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4. VIRTUAL DESIGN LAB FOR FRP WILDLIFE INFRASTRUCTURE

For this task, the WTI Team worked in collaboration with the staff of ARC Solutions to convene
and host a virtual meeting of experts to discuss potential applications of FRP materials in
wildlife crossings. This design component of the Project leverages the experience of a diverse
group of professionals to identify potential applications of existing FRP materials in wildlife
crossing designs elements, and their likely application at the US-97 site as well as in future FRP
crossing projects in North America.

Preceding this project, the first collaborative laboratory (CoLab) was co-hosted by the University
of Ryerson’s Ecological Design Lab and the Western Transportation Institute in Bozeman,
Montana, in 2018. It identified the potential benefits that could be realized by FRP integration
into green infrastructure and wildlife crossings and provided a foundation for further exploration
of FRP materials in overpass designs for the US-97 site in California.

Modeled after the 2018 CoLab, the original CoLab proposed for this project was to have been an
in-person meeting to facilitate interdisciplinary collaboration focused on the integration of
expertise from different fields of academic research and agency expertise to solve complex
challenges that are outside the realm of any singular discipline. Due to the COVID-19 pandemic
and the inability to meet in-person, the CoLab was changed to a virtual design lab (VDL). The
goals, methods, and outcomes from this working group are described below. A summary of the
outcomes of the design lab can be found in Appendix B: Summary of Preliminary Virtual Design
Lab Results. The guidebook from the VDL will be finalized and available in the second quarter of
2022.

4.1.  Virtual Design Lab Format

A small working group of experts in wildlife crossings - engineers, landscape architects, and
wildlife ecologists - were convened to discuss the potential integration and design of FRP
materials in various wildlife crossing elements, other than the bridge infrastructure. A desired
outcome was to generate a FRP design guidebook for wildlife crossings that would subsequently
be further developed by ARC Solutions. The guidebook will 1) provide Caltrans with site-
specific uses of FRP materials that would help ensure a buildable, effective, and context-
sensitive design for the site along US-97; and 2) identify and evaluate opportunities for general
integration of FRP materials into various design elements for future FRP wildlife crossing
infrastructure in other locales across North America.

Three discussions with workshop participants were hosted on Zoom™, with additional electronic
communication and correspondence supported throughout the planning and design process. For
the three key discussions, participants collaborated in real time using Google Jamboard™.
Google Jamboard™ is a collaborative interface used to facilitate online workshop participation.
It can be thought of as a shared virtual whiteboard that allows the group to collaboratively
record, share, and organize comments in real-time.
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4.1.1.  Participants

An interdisciplinary team of wildlife crossing experts was convened by ARC Solutions, with the
guidance of Caltrans, to identify key individuals and stakeholders to involve in the decision-
making process for the US-97 crossing site.

4.1.1.1. Engineering Working Group Participants

e Robert Ament, Western Transportation Institute - Montana State University (WTI)
e Matthew Bell, Research Engineer, WTI
Marta Brocki, Associate Director, ARC Solutions

e Renee Callahan, Executive Director, ARC Solutions
e Damon Fick, Structural Engineer, Assistant Professor, Montana State University
e Manode Kodsuntie, Bridge Design, Caltrans
e Heidi Kuntz, Structure Maintenance Investigations Senior, Caltrans
e Terry McGuire, Professional Engineer, Consultant, Parks Canada Agency (ret.)
e Robert Rock, Principal and Landscape Architect, Living Habitats
e Ryan Stiltz, Technical Liaison Engineer, Caltrans
4.1.1.2. Landscape Working Group Participants
e Robert Ament, Road Ecology Program Manager, WTI
e Matthew Bell, Research Engineer, WTI
e Marta Brocki, Associate Director, ARC Solutions
e Renee Callahan, Executive Director, ARC Solutions
e Marcel Huijser, Wildlife Ecologist, WTI
e Sandra Jacobson, Wildlife Biologist, United States Forest Service (retired)
e Richard Lis, Senior Environmental Specialist, California Department of Fish and Wildlife
e Nina-Marie Lister, Professor, Ryerson University; Director, Ecological Design Lab
e Robert Rock, Principal and Landscape Architect, Living Habitats
e Eric Rulison, Biologist, Caltrans
e Robin Solari, Landscape Architect, Caltrans

4.2.  FRP Virtual Design Lab Categories

The exploration of potential uses of FRP materials that were evaluated during the VDL were
divided into three categories: basic, enhanced, and innovative. Below is a summary of these
categories and the FRP wildlife infrastructure elements were placed in. These groups made it easier
to identify applicable solutions and areas where more research is required.

Basic: Solutions identified within this category include FRP applications that are developed,
tested, and can be implemented along the North American road network. They are a readily
available technology that use conventional construction methods and require minimal departure
from existing agency practices.
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Enhanced: This category includes modifications to the wildlife crossing design that provide
opportunities to integrate FRP in novel ways that leverage and demonstrate the material’s positive
qualities, enhance the ecological and structural function of the crossing, or provide ancillary
benefits in the form of interpretive components. These applications may require additional agency
approval or veer from traditional construction methods.

Innovative: Applications of FRP categorized as innovative require additional research prior to
their integration into a wildlife crossing design. They have been identified as needing further
investigation based on their potential to deliver benefits in structural design, feasibility,
sustainability, or ecological function.

4.3. Preliminary Results of the Virtual Design Lab

The FRP guideline document that summarizes the design recommendations for the various
applications of FRP materials for wildlife crossings will be available at a later date, upon its
completion by ARC Solutions. The guidelines will be incorporated into this project’s final report.
For this Task 9 Report, preliminary results from the VDL are described in Appendix B.
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5. FRP OVERPASS DESIGN FOR GRASS LAKE SUMMIT ALONG US-97

Based on information gathered from the previous tasks, the experience of Caltrans personnel and
the selected FRP manufacturer, the WTI Team relied on a wide variety of information to design
the FRP overpass at the selected Grass Lake Summit site on US-97. The preliminary design
includes FRP bridge members and related wildlife crossing design elements (e.g., fence,
sound/light barrier, jump-out, etc.) required to make an effective and safe wildlife crossing. The
purpose of the preliminary designs of these FRP components is to provide a resource for the
successful planning and completion of wildlife overpass with minimal departure from
established construction methods and the bridge approval process. The improvements and
comments are based on the preliminary mitigation site plans provided by Caltrans and in no way
reflect a completed or approved design.

The primary objective for the US-97 site is to reduce the high number of WVCs. The majority of
WVCs in the Grass Lake Summit area are with elk or deer and are the focal species for the
overpass. Thus, design considerations (e.g., the percent slope of the approach to the crossing
structure, fencing) were prioritized to facilitate their effectiveness for these two native ungulates.

Based on camera trap data collected by CDFW, the presence of the following animals has also
been confirmed at, or near, the crossing site: grey wolf (Canis lupus), cougar (Puma concolor),
black bear (Ursus americanus), and smaller mammals such as rabbits, gophers, voles, mice, and
squirrels. The design elements described below, include the landscaping, overpass structure, and
fencing, addressed the needs of these species as well.

5.1. Bridge Geometry

This wildlife overpass along US-97 was designed to span three lanes of traffic, each lane is 3.7 m
(12 ft) wide. It also needs to cross over two shoulders on either side of the three lanes, each
shoulder consists of 9.1 m (3 ft) of asphalt and 2.4 m (8 ft) of unpaved landscape. This results in
a road width of 17.7 m (58 ft) under the overpass shown in Figure 9. The edge of the asphalt
transitions to an upward sloped section to the abutments allowing Caltrans space to conduct
below deck maintenance inspections (Figure 9).

The design clearance height for the bridge is 5.3 m (17.5 ft), which provides an additional 300
mm (1 ft) of structure clearance for highway bridges designed in the U.S. Caltrans engineers
opted for the additional clearance height to reduce the likelihood of a vehicle impact on the FRP
structure, given its specialty repair procedures that would be required in the event of an overhead
strike. Using the typical Caltrans standards for horizontal clearance and slope to the abutments, a
bridge span of 35 m (115 ft) was selected with guidance from Caltrans structural engineers. An
elevation view of the bridge span and clearance envelope can be seen in Figure 9.
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A design consideration for wildlife bridges is the longitudinal slope of the structure to prevent the
ponding of water on the bridge. Efficient water movement will be accommodated through the
design of an appropriate camber in the FRP super structure, creating a visible, shallow arched
appearance from the roadway. A waterproof membrane should be placed over the entire concrete
deck before applying the surface substrate. Perforated pipes, 100 mm (4 in.) in diameter, placed in
the longitudinal direction of the crossing structure should be placed at the bottom of the gravel
substrate and eventually be exposed at the ends of the bridge. At both ends of the structure, the
exposed portion of the drainage pipes should then be covered with a 200 mm (8 in.) layer of
granular material (30-60 mm [1-2 in.] diameter) to collect the excess water. A landscape fabric
will be placed over the gravel to prevent settling of the organic soil layer into the granular base,
but still allow water to penetrate through the fabric. Approximately 760 mm (30 in) of topsoil
should then be applied to accommodate the native plant species identified in Table 4. The slight
grade provided by the superstructure camber will allow for the natural flow of surface water from
the center of the overpass to the ends of the bridge and ultimately into the approach grade’s
subsurface.

5.2.2.  Habitat Planting Strategy for Crossing Structure

A relatively low-density dry coniferous forest surrounds the crossing site on both sides of the
highway. The forest canopy is dominated by ponderosa pine (Pinus ponderosa). The open grown
single layer coniferous forest has a few scattered understory trees combined with a relatively
sparse mix of woody shrubs, herbs and grasses (see Figure 8). The vegetation grows on a
substrate of volcanic deposits — ash, pumice, tephra — that have sporadically occurred in the
region for millennia, as well as rhyolitic and andesitic flows (Simpson 2007). The local
landscape also contains a mix of rocks and boulders that naturally occur throughout the area.

For the crossing structure, the creation of habitat with zones that accommodate the movement
preferences of a range of smaller mammal species as well as elk and deer through a semi-
vegetated landscape was the recommended strategy of the ARC Solutions CoLab and is shown in
Figure 12. Combined, there are three different parallel bands that provide a variety of habitats
and hiding cover needs for the diverse wildlife species that potentially will use the structure. It is
recommended to use locally sourced logs and volcanic rocks. These rocks are lighter than other
types of rocks derived from granite or other metamorphic sources and reduce loading of the
structure. The dark volcanic rocks also blend nicely with the surrounding landscape and black
recycled-plastic FRP used for the sound/light barriers and fencing. The plants selected should be
those that are best suited for a xeriscape to reduce the need to retain water on the structure.
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place and distribute the soil and vegetation on the bridge will not exceed a single lane of a H-10
design truck. Elk loading on the bridge was treated as an equestrian concentrated hoof load of 450
kg (1,000 Ibs) for the concrete deck design. The distributed load for a herd of elk crossing two-
wide over a 2.3 m (7.5 ft) tributary tub girder spacing was assumed to be 170 kg/m? (35 psf).

The US-97 crossing location is in a site-specific area that has already determined snow loads,
mostly for non-transportation structures. Based on the assumption that snow removal will not
occur on the wildlife overpass, a 50-year accumulation event (ASCE/SEI, 2017) was used to
determine a snow load of 610 kg/m? (125 psf). This load is specified by the Siskiyou County
building department for the design of building roofs and other structures. An extreme snow event
loading of 780 kg/m? (160 psf) was also considered for the overpass structure because an
accumulated snow load of nearly 4.9 m (16 ft) occurred in 1959 within 32 km (20 miles) of the
crossing location.

A deflection limit of L/600 (L = bridge length in inches) was used to select the size of the girders.
This is the same deflection limit used for highway bridges and accounts for vibration and driver
perception from heavy and dynamic truck loading. A larger bridge deflection limit may be
reasonable for wildlife crossings, however the more stringent limit for highway structures was
used due to the lack of understanding of wildlife’s perception and tolerance of vibration.

5.3.2. FRP Superstructure

The FRP system selected for the crossing superstructure is a composite tub (CT) girder
manufactured and designed by Advanced Infrastructure Technologies (AIT). The CT girder
system consists of lightweight FRP tub girders that are supported on standard foundations with
precast panels or cast-in-place concrete bridge deck. A previously constructed bridge using
AIT’s CT girders can be seen in Figure 13 (a) and 13 (b). The first CT girder bridge was
constructed in 2020 in Maine. AIT is currently working on additional bridge designs for Maine,
New Hampshire, and Florida DOTSs, with spans ranging up to 32 m (105 ft) in length.

The estimated cross section dimensions of the CT girder for the US-97 wildlife overpass are
shown in Figure 14. For an overall crossing width of 50 m (164 ft) and a girder spacing of 2.3 m
(7.5 ft), 22 girders with an approximate depth of a 142 cm (4.7 ft) will be used. These
dimensions were estimated by AIT, with their proprietary software, to calculate dimensions of
the girder and the number of fiber-matrix layers required for each structural plane. An estimated
design load of 2,441 kg/m? (500 psf) was given to AIT based on discussions between Caltrans
and the WTI Team. The dimensions described in Figure 14 are approximate estimates to the size
of the CT girder required for the US-97 wildlife overpass.

29















Fiber-Reinforced Polymer use for Wildlife Crossing Infrastructure Structural Design

Wildlife jump-outs, such as the example shown on the right side of the fencing in Figure 17,
should be placed along the fence every 0.5-0.8 km (0.3-0.5 mi), with additional jJump-outs added
near road access points and areas where animals are more likely to be on the highway side of the

fencing.
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9. APPENDIX B: SUMMARY OF PRELIMINARY VIRTUAL DESIGN
LAB RESULTS

This appendix includes preliminary results from the virtual design lab (VDL) that focused on the
application of FRP materials to a wildlife overpass and associated design elements.

9.1. FRP Wildlife Infrastructure Elements

Opportunities for the integration of a variety of FRP materials into the structural design of a
wildlife overpass structure and its related wildlife crossing design elements have been organized
based on discussions among experts and Caltrans personnel in the VDL.

9.1.1.  Substructure: Footings

The use of FRP CT girders for the superstructure will be lighter than normal steel plate girders or
prestressed concrete girders which may permit reduced load calculations for footings and other
foundation design elements.

e Enhanced: For reinforced concrete will be used for footing or drilled piles, then the use of
FRP reinforcement can be explored in place of black iron, stainless-steel, or epoxy-coated
rebar.

e Innovative: If skin friction is not an issue in the geologic properties at the crossing
location, then the use of FRP tubes may be considered for drilled piles’ casing.

9.1.2. Substructure: Abutments

There are numerous abutments and wingwall designs available. They include, but are not limited
to, poured concrete, mechanically stabilized earth (MSE), and bin wall designs. The abutment type
influences what applications of FRP materials is possible.

e Basic: Abutments can be wrapped in FRP to protect the surface from environmental
factors and increase the service life of the structure.

e Basic: Recycled plastic FRP material can be used in non-structural applications in place
of large boulders or stones.

e Enhanced: For poured concrete abutments, the use of FRP reinforcing in place of black
iron, stainless-steel, or epoxy-coated rebar can be considered.

e Enhanced: For MSE walls, there may be some possibilities to consider and explore the
use of FRP strapping or FRP geotextile style mat.

¢ Innovative: The use of FRP abutment casings can be installed quickly prior to filling
them with concrete. This casing can provide shorter construction times and increased
service life compared to traditional wrapping methods, because the concrete will be
protected from environmental elements on all sides.

e Innovative: FRP panels, or systems, may be able to be used for bin wall designs.

9.1.3.  Superstructure: CT Girders

The WTI Team has conducted a scan of North American FRP manufacturers to assess their
suitability to a wildlife crossing project. AIT’s CT girder system is one of the few manufacturers
capable of building a wildlife crossing of this scale. The girders in this section focus on the use of
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