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...... : = \ == — irregularities of
3D laser scanner enabling detailed | Image processing technique the shotereted
: (template matching) that surface
identifies a target point from the
geometrical irregularities

(a) 3D matching (Kitamura et al., 2017)
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(b) Overall deformation nephogram of the Shanghai Metro Line 11 (Zhao et al.,
2017)



(d) Digital mapping of a top heading (Potsch et al., 2017)

EXCAVATION SURVEYING TUNNELING FORMWORK
(G5

REINFORCEMENT

* Easy identification and * Al relevant informatio

7
K

* Setting-out directly from

* Geometry directly from

BIM

Automated operation of

equipment (GPS steering)

* Data collection for
feedback to the designers

* Fully digitalized workflow

-

(e) Contractors processes based on BIM (Engelstad, 2017)

BIM

* Photogrammetric survey

with drones

* Quantity calculations

based on BIM

* As-built documentation

from the field

+ Building plan for drilling

directly from BIM
Data steering (robot) of
jumbo

* MWD collection and

analysis

* Geometric constrol
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* Planning of formwork

Pre-fabrication of
formwork for complex
geometry

* Geometric control and

QC of formwork before
casting

placement based on BIM

+ Digital xml bar bending

schedules

* Direct pre-fabrication

based on model data
QA of bars based on
comparison with BIM

available in BIM

*+ Identification and

installation of embedd
parts based on BIM

* Ordering concrete

directly based on BIM
quanteties
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13. RESERISR SRR

(a) 3D 4 (b) VR = 4

[l 14. $#PRL E30 ARkhEE MG I B4 BERARBE TIESWIRA

N\ ¢: Implenia 2
Implenia - Shift Plan

* Management : 4 day week
» Foremen+ tunnel workers: 12 - 9 shift

Shift plan for 12 - 9 rotation

ii-as {3
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16) » BET RN — Ll i e T B MRl Bl - T Bt 4 A SO B ER S -

18



15. JEEKRR BN & =8 (Fr i)

16. T Y {=E} B EEHY T SR IE

19



