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Ground risks In urban settings



What are the Ground Risks?

20-foot sinkhole opens up in the middle of NYC
street - the third ground collapse since last week
3 =51 £ =
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View gallery

Citizen .

The D of toa ive 20-foot that opened up in the middle of an Upper
East Side street on Thursday at East 89th Street and York Ave

Ground Collapse / Sinkhole

Water main break floods Brooklyn
buildings and excavation site

@ By Todd Maisel

Posted on March 4, 2020

Damage to Utility & Structure

Barge ‘drifted 50 feet' down East River before drilling hole in
Queens-Midtown Tunnel

The northbound tunnel is reopened for two-way traffic

By Andrew Siff « Published September &, 2024 « Updated on
September &, 2024 at 6:44 pm
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CREDIT: @ WHATISNEWYORK L =
A 24 inch water main broke early this morning on North 6th Street and Driggs Avenue,
flooding basements and a construction site, while causing the street near the L train

construction to crack and undermine. (Photo by Todd Maisel)

Flooding

BREAKING NEWS

eSS BOTH SIDES OF QUEENS-MIDTOWN TUNNEL
DOVACLUSE BACK OPEN FOLLOWING WATER LEAK

HACKETTSTOWN 75 78 77 72" 69



Understanding ground condition &
development history



Complex Underground. ..

-

CENTRAL PARK

WESTERN UNION
PNEUMATIC TUBES

POST OFFICE

STEAM PNEUMATIC TUBES

LONG ISLAND
RAILROAD TUBES

RALROAD b 3 ol 3 N s - 10 FEET

DIRGRAIMS REVEAL (OMPLERITY

It was Thomas Edison, who said it would be
cheaper in the long run, and the wire-ripping
blizzard of 88 that persuaded New York to
start putting utility lines underground. Man-
hattan’s pavings have since become so much
scar tissue, constantly incised and sutured, for
the inclusion of new police-alarm systems, gas
pipes, television cables. In this picture, com-
bining aerial photograph and drawing, only
j lines are shown. Cross sections
by slicing Manhattan east and west
along 34th Street (above), north and south
along First Avenue (right) and along its water-
front. Vertical scale has been exaggerated to

HOLLAND TUNNEL

show clearly the various underground systems,
whose main arteries are mapped individually
with key colors on opposite page (top). Man-
hattan’s geology, the base of which is a rocky
backbone rising toward the ground’s surface
as it moves north until it outcrops in Central
Park, is illustrated by the numbered layers (dif-
ferentiated here by arbitrary color), explained
in the legend on opposite page. Depth of the
island’s network of cables and conduits varies
from a few inches (because of tidal seepage) to
as much as 750 feet (water tunnel No. 1, extreme
lower right). The value of all this is uncomput-
able, but §15 billion is a conservative estimate.

CITY WATER TUNNEL No. 1

2 Mup
3 SAND AND GRAVEL
4 FORDHAM GNEIsS
5 DECOMPOSED ROCK
6 SCHIST
7 INWOOD LIMESTONE

." SUBWAYS TO BROOKLYN

CONTINUED ON NEXT PAGE

‘Underground New York’
- Life Magazine (Nov 7, 1949)
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Ground Model
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How 3D ground model can help



The problem

=

Cost & Time

Data collection is
often manual and
tedious

Assurance

Collection can be
unreliable and
difficult to audit
with consistent
descriptions

%

Data interpretation
and sharing

Interpretation of
large amounts of
data can lead to
misinterpretation.
Sharing data
Instantly is not
practicable



The solution

Cost & Time

Digital data
collection

Structured ground data
collection and
consistent replicability

Assurance

Automated log
production

Automated log
production and seamless
quality assurance of
ground data

v

Data interpretation
and sharing

Automated Gl
Interpretation

Automated log
production and seamless
quality assurance of Gl

data and structured
database storage



End-to-end GI data collection to
Interpretation and visualization

Digital data

collection

Seamless Data Compilation

Data Collection App including

Existing desk study information for
easy cross reference on site

Daily field report on progress and
site observation

Field logging app for soil and rock
description during ground
investigation

Automated log
production

Standardized Data Schema &
Format

Logs production are compatible with

» Local code requirements to soil &
rock classification (e.g. NYCBC)

» Geotechnical Data Schema for data
sharing (e.g. DIGGS & AGS)

WAGS

Automated Gl
Interpretation

Streamline Data Process &
Visualization

Geotechnical Interpretation

» Streamline data processing and
plotting for geotechnical
interpretation

» User friendly interface

3D Ground Model

» Visualize ground condition and
developments incorporating all
existing and project specific data



Standardized data collection

Digital data
collection

Daily field report automatization

ARUP

DAILY FIELD REPORT
BASIC INFORMATION
Project Name Test Project
Report Title Test Report
Job. No. 123456
Address 20 Westlake Dr
Valhalla NY 10595
USA
Date May 20, 2024
Client Client ABC
Recorded By ABC DEF (Arup)
Discipline Geotechnical
General Contractor ABCD
ABCD.

GC's Superintendent

Purpose of Visit

Site Walkthrough

Weather

Mostly Cloudy, 46 °F

Reviewed By

Haoran Zhang

'WORK IN PROGRESS

[ Time

Site walkthrough conditions detailed in attached media.

Operation ‘Surveyor set outs location of drilled shafts in rows 7 and 8.
Drilling of B8 and L8
Plant TMT ALZ5 (762), IMT ALZ5 (60), Tejas pump truck, Mantis crawier, KUbota SVL 95-25 — skid
steer, CAT 299D3XE — skid steer
Progress Drilled shaft B8 drilled to 331
Drilled shaft L8 drilled to 33ft
ENGINEERS RECORD
[ Time 08:00 |
| Description of Activities | arfived on site |
05:30 ‘

| Description of Activities

Please note that videos do not show up in printed reports

| Time 12:00 ‘
| _Description of Activities |
[ Time 08:38 |
Description of Activities | DAling rig and ofher equipment setup commenced.
Ensured all equipment was properly.
09:00

[ Time

| Description of Activities

Drilling started at Borehole BH-01.
Initial depth recorded at 1.5 meters.

[ Time

10:39

| Description of Activities

Collected first soil sample at 3 meters depth.
Sample labeled and stored for laboratory testing.

ARUP
77 WATER ST
NEW YORK, NY 10005-4401

Page Lof 4

ARUP

PHOTOS

Notes

tvand computer

ARUP
77 WATER ST
NEW YORK, NY 10005-4401

Page 30i4

2199

Cancel AmGeoTunnel - NYC GTG Sta...

Save

Fieldwork Status: Fieldwork In-progress

Borehole Basic Info

Pre-Drilling Checklist

Soil Data
3items

Rock Data
2items

Groundwater Table Depth
2items

Core Box Phato
3items

Remarks
2items

Post-Drilling Site Photos

9

Report Locate

Field logging app

28T -
e Soil Data

5.7, M - Sandy elastic s with gravel
7.9, SW - Wal-graded sana
28, 27, 595G + Ponrty grased sand with sity clay

roc-spaeie

3items.

e -

Sail Data Save

Top depth of ol sample ()

Botton Depth of samgl (1)
7

Sarmpla toswber

51

Gample Type.

s

SPT Blows (07-67)

0

5P Blows (8-12)

18

SPT Blows 12°18°)
2

T Blows (18247
0

w287 -
Soil Data
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e oo b mectium plagicity, Orgaric, Wilh 40me gravel
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e @ @
6
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Description Description Description
Plasticity Dry Strength Structure
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Standardized data collection z

3 Arup NY 03 Unified Borehole Log - NYCBC Classification

Automated log

production

Table 1 Available borehole log templates

D Template Name Lab Test NYCBC Rock Discontinuity
P Columns Classification Columns
1 Arup NY 01 Unified Borehole Log v X X
Arup NY 02 Unified Borehole Log - No Lab Tests X X X

Arup NY 04 Unified Borehole Log - No Lab Tests -
NYCBC Classification

NYCBC Classificaton

5 Arup NY 05 Separate Soil and Rock Log N X Ng

6 Arup NY 06 Separate Soil and Rock Log - No Lab Tests X X v
Arup NY 07 Separate Soil and Rock Log - NYCBC

7 T = v v v
Classification

g Arup NY 08 Separate Soil and Rock Log - No Lab Tests - x v v

Automated log production
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Standardized data collection

Automated Gl 3D Ground Model Visualization
interpretation

.| Automated Gl
) interpretation

N ST * ™
—— ”'l‘:' [;||{ Ui Mﬂ" ’ B ”!%.""I":i:'}:}’r."‘jml";F“'L"" )

| | {

3D Ground Model including
underground assets and
proposed alignments

|
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Asset management in tunnels and
underground infrastructure



The problem

Cost & Time

Visual inspection
and its reporting is
costly and slow

Health & Safety

Data capture is
manual and access
constrained

-R

Assurance

Interpretation is
unreliable and
difficult to audit
with missed
Incidents

v

Quality Control

Visual inspection
IS Inconsistent,
poorly recorded
and difficult to

audit



The solution

Cost & Time Health & Safety

Automated Inspection

Drones + Hi-Resolution photography:

» Capture data at speed and automation to
accelerate processing, visualisation and
interpretation

» Reduces the need for person-access and asset
downtime

Assurance

Automatic
defect detection

Identification of issues
and change

automatically detected
with machine learning

%

Quality Control

Immersive
Visualisation

360-degree immersive
imagery provides a data
baseline and irrefutable
record of condition over
time



End-to-end automated Inspection for asset
management

Automated Automatic Defect Immersive

Inspection Detection Visualisation

Survey, Specification and Build Al and Machine Learning User Interface

« UAV (Drones), UGV (e.g. robot dog) + Defects detection (e.g. water ingress, * Collaborative decision-making cloud

spalling, cracking) platform
» Mobile: maintenance vehicle integrated
/ bespoke loco mounted « Change detection (e.g. temporal * Intuitive virtual walkthroughs
progression and defect growth) and ML indicators

» Fixed: Integrated onto fixed
infrastructure e.g. maintenance rails  Inventorying: (e.g. FLS signage, MEP  * User defined analytics, risk scoring
equipment cataloguing) and automated reporting



Bespoke modular data capturing system

Automated
Inspection

Small Diameter Tunnels

Large Diameter Tunnels

& OArup

N Microphone

7N 360 HD Cameras

Thermal Camera

UK %D
e hs'l & R‘é‘{"ﬁ&?) AngloAmerican

Delivering your electricily

Shaft and other assets

NetworkRail

High Speed Ltd. ==

[§

BLUEBELL"
RAILWAY




Machine Learning-powered condition assessment

Automatic
Defect
Detection

Defect Detection in Tunnels

UK '
NetworkRa:.' high )
T NS’ & power =223

one Networks
Delivering your electricity



Machine Learning-powered condition assessment

Automatic
Defect
Detection

Crack Detection — Dam Tower




Intuitive dashboarding for asset management

Immersive
Visualisation

) Loupe360

The data Is visualised in a
web-based dashboard.
Easy to interpret visuals
accurately describe the
asset conditions.
Automated reporting Is
also available to match
the client’s standards.

https://www.arup.com/services/digital-solutions-and-tools/loupe-360/



Use cases

mmmm LDUring construction handover

« Impartial assessment of tunnel's condition before handover.

 The initial inspection serves as the baseline for future change detection
analysis

As part of operational phase asset management

« Change detection.
« Strategic inspection and maintenance planning.
« Data driven expenditure optimisation.

Asset protection role from nearby construction

« Comprehensive before-and-after comparisons depicting any alterations
or damages incurred during construction periods.

« Ultimately, the benefits of continuous visual inspection lie in its ability to
act as an indispensable guardian, preserving the longevity and
functionality of tunnels amidst the dynamic challenges posed by
neighbouring construction endeavours.

Walkthrough 2 / 360 viewer
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Concluding Remarks



Unifying Data Approach

Operation
Existing Data Ground Model & Construction Model Asset Management &
Collection Interpretation Maintenance
* Desk Study Data » Ground Investigation » Construction Data » Asset Inventory
» Field Inspection Data Data « Construction Ground * Routine Operational Data
« Existing Condition Condition Data » Maintenance Inspection
Monitoring Data « Construction Data
« Geotechnical Instrumentation &
Interpretation Monitoring Data
Information « As-built Information

* Design Information

Unifying data architecture — cross lifecycle & discipline






Contact us ARUP

Wylie Tsang
Wylie. Tsang@arup.com

Francesc Mirada
Francesc.Mirada@arup.com
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