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Abstract [ Objective] During tunnel construction using the
drilling and blasting method, over-excavation and under-exca-
vation issues are always unavoidable. To accurately identify
over-under excavation positions and calculate the over-under
excavation, an excavation calculation model based on tunnel
longitudinal section lines is proposed for this issue. [ Method ]
Point cloud data collected by the 3D laser scanner are pre-pro-

cessed and the tunnel central axis is extracted. The 3D Delau-

nay algorithm is applied for curved surface reconstruction of
point cloud data, and the transverse and longitudinal section
lines are extracted on the curved surface. Over-under excava-
tion areas are calculated by comparing actual cross-section pro-
file lines with theoretical profile lines. Combined with cubic
spline curve fitting results of longitudinal section lines, the o-
ver-under excavation areas per unit radius are obtained, thereby
conducting analysis of the functional relationship between over-
under excavation areas and tunnel mileage. [ Result & Con-
clusion] Combining transverse section over-under excavation
area with cubic spline curve fitting results of longitudinal sec-
tion lines, and the method for calculating over-under excava-
tion volumes by integrating along longitudinal section lines, the
volume element changes along the tunnel mileage direction in
terms of volume element shape are taken into account. The
minimum unit of over-under excavation volumes is simplified
into a curved prismoid, enabling over-under excavation volume
calculation through integration. When applied to the actual tun-
nel over-under excavation analysis, under identical volume ele-
ment division condition, the proposed calculation model dem-
onstrates higher calculation accuracy than other calculation
methods, while intuitively displaying tunnel over-under excava-
tion situation through chromatograms and contour maps.

Key words tunnel; over-under excavation; point cloud data

Bl 2 L i A A 2 I 5 i,
R 28 TCTE G XA 1) L, ] o R A ) o e K
AN YA M E P B R0 IS & P
o ARGERHE R AZ AN SR W v A3, 20l A8 25 1 7%
X BESE A TIT ARSI ER ARG RS B e, LA
GURHIN 75 vk PR I 280 SR AT, 8 i 1A, G 3 S R
ERE AR R AZ R RE o T = 2 FHOL 3 A B A8 I
R RE G [ nfads ] LA S 30D B4 i 380 AT 119 7o SR A R
P Sy SRR S ERTTR S NI Y S S|
HE A IS it T R A i) B R U

SCHRL3 IR IR R AR 23 1 58005 X g i

# [E R AR R0 H (51675450) 5 w72 - U T B B L IURHIT R (2021 CHZ010-3) 5 U J1| 44 B s fiF 42 100 H (2022 YFG0241)

- 155 -



O s | =

BAN MASS TRA!

i

Wi i = FEAT 20, OF T 2 A 52 B X X
FERIBBEAT SE T o SCRR T4 ] 7248 HURE 18 1B 1f ), 1
A RE BT BT £ 5 S B e 4k 8] Y X
SRR, FH LU A2 i AR5 DB 18 ) 5 1) Sfe BRUAE DAyl
KAZTi 5 o X T o i B ARAT B I 1 42 5, ST
FRLS oK BRIEHE B2 F1 52 B 8 S 2k ) 14 1D BR B3 0 Jl
ZAMIEH =L , FEm S X AZ AR . SR 6-
7 PR IR AL A = B AR AR I 205 T7 ik
AT I T B T T P A B =K B ORE 2% il T
UG, B — i T i T T SN 2k 0 B B K AZ A
p i

SR, EAT BIFFEAE W 1 i RO 22 % FH AR — 7
JEJEE B4 i 2 R AR MR T e S 2 19 T vk, OUSE LR
W T2k R HORS B2 A AR RS2 e . e Ah, e ot
BRI RAZ Jr i, A OFE A B IE R RUMOT
T BRIE R AR A B ST, AR SO — R IE
A RAZ TR AR, B e X R AR B a5 2 B 2 47 10
Al 3 e X A5 52 ik AR BB G A 2k, R T = 4k
Delaunay 5532 51 2= &l £ 47 il v 5t , PEAR B
S o oy A OB TR i B, R FURE T 1) ) )
TR AT =R A I 25, a4 05 7 A X
PR 22 1] 1) 5 205 4 2 M BRUROG fa 16 D il 12
k6, DM S SEEAT 2 07 T3, AR SO ST Al
S ) S BRI AR BT A M S 18 o

1 BESAZLESBREZITE

1.1 RRESZEERLE
111 5 =43RS AT K4

FH IO 5 AR 4 B 00 i 1f 18 = B8 00 MR S 4
K RRRR IR A KRS 1 BRI B RE AL, LAk,
Db A R B K, 2 R e R Ak R R
R R, SR T T 8 I B3 S B D 4 o = B Hie
T B A

TEIAG s B LM e, R AT AR B K
X B Ak 3L B RN BSCR A AN I I T5 R R
RFE VLA B &0 25 R B 55 08 B DR 46 o = B0l
B AR | AR SR TR R AL AR ST R
1.1.2 M3 4h X3

R A 2k e 8% 1R B R T P AR B FE TR
B RAZH, Tk R IE h A2 fE . i T b iy
BRI A B RIBRTE , SR HRS B A58 van ) XL ] 552 15 4
s AR . B IR R A s B s A i 4 E)
xOy JKF-THH yOz KT, 2R TR 3K 2 2 B0 5 i
- 156 -

2025 &

=, /D ZIRTE A A B 2k, SR 5 SR AR A
ZBARTE R P15 1T ) R 4R AR B R R AT
[INERS RE0 W e S CINEES A (Bl SIERRETIIES
1.2 HiEZIRE

W TR 2 SR RO 1T 59 A I il , 7 B 2k AL
TE AR T T R 0 TF S8 O 2R AT ISR HH
M2k, B9, 5T =4k Delaunay B3 %) Bk 8 #E 17 il
A0, o S 0 R R T R K R S = T
A5 R AR T 0 4 R U I T 12 48 B 05
B TR TR A B e 2k 1) 5 B 3 S s it
TR PR 52 A5, T LA S S5 B T T 6 8

R Hh T 7 R O 1 o7 B T LA S BB I T 4 R
LR, Lh— A K BOR W I 48 3 2k 1 B A py,
FEE T A B 5 FE AN I DL R, Al SR A py
AR S X O (A 7R 4 ) i, PR G KD AR AR A R
ST py BEES R L BT 05, IRk 5 st
SR RT A = A A, o = A R T ok A
—AN =R TR TR, A A A py 5 HXT
JOF PR Lk ) i, SR HE %k £ 1 R BT AE Y 14RO R,
I EIZEL RS A= MR 388,

TS5BS p, BRSO L B A 24, &
XL A DG = A T R IR ME— BT DA LE BT A
BT FE Sk  = M T 2428, PR A
DTG a2 5 G I = 3 ThT R 1) PR3 ok s B il
T 5 LR 7 B A S PR A8 e 4 28 a5 T8 X 1o = ff) T
F B AR D8 B % s e S B A A, B S o BB
T FE R A o R, FE MR — s AP K AR R IR A 1) B
B A BETHE R A, i R T A IR T 15 3 2 A4
SEZ o T T 2, ARV B G A B T AR BT TR
1.3 BXREHERFE

AR 248 T 47 b 3 52 s 2 1 R 158 3396 1 =[]
DG FR AT TR SE PR F TN, WIAR B4 5 4
BT R MR PR WA, WFR A R AZ . B RIZTTH5
FEALE R RSB B IR RS A
1.3.1 BRIz@mR+H

R R A7 T AR 2 4 TR T T T 4 5 S o B TP 4k (1)
PR DX 3ok, 35T ok e 2 JEARL, 45 A 4B 1 31 g
V48 8] 1) DX SN B TR D = f B W SE bR 4
JE A BN RE T G A I B B VR S BRI 1 IR,
FHAS A B 58 B A5 1] 0 1 B P B R v
BT s g, T LATT S U B O ) AR AN BRI
TS, o

VB Sy 1] L5 0 R I W T R 1 BT 2 AR



55 5 H#i
BB RIZIR S, AT LIRR A
S, =oAL 1
o ‘tho,i _Racl,i‘ ( )
K

R, — 55 i DRIE AL P REE SR AR
Ry —55 i NERIEAR I RETE B AR
SR FH 12 5 A i) W 1A R A U 1 T R
TE HUFE T 1) S B ] BT 1T, 75 21— R 891 S B W 1 5
B i e, A X B B A A ol A o e A L RRE
SR G T 2 i A7 B T 24U B e, it =
UCRE 25 M 25 8 AT LAAR BT B A0 D o5 A S B 2 12
R R AZME s B 455 S, vl AT AT s )
RIZTEFA
W& O 1) 155 @ S\ ml BT 4R L, KO HLAR
oy AAB R AZ TR S, AT LLRAR R
Sy =80 (Reti = Ripo i) (2)
1.3.2 BRAEEFFHHE
B RAZ 7 1 bk 18 BT it I 5 R 42 S B ot T
Z AR AR SR AR BRUBOOT 16 4 3 35 o A LR 4
R M G, 5 A X e T AR R,
J PRI REAN B 38 1) A2 R i T gt
1) W S, SMAEN =AM r(y) 2
[ DGR, AT LAARAR 55 @ 259 1) I 1T 2 1) R 428 TR
ShgE BRI y BeRELCS, (y) A
S:(y) =8..(r:(y) =Ryoi) (3)
2) X7 () TR o] LR AR oG b
BRRL 55 i R\ B L, BgiE BLEY v 40l
NGV, TR A

Vi = ﬁ:wSi(y)dy (4)
FAVC R

Ay—HAK B R

3) FrA PRFR BT AR I wT LS BT 42 T K
AR BV, BIZ RS RAZ AR 22 (.,
A RLRR N -

n

Vl = Z Z Vij (5)
Sl '

e = NG TEs O A R PR -3 s
R BIE M IE, RIZ N,

WV, HWEIZEERRES R EZ A, T L%
TRA :

szzz_,l‘vij‘ (6)

i=1y

EX S X

HRAZ(S) X (6) AT LISK H & B A 12 5
% Vg 57\%%% VQ( ,Jﬂﬂﬁ:

V., +V.

Ez 12 2 (7)
vV, =V

Vi = (8)

BeAh e (5) M (6) H 25 i B E , ]
A7) Rz (8) rp bR H B T (53] ) 5 — 37 1 19
FEIT R RAZ T 5

2 SCFRIFENH

EBCGED R 22 I 22 5 18 {5 8 TR B K N
SEG S FE AL A9 WHU-TLS 3 o #5040 42 v i) WHU-
TLS Excavation ${4s 5241 7% 18 B K42 8. B =
AEFOCHI A RIEGL VZ-400 #9412 ARG S =
Bl , it 4 AR TR EROR UG o
—B KL 6 m s IE 5 2 B AT RS
BT, 55K B I v ] ) — A D 18 05 = B3l A 7
/DN ZATEMGIRIUL A, B HAE iz B () R 4
Bigk, % C ++ #4454 JF I & Point Cloud
Library (PCL) "*' 4 5 3%

2.1 BiEZIRE

FE 5 2 B0 T Ak BN % G v R 2 R USSR
=4 Delaunay 532 5L = A 1H Ros BB anE 1
Fiim o e AR AR 20 00 bR 18 b 22 7 B B BURR 1
P ITTET o AT — DT T, 6 32 0 1f (50 ] I 45 ) PR R 88
AN THAAE R FS Wi b 88 AN ANk Lk, 1531 88
AIEZR ) 40 T B 3 e 2R ) o 5 S PR B G T
FAC A5, FH LR % 32 0T A 22 o5 BRIV ] 45 380 % 3 2 0 1
LUK 2) s RFSCERLS | 097 Bt Ao, ji
CIRGEIL T N A2

1 =4k Delaunay 53345 B = A i A 7s B
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