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Purpose Statement

This webinar will deepen the understanding of critical road infrastructure failures’
transportation and social implications, including human casualties, infrastructure damage
costs, traffic operations, business disruptions, and community impacts. Presenters will
share a methodology and process for evaluating statewide crash data, analysis of resulting
truck travel pattern shifts, and flood impacts on vital roadway infrastructure.

Learning Objectives

At the end of this webinar, you will be able to:

(1) Analyze challenges associated with handing critical infrastructure failure from different
stakeholders’ perspectives

(2) Reduce the risk or mitigate the negative impacts of hazards on critical infrastructure
using the latest technology or organizational procedures
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Case Study
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An unprecedented event,
at the time

On 17 September 2020, it made landfall in
western Greece causing storm surges
followed by record-breaking amounts of
precipitation at several locations.

15 Sep. 2020, 1430 UTC Storm track (unofficial)
NASA IMERG Accumulation since 14 Sep. 2020, 0000 UTC NASA IMERG Precipitation rate, 3-hour average
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>Extensive flooding: Inundation of over 400 km?2 of agricultural & urban land.

Tegos et al., 2022. Forensic Hydrology: A Complete
Reconstruction of an Extreme Flood Event in Data-Scarce

Area. https://doi.org/10.3390/hydrology9050093




>Numerous landslides and debris flows
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Valkaniotis et al. (2020). Landslides Triggered by Medicane
lanos in Greece, September 2020: Rapid Satellite Mapping
and Field Survey. https://doi.org/10.3390/app122312443




> Excessive riverbank erosion, impacting buildings & powerlines.

3D point-cloud (2 weeks

y R

The town’s medical centre




Causing...

DA surprising variety of bridge damages

Inspection data for 16 structures
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A field reconnaissance mission of impressive scale
Rapidly launched

Involving 6 universities, 3 organizations, and 3 companies

°
«h dbh

30 researchers




A field reconnaissance mission of impressive scale

Involving 6 universities, 3 organizations, and 3 companies

O<I We invested on digital tools to make this work
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Drones turned out to be the key
to successfully carrying out one
of the most ambitious disaster
reconnaissance studies in
Europe

They helped us see, process,
and interpret crucial information

very quickly and very effectively.

Accurate damage assessment

Easy reproduction of 3D
geometry for numerical modelling

Timely completion of
Investigations and mapping
efforts

Overcoming the widespread
transportation disruptions due to
failures in the local road network.
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group

W e used drones

>To map five different damaged bridges in 4 days

',‘ion-agggirientationf"“.
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« ADJI Phantom 4 Professional quadcopter « 33,000 aerial images with « Surveying of 60
coupled with an optical camera res. 0.3to 1.1 cm/pixel ground control points
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group <

W e used drones

»Developed 3D digital models

Using the Structure-from-Motion technique
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W hat we saw
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THE HOTSPOT

In the town of Mouzaki, 5 bridges failed within a radius of less than 2 Miles,
causing fatalities and sustained isolation of local communities



THE HOTSPOT

v Extensive Damage
- 9Q Failure



THE HOTSPOT

V' Extensive Damage
~ Q Failure
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W hat we learned
00000 NUMERICAL INVESTIGATIONS

CFD | FE
. Simulations Analysis




LESSON 1
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Flood depth alone is not an adequate metric of flood hazard impact on bridges

Inspection data for 16 structures

E— v" 5/16 bridges showed
: , 1 4 Ao o) zero to minimal damage
Predicted Flow Velocit e ; .Z-P._‘- :
/ D= len — All are in the flat
= . | Trikala™/

Low V. high fields of the Thessaly

Plain (East).

v" 10/16 bridges showed
from severe damage to
ultimate collapse — All
are in the mountainous
region (West).

Damage correlation
to ground slope
pointed to the key
role of flow
velocity
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Novel guidelines for bridge-specific flood hazard assessment

Index of

Flood
Hazard

|ntensity

v One indicator integrating the
effect of hydraulic impacts on
bridge structures.
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LESSON 2

Flow blockage in single-span bridges

develop
because the rigid structure acts as
an obstacle causing contraction of
the flow leading to a local increase of
stream velocity.

v' Their magnitude can be large
enough to

stream

v' It is a function of

Support(wet) width
Channel length

3D CFD Simulation k

Blockage Ratio =
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LESSON 3

Geometric blockage similarly affects the response of mid-stream piers

Shape effects

20 200

» : / _ Time:s , , , ,
B M — ® 0 5 10 15 20 - 0 5 10 15 20
Foundation displacements

v" Dynamic foundation
sinking

v' After a few hours of
flooding, sinking
settlements can
reach the order of
meters.
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New methodology

FLOOD RISK ASSESSMENT OF ROAD INFRASTRUCTURE

Risk of flood induced bridge failures
in a transport network

® Verylow © Low O Medium O High @ Very High
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Comprehensive,
bridge-specific
analysis of Hazard

Rapid, operationally
feasible assessment
of Vulnerability

Realistic prediction of
bridge asset damage
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Regional scale analysis Bridge (asset-level) analysis
Incorporates key parameters:
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A record of 16 bridge inspections after severe flooding

v'Good agreement with field observations
v'Consistent location of highly susceptible assets
v'\ery advantageous reliability compared to previous methods.

MODELLED/

Increasing damage

PREDICTED

Minimal
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Planning tool

ANALYSIS OF INVESTMENTS IN RISK MITIGATION &
CLIMATE ADAPTATION OF ROADS

By Flood AAL (S M)
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= KEY FEATURES

Automatic network Dynamic

generation traffic analysis
v'Fast acquisition and cleaning v Daily Car/Truck traffic
v'Rational link & asset loads under normal and

classification allowing disrupted conditions

technical analysis

Design of
upgrades

v'Identification of high
priority links

v'Following
international best
practices.

o

Probabilistic hazard
mapping

v'High-resolution flood depth
predictions, across a wide range
of return periods

v'Encompassing fluvial, pluvial, and
coastal flooding

Direct & indirect
loss assessment

v'Country- and asset-specific
cost functions

v'Indirect costs: increased
travel time, vehicle
operation & inventory
losses

v'Average Annual Loss (AAL)

Comprehensive
prediction of impact

v'Damage models specific to infrastructure
class and type.

v'"Recowery time and operational disruption

y

N i Economic appraisal
> and decision

» -

& 9 2 e v'Cost-Benefit analysis of

investment strategies.

Cost—Benefit Ratio, Net
Present Value, Return on
Investment

\ SN
» e « v Assessment based on
N > economic metrics:




Country-scale applications in South Asia
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ﬂ Losses concentrated in the heavily traveled links of central
districts, where the hilly terrain causes high flood velocities

and magnifies physical damage.

Country-wide annual average economic flood loss

M Indirect
Direct

$16 M

$50 m indirect costs, of which:

—"W 49% Logistics costs

—
Eoexn) 24% rson-hours

$66 M
Total AAL

$50 M

Disruptions due to alikely severe (1500-year) flood event can
cause up to $0.9 billion in direct and indirect losses
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Thank you !

Do not hesitate to get in contact

BMm.loli@grid-engineers.com
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Part 1. DMV Crash Data

Allocating CLEAR Bridge Strike Events to
Bridge Locations

Department of
Transportation



Crash Location and Engineering Analysis
Repository (CLEAR) System

NYSDOT Safety management system
Maintained by Office of Traffic Safety and Mobility
Available Information:

Crash Details

Crash Locations

Road Characteristics

Apparent Contributing Factors of the Crashes

Allows to access NYSDOT crashreports

Department of
Transportation



Data Used for Analysis

CLEAR data

Crashtype: Collision with Bridge Structure
Date range: 1/1/2007 to 12/31/2023

Total number of bridge hits (all vehicles):
11,461

3,321 commercial vehicle-involved hits

Other data

NYSDOT road network
NY state bridge structures

NYSDOT water body data @

Murnber of Bridge Strikes
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Bridge Strike Allocation to the Correct Bridge

O Step 1. Relocated each bridge hit incident to closest
road segment.
O Step 2. Got all possible associations between pairs of
bridge strikes and bridges.
O Step 3. Selected the closestbridge for each strike. ‘

O Step 4. For the bridges on the same routes in 100

meters, re-allocated bridge hit events based on the = B
criteria (described in the next slide). 491 pairs of ¥ |

bridges have the re-allocation relationship.

: . . Pairs Chains
O Step 5. Looked for the unique beginning of each chain
and drew all chains out. B> C =) A2>B>C
DS C D->C

O Step 6. Based on the chain relationship, re-allocated

Department of

the brldge hit events. Transportation



Re-distribution Criteria

O The bridge above water body should have their associated bridge hit events
re-distributed to the bridge not above water body.

If both bridges are above or not above water:

O The bridge whose minimum vertical clearance is unknown or equal to O
should have their associated bridge hit events re-distributed to the bridge
whose clearance is larger than 0.

= Qa ¢

Source: Google
Street view

O Whenthe minimum vertical clearances of both bridges are unknown/equal to

O/larger than 0O, no re-distribution happens.

a When the minimum vertical clearance of one bridge is unknown but equal to Department of
O for the other one, no re-distribution happens. Transportation



Results
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* 6054 out of 11461 (53%) all-type bridge hits @ low bridges (< 14 feet)

« 2359 out of 3321 (71%) Commercial Vehicle-involved bridge hits @ low
bridges (< 14 feet)

« Top 2 bridges with most strikes are both on Hutchinson River Parkway Department of
(built before interstate standards) in Lower Hudson Valley area Transportation



Part 2. Bridge Hit Impacts

Before/After Comparison Using
Speed/Travel Time/Emissions Data

Department of
Transportation



National Performance Management Research
Data

Data Provider: INRIX

Speed, Travel Time, Hours of Delay, Emissions, etc. from Jan 1, 2016 —
May 21, 2024

Temporal Resolution: 5 minutes

Spatial Resolution: Traffic Message Channel (TMC) segment

Geographical Coverage: National Highway System

Department of
Transportation



Analyzing Impacts of Bridge Hits with Historic
Speed Data

Associate specific incidents to changes in observed speeds (from
INRIX/NPMRDS)
|dentify network impacts on speed over incident duration of bridge hits

Explore cost calculation methods for network impacts

a
Baseline calculator for traffic incident Location
delay = Sum of Unit-Time *

Volume_a
[Traffic Volume* Observed *

Delay a
Delay per Vehicle] on Impacted per veh.
Segments b

Volume_b =« Delay b per veh.

Department of
Transportation



Economic Evaluation of Bridge Strike Impacts

COCA2 Model by NYSDOT (~$35.85 per hour of delay)
Total Cost per Hour of Delay = (AVO*Sa)*(1-Pt/100)+(St)*(Pt)+(GFD)

AVO = Average Passenger Vehicle Occupancy
Sa = Value of Time for Persons Traveling
Pt = Percent of Heavy Trucks
St = Value of Heavy Truck Hourly Operations
GFD = Value of Fuel per hour of delay

Damage Costs of Carbon Dioxide Emissions

$228 per Metric Ton recommended by USDOT

Department of
Transportation



Limitations in Methods of Economic Evaluation

Costs notincluding in the estimates:

Delay, mileage, & fuel costs of diverted traffic from main route to

alternative routes

Damage Costs
Vehicles a
Product Incident Location
Infrastructure AADTa

Response Costs
Tow Trucks
Emergency Service Vehicles AADTDb
Law Enforcement e.g. Police

Bridge Inspection

. . .. D t t of
Road Operations e.g. Spill Remediation Transportation



Crash Location: NY-33 E at Best Street
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\* * Incident Date: Mar 1st, 2023
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Al Kee bww =+ OccurTime: 9:26 am
; f | « All roadways shut down at Best
T e Street: 10:19 am
"+ Route 33 EB (Downtown to Best
e Street part) closed: 1:57 pm
' » All roadways re-opened: 10:46 pm
* Incident Impact Duration: ~13.5 hours

Department of
Transportation
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NY 33 EB 9:26 am
East 10:19am  1:57 pm

Avg, Hours of Delay Differences
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NY 33 EB
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Delay

Traffic was diverted to other routes

NY-33 EB Excess Hours of Delay
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1-190 WB

1-190 WB Average Speed Comparison
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Diverted Traffic

1-190 WB

40 pm
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Incident Impacts

i [t | Economic Evaluation Results:
« Excess Hours of Delay: 1,904.6
IR 7 =it g vehicle-hours = $68,279.9
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» Total costof travel time delay &
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Part 3. Application of Mitigation Methods

Before/After Number of Bridge Hits
Comparison

Department of
Transportation
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e Road Bridge Hits Mitigation Project

1x3 amuahy
o

| - Minimum vertical clearance: 11°-11"

o

| - Completion time: 10/18/2023

Aug 2022 Source: Google street view

| Department of
Transportation
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Before-After Comparison (preliminary results)

Comparison period — before: 8/17/2023 — 10/17/2023
Number of bridge hits (commercial-vehicle involved): 2
Comparison period — after: 10/19/2023 — 12/19/2023
Number of bridge hits (commercial-vehicle involved): O
30 commercial-vehicle involved bridge hits in last 5 years
(2019 -2023)

Department of
Transportation



Future Research Needs

Further improve the allocation methods for CLEAR data
Improve the methods for economic evaluation of bridge hit impacts
Estimate/Capture diversion costs
Value non-delay factors
Fuel consumption
Damages
Response
Design/Define before-after analysis methods for mitigation projects
E.g. video analysis/archiving

Look for the possible bridge hits factors

Department of
Transportation



Thank you for listening!



Dan Murray
Senior Vice President




ATRI

ATRI is TRUCKING's not-for-profit research organization,
whose mission is to provide the data and analysis to
improve the industry’s safety and productivity

All of ATRI's research is available at no cost on our
website:

www.TruckingResearch.org
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Corridor Data Based on March 19, 2003
From 12:00pm - 4:00pm PST
Truck Speed Calculation Based on 50-mile increments
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Corridor’s included in analysis are (I5, I10, 145, 165, I70)
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Truck Flow Analysis Before I-40 Rockslide
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United States and Mexi‘c-o,‘Bprder Crossing
Truck Flows: Before, During and After
Hurricane Harvey ™



Shreveport

[~ Galveston

This map shows normal truck flows to and
from the Mexico border on Monday,
August 21, 2017.
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"Shreveport—'——*\

Ba;on Rouge|

Lafayette

-Houston

|~ Galveston

This map shows how truck flows to and
from the Mexico border were impacted by
Hurricane Harvey. The time period shown
is Monday, August 28, 2017.
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Baton Rouge|

__Lafayette

'~ Galveston

. fébrpus Christi

This map shows truck flows to and from the
Mexico border during recovery efforts of
Hurricane Harvey. The time period shown is
Monday, September 4, 2017.
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Florida Truck GPS Pings:
Before, During and After Humcane Irma

0\9



Speed (mph)
e 0-15
16 - 25
26 - 45
46 - 55
55 +

This map shows truck GPS pings in Florida
on Friday, September 8, 2017.
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This map shows truck GPS pings in Florida
on Saturday, September 9, 2017.
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This map shows truck GPS pings in Florida A
on Sunday, September 10, 2017.
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This map shows truck GPS pings in Florida
on Monday, September 11, 2017.
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This map shows truck GPS pings in Florida
on Tuesday, September 12, 2017.
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I R I Transportatio
Research |

Y Institute




L Typical Travel Rates on 1-95 Southbound
Weekday

Wildfire
Impacts
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Fire Shuts Down 1-95 Southbound
/C \_J\ May 15, 2006

Wildfire Impacts
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scamencoitonce | o | e | e st s | ot ek
Segments| Distance | Speed Time Hour | per Truck | Per Week | Cost Per Week
uss2 |  17.2] 489 2110/$ 67.00{$ 2357 |
SR28 | 1049  425| 1481|$ 67.00|$ 1654 | |
US231A |  10.6] 445 1429|$ 67.00($ 1596| |
US231B | 5|  405] 741]$ 67.00($ 827{ |
us231C |  407| 411 594$ 67.00($ 663 |

U310 | 138 ass| moo[$ ool mee] |
vetour [Total | 6116l amsm| | |§ so06| 300003 seomemedi

Normal [1-65 | 518 62| 5013[$ 67.00|$ 5598 30,000 $ 1,679,322.58
Additional Cost per Week---> S 1,019,333.83




Brent Spence Bridge Closure
Normal Operations
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Brent Spence Bridge Closure
After Closure
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| Brent Spence Bridge Closure
A Normal Operations, 11/10/2020
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Brent Spence Bridge Closure
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Normal Operations:
Trucks Utilize I-15




Trucks Shift to

Alternate Route

o P

Road Closure on I-15
No Truck Activity
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No Truck Activity




. S 2, s I
) & \S‘Q_ . QQ/
- . e > LS <
Normal Operations: May 10, 2021 \ . s
4:00 PM - 6:00 PM [
[ ) 2;; .d Lo fa
\ i ' y W
% Marion [ y Frayser Frayse"
Il = i S8
% i’ 4
% = f . James Rd k4
\
% .. v e —
L\ 2" ::@ i @ s
. - L4
Presley ¥ - o ‘
Jungtion Fape 1
f .o § . -
?. Blanton N N A Hollywood sl
'--". R Me =
e ‘KA 'h-..? Vi, ‘“e\seas ."' 5
geruite ‘\,,_5 o+ - | g i 1 5
: . = Mound City S g @ : S
[77] ey e . fial s [ta] ° 5
3 “{",ﬁ > e 400 v e 4w o coum Y =~ 2 ; Sf ¢ = &
(o) .,‘ i d ©
: g . Memphis g £ = L=
West Memphis E Broadway Ave BFIG{,K 1= Broad-Ave 2
) < Poplar/ave =
* . e ) Unj 7 T
-, . o
A LOOP o «s\éz T . Aulon =
¢ SOU‘\ 4 S & i P ;
RI( 3 S y ‘Union Ave
Hulbert —= ‘qle @ g i > b |
- 4s > oo, OF I =
g - Issis £ 2 oe ~E EHCrum® £ 6'77@, e + Central Ave i
~S/ppi River. — by 4 ? )i e 277
y 4 TEN N Esse - E McLemore Ave /' M Buntyn N
/ ; . g
’ B ¥ : 1
/ €™ * ! ‘Shadowlawn ¥ . 5
/ 5 o~ H ’77-9,4 Barron Ave
: Mallorys. A % d be
O‘ ¢ .’KQSJ e 8
/ ; 0(\@} A =
.. cme > (‘
Speed (MPH) ot Jy oIS ure T EMaloryaver ' 5 .
wd® Island ) S e,
s, e s ¢ © ) L ¥ 4
e 0-5 Lake —e, g = o 2 (I E&E
McKellar 7y Y —) s
e 6-15 /Z/o,,(onr\U/? Crees ‘e, oy @ o “.. 2
16 - 30 k : . L g - oo+ =:- wDemocratRd wa ¥
e - \« .
West Junction A " e BNGE w .
e C %, ) ' .
31-45 . Ry Ny o ‘
! \ . 2 e :
46 - 55 fSsangieiiis AT wilirch@ter Rd Rgeof s - o N
. m * .\ 14 . e - oo e
s i . . \ S 2
® 56+ N . m :g Memphis Int'|
: z 51 Airport
@ Bridge Location A 1@ 0.5 1 2 39 E R
O — ) M|Ies . .
. $ .
Esri CGIf\R USGS, Arkansas GIS Office, Esri HERE Garmln SafeGraph, METI/NASA, USGS, EPA, NPS, USDA W Raines Rd E Raines Rd 3




& o 7 % =
'ff/ﬁq 5 {P\Yr. <
0 " e = e <
I-40 Bridge Closure: May 11, 2021 \ b 8
o s 3
, 2:00 PM - 4:00 PM o 2
57
1 1 . . d s
\N
Bridge Closed at Approximately 2:00 PM CDT Sl LW P
« & %
" i
\ .
ﬁ\ — ) James Rd
! %
\ . 2 ..., aeewyey .-u-.,.,.._._.__..-.@
“ ":3: x =
Pr\isley 1 ,,'g ’ )
Jun;tlon e, i ,
L -
n Blanton 5 O I £ Hollywood*s . )
-y , ha® Sl
c’.\z;‘.- o, ) I e | S
q%t\"’" .”\&:.— 2 <5 5 g g 3
L L . Mound Clty S Lo ) 5
(¥ R : o
m"": R ’\'a T — — = .-f i- Cmee hse Sae i . --..... ik 9 § fo T &
. ., ) | Metphi§ "= 8/ Z L] T £
WNest Memphis - ” EBroadway Awd = eeeaBihark — : Roplar fve oad*Av =
sl Qk.' Un; 8 =
00P - ey, ’\éZ’:. =0 A .: i o z
Lo o, O oog . ‘¢ Aulon
gout 4 & : 5. 8
RI( ! % S { ¢ Union Ave «
Hulbert % - 4[vs @ i AT ]
; 4 o - * % .
i . 7 7 Sis 3 "p"?""é 'E-V-lfm-m‘l’ 5 6/776, .-. Central Ave
S’ﬁﬁfrf?[ver - FY ‘e‘ [ o 4"@ 277
* »
TEN N E‘.55e 4;" ° ¢ ==EMclemore Ave 4 . Buntyn N
o e
! i fle "IN A ! ’
.o ¥ * Shadowlawn H . A
‘l . ? ((9,
& i - [\ Ny, Barron Ave
B opN, L
. Mallory .. Lt @“\:.- o ‘ 0', |
/ T E O(\@'L - =
% el e D z . 2 . b3
Speed (MPH) : "’ .;f Treasure 2 EMallory Ave ! P 2
D ) Island 5 s & Fetany
oy p S— . e} 9 - 5"
[ ] 0-5 Lake '\.--J‘,’ 55: s :\‘; L s - @
> N, 4 A = - ®
® 6-15 . McKellar 4/00(()““0/7 Cre'e}""‘ 7 ;.ﬁ?u-'(‘@?:’ - < : s
: .- +\Y & i v o i Demoppt Re At
_ . - e o~ 5 i %
1630 West Junction ie . - 3,:" (3 ‘{! @’ : o
31 _ 45 >y : -.'v l. . = 2 15_-o.': x oh'-. § . o
o %% © ¢ ¢ .
] y ] s [~
46 - 55 : Pisgah Heights ¢ = “inchdster Rd . 3 A
¢ @ W N e B A
® 56+ N . &0 N s Memphis Int'|
s . { 51 = A t
. Bridge Location A % 05 1 2 T S o
gy — M|Ies / Y a1
Esri, NASA, NGA, USGS, FEMA, Arkansas GIS Office, Bsri, HERE, Garmin SafeGra h, METI/NASA, USGS, EPA, NF¢, Rismyes Rd E Raines Rd 3 -




. Bridge Location

E:

A

Sri NASA NGA, USGS, FEMA, Arkansas GIS Office® Esri, HERE, Garmin SafeGra h, METI/NASA, USGS, EPA, NF¢, Rismyes RA*

) M|Ies

E Raines Rd

& z Z <
\ 2,
"%Ls o’é \p‘s\{‘c e QQ/Q
- P e > <
After I-40 Bridge Closure: May 11, 2021 \ : L8
4:00 PM - 6:00 PM ~ N
& . @ | ;
. : \N
) Marion [ Frayser Frayse’
i s / . 3
\ /
.'-_ = ¥ James Rd v
\ g a ‘ o)
T
' . \
Presley - 3 i
Junttion e o 2
n 5
3 Blanton \ ! Hollywood LR
X § hae
: e\ = S
L v . . : IS w
" ~ . = { >
Mound City S ‘ot g ] . 10
N T ‘ £ : E g [E §
'&'0 ) “e s e . . : = Sf :’74
- ‘Ei \ = . )
&) . Memphis Z D= = ¢ =
MNest Memphis » = R ok, Roria Broad Ase =
Cu, N@ & Plarfve ; . =)
B z 5 25
- . z
u 4 i i y o Aulon
S0 R,( “~ " Union Ave
Hulbert _— 4[v .
— 84 :
e S - g2 entra ve
/S”/’p/ RiediSi e ! 277
0
/ 4 TEN N Esse iz ) R R McLemore Ave £ Buntyn N
/ - J
(& % - @ "
; ! % Shadowlawn s
¢ ? (07/
/ % '7-9, Barron Ave
] Malloryve \ “a™ng Ao
. 3\5"‘ A A
/ . 0{\@. =
-
Speed (MPH) T # dedimnory ave: s R :
. slan ece | 4 - .
= S P . @ 1 3 (o L
® 0 - 5 Lake = Iy A\.‘*. ': 53? "‘“.‘f;‘ e \ &’g
McKell e 4 = e
® 6-15 et 2 Y0, ¢ onn 07 Cr?,_,?‘-.- ,}:\Z.,ﬂ’.@ = A ., .
o e N P @ L) o me o Demggrat Rd =8 = .. %
16 - 30 ‘ ve . { .o . o R y
est Junction ) s O it - x: &= »
31 -45 ' e & E ‘l"'l. Lact e > .
S :
_ Pisgah Heights > o " \' - Z - J
4955 P . _* . Wirch&eterRg & it Semo e -t
. i .
® 56+ Ne . '.-, s m ‘-.g . MEmphis Int'|
(&1 = Airport
'_b 0.5 1 2 =W
# * x se
2 ‘ *b




Average Carrier Costs per Mile

$0.384 $0.308 $0.417 $0.641 $0.553
$0.256 $0.271 $0.279 $0.331 $0.360

$0.149 $0.148 $0.175 $0.196 $0.202
$0.071 $0.087 $0.086 $0.088 $0.099

$0.020 $0.016 $0.016 $0.015 $0.009
$0.039 $0.043 $0.041 $0.045 $0.046
$0.035 $0.037 $0.032 $0.028 $0.034

$0.554 $0.566 $0.627 $0.724 $0.779
$0.190 $0.171 $0.182 $0.183 $0.188
$1.699 $1.646 $1.855 $2.251 $2.270
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Key Findings

 Supply chains & trucking require extremely efficient
* 95% vs 80%
 Faster but longer routing is common
 Unintended consequences: Slower & longer = more
quality issues

routing

air

 Rely on truck driver / moto carrier input for Alt Routing

's and

» Alternative routing adds bottom line costs to produc
services (inflationary)




Questions?

Dan Murray

dmurray@trucking.org
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Subscribe to TRB Weekly

If your agency, university, or organization
perform transportation research, you and
your colleaguesneed the TRB Weekly
newsletter in your inboxes!

ACADEMIES iom
TRE Weekly cowers the latest in transportation

Each Tuesday, we announce the latest:
* RFPs

« TRB's many industry-focused webinars i
and events

« 3-5new TRB reports each week | |
 Top research across the industry Spread the word and subscribe!
https://bit.ly/ResubscribeTRB
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TRB Webinars weekly
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