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SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

A AID Background
A Spacetec Technology
I Equipment (Spacetec Scanner)
I Capabillities
I Software
A Testing of Pittsburgh Tunnels
A Post-processing/Analysis (Mapping & Database)
A Cost & other factors
A Limitations
A Conclusions z



SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

AlID Background (staff of 30 in NJ and PA)

A NDT/E Assessment & Forensic Investigation
I Tunnels
I Bridge Decks
I Bridge Substructuresy
I Pavements

PSPA, GPR & HorizoRtal
Coring .

\a;,
Spacetec
Scanner




SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

AlID Background

A Pavement Engineering
I Testing
I Design
I LCCA
i LCA




SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

AlID Background

A Asset Management
I PMS Data Collection
i LCMS
I High Resolution Digital
Video Collection

I Pavement Treatment
Recommendations

AID Integrated Testing Vehicle (IT\/)



SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

AlID Background
A Utility Mapping

(Multi-Channel GPR. Pin-point
accuracy. Export to CAD.

Export to Google Earth)
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SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

This report (RO6G) evaluated many available technologies and
found Spacete@ mature and useful tool for tunnels.
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SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

Tunnels Scanned

MTA-NYCT  EastRiver 2 CBBT Chesapeake 1
MTA-NYCT  Newton Creek 2 Bay Bridge
_ MDTA Baltimore 2
Amtrak East River 2 Harbor
Amtrak Hudson River 2 MDTA Fort McHenry 4
TOTAL 8 SJTA Brigantine 2
NJDOT Rt. 29 2
NJ Transit Roseville 1
PennDOT Armstrong & 2
Liberty
TOTAL 14
Railway/Subway Vehicular

Tunnels Tunnels
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Advanced Infrastructure Design (AID)

Spacetec Technology

A Scanner
I 300 Hz Mirror Speed
I 360 ° View Angle
I Highest Resolution:
A 1.25 mph

A 10,000 points/rotation [ S tous |

Al:;( 300 FEFT ‘

A 0.3 mm Crack Size cl.

A 16 Ft. Optimal Distance




SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

Tow vor Jasw e

Spacetec Technology

A Capabilities
I Visual Image ‘
A ID all distresses (tied to Station) ===
A Features (asset management) i
I Thermal Image

A All moisture intrusions (tied to station)
A Debonding (possible)

I Profile
A Profile (xyz)
A Clearance “
A Close inspection of damage (zoom, 3D) —

o
- .’;-’-l‘: “




SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

Spacetec Technology

A Software (options to purchase license. But not necessary)
I TuView
A View/print mapped data
A EXp ort to C AD e o
I TuDrive
A Virtual drive thru

A View and measure
analyzed data

I Tunnel-Inspector e -
_ Visual Channe Thermal Channel
A Comprehensive

A Mapping/statistical/printing

11



SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

Testm_g of Plttsburgh Tunnels

“&’?u

leerty Funnels Tunnels

- Y- 0 : - & - 155,

Liberty Tunnels: only NB Armstrong Tunnels: only NB

Two tubes, horseshoe profiles, tvl@ ft lanes. Only Two tubes, horseshoe profiles, two 12 ft lanes.
NB tube tested Only NB tube tested

Appx length: 5,900 ft. Appx length: 1,300 ft.

28.6 ft wide, max. height of 20.75 ft Tile lining on the walls, concrete on the ceililr%g
Concrete lining, 24 in. thick

N



SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

LibertyNB Tube

Spacetec Scanner

AR
;-:i(\%ﬁ@& \ \\\\\:

RO

- - g 2
.~ PSPA
Spacetec Scanner: Portable Seismic Property Analyzer (PSPA):

Full coverage. Limited coverage. Point by point testing.
Only NB tube tested. Area of 200 ft. by 14 ft. tested (NB Tube).

Testing Speed: 1.25 mph (full coverage) Testing Speed: 1 min/point. 200 points tested
Visual, 3D and Thermal images Dynamic modulus and resonant frequency $I3E)
Test date: 09/21/15 Test date: 11/05/15



SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

Armstrong NBTube
J

4

Spacetec Scanner:

Full coverage.

Only NB tube tested.

Testing Speed: 1.2 mph (full coverage)
Visual, 3D and Thermal images

Test date: 09/21/15
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SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

Postprocessing/Analysis (Spacetec)

Edit Organisation S

HOHE (DS 8 e

654 B56 658 660

Visual Image of the Wiolded Tunnel

0 ik, o Oide sl <L 7 ] g e e,

PCC Pavement Driving

Direction
rig nE

Zoom: 0.09 |line: 120364 pixel: 4523 |X:665m Y:-1149 m Zone NR.: 22 Zone name: Sta. 2+100 To 2/ Mode: Move 12/8/2015 1:29:21 PM

5 =>(\Zone name: Sta. 2+100 To 2+200 [D



SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

¢cdzyySf CSIUdzZNBa (2 085S

Visual Features

ACracks < 1/8in.
ACracks > 1/8in.

ASpalls

AMissing tiles

ADamageto ceilingftiles Thermal Features

ﬁll\zﬂf?:s:g;ience AMoisture (Cold Anomaly)
ARStalactites Awater intrusion (Cold Anomaly)
AVisual Condition ADelamination & Debonding (Cold/
AOther Warm Anomaly)

features/Elements
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Advanced Infrastructure Design (AID)

Visual Profile (Spacetec)

Cold

Anomalie
S

il
w B ET
—*(\Zone name: Sta. 5+700 To 5+800 ]1];)




SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

Thermal Profile (Spacetec)

==/\Zone name: Sta. 5+700 To 5+800 [[])



SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

Postprocessing/Analysis (Spacetec)

Cold i : Cold
Anomalies i Anomalies

Visual/Thermal(Sideby-SideView)



SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

Postprocessmg/AnaIyas (Spacetec)

Liberty Tube:DebondingResults Not Conclusive
(not enough thermal gradient) 20
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Advanced Infrastructure Design (AID)

Postprocessing/Analysis (Spacetec)

EChl | T

~Tunnel-Inspector DArmeta ° ol | Name: unnel b - [ Tunnel Dmeto ong NBint | Name: innel, nor
File Junnel Edit Organisation Statistics Compare View Info User Administration Program options file Tunnel Edit Organisation Statistics Compare Yiew Info User Administration Program options
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Armstrong TubeDebondingRresults Successful.
(confirmed with sounding)
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SHRP2 RO6G Pittsburgh Tunnels

Advanced Infrastructure Design (AID)

Sample Results (Spacetec)

Thermal data [0 5)  ome)ta m1ay
indicates Giatass
presence of
moisture in the
ceiling while
no such
Indication is
observed in
the Visual data
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Advanced Infrastructure Design (AID)

Sample Results (Spacetec)

Thermal data
indicates a heat
source behind
the ceiling while
no such
indication is
observed in the
Visual data
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Advanced Infrastructure Design (AID)

Sample Results (Spacetec)

Exact
location from the
(xyz) of any

anomaly san

be seen on

the profile

data




