
Disasters Near Work Zones:
Planning for Resilience

Traffic Management and Safety during Winter Construction and Severe Weather
Funded by FHWA 2016 Work Zone and Guardrail Safety Grant Program
Sources: Top left: Alexis Vélez/Puerto Rico National Guard; Top right:Eric Coulter/Bureau of Land Management; Bottom left:: Jblackst/Wikimedia Commons [CC 3.0]; Bottom right: County of Riverside Emergency Management Department

Presenter
Presentation Notes
Script:Welcome to today’s webinar on Disasters Near Work Zones and Planning for Resilience. My name is John Shaw. I’m a researcher at Iowa State University’s Institute for Transportation, working mainly on roadway safety including work zones. My background is civil engineering and community planning. Before coming into this research role, I worked for Wisconsin DOT for many years in systems planning and system operations. I’d like to take a moment to thank our project sponsor, the Federal Highway Administration, and particularly the Office of Operations, including Jawad Paracha and his team.



Disclaimer
This material is based upon work supported by the U.S. Department of 

Transportation under Cooperative Agreement No. 693JJ31750003. The material was 
prepared by Iowa State University. Any opinions, findings and conclusions or 

recommendations expressed in this publication are those of the author(s) and do 
not necessarily reflect the view of the U.S. Department of  Transportation. This 

publication does not constitute a national standard, specification, or regulation. The 
U.S. Government does not endorse products or manufacturers. Trademarks or 

manufacturers’ names appear in this document only because they are considered 
essential to the objective of the document.

Presenter
Presentation Notes
Scripts:Although FHWA provided funding for this work, I should note that the materials you’ll be seeing were prepared by us here at Iowa State University. All opinions and recommendations are those of the authors--mainly me--and do not necessarily reflect the views of FHWA and US-DOT. The material used does not constitute any U.S. standard, specification, or regulation. There are a lot of photos is today’s presentation, and here and there you might see a logo in the background, name of a business, or something like that. I chose the images because I felt they were important for today’s learning objectives--they are not intended as an endorsement of any particular product or business. 
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Learning Objectives

Today’s focus: incorporating resilience to adverse 
events in the Transportation Management Plan 
(TMP) development process

By the end of this webinar, you should able to:
• Discuss adverse events planning in relation to 

the TMP development process
• Identify sources of climate and seismic risk 

data
• Discuss ways to support rapid response 

through TMPs

Source: Bob McMillan/FEMA

Source: Patrick Evenson/U.S. Air National Guard

Source: NOAA

Presenter
Presentation Notes
Script:So as the title slide suggests, our main focus today will be planning for situations where there are work zone traffic impacts, usually long-term closure that is not easy to button up, combined with some type of disaster such as severe weather. We have an existing process, Transportation Management Plans, that touches on this objective already. By expanding that process a little, I think we can gain a lot of robustness and resilience during our construction activities. In the past some agencies have been caught flat-footed by disasters, so I see this as a very big opportunity to turn that around and be well prepared for what’s turning out to be an increasingly complex set of challenges.There are three main things I hope you’ll get out of today’s discussion:Being able to discuss how adverse events planning fits into the TMP development process that most agencies are already doingKnowing where to find climate and seismic risk data for your project siteAnd being able to discuss ways to support rapid response through the TMP processSpeaking of discussions, I’m hoping to reserve some time at the end for questions and discussion, so if there are things you’d like to talk about feel free to type them into the chat pod at any time or bring them up at the end.
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Work Zones Can Make Existing Vulnerabilities Worse

Adverse event examples:
• Storms (hurricanes, etc.)
• Flooding
• Snow in unusual times/places
• Wildfires
• Earthquakes
• Rockslides
• Dam failures
• Train derailments

Source: Jocelyn Augustino/FEMA

Source: Jblackst/Wikimedia Commons [CC 3.0]

Presenter
Presentation Notes
Script:We know work zones can have major impacts on roadway safety and mobility, and the same is true for major storms. When the two happen in the same time and place, it can have a multiplier effect.The adverse event could be a hurricane or tropical storm, flooding, snow storms hitting parts of the country that aren’t prepared for snow. Or something like a wildfire, a rockslide, even a train derailment or an industrial accident.
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What is “Expedient”

Expedient facilities:
• Rapidly constructible
• Based on readily-available personnel, equipment, 

and materials
• Intended to serve only essential traffic
• Expected service life about a year 
• Built under emergency authority
• Easy to remove and restore to prior condition

1934

Source: Photographer unknown/University of Washington collection

Example:
• Due to flooding, a community has been cut off from the highway network
• Existing culverts washed out
• No culvert pipe available locally
• Solution: Build box culverts using local materials (timbers, stone, etc.) 

Presenter
Presentation Notes
Script:When I’m discussing “expedient” facilities today, I mean the kind of facilities you might build very quickly to solve an urgent transportation problem. For instance, there might be a community that has been cut off by the combination of construction and a disaster, and we need to build something quickly to get people who can help in, and ordinary people out. In these cases we are likely to need solutions that are fairly easy to build. In particular, we’ve been looking for ways to restore some degree of access mainly with the people, equipment, and materials that are already on hand. We’re looking for ways to be self-reliant, so that we don’t have to wait and wait for someone with a helicopter to fly in road building supplies.To do that, there will be trade offs. We might have to give up durability, and just build something that can get the job done for a week, a month, a year. And we might be accommodating only the most essential traffic—maybe just pedestrians and ATVs, for example. Also, we’ll probably be building this under emergency authority. That means what we build needs to be easy to undo, so that when the emergency is over it’s easy to restore the site to something close to its original condition.So to give you an example of what “expedient” means, suppose a storm has washed out some culverts, cutting off the roads to a community. We might not have a stockpile of culvert pipe on hand, and getting pipe brought in might take a long time. So instead of pipe, perhaps we can build box culverts with local materials. Here’s an example from Washington State in the 1930s, making use of the materials that were already on-site: logs and soil. It’s certainly not the perfect culvert, but it meet the need for getting pedestrians and light wheeled traffic across the ditch.



2020 Weather & Climate Disasters with Damage >$1 Billion

Traffic Management and Safety during Winter Construction and Severe Weather. Funded by FHWA Work Zone Safety Grant Program.
Source: NOAA

Presenter
Presentation Notes
Script:Last year was rough, and not just because of covid. In 2020, there were an unprecedented number of major disasters in the US. In all, 22 weather-related events or event clusters that each caused more than a billion dollars worth of damage. 
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Change in Precipitation in the United States, 1901–2020  

Source: NOAA

California 2021

Source: Ventura County Fire Dept

Missouri 2019

Source: Alk123/Wikimedia Commons

Louisiana 2020

Source: Josiah Pugh/US National Guard

Presenter
Presentation Notes
Script:In a way, we’ve been building up to what happened in 2020 for quite a while. This map shows the change in precipitation in the US over the past 12 decades. In a typical year, Southern California and most of the Southwest are now getting up to 30% less precipitation than they used to, and that drought has left the western forests susceptible to fire. Meanwhile, the Midwest, the South-Central states, and New England are seeing up to 30% more precipitation. Most of that water flows south, so we’re seeing increasing problems with flooding along the major rivers, like the Missouri river in the photo at the upper right. Also note the big increase in precipitation along the Gulf Coast, including precipitation from hurricanes like the one that struck Louisiana last year.
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Long-Term Trends

California Wildfires
Acres burned per year

Source: CalFire (State of California)

Inland Flooding
Blue triangles: Increasing
Red triangles: Decreasing

Source: Millakpour & Villarini 2015

Coastal Flooding 
Orange bars: 1950s
Purple bars: 2010s

Source: NOAA/EPA

Presenter
Presentation Notes
Script:Some people might like to chalk this up to routine fluctuations in the weather, but there seem to be some important long-term trends. The chart on the left shows the number of acres burned in wildfires in California, and you can see the upward trend from the late 1980s to the present. The situation in 2020 was unprecedented: over 4 million acres burned in California alone. The researchers who prepared the middle chart gathered flooding data from river gauging stations all across the Midwest. The red triangles identify stations where the number of flood days has gone down over the past 20 years. The blue triangles represent sites where flooding has increased. As you can see, the blue sites far out number the red.The chart on the right shows coastal flooding along the East Coast from Virginia to Maine. The small orange bars count the total number of flood days in the decade of the 1950s. The much larger purple bars count the flood days in the 2010s.
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Nautical Logs: A Window Into Past Weather

Source: US Navy
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Millions of observations spanning 140 yrs
• Wind speed
• Wind direction
• Barometric pressure
• Air temperature
• Water temperature

Presenter
Presentation Notes
Script:People have found some interesting data sources to try to understand this better. For instance, our Navy and navies from other countries have been recording sea temperature in their log books since the 1880s. Over the decades, they accumulated millions of observations from all over the world.What those records show is that before 1910, the world’s oceans were cooling off. That trend reversed around 1910, and by the 1970s the sea temperature was back to about where it was in the 1880s. The oceans have continued to get warmer since the 70s, and the warming has accelerated. 
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Interaction with prevailing winds – US Mainland

Base Map Source: NASA/JPL-Caltech
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Presenter
Presentation Notes
Script:For the US, warmer water in the Pacific means more evaporation, and warmer air in the western states means it takes a little longer for those water droplets to condense into rain or snow. So less rain has been falling in the West, and more in the middle and eastern parts of the country.The warmer water in the Caribbean means more and bigger tropical storms, with more energy.
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Climate Risk Data

Source: NOAA

• Climate.gov
• Probability of severe 

weather by day of the year
• Localized min/max 

temperature by day
• Localized past precipitation 

by day

• National Weather Service 
weather history

• National Centers for 
Environmental Info

• University extension 
services

Presenter
Presentation Notes
People have been doing a lot of work to condense all of that data into products that are easy to use, and climate.gov is one place to find them. For example that website has a set of 365 charts that show the historical probability of severe weather for each day of the year, in this case June 11. These were done by combining all the records spanning two decades. So we might be two or three years away from actual construction, but we can see that if our active is active on June 11 there’s a pretty high chance we’re going to have to deal with severe weather if our site in Kansas, southern Nebraska, or western Oklahoma.Climate.gov also has the typical high and low temperatures for each day of the year, along with the typical amounts of precipitation for each day.There’s more weather history data on the National Weather Service website, and also at the National Centers for Environmental Information. You might also find weather information through your university extension service or on their website; since they deal a lot with agricultural producers, they often map out the micro-climate regions within their state.
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Wildfire Risk Data

Source: U.S. Forest Service/USDA

Wildfirerisk.org

• Risk of wildfire

• Risk to homes

• Preparedness 
tools

Presenter
Presentation Notes
Another very useful map is the wildfire risk data prepared by the US Forest Service, which is published on wildfirerisk.org. This is broken out in two ways, one looking at the probability of wildfires, and another looking at the risk to residential properties. So at the national scale we see high risk of wildfires in the West as you might expect, but also in west Texas, southern Florida, eastern Kentucky up into West Virginia, and far northern Minnesota. You can drill down in these maps for a much finer-grained look.
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Seismic Risk Data

Source: USGS

USGS
• Long-term probability 

of seismic events
• Short-term forecasts 

that include effects of 
human activity (e.g., 
mining, fracking)

Presenter
Presentation Notes
When it comes to earthquakes and seismic risk most people immediately think of Southern California, but as this map from USGS shows there are seismic risks along the whole West Coast, along with the area along the California-Nevada border and parts of the Rockies. Less well known and much more challenging from a predictive standpoint are the seismic zones in the eastern half of the country, like the New Madrid fault that runs roughly from Cape Girardeau, Missouri south to Memphis, Tennessee. There are also some higher risk areas along the Tennessee-North Carolina border, in South Carolina around Charleston, and in parts of Alaska and Hawaii.So this map that we’ve just been looking at is the long-term seismic risk. You might be surprised that USGS also does short-term seismic forecasts, looking out about a year. Those forecasts consider not only the major natural tectonic activity, but also risks caused by human activities such as mining and hydraulic fracturing for oil and gas extraction.
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Current Situation

As the number of adverse events continues to increase, so does
the potential for interactions between events and work zones.

TEN PENNY
POINT

BRIDGE
OUT

905

Z99

WASHOUT

Now What?

Source: FHWA
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General Strategies

 

Source: FHWA

• Reinstating facility that 
was under 
construction

• Repairing damage

• Bypassing damage 
with expedient road or
trail

• Temporary connectors

• Temporary low water 
crossings

• Temporary bridges 
and culverts

Presenter
Presentation Notes
Script:It turns out, there are quite a few possibilities. We might think about finding some way to speed up the completion of the 905 bridge replacement. We might try to repair the washout, or build an expedient road to bypass the washed-out section. With this geography, maybe we could build a temporary north-south connection between Highway 905 and the undamaged part of Z99. Maybe there’s an area along Ten Penny Creek that is flat enough and shallow enough to build a temporary low water crossing. Or perhaps we could use a temporary bridge.



T

Suburban Pods
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Atlanta Area

Presenter
Presentation Notes
Situations like Ten Penny Point aren’t limited to rural areas – there are urban and suburban areas all across the country where a large number of homes and businesses depend on just one or two access points. Here are a few examples from the Chicago and Atlanta areas. Each of these “peninsulas” is home to hundreds of residents.
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Expedient Facilities

In most cases, an expedient facility will not be able to handle all types 
of traffic in all types of weather.

What is the objective at this site?
 Access for first responders (fire, 

police, EMS, etc.)
 Access for residents
 Evacuation of residents
 Support emergency response
 Support post-incident recovery
 Bypass the affected area

What traffic is to be served?
 Pedestrians
 All-terrain vehicles
 Sedans
 Light trucks and SUVs
 Fire trucks with all-wheel drive
 Fire trucks with two-wheel drive
 Heavy trucks

Presenter
Presentation Notes
Script:So as I mentioned earlier, in a lot of TMPs we’ll be looking for ways to support expedient solutions to urgent transportation problems. It’s not going to be the perfect road that serves every type of traffic in every type of weather. We’re just looking for something to help get us muddle through.This calls for clarity of purpose: who are we serving, and what kind of vehicles? Are we just trying to get first responders—police, fire, and ambulance—into a site. Or help residents get out? Do we need to accommodate heavy trucks, or would using ATVs be enough? After all, we can build a temporary ATV trail much faster than a road for heavy trucks, and it won’t require as many resources.
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Case Example: Wildfires in Eurobodalla Shire, Australia (2019)

• Wildfires destroyed 18 
timber bridges

• Access to rural communities 
cut off

Before Fire

Fire Damage – December 2019

Presenter
Presentation Notes
Script:Here’s a real example from Eurobodalla Shire, which is on the east coast of Australia south of Sydney. It’s an area is comparable in size to a large county in the US. This is not the Outback – it’s heavily forested, and at the end of 2019—their summer—conditions became very dry. On December 31, a forest fire swept through and burned 18 timber bridges to the ground, cutting off access to several rural communities. More info: https://www.esc.nsw.gov.au/council/major-projects/current-projects/roads-and-bridges/restoring-access-belowra-valley-bridges
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Case Example: Wildfires in Eurobodalla Shire, Australia (2019)

“Our initial priority was to restore access and it was all hands on deck to 
undertake temporary repairs and build side tracks where we could.”   

--Lew Oldfield, Council Engineer 

What is the objective at this site?
 Access for first responders (fire, 

police, EMS, etc.)
 Access for residents
 Evacuation of residents
 Support emergency response
 Support post-incident recovery
 Bypass the affected area

What traffic is to be served?
 Pedestrians
 All-terrain vehicles
 Sedans
 Light trucks and SUVs
 Fire trucks with all-wheel drive
 Fire trucks with two-wheel drive
 Heavy trucks

Presenter
Presentation Notes
Script:Here’s a quote from the local newspaper, interviewing the head of the engineering department. He said, “Our initial priority was to restore access [with] temporary repairs and side tracks.”That’s clarity of purpose. In a few words, he’s saying he priority is access for residents, and supporting eventual recovery. So he’s talking about roads primarily for personal vehicles – cars, trucks, SUVs (or “utes” as the Aussies call them).
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Case Example: Wildfires in Eurobodalla Shire, Australia (2019)

Temporary Side Path – January 2020

Source: Eurobodalla Shire Council (all images)

“We are now focusing on permanent solutions. 
It’s a massive undertaking but we're making 
solid headway.” 

--Lew Oldfield, Council Engineer.

Temporary Bridge on Old Alignment – March 2020

Permanent Bridge Construction – July 2021

Presenter
Presentation Notes
Script:Here’s their solution. First, they built temporary side paths to skirt around the damaged bridges. That bought them time to rebuild the timber bridges on the old alignment.  And that bought them time to find funding from the state and federal governments for a permanent solution: permanent concrete bridges at a higher elevation—wider, more fireproof and more flood-resistant than the old ones.So the temporary path supported construction of the temporary bridge (which took about 5 months), and the temporary bridge supported construction of the permanent bridge (which took another 14 months), and they were able to maintain access to the affected communities the whole time.
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Integration with Transportation Management Plans

Presenter
Presentation Notes
So how can we integrate this with our TMPs?
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What is a TMP?

• Plan for managing work zone safety and 
mobility impacts of roadway construction

• Usually developed before construction begins

• Jointly prepared by transportation agency and 
first responders (law enforcement, fire, EMS)

• Level of complexity proportionate to project 
complexity

• Updated as needed based on field conditions

• Could include interagency tabletop or field 
exercises

• Mandatory for “significant” projects that use 
Federal funds

Source: Dough4872/Wikimedia Commons

Presenter
Presentation Notes
I imagine that some of the people on this call are very familiar with Transportation Management Plans, and for others it will be something new. Very briefly, a TMP is a document that describes the strategies that will be used to limit adverse safety and mobility impacts during construction. They’re typically developed before construction starts, usually with the transportation agency as lead and an opportunity for discussion and comment by first responder agencies such as law enforcement, fire services, and emergency medical services. TMPs vary in their scope and complexity—in principle it should match the scope and complexity of the project itself, so we’re not going to do a TMP for a low-volume rural roadway project at the same level of intensity we would put into one for a busy freeway-to-freeway interchange in a major metropolitan area. The TMP process is flexible so that the documents can be updated based on what happens in the field. Sometimes the TMP development includes some joint exercises between the transportation agency and first responder groups, usually a tabletop discussion about a scenario that could occur during the project. That can be a really good way to open up lines of communication, especially if those agencies haven’t worked together before. TMPs are mandatory for “significant” projects that have high traffic impacts, but as time has gone on many agencies have realized that they add a lot of value even for smaller projects.

https://commons.wikimedia.org/wiki/File:NJ_47_SB_approaching_Cape_May_CR_618.JPG
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Elements of  TMP

• Traffic control plan

• Public outreach plan

• Transportation operations plan

• Incident management plan
• Planned special events (sports, concerts, festivals, etc.) 
• Traffic incidents (crashes, load spills, etc.)
• Jobsite incidents (worker injury, fire, etc.)
• Adverse events

• Rapid reopening plan
• Expedient roadways for rapid response
• Expedient waterway crossings for rapid response

Base image source: Ruth Scharville/Wikimedia Commons

Presenter
Presentation Notes
A TMP typically has four main components, including a traffic control plan that shows the layout of temporary traffic control devices during different stages of construction, a public outreach plan that explains how the agency will get information about the project out to road users, and a transportation operation plan that clarifies roles and responsibilities for the traffic operations. The part I want to focus on today is the incident management plan, which lays out strategies for handling some of the typical incidents that could occur in the work zone. Traditionally, incident management plans focus on traffic handling during peak periods, such as special events like concerts and sporting events. There’s usually also planning for what you might call routine traffic incidents, things like crashes or a truck spilling its load. As par of a previous work zone safety grant we suggested adding an element to the incident management plan to look at potential responses to jobsite incidents, for example if a worker gets sick or injured in the work area, or a fire at the jobsite. That was based on some experience in Milwaukee, where they were rebuilding an interchange and had work going on at three different vertical levels. A worker got sick, someone called 911, and an ambulance arrived right away. The problem was that they were about 30 feet below the location of the sick worker and it took them quite a while to leave and return to the correct vertical level. So we realized the need for marking of all of the entry and exit points for different work areas within the overall work zone, including entrances that aren’t directly from the road that is under construction.What I’m suggesting today is that we can expand these incident management plans a little to take into potential adverse events into consideration. Not every possible type of adverse event, but the ones that have a reasonable chance of occurring during construction. Depending on the type of work you’re doing and how close you are to completion, reopening the facility that is under construction could be very easy, or it could be quite difficult. Maybe you’ve cut a trench across the roadway, and you can temporarily backfill the trench with gravel and let people drive on it—that’s an easy one. Or maybe you’ve completely removed a bridge, and it will take several weeks to get it back to drivable condition—not so easy.So the responses to these adverse events fall into a couple of categories. The first is having a plan for rapidly reopening the facility to traffic if that is possible. In situations where that is not possible, we could develop a rapid response plan that opens up alternative routes.

https://upload.wikimedia.org/wikipedia/commons/6/64/Motorway_junction_-_of_sorts_-_geograph.org.uk_-_1363259.jpg


Traffic Management and Safety during Winter Construction and Severe Weather. Funded by FHWA Work Zone Safety Grant Program. 25

Example: Rapid Reopening Plan

Situation:
• Base patching in Southeastern US 
• Early autumn 
• Potential hurricane evacuation route

Solution:
• Complete the open patches if time allows
• Backfill with gravel and cap with asphalt if full-depth patches 

cannot be completed

Presenter
Presentation Notes
Here’s an example of a rapid reopening plan. Suppose we’re doing concrete base patching somewhere in the Southeastern US and it’s early autumn—hurricane season. Maybe the road we’re working on is on a hurricane evacuation route.If we know a hurricane is coming our way, we might have a few days advance notice. In that case we can probably just finish up the patches we already have open, and not start any new ones. We could also have the situation where a hurricane has changed course, and we only have a very short time to wrap up before a large number of drivers start using the evacuation route. In that case, maybe our rapid reopening plan is to temporarily backfill the open patches with gravel, and cap it with a thin layer of asphalt.
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Rapid Response Examples

Presenter
Presentation Notes
Let’s take moment to recap some of the rapid response strategies we explored last week.
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Temporary Road Surfacing

Prefabricated Mats

Gravel

Source: Lionel Allorge/Wikimedia Commons [CC]

Wood Planking

Source: Qyd/Wikimedia Commons  [CC]

Corduroy

Source: MillsyWikimedia Commons [CC] 

Wood Chips

Source: John Suscovich/YouTube

Presenter
Presentation Notes
Script:This slide shows a few options for surfacing an expedient road.We saw gravel in the Eurobodalla example. The upper left photo also shows some prefabricated mats that could be used—if they’re available in the right place and time. In the upper right we have a wood plank system that is being used to get heavy equipment across soft soil.Corduroy roads like the one in the lower left have been around for hundreds of years, and they’re still used to cross soft ground, for instance in the forestry industry.The surfacing in the lower right is probably a bit more surprising: wood chips. You’re not going to drive at 70 mph on wood chips, but people report pretty satisfactory results for low-speed, low-volume traffic like the commercial driveway in this photo.
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Stabilization – Wood Chips in Geotextile Envelope

Source: Hrůza et al. 2016

• Deep wood chip fills widely used 
for forestry roads

• Decays naturally

• Wood chips wrapped in geotextile 
for stabilization of soft subgrades

Crushed Stone (≈3 in)

Wood Chips (≈4 in)
Geotextile wrap 
around wood 
chips

Source: Hrůza et al. 2016

Presenter
Presentation Notes
Script:Wood chip roads and even deep fills made of wood chips are used quite a bit in forestry. The photo and the drawing at the bottom of the page shows an alternative to the timber mats and corduroy. This type of stabilization is done by placing a 4 inch layer of wood chips on top of geotextile fabric, and then folding the fabric back over the chips to make a sort of envelope. Then a gravel running surface is placed over the wood chip filled envelope. That serves the same purpose as a corduroy road, but with one very big difference: instead of cutting and debranching hundreds of trees, it uses wood chips which are basically a waste product. In fact in a lot of areas utilizes and municipal public works departments have stockpiles of wood chips from tree maintenance, and sometimes they’re happy to give them away by the truckload.A bonus is that the chips decay naturally over a period of a few years, which can simplify site restoration when the road is no longer needed.
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Bagged Aggregate Technique
1. Placing and tamping first layer of gravel-filled bags 2. Spreading gravel interlayer

3. Placing and tamping second layer 4. Nearly completed road

Source: Community Road Empowerment (all images)

Presenter
Presentation Notes
This is the bagged aggregate technique, which people are using to build very durable roads without using heavy equipment. This is all being done with shovels and hand tampers, though I’m sure a plate compactor would speed up the work quite a bit. As you can see in the photos, it’s a bit labor intensive, but it doesn’t require any specialized labor. These workers filled sandbags with a mixture of sand and gravel. They placed one layer of bags on the subgrade and then tamped each bag, one bag at a time. Then they spread a thin layer of gravel to even out the surface, placed a second layer of bags, tamped them, and spread a final layer of gravel for the running surface. This could make a great base for a paved road, too.People are also using this technique for to repair washouts and fill potholes, or even bomb craters. 
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Temporary Low Water Crossings
Temporary LWC – forest fire

Wading depth (still water)
Sedans: 6” to 8”
SUVs & Pickups: 8” to 35”
Source: Nissan Motor Corporation, Jaguar Land Rover PLC

Gravel pad

Gabion ford

Vented ford

Source: Upper right – Massachusetts Dept of Environmental Protection. All others -- U.S. Department of Agriculture – Forest Service

Presenter
Presentation Notes
At some point an expedient road is probably going to have to cross a waterway. If the water is shallow and flows slowly, the simplest way to do that is probably a ford (small f) or low water crossing.The main photo shows one that was built in California to reopen a road after a forest fire. It’s not pretty – they used some old Jersey barriers as retaining walls along with boulders and gravel—but it is keeping the road open.In the upper right we have a similar situation using a simple gravel pad. The middle photo on the right shows a gabion ford – in this case the water flows through the rocks. A gabion is just a big wire basket filled with rocks and boulders. In an expedient situation, you might make the gabion cage from fencing materials.The lower right photo shows a vented ford. It’s a series of parallel culverts that carry the water during normal flows, with the road surface above the culverts. During heavy storms the water flows over the culverts; if it gets too deep the road has to be closed until the water subsides.That raises the question of how much water a vehicle can safely drive through. Usually that’s left to the driver’s discretion. It actually depends on the design of the vehicle itself—things like the position of the air intake, where the battery is, and how well the doors seal. For sedans the wading depth is usually about 6 to 8 inches of still or slowly-moving water. For SUVs and pickups it ranges from 8 to 35 inches depending on the model, so you’ll need to check the manufacturer’s specifications.
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Temporary Pipe Culverts

Source: Eurobodalla Shire Council

Source: Mass. Dept of Environmental Protection

Source: Eurobodalla Shire Council

Presenter
Presentation Notes
Here are some examples of temporary pipe culverts that have been used for expedient roads. The main photo shows one of the bypass roads in Eurobodalla, with sandbags as temporary headwalls. At another site shown in the lower right, they used large precast concrete blocks. The upper right is a more routine situation with a small-diameter culvert backfilled with gravel.
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Temporary Box Culverts – Bagged Gravel & Logs

5. Apply stucco if long-term use 

Source (all images): Japan International Cooperation Agency/YouTube

1. Tamping bags3. Placing log deck

2. Checking height

4. Gravel running surface

Presenter
Presentation Notes
As I mentioned earlier, there might be situations where a culvert is needed but you can’t get pipe. These images are from a video about the bagged aggregate technique. In this case, community volunteers are building a box culvert from aggregate bags and logs. They filled several bags with local sub-soil, which seems to be a mixture of clay, sand, and gravel. They dug a trench, stacked bags along each side to serve as abutments, and tamped them down one layer at a time. Then they placed logs to span the aggregate bag abutments, added cross-timbers, and covered them with a layer of soil for the running surface.



Traffic Management and Safety during Winter Construction and Severe Weather. Funded by FHWA Work Zone Safety Grant Program. 33

Temporary Bridges 1: Skidder
Timber Steel

Stackable

Flat Rack

Source: Main image - Vermont Agency of Natural Resources; top right and center right– North Carolina Division of Forest Resources; lower right - Gazouya-japan\Wikimedia Commons

Presenter
Presentation Notes
Next, let’s take a look at some options for temporary bridges. There are many options, so let’s focus on a few of the most versatile. The main photo here shows a wooden mat or “skidder” mat used in forestry to span small creeks. This one is built up from 6x10 inch timbers. The upper right shows a similar bridge, this time made from steel, being moved and placed with the grapple on that green log skidder machine. As the center right photo shows, if you make them from steel you can taper the ends, and since they’re only a few inches high several of them can be stacked for transportation from site to site.The lower right photo shows something structurally similar – a flat rack used for shipping machinery. With minor modifications, surplus flat racks have been used as bridges.
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Temporary Bridges 2: Floating/Pontoon
Pedestrian

Source: Ninara/Wikimedia Commons [CC 2.0]

Barge

Source: Sabbir Sohan/Panoramio [CC]

Military M4T6

Source: C.W. Griffin/U.S. Marine Corps

High Capacity

Source: Хрюша/Wikimedia Commons [CC]

Presenter
Presentation Notes
Pontoon bridges have been used to cross still or slowly-moving water for centuries. The main photo shows a pedestrian example. At the upper right the combination of a truss bridge and an old barge are being used for pedestrians and light wheeled traffic. The middle photo shows a military pontoon bridge – this design dates back to World War II, but as I understand it is still in use. The lower right shows a high capacity pontoon bridge to bypass a highway that was affected by a rockslide. These seem to be plastic pontoons, probably filled with polyurethane foam – this might be a commercial product that is ordinarily used in dock and harbor applications.
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Temporary Bridges 3: Bailey Bridge

 

Source: Хрюша/Wikimedia Commons [CC 3.0]

• Modular 10 ft panels

• Each component less
than 600 lbs.

• Hand launch with groups 
of ~6 people from one 
side of river or gorge

• Double or triple panels 
horizontally or vertically 
for more load capacity

• Non-proprietary, 
multiple suppliers

Roller Assembly

Source: Washington State DOT [CC 2.0]

Presenter
Presentation Notes
Arguably the most important temporary bridge of all time is the Bailey Bridge, developed by the British in the early years of World War II. It’s a modular truss made up of 10 foot long sections that are easy to transport in ‘most any truck. One of the keys to its success is that each component weighs 600 pounds or less, so it could be carried by groups of around 6 soldiers. It’s held together with pins, so the assembly is very rapid, and the supports have rollers so it can be launched from one side of a channel or gorge. Although his bridge was invented 80 years ago, it’s been so successful that it is still in commercial production all across the world. 
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Temporary Bridges 3: Bailey Bridge Examples

36

Source: Rob Kemme/Wikimedia Commons [CC 3.0]

Source: Jaggery/Wikimedia Commons [CC 3.0]

Source: MOSSOT/Wikimedia Commons [CC 3.0]

Source: Jollyswagman/Wikimedia Commons [CC 3.0]

Presenter
Presentation Notes
These photos show some Bailey bridge applications. For the temporary highway bridge in the main photo, note that the trusses have been tripled on each side to support heavier loads. Similarly in the photos on the right, the trusses have been doubled or tripled horizontally and doubled vertically for more capacity. As the lower right photo shows, sometimes the trusses were also used as towers to span deep gorges.
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Temporary Bridges 4: Additional Designs
Mabey

Source: U.S. Army/Flickr

Callender-Hamilton

Source: Llewelyn Pritchard/Wikimedia Commons [CC 3.0]

Prefabricated Girder

Source: Vermont Agency of Natural Resources

Experimental

Source: Hiroshima University/YouTube

Presenter
Presentation Notes
Here are a few other types of temporary bridges. The main photo shows the Maybe-Johnson bridge, which is a big brother to the Bailey, designed for heavier loads and longer spans. The upper right shows the Callender-Hamilton bridge which dates back to the 1930s. It’s a bolt-together truss that can be assembled by unskilled workers and is easy to transport to remote sites.The middle photo shows a prefabricated portable girder bridge.And for fun I included a photo of an experimental trailer-mounted expandable bridge. It’s like a scissor lift turned sideways.
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Temporary Roundabouts

Source: Wrightsville Beach Fire & Rescue

Hurricane Florence (2018)
• Electrical outages in Wilmington, NC
• Crashes and backups at major intersections
• Roundabouts placed within existing signalized intersections
• Functioned well
• High maintenance due to cone knock-downs

Source: FHWA

Conceptual Solution
• Instead of cones, use sandbags as temporary 

curbs
• Has not yet been tried in the field

Presenter
Presentation Notes
So we’ve seen some old ideas and some new ones. And this is one of the newest: temporary roundabouts. This idea emerged in Wilmington, North Carolina after Hurricane Florence in 2018. Electric power was out for days, and the traffic signals went dark, causing backups and crashes at the major intersections.To deal with that, some of the major intersections were temporarily converted to single-lane roundabouts. They functioned well, but required quite a bit of maintenance due to cone knock-downs. Our suggestion is to lay out them out using sandbags as temporary curbs. Although the sandbags may need to be tidied up periodically, they should be less likely to move around if a turning vehicle overtracks.
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How does rapid response planning change the TMP?

• Design for resilience
• Consider resilience in design decisions
• Staging and phasing for resilience

• Schedule for resilience
• Limit closures during high-risk periods
• Manage concurrent closures

• Support rapid response
• Identify preferred strategies
• Procure and stockpile rapid response supplies

• Build for resilience
• Strengthen inter-project and interagency coordination
• Anticipate fog/smoke/dust

Presenter
Presentation Notes
Let’s take a look at how rapid response fits into the overall TMP. In terms of facilities design, we have opportunities to think about resilience during design decisions. Those choices affect our traffic management options if an adverse event occurs during construction, some designs keep options open, while others limit our choices. This is also affected by staging and phasing: Are we tearing the old stuff out and then building new, or are we keeping the old facility in place during construction, building the new one, and then tearing the old one out after we switch traffic over?In scheduling our projects and our whole highway program, we can think about ways to limit closures during high-risk periods, and we can manage closures that occur concurrently.We can support rapid response by identifying the strategies that are relevant to our site, and having the supplies we would need on hand.During construction we can strengthen our coordination with other agencies and other projects, and also be ready if there is fog, smoke, or dust.
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Designing for Resilience

TEN PENNY
POINT

905

Temporary 
Bridge

Z99

Temporary low 
water crossing

Repair 
connector roads

Source: FHWA

Consider resilience in early decisions 
– Example: detour vs temporary bridge vs rebuilding 

bridge on new alignment
Mitigate resilience deficiencies
– Ex: Low water crossing for limited first responder use
– Ex: Repair/improve connections between parallel routes

Temporary bridge

Temporary low water crossing

Connector road repairs/improvements

S
o

u
rc

es
: T

o
p

  r
ig

h
t:

 R
o

b
 K

em
m

e/
W

ik
im

ed
ia

 C
o

m
m

o
n

s;
 M

id
d

le
 r

ig
h

t:
 M

as
sa

ch
u

se
tt

s 
D

ep
t 

o
f 

E
n

vi
ro

n
m

en
ta

l 
P

ro
te

ct
io

n
;  

B
o

tt
o

m
 r

ig
h

t:
 P

an
tt

er
aL

eo
13

59
53

1/
W

ik
im

ed
ia

 C
o

m
m

o
n

s

Presenter
Presentation Notes
Script:Let’s look at those in a bit more depth. At Ten Penny Point, very early in the project development process we probably had to make a decision about how to build the bridge. In our example we detoured the traffic to county road Z99 and took the bridge out completely. We might have also considered putting in a temporary bridge during construction, or keeping the old bridge in service while building a new one next to it. Those decisions are usually driven by traffic volumes, cost, and site conditions--and we can also factor resilience into the decision.If we do need to detour traffic, we can think about some ways to make our detour route more resilient. For example, we might put in a low water crossing if a suitable site exists. Perhaps not for everyone to use, but for our most crucial traffic, which is usually police, fire, and EMS.The washout on Z99 that we saw in the earlier slide might not have been as much of a problem if there were good connections between Z99 and 905. So perhaps as part of our TMP we can check the condition of the secondary roads in the project area and repair any major problems such as ruts and potholes. Or if we might end up diverting traffic through a signalized intersection, making sure it has a timing plan that will minimize delays if it has to carry more traffic.
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Scheduling for Resilience

• Limit high-impact closures during high-risk periods
– West: forest fire season
– Midwest: spring snow melt
– East Coast, Southeast, and Gulf Coast: hurricane season

• Limit and manage concurrent closures
– Your own agency
– Other groups within your agency
– Neighboring states
– Other levels of government
– Utilities, railroads, etc.

Presenter
Presentation Notes
There are a few things we can do when scheduling our projects—or our whole work program. One example is limiting high-impact closures during high-risk periods. Texas DOT does this for the Galveston area – there is a policy that during hurricane season, work cannot be done on the roads connecting Galveston Island to the mainland. For the Western states, the high-risk period is probably the forest fire season. In the Midwest, it might be the spring snow melt, which is when much of the flooding occurs. And along the East Coast down to the Gulf Coast, it probably means hurricane season.We can also strengthen coordination to limit and manage concurrent closures on parallel and complimentary routes. Some agencies struggle a bit to coordinate internally, for example between the construction group and the maintenance group. It can also be challenging to coordinate across state lines, between road agencies at different levels of government, and with private-sector stakeholders such as utilities and railroads.
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Supporting Rapid Response

• Identify preferred rapid response strategies
• Procure rapid response supplies

– Polypropylene bags (empty or pre-filled)
– Aggregate (sand-gravel mix, breaker-run stone, etc.)
– Geotextile
– Culvert pipe
– Temporary bridge panels
– Tools and equipment
– Fuel
– Signs and other temporary traffic control devices

• Stockpile rapid response materials in strategic 
locations

Empty 
sandbags

Source: Elora J. Martinez/U.S. Air Force

Shed with a 
cache of 

rapid 
response 
supplies

Source: Steve Fareham/Geograph (retouched)

Presenter
Presentation Notes
To support rapid response, our TMP could identify rapid response strategies that are relevant to the site and the supplies that would be needed. In some cases, our intervention might simply be making sure we have some empty sandbags stored at our construction field office, and a stockpile of aggregate where they can be filled. And we can identify strategic locations for storing those materials and supplies.
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Rapid Response Supply Caches

TEN PENNY
POINT

905 Supply
Cache

Supply
Cache

Z99

WASHOUT

Source: FHWA

Source: Steve Fareham/Geograph (retouched)

Source: James St. John/Wikimedia Commons

Source: Transvaal Road and Works Department 

ded by FHWA Work Zone Safety Grant Program.

Source: Elora J. Martinez/U.S. Air Force

nd Safety during Winter Construction and Severe Weather. Fu

Source: United States Civil Administration of the Ryukyu Islands 

Traffic Management 
Overstreet/U.S. Navy

Presenter
Presentation Notes
At Ten Penny Point, we probably want to identify at least one site on each side of the creek where we can store materials, supplies, and equipment. That should help assure the materials we need are accessible when we need them. These could include things like gravel, culvert pipes, empty sandbags, and temporary bridge components. We might also want to have the necessary tools, for example having a plate compactor could make implementing rapid response strategies a lot easier.
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Building with Resilience
• Monitor status of nearby projects currently underway or about to start

• Communicate and coordinate closures and re-openings
• Project managers in neighboring agencies and jurisdictions
• Traffic management center
• First responder agencies (law enforcement, fire, EMS, towing) 

• Monitor daily weather conditions and near-term weather trends (storm risk, fire risk, 
etc.)

• Avoid/minimize lane closures if risk is high
• Suspend work and “button up” when it is rational to do so
• Lower, remove, or secure cranes, PCMS, arrow boards, etc. if high wind is expected
• Remove non-essential temporary traffic control devices and assure essential devices are 

properly weighted
• Move personnel, equipment, and materials to secure locations 

• Be alert for emergent weather events (thunderstorms, tornadoes, etc.)

• Anticipate fog, smoke, and dust
Funded 

Presenter
Presentation Notes
There are several things we can do during construction. These include keeping tabs on other projects in the area, and coordinating closures with neighboring jurisdictions, traffic management centers, and first responder agencies.Monitoring weather conditions and trends, like a drought that might lead to fires, can also add value. So if a risky situation is emerging, we might try to avoid lane closures and wrap up current work. Crane collapses at building construction sites were a problem when Hurricane Irma struck Florida in 2017, and I suppose the same thing could happen with road construction cranes. We also have potential for smaller devices to blow over, like portable changeable message signs and arrow boards. To that end, Virginia DOT has guidance that allows PCMS and arrow boards to be taken out of service during hurricane emergencies. We can remove non-essential traffic control devices, and make sure the essential ones are properly weighted down. And we’ll probably want to make sure all of our personnel, equipment, and materials are moved to secure locations.In addition to monitoring those longer-term trends, we also can be alert for short-notice events like thunderstorms and tornadoes. And the last item under this category is anticipating the potential for fog, smoke, and dust.
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Anticipate Fog, Smoke and Dust

Source: Mr. Tea/Flickr Source: Eric Coulter/Bureau of Land Management

Mitigation tactics
• ANSI Class 3 worker apparel (vest + pants)
• PCMS with advance notice of visibility problems
• Speed limit reduction
• Closer spacing of temporary traffic control devices

• Provide most-essential signs twice in succession
• Supplemental lighting for most-essential signs,

flagger stations, and major decision points

Presenter
Presentation Notes
Both of these photos were taken in work zones, but that’s probably not the first thing you would notice if you were driving in these situations. For instance in the photo on the right, a small change in wind direction could have a big impact on visibility in the work zone.Things that could help mitigate these situations include Class 3 worker apparel, a vest and pants like during night work. PCMS could be installed to provide advance notice of visibility problems, and we might consider lowering the speed limit below our normal work zone limits. We might also consider spacing temporary traffic control devices like drums more closely.At freeway-to-freeway interchanges we usually provide three advance warning signs, so that if someone misses the first sign, hopefully they will catch it the second or third time. Similarly, in these difficult driving conditions we might provide the most-essential signs twice in succession. We could also provide supplemental lighting at major decision points, flagger stations, or other critical locations.
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Every site is different – Every situation is different

TEN PENNY
POINT

905

Temporary 
Bridge

Z99

Repair 
washout

Bypass 
washout

Temporary low 
water crossing

Repair 
connector roads

Supply
Cache

Supply
Cache

Source: FHWA

Your
Solution

Repair washout

Bypass washout

Improve/repair connector roads

y FHWA Work Zone Safety Grant Program.

Temporary low water crossing

during Winter Construction and Severe Weather. Funded 

Temporary bridge

S
o

u
rc

es
 (

cl
o

ck
w

is
e 

fr
o

m
 t

o
p

 r
ig

h
t)

: J
ap

an
 In

te
rn

at
io

n
al

 C
o

o
p

er
at

io
n

 A
g

en
cy

; E
u

ro
b

o
d

al
la

 S
h

ir
e 

C
o

u
n

ci
l; 

P
an

tt
er

aL
eo

13
59

53
1/

W
ik

im
ed

ia
 C

o
m

m
o

n
s;

 M
as

sa
ch

u
se

tt
s 

D
ep

t 
o

f 
E

n
vi

ro
n

m
en

ta
l P

ro
te

ct
io

n
; R

o
b

 K
em

m
e/

W
ik

im
ed

ia
 

C
o

m
m

o
n

s

Presenter
Presentation Notes
Script:So to return to our Ten Penny Point example, this really comes down to matching the right techniques with the situation at hand. We might consider a temporary bridge, or a temporary low water crossing. With the type of road layout we see here, we could think about improving the connections between Z99 and Highway 905 to make it easier to transfer traffic from one to the other if we have an incident like the washout.We can have supplies available at strategic locations, so that if a problem occurs we can use them for repairs, or to build a bypass road.Ultimately though, these are just ideas to get you thinking. The best solution is the one tailored to your site, your operational conditions, and the traffic you need to accommodate. 
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Recap of Main Points 1

• Adverse weather is intensifying in much of the
US

• Data is available to quantify region- and site-
specific risks 

• Consider adverse events as part of incident 
management in TMPs

• Some projects can be temporarily suspended 
to support adverse event response and 
recovery; others are difficult to suspend

• Expedient roads, waterway crossings, and 
roundabouts provide rapid response options

Source: NOAA

Source: USDA Forest Service

Source: USGS

Presenter
Presentation Notes
So to recap the main points briefly, adverse weather is intensifying across much of the country, and we have some good data sources that can help us identify climate and weather risks at a site-specific level. I’m asking you to consider those effects as you develop the incident management plans for your TMPs.Our options vary depending on the nature of the project. Some projects are easy to wrap up so that we can put the road back in service if we need it. Others are not easy to wrap up, for example if we’ve torn the deck off a bridge, it will take a while to make it usable again.When we have situations that make it difficult to reopen the facility we’re working on, we can think about ways to support rapid responses that use other routes.
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Recap of Main Points 2

• Design for resilience
• Design decisions are opportunities to improve resilience
• Staging/phasing influences resilience during construction
• Minor upgrades of secondary roads can enhance 

resilience

• Schedule for resilience
• Limit closures during high-risk periods
• Manage concurrent closures on parallel and 

complimentary routes

• Support rapid response
• Identify preferred strategies
• Procure and stockpile rapid response supplies

• Build for resilience
• Strengthen inter-project and interagency coordination
• Monitor weather trends
• Anticipate fog/smoke/dust

Source: Washington State DOT

Source: Japan International Cooperation Agency/YouTube

48
Source: Wrightsville Beach Fire & Rescue

Presenter
Presentation Notes
We can design for resilience by considering resilience when we make major design decisions, such as the decision about whether to take out the old facility and then build a new one, or keep the old one in service while we build a new one and then switch traffic over. Our staging and phasing also affect that. We also have opportunities to enhance resilience through small upgrades to secondary roads.In terms of scheduling, we are sometimes able to reduce risk by limiting closures at the times when adverse events are the most likely to occur. In many cases, we can also do more to stay aware of closures on parallel and complimentary routes, and coordinate those closures both internally and across agencies.We can support rapid response in TMPs by identifying strategies that are applicable to the site, procuring the appropriate supplies, and stockpiling them where they might be needed.We can build for resilience by strengthening coordination during construction, by keeping an eye open for emerging weather trends like droughts that raise fire risk, and by having a back-up plan in case of visibility issues like fog, smoke, or dust.
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Q&A and Discussion

What are your questions?
What are your experiences?

John W. Shaw, PE RSP

Institute for Transportation

2711 South Loop Drive, Suite 4700

Ames, IA 50010

Tel: 515-294-4366

jwshaw@iastate.edu

Presenter
Presentation Notes
We have a few minutes left for a few questions, and I’m sure there are people on the line who have their own experiences. If you’d like to use the chat pod or raise your hand, please feel free to share some of them now. 
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