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o D=2 M 3|(American Road and Transportation Builders Association, ARTBA)
O =M™, 76,6000 72| wA7F EQot wES EeSH0 2F 222,00078 &7H0| H==
HZOo| 2R3, MM oM S |AESFE f° o4 3,190 HE{7t oo

o HEZ0| Y wo| X Zol= o 9,800Z 2 0|E(6,1000H)0|H, 2HAHE
Of O] n&s& AILHFE WMot ?|Ho ==&

« O=9 ud ot S22 %[5t 0HAM Z 9EHAZ Lir|=0|, BH wo| of
44%7t 785 (Good) O|&0|1, 555 ~65 = (Fair)0| 49.2%, 455 (Poor) 0|5t WO
6.8% 2

(@]

[O]= w2 i (US. Bridge Inventory) m& AEf H3} (ARTBA 2023)]

Change % Change

2022 2023 22 t0923 22 to 293
Good 276,282 275,093 -1,189 -0.4%
Fair 301,355 304,026 2,671 0.9%
Poor 42,951 42,391 -560 -1.3%
Total Number of Bridges 620,588 621,510 922 0.1%
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Total Number of Structurally Deficient Bridges in
Poor Condition

80,000 12%
70,000
10%
60,000
7.5% 7.3%
. 89
50,000 — = 7.0% 6.9% 6.8% ¢
40,000 43,578 6%
30,000
4%
20,000
2%
10,000
0 0%
2019 2020 2021 2022 2023
mmmm Structurally Deficient Bridges —e— % of Bridges Classified as Structurally Deficient

Does not include Guam or U.S. Virgin Islands

0= W 9=8 455 2 ]

State Map
Shows % of bridges

structurally deficient.

0-4.9%

5-8.9%

9% or higher

0] DS =33 U AT} M4 o Elof Y DSO| BOF 022 mY
So| gt 2 oIy Wl ol & AUS

EXRE W 2 0jget uE FA M2 ot Ak F 2007H 8 O|=
A

OJH[2~Etz DJL|OfZ 2| 22| DIAA[LZE gAd =2 WEol S1 Atz 13829 AtE

ESH 145HO| APAXRIZF EHlSE AFZA D 2022 HIAH|O|L|OFF I AH 0|AM mEk
O 813t 10HO| LSE & AtHO| JAAS



(Zh: OAAIEE g 83 Abd, 2 D=H g S3| Atd]

Oj=9 AYIN£LC 22| 3(Federal Highway Administration, FHWA)2| National
Bridge Inventory(NBI)O| 2|5 O|=2| 6.1m O|&2Q| w3 ZAF A1t 1987HFEH 25
H7t & 103712 nFo| S1E
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Failures for a given Year
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—

Frequency (Number of years at this failure rate)
w

=

W Sample Population Failures ¢ Geometric Distribution

0= wzk 3 At HIE (1987~2011)]
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Annual Vehicle Miles Traveled in the United States

Trillions of Miles

o

1671 1977 1983 1989 1885 2001 2007 2013 2018
Last ypdated June 2022
Printed on. November 23
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Number of Bridges in Need of Repair, Including Structurally Deficient Bridges Number of Structurally Deficient Bridges

I Bridges in Need of Repair, Including SD Bridges

1,800 I % of All Bridges Classified as Structurally Deficient
I Structurally Deficient Bridges
1,700 300 6%
o 5%
1,600 280 '\@——0——&
4% o
260 @
1,500 3% %
240 o
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1,400
220 1%
1,300 200 - - - 0%
2019 2020 2021 2022 2023 2019 2020 2021 2022 2023
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Cost to Repair Area of Bridges

Type of Work Number of Bridges (in millions) Daily Crossings (sq. meters)
Bridge replacement 299 $1.819 7457774 319426
Widening & rehabilitation 189 $769 2,703,277 202,140
Rehabilitation 614 $2,446 14,294,238 645017
Deck rehabilitation/replacement 27 $697 572,733 175,815
Other structural work 466 $1.894 6,820,174 516,590
Total 1595 $7.626 31,848,196 1.858,989
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x5 Nd I—| 1%' AMEZ2 20223 2 519 B 20 20254 oF 1179 &
g HEZ, ™A & 149%2 HEE oz FYE=
O=g Zast S0t 2|7} X|F0| 34%E MY =2 MRES 20|21 U1, OtA|OF X|
AO| MY 7totE HET 4SES EY AR OMEH, Ol 5= Q=7 QI=Z2}
Z2HEN 2 EXE st U B
[TEZ M ZLHE IHAIE 2 8 M3

R MY =, %
2022 2023 2024 2025 2026 2027 2028 HYyR H4S5E
5.1 5.9 6.7 77 89 10.2 11.7 14.9

Z£X: Precedence Research(2022)

[(TEE2 OFF RLEZ ZHAY 8]

North America Europe Asia Pacific Latin America Middle East, Africa
34% 29% 25% 7% 5%
Z£X: Precedence Research(2022)

HITHaAle AL

H| It 0| A| = (Non-Destructive Testing, NDT) A|&2 20223 <F 1669 =
H oF 2009 =] fEZ, HEAF 2F 103%°2 =2 MHES EY Ae=E MUE

Ol=& Zehet SOt 2|7t X|F0| 36%=2 MY =2 HFrES 0|1 A1, OfA|Of K|
S0] MZ 7totE dEw dSES EY A= OdE

HITIAYE =AY 2 % 2]

Thol: Mo =3, %
2022 2023 2024 2025 2026 2027 2028 dyd MSE
16.6 18.3 20.2 22.3 24.6 27.1 29.9 10.3

Z£X: Precedence Research(2022)

(HITFIA[S 2HAR M9 8]

North America Europe Asia Pacific Rest of World
36% 30% 27% 7%
Z£X: Precedence Research(2022)
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loT MA =IHAIE 72 % M

Thol: Ao 23, %
2019 2020 2021 2022 2023 2024 2025 dya MdSE
7.1 94 12.6 16.8 22.5 30 40.1 334

Z£X: MarketsandMarkets(2018), IDC(2019)

lloT M IHAY HFE]
North America Europe Asia Pacific Rest of World
40% 30% 20% 10%
Z£X: MarketsandMarkets(2018), IDC(2019)
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A A e F 20N 2028 2F 1,134
S| 22, HEIT O 20%o MAMEZ O WS

o
Aoz OddE

o O=ZZ EEH FSotH 2|7t X[90| 35%2 MY =2 FRE2 E0|0, SO0t 2|7} K|
%0| W I &2 AWF HEUES HY HOZ 0JiE
Xled AOEMAM IHAE 2 2 ©A)
e A EE, %
2022 2023 2024 2025 2026 2027 2028 dEad M4SE
39.0 46.6 55.6 66.5 79.4 94.9 1134 19.5
Z£X: Precedence Research(2023)
(RI5¥ A0EMM HR8)
North America Europe Asia Pacific Rest of World
35% 25% 30% 10%

Z£X: MarketsandMarkets(2021)
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2022 2023 2024 2025

23.6 25.5 27.7 30.0

AHHE MM HR8)
North America Europe
35% 25%

O M®EHAX

-

|II-
(]

o TN HEOEAX A2 20223 <F 614

Ehel A =Y, %
2026 2027 2028 oha 458
326 35.5 38.5 8.5

Z£X: Precedence Research(2023)

Asia Pacific Rest of World
30% 10%
Z£X: MarketsandMarkets(2021)
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Thol: Ao 23, %
2022 2023 2024 2025 2026 2027 2028 dya MdSE
61.4 65.2 69.3 73.6 78.3 83.2 88.4 6.3

Z£X: Precedence Research(2023)

[HEAT HR 8]

North America Europe Asia Pacific Rest of World
22% 27% 32% 19%
Z=X: MarketsandMarkets(2021)
O loT A%

o loT AIE2 X 2F 40509 S F20A 20283 1= 1,600 e 22 HEL
OF 24%9| HE YNES BEY Aoz HMutE

o O/ Zelst 20tH 2|7t X|Y0| 33%2 MY =2 loT A MRE8S 20|H, &%
o= ZOtHZ|7t X|HO| loT AIME XIHE ZHez HYH

[loT THAIZ #2 S M3k

2022 2023 2024 2025 2026 2027 2028 HYHA HSE
328.6 405.7 500.9 618.4 7634 942.5 1163.7 235

Z£X: Precedence Research(2023)

[loT I HAIY HRE]
North America Europe Asia Pacific Latin America Middle East, Africa
33% 29% 25% 8% 5%
Z£X: Precedence Research(2023)
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CHQl: Alof ctty

Construction Type 2018 2019 2020 2021 2022
Total Construction 1288.2 1288.9 1316.1 1355.2 1399.6
Residential 544.0 511.2 536.8 568.9 604.3
Nonresidential 744.2 777.8 779.2 786.3 795.2
Nonresidential Structures 4941 505.9 5144 525.1 532.2
Infrastructure 250.1 271.8 264.8 261.2 263.0

=X: 0CIS(2019)
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Bridge Performance for All Bridges by Bridge Count

Historical Performance Good Fair Poor -

Deep Learning Models - Level 2 & Good Fair Poor -

400000

300000

Bridge Count

1
i
)
200000 !
1
100000 I
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« O= W =dEiel uEd 7=

Lol ZASHK|CH BE AMEjO| W st Ofd of
2% ’o‘” SO, 2022 EMK| ZAgto| FWE|E nHO| JHE OfE OF 3% F7}5}0]
w20 s M2 BAE ofof & Aoz HYE

[Bridge Performance for All Bridges by Bridge Count]
Grade 2016 2017 2018 2019 2020 2021 2022 Hol =
Good 286,657 284,354 280,265 277,165 276,427 276,434 275,689 -0.65%
Fair 261,602 268,879 276,983 284,416 289,724 294,176 299,538 2.28%
Poor 34,299 35,160 36,578 37,641 38,403 39,087 40,508 2.82%
ZX: Infobridge(2023)

[Bridge Performance Forecast for All Bridges by Bridge Count, Deep Learning Model-Level 2]
Grade 2022 2023 2024 2025 2026 2027 2028 Hol s
Good 275,689 275117 277,055 274,438 272,443 270,487 268,674 -0.43%
Fair 299,538 304,060 300,885 304,194 306,864 309,491 311,885 0.68%
Poor 40,508 42,404 36,777 36,083 35,410 34,739 34,154 -2.65%
ZX: Infobridge(2023)
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Assessment Method Power Network
Visual Inspection None None
Nondestructive Testing None None
Material Sampling None None
Truck Testing Generator None
Vibration Testing None None
Long-Term Monitoring Independent Hard-wire, wireless modem, or combination
Remote Data Storage Generator Wireless modem
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Strain Gage

Gage length Typical: 0.3 to 20 mm(0.01 to 0.8 in)
Multiplexing Parallel
Maximum no. of sensors in network 1200
Stability Long-term drift is typical
Resolution Typical: 1 pe Best: 0.5 pe
Repeatability(precision) 0.2% to 2%
Sensor range Typical: £10,000 pe Extended: +100,000 pe
Temperature sensitivity Compensation needed
Maximum measured frequency Typical: 100 to 200 Hz Maximum: 100 kHz
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« O R&=US DOMO| =[gel Z[&0|1, ASHo| AHYAELE 23Dz (Federal
Highway Administration, FHWA)Q} FHWAZS| wS2& 7|2 (National Highway
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o 19704 =@ wek ™MAZZ I (National Bridge Inspection Program, NBIP)2 A E
SO 2t F/EA| WSROM WS 2W0IL} AASIESR 27510 A

e 19714 O E=2WE HHAZ|(American Association of State Highway and
Transportation Officials, AASHTO)2} FHWAZ} &350 O|= =8 n AARE

(National Bridge Inspection Standards, NBIS)O| M™E|{1, O] 7|&E0] Mt WOl
HotE

. 1971'—5 Wk WM =2 % (Special Bridge Replacement Program, SBRP)= B &M

w&s WHSHE O =80] 2 = A AaS XS, of Z=70[ 1978EHE

H E=2u uX A BEx=Z="02 (Highway Bridge Replacement and Rehabilitation
Program, HBRRP)2 2 WH| &A1 AKX AHE S

o HZF ®MZA A| NBIS, FHWA, 2|1 AASHTOOIA HZE|l= Of5 o et Algsta,
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NBIS - Code of Federal Regulations

- Bridge Inspector’'s Reference Manual(BIRM)
FHWA - Recording and Coding Guide for the Structure Inventory and Appraisal of the
Nation’s Bridges

- Manual for Bridge Evaluation
AASHTO - Guide Manual for Bridge Element Inspection
- LRFD Bridge Design Specifications
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- Inventory Inspection
- Baseline structural condition establishment - State/Federally Owned: Within 90 days
Initial |- Timeline for inspection establishment of construction
- Load capacity ratings - Others: Within 180 days of construction
- Identification of existing problems
- Element observations
Routine |- Identification of changes from initial conditions - 24~48 months after FHWA approval
- NBIS requirements
- Fractured member evaluation
- Section loss determination
- Member misalignment measurement
Damage _ ¢, ndation support loss check - When needed
- Determine the need for emergency load
restrictions or closure of the bridge to traffic
- Nondestructive field test(NDT)
- Visual ilnspections
- Material test
In-Depth | _ Critical member inspection (for smaller bridges) ~ When needed
- Separately defined segment investigatrion (for
larger and complex bridges)
- Fraéture critical members(FCM)
- Underwater inspection B .
Others |- Special inspection ﬁiederglonrtez&ect?\?eln months,  when
- Scour Monitoring + TSP y
- Nonredundant steel tension memebers
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Code Description
N - NOT APPLICABLE

9 - EXCELLENT CONDITION

8 - VERY GOOD CONDITION — no problems noted

7 - GOOD CONDITION - some minor problems

6 - SATISFACTORY CONDITION - structural elements show some minor deterioration
5

4

3

- FAIR CONDITION - all primary structural elements are sound but may have minor section
loss, cracking, spalling or scour

- POOR CONDITION - advanced section loss, deterioration, spalling or scour

- SEROUS CONDITION - loss of section, deterioration, spalling or scour have seriously
affected primary structural components. Local failures are possible

- CRITICAL CONDITION - advanced deterioration of primary structural elements. Fatigue
2 cracks in steel or shear cracks in concrete may be present or scour may have removed
substructure support. Unless closely monitored it may be necessary to close the bridge

until corrective action is taken.

- "IMMINENT" FAILURE CONDITION — major deterioration or section loss present in critical
structural components or obvious vertical or horizontal movement affecting structure
stability. Bridge is closed to traffic but corrective action may put back in light service.

-

0 - FAILED CONDITION - out of service — beyond corrective action
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Class Description
Class A General engineering contractors
Class B General building contractors
Class C Specialty contractors
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It makes geotechnical and environmental
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It measures acceleration (mg) and

DECK DYNAMIC DISPLACEMENT SENSOR

It measures the dynamic amplitude of

00

It measures triaxial tilt changes, with a

Of

=]

=3

OpA
i

m
i
®
GATEWAY PRO

It acts as an intermediary, using LoRaWAN
to collect data measured

frequency (Hz) on three axes, and it can the displacement (mm) and the vibration ~ resolution of 0.000015° (0.00027 mrm/m) > i}

byth nd hem tothe

be synchronised to other accelerometers. frequency through an FFT algorithm.

SHM for Modal Analysis.

and the option to be synchronized to
other tiltmeters.

threshold is exceeded.
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Scalable Carbon Nanotube Sensor

Preliminary Field Testing Plan

PAPER MILL ROAD BRIDGE OVER GUNPOWDER FALLS (BRIDGE NO. 030376011)

* Location : Maryland Route 145, Baltimore County, Maryland, United States
* Type: Steel Tied Arch

« Specifications : 668’ 10”(204m) -518' 4” steel tied arch span + 7@21’' 6” approach span / 46" width (2 lanes each)
* Construction Completion Date : December 2000

* Managing Department : Maryland Department of Transportation

Scalable Carbon Nanotube Sensor

Preliminary Field Testing Plan

OBJECTIVE: TEST CNT SENSORS AND DATA LOGGER PROTOTYPE & DETECTION PERFORMANCE

« 2 Sensors attached near to existing cracks during loading test

* Bridge behavior monitored using data logger prototype

* CNT Sensors attached using gauge adhesives (Ex. CN)

* CNT Sensor thickness: 0.02 in (0.5 mm)

« Sensors could be attached between 9/18 afternoon and 9/19 morning, whenever AECOM is available

* CNT Sensor detection monitored only during Loading Test (Long-time monitoring not planned for now)
* Sensor attachment location can be changed through discussion

* Standing on the old bridge with laptop to retrieve data

¥ 0.4in.
*—{10mm)

1.2in.
(30mm)

(75mm)
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AECOMO|| A H&HSE A8t Strain gauge AlE Z1H= Floor Beam & -SHE0| £&HE|0f
Xt FH0| mE 2s A oY HES E S U, st HYEQ HRIE
golg = A/AS

CNT MIMe E232E FZ2E0|LL 4 28 59 #U0| 25 X8 £+ Ay, &
Ut Strain gaugeE F&Y £ gle X0 &Y = AUCt= & THO| UCt= AS
A=sloe

CNT MA = Scalable & Flexible®t &
O| 0| X}0|7} L= MR HEY

ot 4= , = = ¥ ZX|5HH
WOl AE viztof wmat Mol XFo| HatsiH Ha Hat S48 & LEfa @
Che A2 oS
gk Fdo| oot Has2 245t= AI™O|M HlO|H sampling rateE 0.5HzE 3}0
AHSH A2 5 HO|E7F Ot 8Fg = S Ao=2 WCHE|of 20t Ut HE
=42 fIiM= sampling rateE =0 A ASdt= A0 Hast Aoz EEHE

2k Strain gaugeE 0| &%t AECOM AEZ Zit

A=COM

Strain Gage Measurements from Paper Mill Road Bridge Load Testing —9/19/23

Test Run Summa

Truck Lateral Position | Travel

Run 3 | : | _|Direction
1 10:58 AM CLTruck (#45) z
2 11.00 AM CL Truck (#45) =
3 11:06am 10 mph CLTruck (#45) | CLTruck (#44)
4 11:18am - CL Truck (#44)
5 11:19am CL Truck (#45) - S
6 11:22am CL Truck (#45) | CL Truck (#44)
7 11:22am CL Truck (#45) =
8 11:24am 45 mph - CL Truck (#44)
9 11:42am CL Truck (#45) -
10 11:44am = CL Truck (#44)

FB2-S-TF-E [Floor Beam 2, South Side of Bridge, Top Flange, East Side of Connection

FB2-S-TF-W [Floor Beam 2, South Side of Bridge, Top Flange, West Side of Connection
FB3-S-TF-E |Floor Beam 3, South Side of Bridge, Top Flange, East Side of Connection
FB3-S-TF-W |Floor Beam 3, South Side of Bridge, Top Flange, West Side of Connection
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Strain (ue)

‘\.0' 5%35

Strain Time History - Test Run 1 (10 MPH)
Truck 45 EB Lane EB Fwd

xoﬁﬁf;l &ngyﬁp loﬁs{iT 1Df§yga gtﬁﬁypx

Time (hh:mm:ss)

——FB2-S-TF-E
——FB2-5-TF-W
FB3-5-TF-E

FB3-S-TF-W

A=COM

250
200
150
100

-50
-100
-150
-200
-250

Strain (pe)
o

33:33-50

Strain Time History - Test Run 9 (45 MPH)
Truck 45 EB Lane EB Fwd

13ﬁ5%45h xlfssgya 33i99453 335¥3*f

Time (mm:ss)

~——FB2-S-TF-E
———FB2-5-TF-W
FB3-S-TF-E

FB3-S-TF-W
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CNT sensor test at the Paper Mill Road Bridge

* The scalable and flexible CNT sensors across the welds having cracks and height difference between the both sides.
: Sensor #1 (wide) with crack Ain FB 2.
:Sensor #2 (narrow) & #3 (wide) with crack B in FB 3.
: Sensor #2 was positioned to the nearest crack.

* Changes in electrical resistance of CNT sensor were measured at 0.5 Hz sampling rate during the loading test.
: Two 70,000 Ib trucks passed at 5/45 mph next to the sensors along the bridge lanes.

(i -

Signal analysis of sensor #2 with crack B

Reverse Reverse
both lane +Traffic

|

=]

10mph ‘
bntl:r:gns 10mph 45mph
both lane left lane

45mph right
10mph 10mph 10mph 10mph Reverse lane 45mph
left lane right lane left lane right lane both lane 45mph right left lane
lane
= = COLUMBIA ENGINEERING
CnGSOl’T aTi\:} The Fa Fackminn Schoed oF |'|‘_y"|H|J'||! and Ayl Seierce




Single (left/right) lane at 10 mph
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11:02:24 11:03:07 11:03:50 11:04:34 11:05:17 i
oAl N
11:02:24 11:03:07 11:03:50 11‘04:34' 11:05:17
Enter Exit Enter Exit Enter Exit Enter Exit
Observations & Suggestions for future
* Observations from the test
1. Due to the flexible and scalable nature, the CNT sensors could be applied onto narrow or wide area
as well as across the weld having height difference between its both sides.
2. The CNT sensors could successfully detect loadings on the bridge.
- The sensor’s resistance changed to detect most of loadings by the 70,000 Ib trucks as well as traffic.
- Unlike 5 mph of the trucks, when the trucks passed next to the sensors at 45 mph,
the sampling rate of 0.5 Hz was not high enough to shoe the resistance change.
3. Since the sensor can detect any kinds of deformations in any surfaces in either steel or concrete bridges,
it would be more effective to apply to where a strain gauge cannot be applied.
= Suggestions for the long-term monitoring with better reliability
1. Improvements of installation methods for reliability of the sensors
- Double-sided tapes instead of glue
- Protection layer and insulating layer under external contaminants or raining
- Wiring with electrodes
2. Improvements of data logging methods for long-term monitoring
- Adjustable sampling rate: shorter data acquisition period with higher sampling rate under limited capacity
- More stable network and power supply
ENGSOFT &5 COLUMBIA ENGINEERING
A ; TN The Fu Faisnedirion Schoed of Engineerig und Applicd Science
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US 522 over Potomac River and CSX Transportation

Baltimore County, Maryland, US
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WY . Bridge No. 030376001
MD 145(Paper Mill Road) over Gunpowder Falls

X : 0= HEMESF ZSE|Z0| FH2E|, MD 1458 2=

1

ZHAl - Steel Tied Arch

ox
3

g S B 78 673.9ft (204m)
518'-4" steel tied arch span + 7@21'-6" approach span

NE 46 (E2EE 36, &5 24HM)

FSAL 20004 12E

19 B w&2 : 10,100CH

ZE|FA - HEHEF FE DOT(Department of Transportation)
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== Deck Condition Rating (58) =—#= Superstructure Condition Rating (59) =e= Substructure Condition Rating (60)
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WY : Bridge No. 210043001
US 522 over Potomac River and CSX Transportation

X O HEHESF AAHEH FHRE|, US 522 =&
(HEHEFQL JAE HX|LIOHE FH)

TZYA - Wichert Truss (Rhomboid girder span + Rhomboid truss span)

A7hE 8l A7E 3 2 2577.1ft. (23 span, 3 types)
Simply supported rolled steel beams (Span 1~7) + five-span continuous riveted
steel rhomboid girders (Spans 8~12, 19~23 / 100'+140'+140'+140'+100") +
six-span  continuous riveted steel rhomboid trusses (Spans 13~18 /
117°-9"+196'-3"+196'-3"+196'-3"+ 196'-3"+117'9")

nE 42 (22X 32, 5 2%
L 19374
1€ Ea usT 10,9304
el F=H  HEHEF FE DOT(Department of Transportation)

A= ol 7|7t 20258 7€ ~ 20264 6¥
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o2& 27|22l Columbia University, il 2| dZX|&7| 221 AECOMI} &7H MF wmek
e FHQ HEWEF DEE (MDOT)7F AS0| Ao o HY

O DOj= HEMEF WEF(Maryland State Department of Transportation, MDOT)

o= gzacs c2 9 aswe
i
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= —_—

MARYLAND DEPARTMENT o
HHE DEZ (US DOT) Atst 7|22l

—_
OF TRANSPORTATION - 0= odby

7|2 e

HEHE DOT= CHA 7He| AR Lt StLS| #e[7[2e2 0 A2l & &
E=(State Highway Administration), 1-&=(Transit Administration), A}-&X}t=(Motor
Vehicle Administration), & 2t=(Port Adminstration), &-&=(Aviation Administration)
IF HZME DEZ2|=(the Maryland Transportation Authority) &

MDOTS| 2 20W7H 219N SEL HH-HON IS 2K Y22 23 ZXT 0,

ol
us AlAE sl BSEE 45 S0 US

MDOTS| 2023 d SHE= T2UE AFYALD Of8 S Za, XARYS] CHH B KA, &
27 FE = nE B2 U X2 S0| Yol HEHEF LHo| E2nE
AMES BEZSY MY S RS ADE ZAAAN7|= Aol EEY



O Columbia University (32|28 7|2h

- 17543 MY 0] HEF 4
- ofolr|2| et & el

S}
CoLuMBIA UNIVERSITY 2l eF 2Ot X O XS
IN THE CITY OF NEW YORK
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Columbia University= 2023 THE O|= Cfst =2|0|A 89|F AHX|St R4, 2023H
QS 0|2 ofst =20z 109E AX|st Ues YESn

Columbia University2| Department of Civil Engineering and Engineering Mechanics
= 7Z, uE, FHaM, d4 2|, Mol 23 2|A3 ef, H4 o 52 20t F

2 97 ¢
Columbia University(Si 2/ &2 7]2h &0 AR}

Huiming Yin, PhD / Associate Professor, Department of Civil Engineering and
Engineering Mechanics, Columbia University

20063 £ E 2008 7tX| Z2|ZL|O} DOT(California Department of Transportation,
Caltrans)O| Al 2231, 0| Columbia UniversityOlA] SXHIIX| n42 M2 S

HE 20k= HEF MAIHO|H AXo] 5 A HEO| 2ot AFLE L A5,
ASCEQ| HIEtY = HE[AAHY ZEEHEI 2R 2(Modeling Inelasticity & Multiscale

= =
Behavior Committee) 2% 22

Columbia University(Sii 2|2 7|2h £0f HF MUK}

Byung-Wook Kim, PhD / Associate Research Scientist, Department of Civil
Engineering and Engineering Mechanics, Columbia University
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- 1990 d@E =2=2E =2t AT 7|¢Y
E

— (A4, Al 1§, oH%| 20F 5)
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— - ENR 2023 Design 7| &% 2%

J1B e

AECOMZ Fortune =24 5000 7|0 O|EE 22| /U= © MAZEQ Cf7| ol
O, 20239 ENR(Engineering News-Record) Z|ZE0| & HA, A|EE A, *=F
AA A 2ZAX|L Y, 3, 152 B 9 XNeX|, ng 2OH0M 191E 7|55t

O AL, g 2OkE 2918 7=t U

AECOM<= Fortune X|2| “World's Most Admired Companies"2 8 A% MHEYS
M, 20211t 2023 “World's Most Ethical Companies"2 ™Y E|AS

AECOMZ Z|2 AEYA N FERXl= X&7tsd(Sustainability)S S8t 017]7]
Elt o

=
Mz0 == 8 nSAde A2 Z2HMES RESH Tdste A2H, T 1,000
O ool B2 8 Wd Z=HMEES AYUZ
Y5 Z2HEQ U 7|He2 o5 152 S B2 #HE YRS XS T
st AOm, AECOML| Branch@! AECOM Technical Services(ATS)O| Al m k2 =&t
oF Qlmetol A4, A, B2 8 {22 YRS HIorn U

AECOM(SHQI A ZX| 17| 2 &0 MRt

Y. Edward Zhou, PhD, PE / Bridge Instrumentation & Evaluation Lead

S

MY XHE flet uE AF Ald X 2LEHY 20F 38 <F 374

Z WO m=Imty| £o0f MEIIZR O|ZEST3|(American Society of Civil
Engineers, ASCE)2| L|ZI}1| & 2|(Fatigue and Fracture Committee) &% 9L

WOl H|D 0| HAKNDE), =2 A™d 2L HZ(SHM), EEZ 8 FX|2t2]

=
of ME7to|0], F MK DOT L FHWAS} H2elo] Tl ZRME U 7 4%



& 2322 (Federal Highway Administration, FHWA)OAl RESHA CHSH
E2NE 2O0F AMAAE ZIMstd o, of 5 2 A2l 7|&1f
Ct

0|3 E23t3|(American Society of Civil Engineers, ASCE)= ™ MAIHSZ 17774=,
oF 152t FO| 7IYE Oj=0M MY 2efE S8t2|0|H, = H--AX|LojE 7|2
=9 T otafol 2= AS

Xsd L SH A &=l (Intelligent Transportation System America, ITS America)= 0O/=
DEHAC HHS floi HEE HHHZE, AECOMS ZEDH O|=2 HAM7|YS0| HH

O 2nSHHEH2|(American Association of State Highway and Transportation
Officials, AASHTO)O| A= O|=2| E2WES HESH= CHY0|H, W& 7I0|E2telS
M= EhA

CH= THA| Conference/Seminar
- American Traffic Safety Services Association (ATSSA) Annual
FHWA Convention and Traffic Expo
- Insr;ciéute of Transportation Engineers (ITE) Annual Meeting and
Exhibition

- Construction Institute(Cl) Construction Research Congress(CRC)
ASCE Joint Conference
- Forensic Engineering Congress

- AASHTO Briefing
AASHTO - Spring Meeting
- Annual Meeting

- ITS World Congress

ITS America - ITS America Annual Meeting
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« Columbia Universitye= ®EAIIQL FX2F KO & FXOHY HLUHE 7| SO0
HMEMo| Qlom, MohAxl 3p Z2IE 7|22 =83t MA A multiphase flow,
nanocomposites, multiplayered materialsES 0|23t AXf 7HE SZF0O| A

. 38t Robert AW. Carleton Strength of Materials 3720 EtALI-FE TfX]|
’.‘l' 1 o AZEH| & BLEHEZ A|LHO NEoE XY AlE ER ¢

— Columbia University &% QIXt
* Huiming Yin / Ph.D / Associate Professor
e O|= University of lowa ES3St0A HFAL &2 FE

o HEOAX N EALIE RS HEE B2 H7E 35N 0|3 E599|(ASCE), 2 1
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Thermoelastic fields for a heat .
= exchanger of arbitrary shape in InS’ct(erlrJr;?E&r;alarJ‘gugrg?ildgf 0020-7683 2023
a bi-material infinite plane
Mlxmgh clarl%ond nanﬁtubef‘ with
asphalt binder thorugh a .
== foaming process toward Internal JE#rinna;e(r)ifn Pavement 1029-8436 2022
high-performace warm mix 9 9
asphalt (WMA)
Revealing the AC
electromechanically coupled
= effects and stable sensitivity . . _
g on the dielectric loss in Materials & Design 0264-1275 2022
CNT-based nanocomposite
Sensors
Fir#tﬁ elergent simulationdof g I g
= self-heated pavement under = Road Materials and Pavement _
== different mechanical and Design 1468-0629 2019
thermal loading conditions
Experiments and
micromechanical modeling of
=2 electrical conductivity of Cement and Concrete 0958-9465 = 2017

carbon nanotube/cement Composites

composites with moisture
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27 dng The US DOT FHWA: Research Topic HIBS10-LR-001 Mobile Lab for Bridge Load
== Testing and Bridge Performance Testing — Feasibility and Conceptual Framework
AL il iy TRB task force for updating Section 8: Load Testing of the AASHTO Manual for
oeE Bridge Evaluation, approved by AASHTO in May 2023
35 MAt TRB Circular E-C257 'Primer for Bridge Load Testing
M2 oY oy NCHRP Project 20-05 ‘Load Rating of Bridges and Culverts with Missing or
== = e Incomplete As-Built Information

NCHRP Project 12-81 ‘Evaluation of Fatigue on the Serviceability of Highway
35 ATFHARL Bridges’, which updated Section 7: Fatigue Evaluation of Steel Bridges of the
AASHTO Manual for Bridge Evaluation in the 2015 Interim Revisions



|
ot

2. R&R O|AH 2 ¢

O sielzl& M8 Lol

o S HT| 2Rl Columbia UniveristyOl A& £

ATAAOf Oj= W&E=2| gx ofcj

=Ly 7|20t sl 2l 2 S K| 7|2t ool A Y, 24 L o5 22 S0 2
of AN FHolot7|= 5t0f LOIE MZ5iE

o SHRAUSX|A7|2Q AECOMOM= 2 FF2| 7|2 Ol= WX HE3l= 7|5 &
S2 floh & Aol 2EhA 7|2H2024'H~2025'H) St A F CHY W2 27HAE NS
ot Efalble x| MM 2% 529 gF& X272 5ty LOIE MESHRAS

Letter of Intent to participate in Int'l Collaborative R&D Program

Letter of Intent to participate in Int'| Collaborative R&D Program

Title of Project Structural health monitoring system using scalable carbon nanotube sensors

Sang-Hyeok Nam Organization ENGSOFT Inc.

Name of Proposer

(Republic of Korea) (location, country) (Republic of Korea)
Department Research Institute Phone Number +82-10-4272-4807
Position CTO E-mail Address shnam@engsoft kr

To President of Korea Agency for Infrastructure Technology Advancement (KAIA),

I hereby consent to details of a full scale Research and Development project proposal that is
submitted for the purpose of executing the project stated above under Int’l Collaborative R&D
Program. If the project stated above is deemed eligible to receive funding from KAIA, I will actively
collaborate with ENGSOFT Inc, Hanyang University, and AECOM Technical Service, Inc. under the
cooperation of Department of Transportation (DOT) for developing measurement method, analysis
and prediction model therein, faithfully observing all applicable laws and regulations governing

international joint research and development.

05/16/2023

(Participating Organization) (Representative) .
Gm.qmm.mﬂé

Jessy George Jessy George

Senior Project Officer

The Trustees of Columbia University

in the City of New York (Authorized Seal/ Signature)

Title of Project Structural Health Monitoring System Using Scalable Carbon Nanotube Sensors
Sang-Hyeok Nam Organization ENGSOFT Inc.
Name of Proposer X
(Republic of Korea) (location, country) (Republic of Korea)
Department Research Institute Phone Number +82-10-4272-4807
Position cro E-mail Address shnam@engsoft kr

To President of Korea Agency for Infrastructure Technology Advancement (KAIA),

This serves as confirmation that AECOM Technical Services, Inc. (AECOM) is willing to
collaborate with Columbia University for a research and development project proposal for executing
the project as described above. If the project receives funding from KAIA, AECOM will be a
subcontractor to Columbia University and will be responsible for finding field applications and
installing test sensors on two bridges during a two-year period of 2024 to 2025. A scope of work
including budget for the sub-award will be established and agreed upon at a later time. Necessary
inter-institutional agreement(s) will be prepared upon agreement with all the terms and conditions by
appropriate programmatic and administrative personnel of AECOM. If you have any questions,
please contact Dr. Ed Zhou at 443.255.1897 or ed.zhou@aecom.com

May 5, 2023

(Participating Organization)

(Representative)

AECOM Technical Services, Inc.
(Authorized Seal/ Signature)
Christopher O. McGuire, PE

Vice President

[z} Columbia University
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AMgetaE AERR () HRE%) OH = 24 (4 2H2)

2024 - 8,013 - -

2025 - 8,253 - -

2026 1 8,501 0.01 50
2027 2 8,756 0.01 100
2028 3 9,019 0.02 150
2029 4 9,568 0.02 200
2030 6 9,855 0.03 300
2031 6 10,151 0.05 500
2032 7 10,455 0.10 1,000
2033 8 10,769 0.10 1,000
2034 9 11,092 0.14 1,500
2035 10 11,425 0.14 1,500
2036 1 11,767 017 2,000
2037 12 12,120 017 2,000
2038 13 12,484 0.20 2,500
2039 14 12,859 0.20 2,500
2040 15 13,244 0.23 3,000
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