE, BT 51
(v, V) FToRERT T P BE BGBOK, B AR oK e SRRV, 8 a(V,) 1X 2= Ef/ME, 7Tl
A () R FIFFEHONEIER AR (5), WRIERE g AT, WAL (V,,V,) B A
A AR T B AT a(Ve) B/ AR T R A

aVo)=V,"( > PPT+ > PPV, 4)

PePlanes(V,, ) PePlanes(Vy)

O3 O O3 s
0O 0 0 1

qll qu q13 ql4 0
Go G Gy G 0
12 22 23 24 VP — (5)
qlS q23 q33 q34 0
0 0 0 1 1
Hif, 5 (5) B q JERERTE, HATLLESIE TSR B I (6) FiR
Gy Gy G ) (O
VP — qu q22 q23 q24 0 (6)
0
1



1.2 SR EASMEFES T

BRERFERE VAR S . BRI WRIRABEIERY, HARME E ERDUNTE LA SARREA
RIS M ZESR, AFRZE SRS RA R B LA RFMT R, ALl
BRENERIE, ACEA RS GRS T T R0 .

(1) PUERR AN SR M e, U S50 38, Bk HEZ I 5%, kg ), BA W
BT L% MR LA T8, (BROR R B R R i, AR R B R A0 B AN 32 AR
W 3 fis. SR, QEM HikfEi bl f2ry, 8= il S ra b B, MR T = 1 T ko
FEE, Kk, ERERARREASET, FEELZNIEL A, B = AT A IR, PR
HUBHEBAFE .

— itk

K 3 PUBHL AL
Fig.3 Basic Structure of the Track Model

(2) BRI B AR B S AN S5 AR, T TR SR Y o B AR A B AR L
S0, (HIL N RS R, i i i s 18, (BaE& KR =Mk, %
R RIS LATRCBRARFALL s o0 2] 225 R 3 3 PR N AE B T, AT R, (EAE AR TR o o B R
P BEAER, Wl 4 Fros. QEM FERIMLE AR T [FIAE 208 18 F oAb, SRR =4
Ty SR T o, PR, AR R R A R D, R L S AR B, b = ST A
BROG, PERERA SE AR

) DiE k700!

Ml
Bt

[l 4 BREAEILEL A S
Fig.4 Basic Structure of the Roadbed Model

(3) FEERA E B ] I S AR RE A B, M A AR R o BT 2R i il AR, O
FEIF 1A 5 (AL, @ B RIS U O it 20 I, POl R R 2 M1 2, 7 DRAIE LA BE A 454 52
VR, AN, BEERIRE =M MR AR, TRAZImE ) LATRE, S R . QEM HL ki
RErh 2N VAT M = Z RSB R, BB R R = Ay T A JUR A BT 52k, PRI,
e AR, TR S AT S AL PR, ORAUER RS BORA AL N BB TE S JRE S by e B A%, I
L Pt = A A B IR AR B, T S A TR R T = o T s O 1 ) L



[

K5 BEER ARG
Fig.5 Basic Structure of the Tunnel Model

(4) Mrop R b . OB MRt ARG AN S 4L, ZouaitRoc. MrmrE&ew, =M
WU AT, (H R ORI RN TR SOBERM AR G, ML =AM Wk &4, dhm
AL, FVEAZIE ;s AR G RSO A, B RER N E B IEARRENE, AR 5 e
SRBSLRSFAERS, DA ORMFR IR S H s BV E RN hRE 1 W & SCIEM I ADE R e T, = FA X
H% e 5 ELh T AR A ] S, 7 DR L b T 40T AR Z R e B Ak, nlEl 6 s . QEM SEVE AN 2 1
LG =S AR R A, HAE DAAE AL S (T A = A T /0N B 45 R AR X3 PR ) P O B = T oK)
iR R, I B R Rk, EMFREERE T, FEO I AT AR,
RSN AT AN, REPEIR AR BRI, BbAh, IR = A R A,
G =M sk, R TS AT = M P AR A 7 R B i &S g, DU KRR L IR B
AT AR, B 1L 3 B R R A TR B 5

"™
59 il X
&a" B

— 3

Kl 6 Mr i B ALt
Fig.6 Basic Structure of the Bridge Model

L5 EPTIR, BRER RO ) LR A DU R R BT . SRR R e B, e A Y



(75 LA LR 4% . BB (R AT AT A5 . B T AR 110 i 2 e B R A AR 4 M e 25 . 4
TR DU B TR S 0 [X SR ) 4R AR 4 M RV PE R B, A R R AR B 2R T i 1, R
RS TR P B 37 55 A 0 L AT 266 R T 5 W PR B, RS AR R T 1) = A XA 2 B Mk DA B M A 70
SCEERIMF AN T 20 m . [R, AEREALAR R R R, TR RO IR e UM R AE, AR
IR R S E A
1.3 MR JLAETSFHERRERZEL

T ) AN R SRR R B A AL TG TR R, 256 JUT S50 P . SO FURFE S . TR HE T
2 ICEE M J R I SR B MR TR A, ST TR AR 2 R S AR = A T B TR =
ANMEARIEF 5 FEHRIEAS [RS8 B e 7 7. 22 28 0 gk g Sl B e R 1k 5%
1.3.1 B AR

BUE. ML, BRIEARR AR AR S BRI ] B X, AR (I R, Rk R AR
5 B PR . RGN B S L. BRIk, G hnid Fb i A, AT R AR R
P (R 58 RS AE o S0 A0 s A R AR =X (7)) B, BN (v, V) B T
V,(X,,Y,,Z,) BB HF s, g 2l (8) Fiw:

Di :(xl _Xc)z +(Y| _Yc)2 +(Z| _Zc)2 (7)

Cost,,,, =Cost+ D, + D, ®)

o X, Yy, Z N A s AR, D, M D, 73 e sV, FIV, B S T ALY, R
BHFTT, Cost AJFIRILKIFT BN, Cost,, NILH T &R
1.3.2 fERZER]

BRI B BRI SR B i A7 AR 2 il T X 8, QEM SATERMT I B ML AR, FRBE =ik F
AR BR A A B, 8T AR G = A THD R e A R ORI, AR AE = AT R i el R, fil e 52k K
BN, EROREE . ASCE IS = A R A, R AR, R
HTIREF R

B 7, TRV, MV, BTE I B BT TRV, 55 aV VY, ~ aV VY, FHBL IR AL aVVaV, o
NS \VARVAY BEi3 16 ety <5 U\ VAVAVARAVAVAVARIAVAVAVARA VAVAVARUAVAVAVARSAVAVAVAR! 3 43S PAVAVAVAR
AVV Vs VWV, v aVV Vo aVoVVg v aVpVV, o Ht & =M (aVV V) & st A =t (9)
PR, rEHlfE = AR B R KA E a,, 1HRAm (100 Frs.

(Vj =Vi)x(V, _Vj)
)
||(\/J _\/I) X (Vk _Vj )”
arccos(n, xn,")
arccos(n, xn,")
Ol = MAX (10)

arccos(n, xn,")

Hrfn o on, o n NI BT =MERE, n'on, o FI03T B B R = T
FE . R IE A A A S5 R AL, BB =T e A FE AR, e B f AL I DY = 1
THD e 2% 1 PR3 Kt BB 28 31 1 i) L



K7 i &l Je A
Fig.7 Angle Change Before and after Side Folding

1.3.3 =M FIHER

BRIESREIE . MR i AR AR R T O T, QEM SIETRIAL )5 7y X gy BRI AR B = £
A, SEAZX AT EEER. N T R R E AL, At 7 4R = A P i
R, ZHFEMTE RRZ X, A= A PR RN RSP, AR =M
SPRIHAER, TV, A =AU E 8 fion, Al AR A o 2 RFAE, B /D ) AL AR S~ 357 T
RN X I8 o SRR o T A R 408k = A P P 3 T A S A =0 R

N Zin:lsi (Vs)

. k

(1D
HrkoNTi sV, RSB =AU, S(v,) ARV, A=A IR Z —. £ LIT 840

Wi, IR AR = A P AR AT 2 1R . ARPE (12D (13), T EEPITIR AT sk i A7

PEAT B RO RN 7, KRR Z2 A e LRI = A Py i, 45 B & =AM

S,+S
5, =50 *50) (12)
2
Cost,,, =Cost*S, (13)

Horr s, I (V,. V) AR = MR- AR, S, 1S, 73 AT sV, ATV, I SRIER-F 35 AR .

Pl 8 Tol R ARk = i
Fig.8 Vertex Neighborhood Triangle Sheet



2 EWHERSHR

2.1 EWIFEE

AICELIGFE AMD Ryzen 9 7945HX with Radeon Graphics AbEEZSFI1 16 GB P AF I IAES T
AT, LA Visual Studio 2019 1EAFFRF &, i C++iE 5 SLA SCHE - #:1E R 400 Windows 11,
RN GeForce RTX 4060, ffH 3D A& &SI BBy,

2.2 EBRHEWETMNIRE

ARSI (R Bk B R Al VAR Y S AR B8, SR YT vl R A 4 2 BT I P Tk B A o A
B, i Aot i A7 Gk, i 2 5 P BRI K, FIFH Autodesk Revit 2018 /4 rvt 1% 2K
ey .obj w30, VENASCHIBRY SO o Dy VRGN A 5 A R Sl P, AR S 3 AT
RACH . R SCIRDN . TUART R 22 A 0 R 45 A P B T A ORI 20T o A E B A
FERFE, T 450 BRI v 0 S 1B faifb i A vh = A T AR L . ZEAH R RIAL3RR
T AR e Ty i ) LA ] AH B T AR SRS AR R A, i A i & 5e 2%,
SR AL S5 AR 2 e, KR H AR TR B 2, R ERR R T
HE2AMTELE, BRI R JURRZ RS F A B AR R A B 2 [ i) J U EE B,
WA R AL T, B KR 22 e W O 28 R A AR R PR B KRS, P IR 22 I W 5 TR A AR J LA 22 57
P B17KF o ARSCR A Metro WS LEAE T B 0 AU 7Y, SRR fi] A0 Ja A 70 1) fje KR 22 AP 14 %
ZEBN, e A, IS AR R S IR, ME 1 AR P R ) e B L P BE SR AT AT
PAPHAl T AL BOR A 25
2.3 BER 2

AR R RAG R, ASCE X HUIE . BRI, BRIE. MRSE 4 PhERER BRI, A
EEE QEM BIEPL SCER[BO1EVEHATATEL, FEA S AN AT T 1408 8 A AT
2.3.1 BERELIT

M1 ATAE H, EMFER TR T, =R SR A s 80E ) LA, AR SCUE
WHFASRBRRE T EZ TN, BRSFECCH /NSRS, EhEZHRE 7R
HHTRHIE . Metro HLE T HAE REW], A SCHIEFIEEJUMRZE T HRIWER, 5 QEM HIEM L
WR[301SLIEAA L, A SCHIRAL B 5 AR T 5 KR 22 70 0l 22 /D AR T 80.93%A1 64.78%. Ak, AL
SE TR 22 T QEM BVEE /DR T 65.28%, HIEE RNy, PR 2G24T Sk
[30])5 1%

I 9 ATLLE H, 5 QEM FUEANISTHR[3015EM L, AN SR AL LB B U S A . 4K
N 20%H1 40%I, QEM FLE T AR 5 SO Tl tH AR K =M, JF Bl TEA e, o b
SR OGN SCER[301500E ALY 5, ZEAN VN [h A7 AE = A 1 SRRSO, T AR5
SRR A S X L A . AETRTLEE 60%0T, T RUOE RS = A i B B, AR m R R
ANBE S AT AR ERARFAE, LA T QEM MSCHER[30) 55 i fb 45 SRR L 7 AR T, WS BOR
7o ARARSCENERIN T A FRFE R, RRUETRUFANENE L g S50 R e e, ARG TIIAIR
T = A Ty SR 2R Y e, B DR PR b O B AR R ) 60 A R

1 BRI XS L
Tab.1 Comparison of Simplified Data for Track Models

1

FEL A2 T e A T gEA XER/NKB BRRE PHRE
AR 9870 5692 350
QEM 7896 4579 280 0.028999 0.00123
ik 20%

ZRSCHE 7896 4705 284 0.004834 0.000427



3CHR[30] 7895 4567 280 0.013729 0.000367
QEM 5922 3414 208 0.101167 0.007923
itk 40%  ARSCHEZ 5921 3712 218 0.005018 0.000647
SCER[30] 5922 3333 205 0.101167 0.008253
QEM 3948 2256 136 0.104051 0.013167
ik 60%  AICHERE 3948 2655 150 0.019835 0.001657
SCHRI30] 3947 2148 132 0.104095 0.01703

2.3.2 BEREWNS T

MR 2 ATLUEH, EMAHFMRIERT, =R Sk A s T B0 T LT AR, AR S 1
WHEIEA B THEZ TS, BAS FECCR/NSIE N, E 52 MRE 7T
TR JUMTiRZE G IR, A SCRVEA TR 305 AR 25 b, (A5 QEM BEMHEL, A
SO TR ZE T TR BB, SO ZE P18 2 2 /D FRK T 99.18%1 96.31%. Hirt, £
AL T, QEM BRI AIAR AL B KR ZE N 4.231398, 2 T2 T iZ 500 Rl A b % A 7R B

PR, MBUKTEAR I = A ek, ECE RIa AL 2 R B .

[ 1 1]
1L 3£20%
] ]
|
fAL#40%
[ 1] ] ]
\
fAIHL2560%
] | |
(QEMELVL (b)SCHR[30] 572 (A SCEEI:
K9 BB FfLES
Fig.9 Track Model Simplification Results
R 2 BREAEY R AL BAE X L
Tab.2 Comparison of Simplified Data for Roadbed Models
Xt R $EA TR EA AER/MKB BRRE FHIRE
AR 849338 449124 34214
QEM 679469 356317 27141 4.231398 0.016662
AL 20%
AICHE 679470 364241 27418 0.016383 0.000099



SCHR[30] 679470 364178 27415 0.016383 0.000095

QEM 509602 269116 20265 4.231398 0.017732
itk 40%  ARSCHEZ 509601 279717 20639 0.021347 0.000293
SCER[30] 509602 279290 20624 0.020045 0.000295

QEM 339734 180800 13353 4231398 0.017697

it 60%  ASCHEE 339735 194110 13830 0.034534 0.000653
SCHRI30] 339735 193544 13811 0.034534 0.000653

M 10 WTRAE H, ASCEIEMSCHR[30] 500506 T B AR A e AL R B . QEM SLEAE TRk
B9 20% 0}, BEEAR Y B4 544 B IR TR 0 = A 10 kI 7E 40%AT 60% (a1 10200, ] 45 4
AP S5 TR S5 AR = M Bk, SBOR M RCREZE . M2, ASCEES S0k
[3015LIRAL BEAR AL 5, A3 eS8 1 HP 3R ] 23 ) O = TP R SR D 0 AL, DT BRAIE 7 e AR Y
e Bk

TR 1L4620%

{14 40%

fAi 1k %.60%

(QEMEL % (b)SCHR[30] 5% (A SCELE

10 BRI R LR
Fig.10 Roadbed Model Simplification Results

2.3.3 BEZRENMT

MFE 3 ATLLEH, FEAHRIRIfEIGE TS, =R SRR AR i T A BCR LT AR, i A SRR
AL SRR B AR B T B 2 T, RS PR R/ NS EIE N, (H A5 2 M R B T R
I TTRFAE o AR SCREIE FVEAE AR Z T R IEAR, 5 QEM HL M SCRA[30]5EAMH b, fo iR
Z M EDBEIG T 87.28%H1 81.02%, P34 72 73 B /FEAK T 93.12%H1 83.81%, RKHIA L HIL
1 IR 2 B 0 T SRR A A

P 11 "/ LAE 1, 5 QEM HA A SCRR[27]50EA0 b, AR SO N T B 4 78 7 10 205 R o e
HARKYL, QEM HIETE 40%F1 60% itk 2, WAL 5 i & S50 B = F T F 250, TR BEEE
FEAE TR BRI G s T SCER[301 SRR N 1 T00 Al 28 F0-F R FE R 1+, REfS A R Ok BE A8 IO 40 15 R AiE
PR, W HUERAE 5 W AR B A A R AT, (RN TREE A, b G BB SR A EE . A



b2 R, ARSCREIE R EETNIN T I T ORFE A f BER SR IN 1, A Rekss 1 BB R A IR B 2k i
AR R A IR, i PR PR DR B AR ) T 2R R S O ELORAIE T PSR TE SR 45 4 S B
IR AL R

fRi1E2E20%
A7 1 4%40%
fAILF60%
(AQEMEL (b)SCHR[30]) 53 (AL
B R RAL RS R
Fig.11 Tunnel Model Simplification Results
3 FETEAR R B X LG
Tab.3 Comparison of Simplified Data for Tunnel Models
pulaAagd 5 EEA T A EEA XHR/NKB BRRZE EHRE
AR 85411 44373 3205
QEM 68327 35062 2535 0.401136 0.003794
it 20%  ACEYE 68328 35824 2563 0.017561 0.000071
SCHR[30] 68328 34461 2514 0.803918 0.013591
QEM 51245 25736 1865 1.192501 0.040899
L 40%  ASCEE 51243 26949 1910 0.111480 0.001030
SCHRI30] 51246 25803 1868 0.803918 0.021196
QEM 34163 16768 1207 1.199906 0.063700
Btk 60%  ASCHE 34164 17758 1245 0.152512 0.004378
3CER[30] 34163 17144 1221 0.803918 0.027056
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Tab.4 Comparison of Simplified Data for Bridge Models

*FHE 2 HFEEA T REEA AFR/NKB BXIRE FERE
oy el 317470 162819 11994
QEM 253975 128824 9418 0.108180 0.000170
L 20%  ASCHEE 253975 131113 9495 0.059803 0.000120
SCHR[30] 253976 126777 9340 0.365877 0.000221
QEM 190482 95787 6892 0.366086 0.000755
ik 40%  ARICHE 190481 99304 7004 0.073160 0.000530
SCER[30] 190482 94506 6852 0.365877 0.000528
QEM 126988 63447 4561 0.366086 0.001868
itk 60%  AICHE¥E 126988 67077 4678 0.120342 0.001843
SCHR[30] 126988 62395 4528 0.365877 0.001752
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Tab.5 Comparison of the Role of Tunnel Model Simplification Factors

BKRE PERE
faifh e
Tih 5 TEHE FXE p il TABE A ICHE
20% 0.401136 0.031770 0.017561 0.003088 0.000107 0.000071

40% 1.192501 0.111480 0.111480 0.038851 0.001804 0.001030



60% 1.552692 0.210179 0.152512 0.064988 0.009036 0.004378

() TCIL MR FF A 2R (b)JC i P42 il p s R
(A S RIS R (o)A SO p s R

P 14 BRI B FIAL 60% A [ H AR AT LL
Fig.14 Comparison of the Effects of Different Algorithms for 60% Simplification of Tunnel Models
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Tab.6 Comparison of the Role of Bridge Model Simplification Factors

BKRE PERE
AR
Tih 5 TR i) 3 AXHE Tl 5 TR FfE AR
20% 0.186424 0.019482 0.059803 0.059803 0.000700 0.000069 0.000190 0.000120
40% 0.186424 0.073160 0.073160 0.073160 0.001434 0.000564 0.000639 0.000530

60% 0.385022 0.130800 0.124789 0.120342 0.002454 0.001913 0.002128 0.001843
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