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Purpose Statement

This webinar will discuss the evaluation and mitigation of geotechnical risk as a crucial
aspect of a successful construction project. Presenters will highlight risk management
methods prescribed in existing Federal Highway Administration design guidelines and
compare risk management practices. Presenters will also share a case history on a
successful application in a recent accelerated bridge construction (ABC) project.

Learning Objectives

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

* Implement available guidelines on how to optimize exploration plans, resulting in lower
risks to designer, owners, and contractors

 Identify geotechnical risks and either document risk mitigation or quantify the risk for the
contractor

« Understand how to characterize risks in geotechnical design and construction for ABC
and on alternate contract delivery projects
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Geotechnical Investigations

e Characterization of subsurface conditions is one of the most
challenging yet important activities required for successful planning,

design, construction, and operation of transportation infrastructure.
- Geotechnical Engineering Circular No. 5



Geotechnical Investigations

[EXPENSIVE, DEMANDING, IMPACTFUL, TIME CONSUMING]

[AND
YET UNCERTAINTIES REMAIN...THEN WHY SUCCUMB TO ANALYSIS
PARALYSIS?].

- Hypothetical personnel, not a real person!



Geotechnical Investigations

e ‘Chilling Effect” in exploration planning can result

e Exploration plans then do not reflect the minimum recommendations

e Do not identify
e Risks
e Hazards
e Current or future stability
e Groundwater conditions, dewatering needs
e Soil and rock conditions and their variability
e Effects of construction sequencing or stockpiling
e Use of onsite materials for embankment fill
e Many more!
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Consequences Realized

e ~25 shallow cut side landslides, but could be simply mitigated
* Change orders from contractor

* Delays to design mitigation measures

e Construction delays in very short construction season

e Cost magnitude — unknown to me



Common Theme

 NCHRP Synthesis 484 - Influence of Geotechnical Investigation and
Subsurface Conditions on Claims, Change Orders, and Overruns
e Key Findings
e Causes: Pile overruns, shallow groundwater and related costly

dewatering, misclassified or mischaracterized subgrade, unexpected rock
excavation/drilled shafts

e Costs: Up to S10M annually per agency, 7% of all claims, near 1% of total
budgets for new construction. Up to 7% of a project’s total budget, likely
larger

e Conclusions: Improve practice to improve design, reduce claims, change
orders, and overruns.
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FIGURE 1 Graph of increases in construction cost for infrastMicture projects as
a function of cost of subsurface investigation (adapted from Clayton 2001 and
Mott MacDonald and Soil Mechanics Ltd. 1994).

Less Investigation, More Problems




Brief Example

e State-funded project (i.e. maybe less federal oversight)

e ~S14M Bond measure for ~9 miles of gravel road, partially through rugged
terrain.

Dug about two dozen test pits, drilled for four bridges
e Reconnaissance for the remainder

“Be careful, once a geotech walks a site, the geotech is done”

e Low bid came in at $31.8M (2x Bond Funding)

e Change orders, NOIs have inflated the original bid due to big equipment in
steep terrain
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What are the recommendations?

e Using Geotechnical Engineering Circular No. 5: Geotechnical Site
Characterization; focusing on boring depth and spacing (Table 3-2)

Minimum Number and Location
of Exploration Points
e Minimum of one exploration point e Depth below bottom of wall where stress increase
e Exploration points every 100-200 ft. becomes less than 10 percent of existing effective
e Additional exploration points behind overburden stress
walls for anchored structures ¢ Depth should extend below any soft. compressible
soils into competent bearing material

e Also, drill as close to wall face as possible.

e Too often drilling is done at current road edge...too expensive at face, but that
is where the soft, unconsolidated ground is!

Application Minimum Depth of Exploration

Retaining
Walls
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e Minimum of one exploration point per | ® Depth below footing elevation where stress increase
substructure is less than 10 percent of existing overburden stress
e For substructures with plan dimensions | e Depth should extend below any soft, compressible

Shallow greater than 100 ft. a minimum of two soils into competent bearing material
k. L vy - -

Foundations exph.:u:ation points _ o e Minimum of 1{;}-ft penetr:a_rinn into competent 1'_r:u:k if
e Additional exploration points for encountered prior to meeting other depth criteria
erratic subsurface conditions e In formations with highly variable rock and/or
boulders. great than 10-ft penetration into rock
may be required

e Perform geologic reconnaissance ¢ Often overlooked, only
and adjust accordingly encounter refusal and then onto
the next boring. PREPARE FOR

CORING!



e Minimum of one exploration point per | ® Depth below anticipated tip of foundation that is the
embankment greater of 20 ft or two times the maximum
e For substructures with plan dimensions foundation group dimension
greater than 100 ft. a minimum of two | e Depth should extend below any soft. compressible
exploration points soils to reach competent materials
e Minimum of 10-ft penetration into competent rock
for piles bearing on rock
e Minimum penetration into competent rock should be
10 ft for piles tipped on rock and greater of 10 ft,
three times the shaft diameter for individual drilled
shafts, or two times the maximum group dimension
below the anticipated tip elevation for drilled shafts

Deep ¢ Additional exploration points for

Foundations erratic subsurface conditions

e Minimum of one per shaft. Two < A phased approach may be
if large diameter and an inclined required
top of rock contact is expected.



e Minimum of one exploration point per
embankment e Minimum depth is greater of:

e Minimum of one exploration point at o depth where induces vertical stress 1s less
each bridge abutment location than 10 percent of applied stress at base of

e Minimum of one exploration point per embankment, or
300 ft of embankment. locations o depth equal to twice embankment height below

Embankment
Foundations staggered in transverse direction base of embankment
e Minimum of three exploration points unless competent hard stratum is encountered at
in transverse direction shallower depth
¢ Additional exploration points for
erratic subsurface conditions

* Be able to define a cross section ¢ Go deeper in especially soft or
for slope stability calculations degradable conditions




Deep Degradable Material Affectec
Embankment and Abutment Foundation
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e Minimum of one exploration point per | ® Minimum depth is depth equal to the maximum slope
300 ft of slope length height below the minimum excavation elevation
Excavated e Minimum of three exploration points unless competent hard stratum encountered at

Slopes in transverse direction shallower depth
¢ Additional exploration points for ¢ Exploration depth should extend below potential soft
erratic subsurface conditions or weak strata that might impact stability

* Cross sections for stability e Go to bottom of ditch plus 10
recommended. feet...vertical grades may
change.

e Take issue with ‘competent hard
stratum’ ... how does one
evaluate rock slope stability and
design cut angles without drilling
into it?



Notin GEC 5 Table 3.2: Landslides

s o eReATEST MovEENT e Align borings with inclinometers

ABOVE SCARP, WITHIN

and piezometers down landslide

OFFSET TO FIT

axis through the landslide

* Install additional borings beyond
to monitor for growth of
landslide

-
' BEYOND SLIDE -

.“E
TOE

BELOW TOE

TRB SR 247: Chapter 10



Notin GEC 5 Table 3.2: Landslides

e Install inclinometers 10 to 20
feet beyond suspected slide
depth. Be willing to go deeper!

Inclinometer

Piezometer

* Install piezometers to sense pore

Slip surface
(discrete

e | pressures at the shear zone.
Install more than one if

— . needed...VWPs are inexpensive.
Cornforth (2005): Landslides in Practice



Approaching the recommended program
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Approaching the recommended program

e 9.1 miles of realignment designed, just a bit to go

e Largest clear span bridge in Alaska
e 5 additional bridges

e 263 borings (so far), s
e 119 test pits, 300+ p€at probes

-}Deun.My in all rock cuts

w "« MASW, GPR at big bridge

 Foliated rock, overconsolidated and moisture sensitive glacial tills,
reworked till, terrace gravel, and complex groundwater
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Drilling

Explorations Progress Dashboard

Daily Update

Inspection Crew: DOT - NR

» Report date: April 7, 2021
Drill Rig: DOT-NR

Explorations worked on: TH-6-E-019

Footage completed: 0.00
Depth at end of shift: 42.00
Stage worked within: Stage 6 East

Primary activity for the day: Installing instrumentation

Secondary activity for the day:

Inspection Crew: DOT - NR

Report date: April 6, 2021
Drill Rig: DOT-NR

Explorations worked on: TH-3-E-019

Footage completed: 42.00
Depth at end of shift: 42.00
Stage worked within: Stage 3 East

Primary activity for the day: Drilling primary boring

Secondary activity for the day:

Inspection Crew: DOT - NR

Report date: April 5, 2021
Drill Rig: DOT-NR

Explorations worked on: TH-6-E-014 and TH-3-E-018

Footage completed: 21.50
Depth at end of shift: 21.50
+ Stage worked within:

= Primary activity for the day: Installing instrumentation
+ Secondary activity for the day: Drilling primary boring

Moving to TH-3-E-019 on 4/6/21
Inspection Crew: DOT - NR

+ Report date: April 4, 2021
« Drill Rig: DOT-NR

+ Explorations worked on: TH-3-E-018

» Footage completed: 10.00

~ .
Last updste: 12 minutes sgo

Stage 1A - Borehole Progress

Mot Started &

@ nun 11.1% @ Complete

Last updste: 12 minutes sgo

Stage 1B - Borehole Progress

Complete 4
. Complete
Last updste: 12 minutes ago

Stage 1C - Borehole Progress

Last updste: 12 minutes sago

Complete 26

T22%

@ notStar=d

16.7%

Stage 2 - Borehole Progress

Completa 31
. Complete

Last updste: 12 minutes ago

Stage 3 - Borehole Progress

Completa 57
. Complete

Last updste: 12 minutes ago

Stage 4 - Borehole Progress

Last updste: 12 minutes ago

Stage 5 - Borehole Progress

Completa 56

. Complete

Last update: 12 minutes sgo

Boreholes Complete

213

Last update: 12 minutes sgo

Average drilled footage per shift

34.701 feet

over 295 shifts since July 14, 2020

Last update: 12 minutes sgo

Test Pits Complete

105

Last update: 12 minutes ago

Total Boreholes

200

Stages 1,2, 3,4, &5
Last updste: 12 minutes ago

No data

Last updste: 12 minutes ago

Test Pits Planned

LA

Last updste: 12 minutes ago
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Why?

(...do we care as geotechnical designers)

* Most of the construction risk is below the ground surface
* Need to execute a constructible design

* Need to help the contractor get the work at the right price

3
Contractor Perspective on Quantifying Geotechnical Risk ‘B‘G‘c‘



Risk Allocation

« DSC = unforeseen subsurface conditions that damage the contractor
» Recognized as one of the most significant risks on highway projects

* Highway agencies generally take on risk of differing site conditions

*  Federal Acquisition Regulations (FAR) Clause 52-236.2
*  Required for all federally funded highway construction projects per CRF 635.109, except design-build projects

*  Beware of projects without a DSC clause or with exceptions

* The Contract is the means of allocating risk

» Decided before contractoris involved in project

4
Contractor Perspective on Quantifying Geotechnical Risk BGG



52.236-2 Differing Site Conditions

(@) The Contractor shall promptly, and before the conditions are disturbed, give a written notice to the
Contracting Officer of-

(1) Subsurface or latent physical conditions at the site which differ materially from those indicated in
this contract; or

(2) Unknown physical conditions at the site, of an unusual nature, which differ materially from those
ordinarily encountered and generally recognized as inhering in work of the character provided for
in the contract.

5
Contractor Perspective on Quantifying Geotechnical Risk BGG



Risk Management Process
(Risk Assessment and Allocation for Highway Construction Management, FHWA-PL-06-032, 2006)

 |dentification

* Assessment

* Analysis

* Mitigation

» Tracking and updating

IDENTIFICATION — ASSESSMENT - ANALYSIS — MITIGATION - TRACKING & UPDATING

* 6

« Contractor Perspective on Quantifying Geotechnical Risk ‘B‘G‘c‘



Risk Identification

» Relies on experience of designers and constructors (Subject Matter Experts - SMEs)
» Starts at beginning of project - likely during pre-advertisement phase

« All disciplines involved during review of Contract

* Continues through completion of proposal/bid

* Logged in the Risk Matrix

IDENTIFICATION — ASSESSMENT - ANALYSIS — MITIGATION - TRACKING & UPDATING

7
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Leading Causes of Claims, Change Orders, and Cost Overruns
(NCHRP Synthesis 484, 2016)

* Pile overruns

* Groundwater shallower than expected

» Seepage problems, including those requiring dewatering
» Misclassified or mischaracterized subgrade

» Unanticipated rock excavation

* Mischaracterized rock for drilled shaft construction

IDENTIFICATION — ASSESSMENT - ANALYSIS — MITIGATION - TRACKING & UPDATING

. -

« Contractor Perspective on Quantifying Geotechnical Risk ‘B‘G‘c‘



Geotechnical Risks

« Differing site conditions

» Inadequate subsurface investigation
» Earthwork quantities

 Drilled shafts obstructions

 Weak subgrades

* Unstable slopes

» Adjacent structures/sensitive receptors

Soft soils

Liquefiable soils

Settlement prone soils
Temporary works/SOE

Contract requirements
Contaminated soil/groundwater

Existing infrastructure/obstructions

IDENTIFICATION — ASSESSMENT - ANALYSIS — MITIGATION - TRACKING & UPDATING

. : 9

Contractor Perspective on Quantifying Geotechnical Risk
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Risk ldentification, Categorization, and Documentation of risks

Risk Categories used to organize and assign SMEs

* Geotechnical * Labor

* Materials e Quantities

* Environmental e Sub Performance

* Performance * Claims and Deductible
» Schedule * General Project

IDENTIFICATION — ASSESSMENT - ANALYSIS — MITIGATION - TRACKING & UPDATING

* 10

« Contractor Perspective on Quantifying Geotechnical Risk ‘B‘G‘c‘



Risk Assessment

» Determine likelihood and impact of
identified risks

* Impacts typically identified as cost or
schedule impacts

1"
Contractor Perspective on Quantifying Geotechnical Risk

=

ASSESSMENT GUIDE
Level Likelihood ElmlIm
o
A Remote oL m|m
- =
B Unlikely * E clricrimlm
C Likely “BlL|L|L|{M|M
D Highly Likely AlL|L|L|L|M
E Near Certainty a b ¢ d e
Consequence
Level Schedule and/or Cost
a Minimal or no impact Minimal or no impact
b Add!tlor!al resources <500
required; able to meet
Minor slip in key milestones; 5-70%
not able to meet need date
Major slip in key milestone or
d critical path impacted 7-10%
Can't achieve key team or ~10%

major program milestone

(FHWA, 2006)

IDENTIFICATION - ASSESSMENT = ANALYSIS — MITIGATION - TRACKING & UPDATING

RISK ASSESSMENT

High (Red)
Unacceptable. Major disruption
likely. Different approach required.
Priority management attention
required

Moderate (Yellow)
Some disruption. Different
approach may be required.
Additional management attention
may be needed

Low (Green)
Minimum impact. Minimum
oversight needed to ensure risk
remains low

Bo



Risk Analysis quantify [cost] impacts of identified risks

(<]

Purchase additional lengths of
pile and splice kits.

Additional pile lengths

fed:”t"r‘]’s“a' e gii‘lzte‘:h”'ca' (+ splices) required o [250LF x $50/LF = $12,500 |+ 30 $6750
& achieve capacity [20EA x S500/EA = $10,000] =
$22,500
: : Risk of no a\{allable Al 21,935 cy of borrow required;
Borrow Material Geotechnical or A2 material as . .
) increased price of 55/cy = 30 $32,903
Spec Risk needed per Geotech
$109,675
Report
. 1 IDENTIFICATION — ASSESSMENT - ANALYSIS — MITIGATION - TRACKING & UPDATING

« Contractor Perspective on Quantifying Geotechnical Risk

Bo



Risk Mitigation

We could have a early cold
season that push some works

Liquidated damages,

Early winter . overhead, mobilization
y. Schedule from 2023 to 2024. Increase in
pushing work : . . : : Resolved Resolved
Impact Risk escalation possible, increase in : :

next season : Address in schedule with 6

labor and equipment cost ..

: days a week in Bid

possible.

Due to remoteness of
Bulk materials construction sites, aggregates  Order/schedule materials
(aggregates, Materials Risk and concrete materials are and trucking earlier than Resolved Resolved
concrete) subject to fuel cost volatility for a normal job

and delivery issues

13 IDENTIFICATION — ASSESSMENT - ANALYSIS — MITIGATION —= TRACKING & UPDATING

Contractor Perspective on Quantifying Geotechnical Risk ‘B‘G‘c‘



Other Risk Mitigation Strategies

» Consider the variability and uncertainty of the design parameters
» Detailed coordination between builders and designers during tender phase
» Alternative Technical Concepts — mitigate risks through innovation

» Technical Risk Assessment — panel of cross-functional Subject Matter Experts perform a “cold-eyes”
review of contract and tender phase design deliverables

 Management Reviews - detailed review of deliverables and estimate with high-level managers

* Independent Cost Estimates - 2"d and 3 party independent cost estimates

14
Contractor Perspective on Quantifying Geotechnical Risk ‘B‘G‘c‘
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Risk Mitigation through Engineering Analysis

Analyzed Loads

(See Note 1) Piles
ote KIE Design - 16"x0.5"
i i Min Pile Tip EL Comments, Key Asssumptions,
Bridge ID Description el s Bottom of , Pile or Shaft QC Testing ] i . P
Compression e Required to #of | Total Length of Controlling Conditions, etc.
Type Ca ile Ti - c
Resistance for (See :I:}te b) Elevafi{m Pr{}tectiI:}n e Piles/ Pile (ft)
Strength Limit o Resistancefor | pent | (See Note 2) Conical
State (kips) (ft) Strength Limit Pile QTY | Points
State (ft) (each)
5112 Hwy 2 0/ 299 16"@x0.5" Steel Pipe | 2234 | Conical Point 2205 5 32 1 PDA/CAPWAP per bent  |See Notes 160 5
single-span | Unger Coulee 299 16"@x0.5" Steel Pipe 2234 Conical Point 2205 5 32 1PDA/CAPWAP per bent  |See Notes 160 5
248 16" @x0.5" Steel Pipe 2178 Conical Point 2135 5 46 1PDA/CAPWAP per bent  |May need restrike or add 15' per 230 5
ile @ ABUTS & 25' per pile at
5113 Hwy 20/ " . . : : ple @ > perp
451 16"@x0.5" Steel Pipe 2178 Conical Point 2109 5 72 1PDA/CAPWAP per bent  |PIER to get capacity at EOD. 360 5
two-span Buggy Creek ) o
***Pier lengths at limits of
248 16" @x0.5" Steel Pipe 2178 Conical Point 2135 ] 46 1PDA/CAPWAP per bent  |available data.*** 230 5
c11s Hwy 2 O/ 299 16"@Px0.5" Steel Pipe | 2201 | Conical Point 2166 5 38 1PDA/CAPWAP perbent | May need restrike or add 190 5
cinelesnan Chapman 15' per pile @ Pier to get
glesk Coulee 259 16"@x0.5" Steel Pipe 2201 Conical Point 2166 3 38 1PDA/CAPWAP per bent | capacity at EOD 190 5
Lhame 3000
* 16

Contractor Perspective on Quantifying Geotechnical Risk
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Alternative Technical Concepts

Innovative solutions that promote efficiencies, reduce risks, accelerate project delivery
schedules and reduce project costs

« Cost-effective solutions that are equal to or better than the State’s design and/or construction criteria
« FHWAEDC-2 (2014)

https://www.fhwa.dot.gov/innovation/everydaycounts/edc-2/atc.cfm

* Most commonly used on DB projects

» Typically, confidential during bid phase, may be released to successful bidder after stipend
« Often win the bid through ATCs

* Example - Bridge abutments supported on MSE or GRS walls

Contractor Perspective on Quantifying Geotechnical Risk ‘B‘G‘c‘



How can Geotechnical Designers Reduce Risk for the
Contractor?

» Get the Geotech data needed for design (both owner and contractor’s designer)
» Identify the project Geotechnical Risks

* Quantify the risk

Cost
Schedule

» Mitigate risks when possible

* 18

« Contractor Perspective on Quantifying Geotechnical Risk ‘B‘G‘c‘



Contact us

Brian Collins, P.E.

Senior Geotechnical Engineer

bcollins@BGCEngineering.ca

BGC Locations

CANADA EDMONTON  HALIFAX CHILE AUSTRALIA
VICTORIA TORONTO FREDERICTO SANTIAGO BRISBANE
VANCOUVER  SUDBURY N DOMINICAN REPUBLIC
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I-15 NB; 10600 S Interchange

Objective: reduce traffic delays, improve access to shopping area / City, and resurface existing
bridge deck at one of the State’s
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I-15 NB; 10600 S Interchange

Lake Bonneville

* Ancient lake ~14,000 years
« 325 miles long,

* 135 miles wide,

« Depth of over 1,000 feet

* Our site:
— Variable fill materials (I-15 Recon in 1996),
e iy — Interbedded deposits to 10 ft,
N — 90 ft of Clay (soft to medium stiff),

— Laterally discontinuous and variable
thickness of sand layers (a couple thousand
feet to bedrock),

Project site located in lacustrine — Groundwater: shallow, artesian, perched

(Bonneville Lakebed) deposits

N

MILFORD




I-15 NB; 10600 S Interchange

Structure Type Selection (Pick Your Adventure):
1) Multi-span bridge over (existing bridge on deep foundations)
2) Go around (widen ramp and new structure on deep foundations)

3) Go through the existing embankments (foundations ??)
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-15 NB; 10600 S Interchange

Tt

Widen ramp, property take, and new
multi-span structure



Construction Manager / General Contractor (CMGC)
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Maw’s Big 5 Geotechnical Risks
(Water, water, water (GECO05 — 10.5 and 10.6)

« Effective stresses (artesian / perched)
* Fluctuations over time (high quality piezometers)
Excavation dewatering and site variability

Schedule (GECO05 2.1 — Field Program Focus)

« Construction, dewatering, settlement, existing sewer utility
« Maximum past pressure / yield stress
Tight construction window (16 days)

Undocumented / historic construction (GEC05 12)

« Undocumented / poorly documented fill materials
Buried debris (damage to drilling equipment)

Unusual or especially large loads (GECO05 3.1/ 7.4.6)
Accelerated bridge construction (SHANSEP)

Politics & Budget

« Thanksgiving / Black Friday...making the impossible, possible (9 months — 16 days)
«  $16MM project funding (how nice would it be to go back to 2017....)



I-15 NB; 10600 S Interchange

Pareto’s Principal Applied to Geotechnical Engineering:

« 80% of the effort goes into a focused field study and laboratory program, and detailed
site characterization

« 20% of the effort goes into analysis and reporting

» "Keep the main thing, the main thing” in data collection and site characterization
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dwater data
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Historic / existing groundwater data
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Where are the data gaps and what are we going to do about them?
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Schedule: Construction

g
ARETSS

TS

{
)
\
»
{
1

-wa
AT

-

B

o = — —

L— -~




hedule: Construction
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Schedule: Construction

_Some risks are best managed in construction....
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Unusual Loads or Espec:lally Large Loads / ABC

Settlement tolerance of ¥4 inch
* 9 months — 16 days
* Three-sided, box & precast footings (15t by
UDOT) and reduced factor of safety
« 123-ft long, 22-ft high — 3 million pounds moved
In about 2 hours
Completed with bottom slab after being in place
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Today’s presenters

Presenter Name
BCollins@bgcengineering.ca
BGC Consultants

Heather Shoup
Heather.Shoup@illinois.gov
lllinois Department of
Transportation

Darren Beckstrand
Darren.Beckstrand@ccilt.com
Landslide Technology

Ryan Maw
ryanm@aerhartcole.com
Gerhart Cole, Inc.
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Upcoming events for you

February 26, 2024

TRB Webinar: Disruptive
Technologies and the Future of the
Transportation Agency

June 23-26, 2024

2nd International Roadside Safety
Conference
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https://www.nationalacademies.org/trb/events
https://www.nationalacademies.org/trb/events
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Subscribe to TRB Weekly

If your agency, university, or organization oo o

. TRB Weekly
perform transportation research, you and s
your colleagues need the TRB Weekly
newsletter in your inboxes!

R TRANSPORIATON RESEARCH

H80MD
TRB rs the latest in transportation
ch.

Weekly covel

Each Tuesday, we announce the latest:
« RFPs

« TRB's many industry-focused webinars
and events

« 3-5 new TRB reports each week

*  Top research across the industry Spread the word and subscribe!

https://bit.ly/ResubscribeTRB
Weekly
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TRANSPORTATION RESEARCH BOARD



https://bit.ly/ResubscribeTRBWeekly
https://bit.ly/ResubscribeTRBWeekly

Discover new
TRB Webinars weekly

Set your preferred topics to get the latest
listed webinars and those coming up soon
every Wednesday, curated especially for
you!

And follow #TRBwebinar on social media
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Update Your Preferences
View this email in your browser

Supply Chain Risk and Resilience—Linking
Transportation and Economic Models

Thursday, October 6,2:30-4PMET

Disruptions to transportation supply chains can cause
cascading effects globally and socioeconomically. This
webinar will discuss leading-edge technologies and the
impacts logistics modeling with artificial intelligence and
resilience analytics can have on a larger scale.

W @NASEMTRB
@) @NASEMTRB

Transportation
. Research Board
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Upcoming
TRB Webinars

Update Your Preferences

View this email in your browser



https://mailchi.mp/nas.edu/trbwebinars

Get involved

TRB mobilizes expertise, experience, and knowledge to
anticipate and solve complex transportation-related challenges.

TRB’s mission is accomplished through the hard work and
dedication of more than 8,000 volunteers.

https://www.nationalacademies.org/trb/get-involved

NATIONAL
ACADEMIES TRANSPORTATION RESEARCH BOARD

Welcome to MyTRB!

Log in or create an account to access the following:

“ S m

TRB's work relies on volunteers and seeks to involve transportation professionals at every stage of their career. Get involved with TRB today.
+ Become a TRB Affiliate + Manage Your MyTRB Profile

+ Update Your Interests + Visit the Career Center

+ Become a Friend of a Technical Committee
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We want to hear from you

Take our survey

Tell us how you use

_ RB Weblnars in ynur_
at trowebinar@nas. i
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