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Abstract ; Railway subgrade design and construction is an important part of railway infrastructure construction,
which plays an important role in ensuring the safety and efficiency of railway operations. However, there are a se-
ries of problems and challenges, such as low design efficiency, difficult construction quality monitoring, poor de-
sign and construction coordination, which cannot adapt to the needs of efficient, accurate and sustainable railway
subgrade construction. The rapid development of BIM technology, as a new design and management tool, has be-
come an important auxiliary technology for modernized railway subgrade design and construction, which brings
great opportunities and challenges for the railway subgrade. This paper studies the application status of railway
subgrade design and construction based on BIM technology and discusses the challenges and development trends.
It found that BIM technology in railway subgrade design and construction has the advantages of improving design
accuracy, reducing errors and conflicts, and optimizing construction management. However, there are a lot of

challenges in technology, organization and management, and legal aspects. In the future, BIM technology in rail-
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way subgrade design and construction will develop in the direction of intelligence, collaboration and digitalization.
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(a) Subgrade farmly elements  (b) Subgrade assembly model

(¢) Subgrade drainage model (d) Subgrade subgrade model
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Fig.1 BIM model of railway subgrade
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Tab.1 Introduction of railway subgrade BIM modeling software and its functions

Number Software

Main function

1 Autodesk Revit

Revit allows users to create a variety of railway subgrade family models and improve effi-

ciency through parametric modeling.

2 Autodesk Civil 3D

Civil 3D provides a rich set of tools for creating and modifying terrain, designing cross sec-

tions and longitudinal sections, etc.

3 Autodesk InfraWorks

InfraWorks provides comprehensive terrain modeling and design tools, including route de-

sign, terrain analysis, and track geometry design.

4 OpenRail Designer

5 CATIA

It can be integrated with terrain data to ensure the design accuracy of railway subgrade line
and provides a range of subgrade modeling tools.

It can establish a template library of railway subgrade cross—section and subsidiary struc-

tures, and realize knowledge reuse and model update.

6 Bentley Rail Track

Bentley provides comprehensive railway subgrade design tools, including terrain modeling,
longitudinal section and cross section design.
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Fig.2 Collaborative design and conflict checking of interfaces between roadbed specialties
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TR A8 BIM+GIS At = Wi B | R %4 45 S it 4
AR XAk 1% [ ik 30 e R R 5 R 1 A AT B P R
SEVEVEAT T S IR S A5 X A A Iy KAk
% % dm L 2k L T 0 B A F Real —time kine-
matic M &5 AR 3DGPS 5 Ge %t i L it T 1) el )52
JFE V- R A it 5T AR AT SN R AR AR LA
B ORI B Tk B Bt R A T CCS900 55 &
5 S92 B SR A R W PR 3 R it TR SR H v T

14 HIEESHUL

B T 1 Bk e B AT M A PR R R, i T4
AR B AN T B, A e A RS CL AR ME IR
55 AR BR B B A5 Tt T, BIM SR AT DA S T AR I
FI % 2 2 i Jo 399 10 e R 3L, OF 2 1 1o D T 8k
FEVITH AR B, H Pk TR BT AR N
Kl 4 fs, 25T BIM Bkl T4 BLS P AL BRI H]
5 32 2 S8 it T3 9 A SV B it T2 A 5 X
WA 4 it T R B e T R A B AR T T TR

_____________

X Covriztlriu:;rtslon : Supervisors Designers
Mobile
» platform
'_52‘ _________
§ R S e
- . Mobile X Mol_)ile
£ platform * platform
S e
‘g
S .. .
Q [l .
E Mobile |, - . Mobhil
é pla(:f(;rr: » Railway engineering management ', pla(ifolr;
< S ' platform .« .
S ? """"""
" Mobile
platform
___________________________ L .
TSI ' Level RFID

' (total station instrument) | (device determine horizontal) !

_____________________________________________________

4 KERIREEFARIELR
Fig.4 Subgrade engineering management platform framework



ﬂg

xR

i

b

112

Jo

R 2023 4

Pt T B 5 ALV L T, W 483 T BIM
FHE AW, 3BT —F R kK TR IR
5 410 [R) & AR X, BB R Tk TR AR
B PR AL TR TR A B R R HE AL I
N TR TRZHH 2% ZAE 5 1 d#i st
B R K Y AR AR i i 1 2H A BT S R
RO T R T AHLE R A BIM @il & H R 42
T ok I 2k B A e T4 2 BB AL AR B Y
Frik . ORI T 3 EK i T B, R e T
HUME B 45 B R TS B0 A it T a0 258 Tk
PR SRR SR T — Rk B A R A
B, IR T 3T BIM+GIS A9 #2154 B — 5k
F RS0, 78 st m a5 AT TR . X R Gihe
TE— ik B B BIM GIS A5 AL T2 2 15 %% £ 5 5+
PGB R R IR 2 TR R IR S 4L 4 A
fe AT oK 5 55 O AU FE s I B 2k f 1O i T
TH  H T BIM+GIS $086 45 i AR | 48 g — R fu gk
MG TET &, ZEHEVFEEG = fL T E
T2 Mo X 84 R T TC A 8. B bt T 2 4 o o A L B
Tfie , A S B0k B T 4% B B4 BLBCHE 1 B A RS
Witk . %350 H 5T BIM 45 HL5 AL BAR (4 Rz T, $
o TR T A BT AL A5 B AR FH K-

P T2 4 55 AR 45 4 1, B IR VIV T
P T2 A A P T AR A A AR R TSR BIM R
HEAT I T2 A ARt . R = 4R R it T. T
SRS Ty e St e BT R T AR A B 45 R A
W PR 2, T IR B FR T RE % iy B, TR A
SACH N TSR] TR SO 8 A TR KU
= B | Bk v T B0 XU 23 A B Ak 2 o £ 1
P e B TR A B b A7 RURS VAL | XUBS: 43 2 B
PUTAE, SRARFLEEEE T T BIM 2 A 1o 2k %
it T4 A i JE 3 22 A R B, DL itk B A T 22 4 A R
JEE R At T AR AN 2 A [, SR Revit #0758 %
BRI T AR E LR R IF A5G BIM B A X it T
N B AT RHE %% 48 P 263 1 156 R L
B 1 22 ARt DA SE B A RTEE  BR i TR A
A RS B AL 2

T it T VR R A T 7k S SRR X
PRAT It T U5 S B A 8 B O aU A7 A R W S K
B, 0 75 A 20 4k 45 B 45 ) & s O BIM H AR, 57
4D (3D+ifl T 328 B ) sh 2 it T %5 A5 B AR AL, & B
fiff R TR it T R R A A o o R e B O

Fh o€ 3R A 90 TR R A R PR B B A A
KB AR fir PRk i T AR VT T rp 45 B A% 326 TR M
i H 2 545 07 ok 2[5 A BIM 2R #4748 45
I R, WF5E T BIM 5 4% Gt B it Tk B2 ) ek 4 ot
HAEMB AR JEHEL T —F 5T BIM 98k T 7250
HEMARS, LRGN H T REHRM RS T
R IR B 45 S = B T R TR A A KT
1.5 REEHSHKRN

Jiti T 114 2 ) 5 G R R IE 3 TR 4
FIATHRFEE A R i B2 ERT . H TR BIM X [ 5 it
T 4 ] RRS: D0 = A v oA B U R S R
T b A FR 3 3 B A HE K 5 S5 D T BIF oY R
A TR, A PR 0 B ) % 3 R S o e o
Gt RS , 8 3 AU ) 2 7 R GRT BIM SCBE T
Jiti T 7 S B B e RN A 3% FR G AT A Bl S8 Ui T T
PRG0S R i Tk BE R SR 25 M 52
SR, S A R & I ] A A el T A I A SO i
i BIM AR, K33 E5is % Ak hy al Ak i B A
PEHEL I TN RS 7% Wemf Mk A7 B SIS T4
¥ BIM $4 AR 5 568 1 501 £ 45 Al 50 PSS AL 5
Jiti T PR BB Bl A it T 3k AR v R S ke 50 S
FERF G EER  XOR BTk 3% 22 92 BIM R W]
AR IR 8 it T 803 R0 B, 90 it T R P A iR
FEFNAYIE 8 e S5 7 i 4 VT 3 b s B 56 S it
T H &I T &5 BIM 5 B FRE 254
fif R T I I R S T AR R AT G R ORI
TAER RGNS, HAFGE T 3 T 5L RS20 BIM A5
R shA B BIM SRS 5 | A $1) 6 35 R S T
AR S T REFHOR B IR R E AT
WEFE T R e S B RN AR AR AR AL AL, A5G
Abaqus FAF ) R IF A, 7 6k 1 B e R Sk # b
WILT RS SEN A MR L X 2l SESIE
% TR it T B BE A AT T Ak B I R B A T A R
o OCHERE I 2 BESE T ST BIM HR 1t T ad 72
Jo b s R A i T T A T A R B LR
it b e AT TSN T, it T R A B TR A AR
S Bl 2 R Bt TR I R B A o A R R A 1Y
U B IR B =22 7= A 0] ) FH ok e B8 ok B v I
B AR T AR R AF ST A AR P, I A P S
857 W7 I IR) 8, — R N TR RE AR AR
AlA Tk, X 22 B W) 2 s () B s EA T F B
PO B AZ I . R O T el e i AR Rk



% 5 4

TR OSCHE A5 R T BIM B (9 Bk B I A B2l 07 BRI B A Jre i 113

1 — 4 gy SRS TR S BT A A0 L 18 P R R Hls 19 % i 2
RE T, DL BN — 28 37 55 AN DLRE & g i AR E
RS DAL TPV

2 BIM HEARFEREEETERHBESHE
RTT R
21 EARFE

BRI RO T e R EE , AR HUE |
It S AR BT B 550 R W) 2 5 07 i 19 BIM
BB bR AN TR, B 23 7 A B e s P n) At
I BOB S S 48 PRI G ey B P ECHRE %) B 1 A —
ok, IR T BIM HR = R0 3URAS B DL [ KA
B e MR, e — B b i 44 BRI A AR
J5 2, HT i PR & 2 5 05 Mt AR [R) s o 144 7 8530 52
A3 52 402k A IFC (industry foundation classes )
i 3 T B K 22 A s o — 5 i, Al R =
TR0 A R ROR | 52 i HOHE Ak 23R 6 19 25
B H B e i A A SR | R O HE A i A A%
W atrAH TR ST S I BUE A B R ST, W IR AL
I8 1) L Iof B S A A m a0l

Wil it T 3ok AR Y #E AT BIM AR A A 7 W) A0
W, LA S Rt T DL o SR, A5 1Y B3 [W) 20 A i
T AT BEAF A S 38 RIS HEAf M |, SE OB 2 5 AL 25 4
RSF 2 kA8 4k 30 BIM AR R G 32 DR il A 3 (A
G5, Pu SEUISE G Ul BT T AR T — R R AR
BIM #5 #1 558 75 s, {0 HATS A7 75 & 4315 B R 18 2L
HERT, AEPRIE BIM A RURS B 1 AT $2 F , XF 2 BIM
LR AT S I TR I T R Pk ik, 75 i — 2P A5G
BB IR I R IHATIRE .
22 HAAEHEAE

BIM $5 A 76 2 B s He v i it T v iy i T 42
AL S ASORIUNS B 1 2 2O S (H DR B R T it T A
FR I TR B L | n ] 52 B A 737 43 30T 4 i I
Jit R R s A RN TR i it i A A
I E N T B K S S S E R 87 P
BIM £ A7 3k % T I T F T e #2271,

3 BIM B & B 5 52 90 2k B% i L B0 A
it T2 5 75 6] 1 B3 Je) AR A B =2 i e i ¢
— 5 B SR B I (R B S SR
H 3 JBE S92 I o e AR 2 2 TR AL BIML BOR AR 4
LS8y 2070, £ U7 57 A i R T
AR CAR R RS, JERI b SL g Er R & | 42

H T —FI LT OpenBIM A9 £k H T 72 P ) 45 BEAR X
FE Rk AR E R AT T SEBR I o AR Ok K I
TR TR BT amEsE, RREEHET
BIM (4 1 FHA B 5K 2T 55 SV Xof [ 2k i T e
WAR BALE B 78 B = 48— Ak A5 B AL 42 45
S, MELUMR S T ELAR R I TR e A Bk
BRI TR I BT T B B S s TR AT
WFoE 58 TR B AL Z RSV & IR & 1
PRI AT T B N B T R A R
R B TR A B A L A Rt

H AT BIM 3 A 78 8k 6 T 1% 41 0% B 1 A7 76
— BN Z AL B g — MR B B A, S 83U
BT E ANGE — e DL T 42 T 1 B TR A ER RN AR A
5 OB A AR B TR T S R g8 3%
= A R VAR R T FMET & B T Z R
AYERCRACT , AT RE H BLE BOR — 3 il Ry 55
[ 103 BIM. 2 AR f) B FH 75 AH 6N B L4 — 58 I R
A HLRE 7, SR, H ATk B TR b ik = A DG\ B
(55 IR A SRR, 5 3078 52BN B2 AT BB
AR BIM £ AR B EAERIH , 50 BIM 8 A 15
BRI TR A 2 B R S SR
23 EEENMEAE

BIM £ A 78 8k 1% 4% 56 5% il T 06 200 38 57 41 56
TR, SR, YAl BIM $ A (36 A vk ML %
ANGEE Bz B A RS 5 5 BT S BR
HAEE TR KU e

BIM £ A 9 i I # Je K s 8t fnfs B, Hoh &
AT HESRIN S 22 07 B AR A 7 A
AR, AR R PR R — A Y [
B, JCHRAEA AR Th, an ] PR 40 45 O 1 s
ROBE Ay 1 figf TR AR MERS A 35853 BIM A6t B
A B EA = U TR A N B A B Rk
WA . TERUE RS A7t L2 fh | andel By 1k
K 52 A0 L [RIA BIM 3 A 7 4k B i 5L 53
Jit T s B 2 07 1 6 TR D6 &R M B4R 40 43 . BIM H2 AR
4 02 FH AT BB AR T H 2 5 7 22 8] 1 5 TR A X
oy 20, BIM AR AL — S BT ) 4K
P Bk A5 B AL 1 22 SR A, PT RE T ECTRE AL R
SRR AT H R B R , YRR R 0
H 58 A H A2 5 07 Z 18] 1 BB R I, 5240
TG I 4] 4310

7 8 ST R 5 3 9 N AR AP AL e £ 4



ﬂg

xR

i

b

114

Jo

R 2023 4

18I0 %5 R [ AN PR A4S B, 9 7 6 TR) v BH A 45 7 7R 8K
P oy A 5T S 055, BB HR B B
P-4 T IR R A B
24 BRFERHAE

BIM 5 AR 78 &k % i 2 1% 1t T v %) g A T 42
T TRCR i T Eh R e TR R R A AT
P I H YRR 2 PR, EER AT BIM AR B
FHBUIR I 55, 0 12k S AR 7Y 1y ) 4% 33, B G 3k 512
BRBETT it TORN 3z 4 By B — 1Ak, S 800 B AN TR
BrBe o i L 2 0, B 51 A BIM # R T &4 %5 1&
FUAH K A B AR AN B SAS | DA K 5% G it it
7 A 4 A R A (E R A A Y S AR
SME B A S B E, LA TR) ) % UL A A B A
T BIM AR 7E Z 8000 5 15 b (4 g

N fEPE L, e, FRE ST — R BUR
4, S A 2 BIM 4% AR 7 4k fi TR b i) R FHIS)
QoA VU R B R A B R A ) B A B o AR SRk
PRV S R T D R R IR AHE ) B A
BB AR R EA T RIS B L i T2 5%
75 G —INR, HE B BIM A 2635 H 331 T B B
AR IR RS Y R B R P B
HAHET™ BIM £AR 2 29 KA H 4 2 b i g H
IR

3 ETBIMAEARHNSGEBERETIELRER

XF BIMAE R fE kBB S TRPHEARLE RS
BT HAE H L R

1) 5D BIM, 5D BIM 27 3D #5541 iy 2L alt [
A [H] (4D) FHSAS (5D )5 R, S8 BT it T2k B2 ik
A B BRI AL 8 s AR AR, AT DA S50 0 P
il AN TRV BE T T 77 28 W 5038, B 46 25 K 5 UK
AR RS A 4 9820 I 1 A& BRI AR L 5D BIM
W 7E B e il T A% % R T AR T 1T A 4 T R Y
YEHT,

2) BIM 5B Bl G . BIM HR 5% 84 |
TC LA Wik A5 AH 45 &, 7T 52 R K I 3% 5 it
T AR A I s I R A BN S PR G T 5 A
FURPR I8 B A B 4 v it T BT B 2 . BIM
550K 0 B il T A R I R TR b PR AL T M |
A R e A it T R O e T B i T T
£ T7 18 o

3) BIM 5HU{E 5 BT i fl G o BIM fil & 4 R

TG BB A BB 5 E 3% 7 0 AE R TR i 5 4
T A ke SR T TOME R Z S5 A A BRT K
PF AT LA B A 56 I 3 TR A2 3 R AU [ oy 2
AN S AT R, VPAL SR 0 2 A P R E Tk
i f L 45 i i Fn e e v . Kok BIM &
A BRTTER A 0 5 FH AT Ry B i i R TR A R T2 A
BT R SE AR it TR

4) Hdn A nURI L R B B R AL S BIM
PR KRB SR T7 1), BIM 5 AT LA 4% R A
U8 EL4E GIS HbIB Bl M4 kLB 1 55, LA N7 01 4 1
FIUKS B pO R R[] A, BIM AR 7R ik 5060 i A )
Fil g AH G T3 Z 18] B P JR) 54 s 0t E 0 3 1A R0 3
i

5) & e An [ shAk A X R R O AY 43 A A
22 BIM & AT LA H R A 2] iE Bt i iy v e 7]
R, B AR EORE A R T 5 Y AR AR SR KO BIML £
ARGHLEE N A S 2456, BT T AT 55
(1) A sl A6 A BE Ak 2 5 22 1 0 5 & )

6) ML (VR) FIsE s B2 (AR ), VR I AR
ATy Bk i B L V3 A T AR BB 0 DR R
MR SE ik VR G HE R L0 TR RS T RE I
AT IR AR I FIPEAL . AR A0K BIM B AL &
INESEPR T AR, H Bt TN O3 i B i i
P it T2 3R 8w B 1 A T A R T 6

7) FOHE BT RS SRR Bl BIM B A
(A 1 22 B0 2 BT R R SR SR 1 B K
TN 3 o X O 9 AT, R R I TR H b AR X
LR B A oo A %) T N R SR AR i fE Ak H
{14 328 J RN AR

4 i

1) BEHETET BIM A 9 2k B B B B i 10
PR T F B ARG AR AT Ak . PR 5 v 24
W B R A S5 AL B i T B S Ak R R S
G 45 5 T A FH BIM 4 R RS2 80 X 42k ¢ % i 45 44
PEAT ELWL R 7 I Ak i T4 B, 42 3 SR b /b i T
AU .

2) BIM 5 A A 4k % 5 3 15 1t T vl 477 1 i 4%
AR VSV B LA FUME R 2 U AL AR S O T Yk
0, X B Bk AR PR BIM AR 4 AF 58 g
FH 5838 AH JC A, 9 AL DA B RS B, by 42k 8 I
BTN RS & R R L R o



% 5 4

TR OSCHE A5 R T BIM B (9 Bk B I A B2l 07 BRI B A Jre i 115

3) BIM AR AEER i 5 TR b B BOR A &
JEETET1 RS F T 5t . BIM £ A 78 B % 5 2% 4 1L
WA AL T w0303 B B, 76 K i S A 3k == B e fl
1 E Bl A R U0 5 B S DL K K o A A R SR S
RrS5 7 b A fp it — A0 A | 1 46 e R X 0 K i i
R TR A O B R Ak AT AR AN AT R 2R B B e A
Yerad ie,

SE 3k

[1] FAF 5 Bk, A2, BRI Bt — ke B e fb iy
WF5E 5 e R[], R br %3t ,2006(S1) :212-214.
MENG C X,ZHONG X S,BIAN Z J. Research and key
technology of railroad survey and design integration and in
telligentization[J]. Railway Standard Design, 2006 (S1) :
212-214.

[2] . 2745 P R b X e Ak B R T TR ()], kA T
2241 ,2017,34(10) : 1-10.

LIU H. Design and construction technology of high speed
railway in seasonal frozen soil region[]J]. Journal of Railway
Engineering,2017,34(10) : 1-10.

[3] /AL . BIM 762k i A 5300 B op 9 15 40 A (). Bk 38 b o
#1t,2011(10) :4-7.

LU Z Q. Application analysis of BIM in railway construc-
tion projects[J]. Railway Standard Design,2011(10) :4-7.

[4] RIL. BIM 75 Bk B& B3 i i B R0 FR ()], Bkl TAR =4,
2010,27(10) :104-108.

ZHU J. Discussion on application of BIM in railway design
[J]. Railway Engineering Journal ,2010,27(10) :104-108.

[5] BIANCARDO S A, VISCIONE N,CERBONE A et al. BIM-
based design for road infrastructure: a ecritical focus on
modeling guardrails and retaining walls[J]. Infrastructures
2020,5(7):59.

[6] BENSALAH M,ELOUADI A,MHARZI H. Overview: the
opportunity of BIM in railway[J]. Smart and Sustainable
Built Environment,2019(2) 8.

[7] EIR2= 8 Rk i PR A 5 e Jre B[], AR B 1T B AL 0L
H,2018,27(7):1-8.

WANG T J. Overall architecture and development prospect
of intelligent railwaylJ]. Railway Computer Application,2018,
27(7):1-8.

[8] F I %, e BIM B AR iy £k s T8 1 4 BRI BT 5 50 8k
[J]. Bk~ 41 ,2019,41(1) : 1-9.

WANG T J. Innovation and practice of railway engineering

construction management based on BIM technologylJ]. Journal

of Railway,2019,41(1):1-9.

(9] WA T BRCRF 5 65 B Bk B 56 BIM B i R BESE[T).
BRI AR T, 2020,64(7) :59-63.

JIN M. Research on BIM design technology of railway sub-
grade based on Autodesk platform[]J]. Railway Standard De-
sign,2020,64 (7):59-63.

[10] PU H,FAN X,LI W, et al. Realizing a quick partial BIM
update of subgrade in railway stations [J]. Journal of Construc
tion Engineering and Management,2023,149(9) :04023073.

[11] SHENG X,LUO H,WANG P. Application of Bentley pow-
er rail track software in the BIM railway design[J]. Applied
Mechanics and Materials. 2014 ,587:1091-1094.

[12] CAO B. Application of BIM technology in forward design
of railway subgrade[J]. Journal of Civil Engineering and
Urban Planning,2022,4(5):1-5.

[13] Z= W], W bl (T aaae , 45, BIM H R 78 Bkt B L B b P iy

;[T #5%,2022(2) . 78-80.

LI M,CAO B,BAI Z N, et al. Application of BIM technol-

ogy in railway subgrade protection[]J]. Architecture ,2022

(2):78-80.

WY X RS R T . AT Bentley 1 £ I B i ik

BIM iE a] B THF 5T [J]. 8k B £ AR G137 ,2020(4) . 43-49.

XIE X D,LIU H Q,ZHAI L J. Research on BIM forward

design of railway subgrade based on Bentley platform|[J].

Railway Technology Innovation,2020(4) :43-49.

XK M. BBl 3 BIM Bt R 40 KB HORWF5E[)]. #kaE

TR HE,2022,39(6) : 84-89.

LIU J C. Research on the key technologies of BIM design

system for railway stations[J]. Journal of Railway Engineer-

ing,2022,39(6) :84-89.

[16] XIS, Zy UMG , AR BE. 365 BIM (1) = 4 4k B % i g A
FHRFSE[)]. BRi ARt ,2015,59(7) : 20-23.

LIU H Q,YI X P,ZHU C. The application of three dimen-
sional modeling with BIM technology in railway subgrade
[J]. Railway Standard Design,2015,59(7):20-23.

[17] A7) 529, i s, 25 f 5 56 1) OO TR 1) 33 37 05 ik
BRI # J7 AFE ()] R AL 5 TR AR, 2019, 16
(8):1913-1922.

KE Z Y,PU H,LI W,et al. Research on the modeling

—
—
B~

—

[15

—

method of railway station digital subgrade model based on
general hexahedron|J]. Journal of Railway Science and En-
gineering,2019,16(8):1913-1922.

[18] 2L, k%3 BIM 5 GIS @& W H AR BF 55 D). 2=
I 22N 558 K, 2022,
WANG H Y. Research on BIM and GIS fusion application

technology in railway subgrade[D]. Lanzhou:Lanzhou Jiaotong



R %

xR

S

116

¥ 2

R 2023 4

University,2022.
[19] £ 4, sKRIRT-. GIS FREE T 8k 3% 6 k= 4k Al A 77 ik
T[] BRIz 54,2008 (1) : 54-56.
WANG M S,ZHANG Z P. Study on roadbed 3D model
under the condition of GIS[J]. Railway Transportation and
Economy,2008(1) :54-56.
[20] WANG H,DUAN X,HAN F. Research on ecological pro-
tection of side slope along railway subgrade based on
BIM+ GIS[C}/Nanjing: Nanjing International Conference on
Hydraulic and Civil Engineering & Smart Water Conser-
vancy and Intelligent Disaster Reduction Forum,2021.
SR R AR U TS, . LT WebGIS 1 £k £k —
437 Skl 2] BRI FEALI T, 2022,31(5) :22-27.
GUO Z,TAN Q L,DAI Z Y ,et al. Construction of railway
line 3D scene based on WebGIS[J]. Railroad Computer
Application,2022,31(5) :22-27.
TREE XU, B 5e 58, S A5 T BIM+GIS 19 8k % — 4t
SCPGHUE T 7 RS (]]. R, 2021 (4) :27-31.
ZHANG Y,DONG F X,ZHAO L L,et al. Research on
rapid establishment method of railroad three —dimensional
scene based on BIM+GIS[J]. Railroad Technology Innova-
tion,2021(4).27-31.
[23] 5 5%, A 36, 28/ KE A8 BRI BIM L H = 4 2k B% 7 5%
@ gEJ]. BRIV ] ,2018,27(7) :95-98.
XIA Y, TAN Q L,CAI X P,et al. Railway BIM applied to
3D line scene construction|[J]. Railway Computer Applica-
tion,2018,27(7) :95-98.
[24] TANG F,MA T,ZHANG J et al. Integrating three—dimen-

[21]

(22]

sional road design and pavement structure analysis based
on BIM[J]. Automation in Construction,2020,113:103152.

[25] FLIEIZE, o5pk , A Tollde . 2Kk i B AE HE K BIM BE3J7 B 50
[J]. Bk EEH AR AIHT,2016(3) :42-45.

KONG G L,SU L,LI D F. Research on BIM design
method of railroad roadbed drainage[J]. Railway Technolo-
gy Innovation,2016(3) :42-45.

[26] A Hi. BIM A E U7 30 8K B 3 377 6 A b i g
FE[]. Bk AR E T, 2020,64(9) :6-9.

BIAN Y Y. Research on the application of BIM technology
in the design of roadbed of Hutong Railway Station [J].
Railway Standard Design,2020,64(9) :6-9.

[27] 5 % 7, @?%,E%ﬁﬁ( S BT RCT A HR Y B
= A BBV D7 AT AEL)). Bl AR BRI, 2023,
67(10) :94-100.

YI J X,XUE Y T,HUANG X W, et al. Research on the

calculation method of three—dimensional information model

W

of railroad roadbed based on digital technology|[J]. Railway

Standard Design,2023,67(10) :94-100.

[28] Z=Hi k. BIM Ho A 7E 2K 6 % 5L 5 1 v i oz H
AAUHT,2022(4) :87-91.
LI W D. Application of BIM technology in railroad roadbed
design[J]. Railway Technology Innovation,2022(4):87-91.

[29] Fk#I3k. Bk 2L T BIM AR & HBFTE()]. k% 48 R
A58 ,2020(3) : 56-60.
ZHANG ] D. Research on the application of BIM technol-
ogy in railroad roadbed project[J]. Railroad Technology In-
novation,2020(3) : 56-60.

[30] XU B, 3£F Bentley ¥ {5 # 2k B 4% % BIM 23t R 4 [J].
BB BB, 2017(1) 1 12-14.
LIU Y M. Railroad bridge BIM design system based on
Bentley platform|[]J]. Railway Technology Innovation, 2017
(1):12-14.

[31] #3SCHN. BIM A7 oy o Bk B A 7 B B i b 4 1z
T[], BB AR T, 2021,65(8) : 166-170.
HU W L. Application of BIM technology in the design of

[J]. Bk 4

the sound barrier of railway engineering|J]. Railway Standard

Design,2021,65(8) :166-170.

BWAR BB = KA. S S BIM £ORTE T2

S rf e A ()], 6 TEE AR ,2012,41(18) - 19-22.

LI'Y D,LANG H C,WU T H. Application of field scan-

ning combined with BIM technology in engineering imple-

mentation[]]. Construction Technology,2012,41 (18):19—

22.

[33] /K4, w4 G, BT BIM A9 JC AL 248 I 52 1
TPEBFE)]. B AR T AT BH0R ,2017,9(2) : 73-77.
LU Y T,HAN C H,ZENG P. Research on the implemen-

H
o
3

tation program of UAV bridge inspection based on BIM[J].
Information Technology for Civil Engineering and Con-
struction,2017,9(2) .73-77.
[34] B Ha 4. BT HOG R 3k 1 e Bk E
BRIE TR 240 ,2018,35(12) : 7-10.

XIA Y J. The measurement method of normal height for

o Ok ik ()

high speed railway foundation based on laser radar []].
Journal of Railway Engineering,2018,35(12):7-10.

[35] X1 it BIM b P R A5 AR A ek 42k 65 00 &2 v %) 192 I [T,
BRI 5% ,2019,45(3) . 9-12.
LIU M H. Application of BIM terrain modeling technology
in high speed railway surveying and mapping|J]. Railway
Survey,2019,45(3):9-12.

[36] T A, B IR, 4, 55, BIM HAR e i w5 223 i 17
it A8 R A N FHT. b T4 AR ,2019,48(S1) : 244-248.
YUE Z X,LUO L,WANG Q,et al. Application of BIM

technology in construction management of mountain ex-



% 5 4

IR OSCHE A5 R T BIM B (9 Bk B B S B2l 07 BRI B A e i 117

pressway project[J]. Construction Technology,2019,48(S1) :
244-243.

[37] MR, P8 4, 1ok, 45, 285 JEABL (GIS .BIM £ AR 11
i BTHIRSE[)]. A1 ,2021,66(3) :23-26.

LIN G T,SUN Z K,XIAO B,et al. Research on roadway
design by synthesizing UAV ,GIS and BIM technologies[J].
Highway,2021,66(3):23-26.

[38] XUMEES, FUEUH. TCAMUIIA S BIM HERAMIEE & 92 B%

TR R EARMIE[)]. T H & # A ,2020,18(10) .
98-103.
LIU Y W,GUO ] J. Research on highway project quantity
measurement technology combining drone aerial photogra-
phy and BIM technology[J]. Project Management Technol-
0gy,2020,18(10):98-103.

[39] B3R, 7 5% 4R 48 4. L F BIM At 3 T3 AL o7 i % 3k
LRI B AL BB T, 2017(7) :104-107.
LIANG C,WANG W Q,CAI D H. Research on continuous
compaction information system of subgrade based on BIM
and Beidou satellite positioning[J]. Railway Construction,
2017(7) :104-107.

[40] JAF B, B AR B 00D . o R I R B A R R R A
AHEZRMEFE(]). Rt 3, 2022,62(8) : 1-6.

LU C F,MA Z G,CAI C X. Research on the framework of
intelligent sensing system for line equipment of heavy rail-
road[J]. Railway Construction,2022,62(8):1-6.

(417 BRI, SRR e Bk B R s L e B A T T
2. EE AR T ,2012(5) - 52-55.

ZHAO M C,BAI P C. Digitalized processes for construc-
tion of Harbin—dalian passenger dedicated line roadbed][]].
Railway Standard Design,2012(5) :52-55.

[42] 5K % 5 dk kT 3CH 4R SR T R AN S BIM $ K

A B S it T 2 2 B e Ak I T[], BRI R R BB
2022(4):7-13.
ZHANG N L,QIAN J,WANG W T,et al. Intelligent appli-
cation of railroad construction organization and manage
ment based on drone image and BIM technology|J]. Railway
Technology Innovation,2022(4) :7-13.

[43] B 0, Mk, 4F . BT BIM+GIS B B B TR i
Bk L OC B H AR 5 KO ()], BRIE B k3T, 2021,
65(5) :55-60.

BAO D,YANG B,YANG W, et al. Research and applica-
tion of key technology of railway construction management
based on BIM+GIS[J]. Railway Standard Design,2021,65
(5):55-60.

[44] BB E], XA R, F % BIM+GIS $da 58 i 1E 5kl B £k
% 170 it T B e g . R B B, 2022(12) 1 50—

57.

HAN B J,LIU H L,YAN J . Application of BIM+GIS data
integration in the construction management of four power
supply of Beijing—Xiongan Intercity Railway[J]. China Rail-
way,2022(12):50-57.

[45] FRHRVL. 2k 8% bl 1 ¢ 4 8 B AR A A B4 T A8 3 A 5 it
[J]. i i e i 9, 2023 (10) - 16-18.

KANG 7 J. Characteristics of railroad construction safety
management and measures to improve management[J]. Ur-
ban Construction Theory Research,2023(10):16-18.

[46] TRBAL , FAE. LTt S0 AR A A B B AR A A
PR RBEIE[I]. B2 e A R S R 2017,13(12)
174-178.

ZHANG Q L,WANG Y. Research on safety management
system of railway engineering based on building informa-
tion modeling[J]. China Safety Production Science and
Technology,2017,13(12) :174-178.

[47] SR ASF Y5 & EHA], 2. LT 4D-BIM (% it 1T % J5 3h

A8 5 AR SE MR ()], M T H R ,2011,40(4) 37—
40.
ZHANG J P,FAN Z ,WANG Y L, et al. Resource dynamic
management and cost real —time monitoring in building
construction based on 4D-BIM[J]. Construction Technolo-
gy,2011,40(4):37-40.

[48] T3, B , RIS, JET BIM B8k TAT A EH A S
N FHBFFE()]. k8 T RE2% 42 ,2019,36(9) :98-103.
ZHANG Y ,HUANG C Z,ZHU C. Research on the appli-
cation of railway engineering project management system
based on BIM[J]. Journal of Railway Engineering,2019,36
(9):98-103.

[49] F 7. Bk e Bt 3 0 I S R ok 5 1R T 5] Bk L
AR 5495 ,2021,36(3) . 42-46.

WANG W. Study on quality control of continuous com-
paction technology on railway subgrade[J]. Railroad Engi-
neering Technology and Economy,2021,36(3):42-46.

[50] EFHI, ZMpk, . Ko7 ik 22558 BIM $0R 7R 5 4%
PR TR SR O i BT[] AR TR, 2018(4)
178-181.

WANG C M,LI B L,YANG Z. Application of digital con-
tinuous compaction BIM technology in roadbed filling of
heavy railroad engineering|J]. Roadbed Engineering,2018
(4):178-181.

[S1] 8 Jg | B X 28 . BIM AR 75 6 5 1 52 G 0 45 AR v
B HI[T]. BRE TR 24 ,2015,32(4) :36-41.

ZHAO L,MIN S P,ZHAO L L. Application of BIM model

in detection technology of subgrade compaction[J]. Journal



R %

xR

S

118

¥ 2

R 2023 4

of Railway Engineering,2015,32(4):36-41.

Ly, O L wh AR B R BB R OGBS 8l &
05 B S RLHET]. g R 2 e (SRR ), 2021,
52(7):2246-2257.

MA Y,FANG Z,HAN T,et al. Dynamic simulation and

[52

—_—

evolution of key control parameters for intelligent com-
paction of subgrade[J]. Journal of Central South University
(Natural Science Edition),2021,52(7):2246-2257.
XS HE RS e AL AT BIM R BT 1L
FEIEA it ok AR AR A SE(]. BREETTE AL T, 2019,28
(6):59-63.

LIU C B,DONG F X,XIE X D,et al. Digital subgrade fill-

—
W
w

—_

ing construction process control based on BIM technology
[J]. Railroad Computer Application,2019,28(6):59-63.

[54] BB, TR AT, X 5 4. KB 7 Bk i e Bk L AR Uit
T R ER (D] R K B R, 2017,8(3) 1 16-19.
QIU Y P,ZHANG D Q,LIU W R. Discussion on applica-
tion of big data in railway subgrade engineering design[]J].
High-speed Railway Technology,2017,8(3):16-19.

[55] DANIEL Q,MAIRA P,RAMON S, et al. Influence of topo-

graphic data in the development of railway projects using

BIM[J]. Journal of Transportation Engineering,Part A: Sys-

tems,2023,149(6) :4023036.

XUHR AR5z i, 20 —Fh BT BIM A5 AL A 8k i ol 37 2 %

S5 R KAt B U e S (T, BRIE BR MR, 2023,67(10)

70-78.

LIU Z,DANG Y C,LI M. An intelligent algorithm for ex-

tracting railway station yard line structure data based on

BIM model[J]. Railway Standard Design,2023,67(10):70-

78.

BEU T ILER 45 9T TFC B B0 5530 B H £

R AF it 5 4% 33 T5 W W 5E[J/OL). AU 5 A 28 A R K 2%

fi£:1-13. [2023-09-02].https://doi.org/10.13700/j.bh.1001-

5965.2022.0815.

CAI J,WANG H X,DAI X, et al. Research on storage and

transfer method of airport pavement information model

based on IFC standard[J/OL]. Journal of Beijing University
of Aeronautics and Astronautics : 1-13.]2023-09-02].https:

//doi.org/10.13700/j.bh.1001-5965.2022.0815.

[58] GAO G,LIU Y S,WU J X,et al. IFC railway: a semantic
and geometric modeling approach for railways based on
IFC[C)//Osaka: Osaka Proceedings of the 16th International
Conference on Computing in Civil and Building Engineer-
ing,2016.

[59] PU H,FAN X,SCHONFELD P, et al. Extending IFC for

multi-component subgrade modeling in a railway station|[J].

Automation in Construction,2022,141.104433.

[60] Jifi - 22 7 i 22 50 BIM B4l % U L 52 R 55 °F B ().
PRI T 03 2258 ,2023(3) : 96-100.

SHI P W. BIM data resource sharing service platform for
urban rail transit[J]. Modern Urban Rail Transportation ,
2023(3):96-100.

[61] £33, 25888, 25 K. 3EF open BIM 1 42k i T 2 i i%
P A 2B 5T KN (). #k3E 12 i 5 40 ,2022,44(9)
130-138.

WANG W Q,LI D Z,LI F. Research and application of
open BIM-based collaborative code for railway engineering
construction[J]. Railway Transportation and Economy,
2022,44(9):130-138.

[62] 5KLL 5 A, TAEAE, 45, BB TRl 3 7 3

J7 k5 R PR A. TRR A 5iit,2023(11): 133-137.

ZHANG H Y,ZUO R,WEI J J,et al. Modeling method

and application of railway engineering digital construction

platform[J]. Engineering Construction & Design,2023(11):

133-137.

WONG P,LAI J. Building Information Modelling (BIM) :

insights from collaboration and legal perspectives|C]//Kuala

[63]

Lumpur:IOP Conference Series: Earth and Environmental
Science,2022.

XIHE, SRBEAS AR, 45 BIM B A N HT A 325 A R[], 1
AT AT R HAR,2019,11(6) :36-41.

LIU Y,ZHANG Y J,DENG H,et al. Legal issues of BIM
technology application[J]. Civil Engineering and Construc-
tion Information Technology,2019,11(6):36-41.

W] 5. BIM SR AR AL FE R B 5E[D]. 6 B AR L
2R ,2022.

LI M Y. Research on legal issues of BIM technology copy

[64]

[65

—_

right[D]. Shenyang: Northeast University of Finance and
Economics, 2022.

[66] XIMF, Ffefe, 4 &, % 5T BIM A& E TRA R
B AT S B SR [)]. R4 0 ,2021,42(9) : 28-32.
LIU J,XU C C,XIAO Q,et al. Discussion on the modifi-
cation for some clauses of Chinese construction contract
based on BIM application[]]. Construction Economy, 2021,
42(9).28-32.

[67] BR—2% , Db/ M 4%, BIM 52 AR AE B A 8 B 42 ol ol 4 T

Rt T B i 1o T AT R (0], Bk 30 n it ,2018,62(8)
123-126.
CHEN Y X MA S X,XU H. Study on application of BIM
technology in reconstruction of existing railway stations|J].
Railway standard design,2018,62(8):123-126.

[68] 22 WA, AR 38 , 43 i 55 . BE T SRR 43 BT 1 £l 570 BIM



% 5 4

IR OSCHE A5 R T BIM B (9 Bk B B S B2l 07 BRI B A e i 119

7 FH BELAi Bk S [)]. i T8 AR ,2014,43(3) . 84-87.
JIBY,QI Z Q,JIN Z Y. Obstacles and countermeasures
of BIM application in construction industry based on ex
ternality analysis[J]. Construction Technology,2014,43(3):
84-87.

[69] T8 , 4=k 0 JEL 5, 45, BIM 78 2k 47 M i 17 K
KBS 2 BT[], 438 TRE 2% 4 ,2014(3) : 129-133.

XU J,LI An H,LIU H Q,et al. Application and risk anal-
ysis of BIM in railway systems[J]. Journal of Railway Engi-
neering,2014(3) :129-133.

[70] k2 WRosHE. BIM 782> i L AR b 9 1 FIBIE 52, AR 2R
AR AE A, 2018,35(1) : 32-36.

DONG H X,CHEN J Y. Research on the application of
BIM in highway engineering|J]. Journal of East China Jiao-
tong University ,2018,35(1) :32-36.

[71] HAN T,MA T,FANG Z,et al. A BIM-IoT and intelligent
compaction integrated framework for advanced road com-
paction quality monitoring and management[J]. Computers
and Electrical Engineering,2022,100:107981.

[72] AL, XU4at i, 5l , 4. 5T BIM RS 40 B A il & FEM
V4 K B v 0 Wl AR R S AT (D] BRAE B o T, 2023, 67
(9):36-41.

XU K,LIU J H,SU Q,et al. Stability analysis of railway
high slope based on fine BIM design model and FEM[J].
Railway Standard Design,2023,67(9) :36-41.

[73] 245, 22 el | P bR, A JE TG 5% BIM B AL Y ) %

I3 BT 5 Rl N BORBESELT]. B A Lk R 2R (A AR
Bl RR ) ,2022,44(6) :647-653.
LI Z J,AN J F,LU Z L,et al. Research on mechanical
analysis and fusion application technology based on bridge
BIM model[J]. Journal of Nanjing University of Technology
(Natural Science Edition),2022,44(6) :647-653.

[74] BBR 4, 22 5. N TRV REMHR Y £ AR T[] £ AR TR
#%,2019,52(5):1-11.

BAO Y Q,LI H. Artificial intelligence for civil engineering
[J]. Journal of Civil Engineering,2019,52(5):1-11.

[75] E &AM, Dfiuk, F i, 4. 3+ BIM+VR 1y ¥tz Ui
T e BRI R 3 R DG B HOR ()], BT
$1,2022,62(12):153-157.

WANG Z W,MA W B,YU J J,et al. Key technology for
construction of immersive underground high—speed railroad
station evacuation drill scene based on BIM+VR[J]. Railway
Construction,2022,62(12).153-157.

[76] KR AT, % & . BT BIM+F% 2l 1 o 30 5 Ay e
BRI L 55 R R 4R 18 BORWTSE[)]. §kal A5 v 11,2021, 65
(12):44-49.

ZHANG C,HE Y L,LU H Y. Research on intelligent
maintenance technology of high—speed railway based on
BIM+Mobile augmented reality|J]. Railway Standard Design,
2021,65(12) :44-49.

[77] BRARMS By I, o BE 25 BT 2 A I 50k e B e Bk
R0 g I 4t vh iy R )] AR 2R A0l R % Ak i, 2021, 38
(4):27-44.

CHEN H P,LU S S,LEI X Y,et al. Advance in research
on applications of digital twin in intelligent railway opera-
tion management|J]. Journal of East China Jiaotong Universi-

ty,2021,38(4) :27-44.

F—1EE R (1989—), B, Ml 4z 4 w4 AR R
rpE BL R P2 5 AN FE2 TR RS L OF S o &
LM EAEH . E-mail : wenbotu@126.com

BAEAEE KNG € (1975—), 5, #1414 0 v
PUAE 150 )2 R G RE 45 N A B 5% TR N3k W9 0 ) g 9l 38
25K S BB B 712 . E—mail ; zhangpfd236@163.com,,

TR £ 4030)



