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Background

What is GRS-IBS?




What is GRS-IBS?

* Instead of conventional bridge support
technology, Geosynthetic Reinforced Soil (GRS)
Integrated Bridge System (IBS) technology uses
alternating layers of compacted granular fill
material and fabric sheets of geotextile
reinforcement to provide support for the bridge.

* GRS also provides a smooth transition from the
bridge onto the roadway, and alleviates the "bump
at the bridge" problem caused by uneven
settlement between the bridge and approaching
roadway.

Source: Federal Highway Administration, U.S. Department of Transportation




What 1s GRS-IBS cont’'d.

= The GRS technigue can be applied to many facets
of earthwork, such as walls, abutments, culverts,
slope stability, rock fall barriers, roadway support,
and integrated bridge systems

= |BS Is a fast, cost effective method of bridge
support that uses GRS technology to blend
roadway Into superstructure.

Source: Federal Highway Administration, U.S. Department of Transportation




What are the major advantages of |
GRS IBS?

GRS IBS offers unigue advantages, particularly in the
construction of small bridges.

* LIGHTER They are easy to maintain because they contain
fewer parts: IBS is typically built without many of the

elements common to a conventional bridge abutment.

= QUICKER GRS IBS bridges are easy to build with common
equipment and materials, so projects can be completed more
quickly.

= CHEAPER Construction costs are typically 25-60 percent
lower than conventional construction methods.

Source: Federal Highway Administration, U.S. Department of Transportation
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12DS206(G355)

MICHIGAN
DEPARTMENT OF TRANSPORTATION

SPECIAL PROVISION
FOR
GEOSYNTHETIC REINFORCED SOIL ABUTMENT

CFs:CDJ 10f8 APPR:TES:RWS:03-10-14

a. Description. The work consists of furnishing and installing a Geosynthetic Reinforced
Soil Abutment in accordance with the contract, the FHWA Geosynthetic Reinforced Soil-
Integrated Bridge System Interim Implementation Guide, dated June, 2012 (Publication Ne.
FHWA-HRT-11-026), the standard specifications, and as directed by the Engineer.

The following definitions apply when used herein and on the plans:

Geotextile Reinforcement. Biaxial geotextile reinforcement having strength and stiffness that are
approximately agual in both the machine and the cross machine directions.

Geosynthetic Reinforced Soil (GRS). Alternating layers of compacted granular fill reinforced
with Geotextile Reinforcement. Facing elements are connected to the reinforcement layers to
form an outer GRS Wall. Facing elements must consist of segmental block units (SBUs).

GRS Abutment. A GRS retaining wall system designed to support the weight of a bridge
superstructure. Usually, GRS abutments have three sides: the abutment face wall and two
wing or return walls.

GRS Abutment Face Wall. The vertical or near wvertical wall parallel to the center of
superstructure bearing seat and designed to support the bridge superstructure.

GRS Wing Wall. A wall attached and adjacent to the GRS abutment face wall. The GRS wing
walls are built at the same time as the GRS abutment face wall and at a right or other angle
to the GRS abutment face wall.

Reinforced Soil Foundation (RSF). A reinforced soil mass located below the GRS. This
mass consists of alternating layers of compacted well-graded aggregate and Geotextile
Reinforcement.

Retained Soil. Backfill located behind the GRS wall mass.

Clear Space. The vertical distance between the top of the GRS abutment face wall and bottom of the
superstructure above the wall. This distance is 3 inches or 2 percent of the GRS wall height,
whichever is greater.

Beam Seat Setback. The lateral distance from the back of the GRS SBU to the front of the
superstructure bearing beam seat area. This distance is a minimum of & inches or as shown
on the plans,

b. Materials. The basis of acceptance for all materials not addressed by the standard
specifications and specified herein will be a certification in accordance with the MWaterials Qualify
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Assurance FProcedures Manual and as described herein. Provide all test data certifications by
an independent testing laboratory to the Engineer prior to material use.

1. Segmental Block Units (SBU). Use SBUs from an approved segmental block wall
manufacturer listed below.

Tensar Mesa Retaining Wall System
5883 Glenridge Drive, Suite 200
Atlanta, Georgia 30328

Ph. 404-250-1280

Keystone Retaining Wall System
4444 West 78" Street
Minneapolis, Minnesota 55435
Ph. 952-897-1040

Allan Block Corporation
7424 West 78™ Street
Bloomington, MM 55439
Ph. 952-835-5309

SBUs from these manufacturers or an equal product from another manufacturer approved
by tha Enginear must meet the following requirements:

A. Lot size may not exceed 10,000 units. Provide test data certifications from a

qualified independent testing laboratory for compressive strength, freeze-thaw durability
and absorption testing for each lot.

B. Minimum 28 day compressive strength of 5500 psi for individual SBUs and an
avarage of 5800 psi for three 5BUs per ASTM C 140,

C. The 5BUs must have a maximum water absorption of 6 percent when testad
according to ASTM C 140, with a 24 hour cold water soak.

D. SBUs must meet the freeze-thaw durability requirements of ASTM C 1262 when
tested using a 3 percent MaCl solution for @ minimum of 90 cycles. Material loss must
not exceed 1 percent for any single sample,

E. SBUs must meet the project aesthetic requirements specified for this site as
indicated an the plans,

F. Utilize SBUs with dimensions of 8 inches high by 12 inches deep (minimum) by
18 inches in length (minimum). Supply cap units for the set back block that have
minimum dimensions of 4 inches high by & inches deep by 16 inches in length.

2. Geotextile Reinforcement. The geotextile reinforcement used within the GRS and
RSF must be a woven, high density polyethylene, polypropylene or high-tenacity polyester,
biaxial geotaxtila that is resistant to UV oxidation and degradation caused by chemical and
temperature exposures normally encountered in the highway environment. The
weatharometer test data certification can be for the product line material type in general and
does not have to be tested directly from the batch of geotextile produced for this site.
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The ASTM type, class, group, grade, and category of the primary resin used in
manufacturing must be identified within the test data certification as applicable.

Provide a test data certification showing that the batch of geotextile reinforcement proposed
for this site meets the physical property requirements of Table 1.

Table 1: Woven Geotextile Reinforcement Properties
Property Test Method Minimum Value

Ultimate Tensile Strength ASTM D 4585
MD(a) Strain Rate of 4,800 Ib/ft
CMD(a) 10% per minute 4,800 Ib/mt
Tensile Strength @ 2% Strain
MD{a) ASTM D 4595 950 Ib#t

CMD(a) 950 Ibft

Apparent Opening Size ASTM D 4751 0.425 mm

Minimum Number Average Molecular
Weight of 25000

Maximum of Carboxyl End Group
Content of 30

UV Resistance ASTM D 4355 >70% breaking strength after 500 hr

a. "MD" and "CMD" represent 'machine’ and 'cross-machine’ directions, referring to the
principle directions of the manufacturing process.
b. PET - Polyester

Inherent Viscosity (PET (b) only) ASTM D 4603

Carboxyl End Group (PET (b) only) | ASTM D 7409

In addition, Certification-Verification samples will be obtained by the Engineer from on-site
material. One sample must be obtained for the first 1,200 square yards with subsequent
samples every 5,000 square yards. Samples must be a minimum of 5 feet long by the full
roll width, with a 6 square yard minimum.

3. GRS Granular Fill. Use either 21AA aggregate or 4G open-graded aggregate as
granular fill material within the GRS wall mass as noted on the plans. In addition to the
requirements for 4G open-graded aggregates described in the standard specifications, the
4G open-graded aggregate prior to placement and compaction must meet the gradation
shown in Table 2. In addition, when compacted to the specified density requirements, the
specified material must have a minimum angle of internal friction of 38 degrees per
AASHTO T 236 (large scale direct shear test) or AASHTO T 296 (large scale triaxial
compression test, unconsclidated undrained). Provide a test data certification from an
independent testing laboratory for the angle of internal friction for the proposed aggregate
source. The testing for angle of internal friction must include at least 5 tests on different
samples of the proposed source material.
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Table 2. 4G Open-Graded GRS Granular Fill

U5 Sieve Size

Gradation Limits,
Percent Passing

1% inch

100

1inch

85-100

¥ inch

45-65

#8

15-30

#30

618

Loss by Wash

6.0 max

12D5208(G355)
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4. Retained Soil. If additional bridge approach embankment fill is required behind the
GRS wall mass, provide Structure Backfill, CIP extending to at least 10 feet behind the back
edges of the GRS wall reinforcement materials. Backfill, Structure, CIP will be paid for
separately.

5. Reinforced Soil Foundation (RSF). Provide 21AA aggregate within the wrapped
geotextile reinforcement layers for the RSF volume.

6. Reinforced Superstructure Backfill. Provide 21AA aggregate within the wrapped
geotextile layers for the bridge abutment backfill material situated above the GRS wall mass
and below the design pavement section for the bridge approach.

7. Concrete. Use Portland cement concrete meeting the requirements for Grade 51
concrete according to section 701 of the Standard Specifications for Construction, except as
madified herain. Use coarse aggregate originating only from geoclogically natural sources
meeting physical requirements of Class 26A.

8. Flashings. Provide grade 304 stainless steel flashings as shown on the plans.
Provide long-life all-weather butyl sealants/adhesives for flashing overlaps.

¢. Submittals. Provide an electronic pdf copy of all submittals to the Engineer at least 45
days prior to the start of RSF or GRS abutment construction. The Engineer will approve or
reject the submittals within 14 calendar days after receipt of a complete submission. Additional
time required due to incomplate or unacceptable submittals will not be justification for time
extension or impact or delay claims. All costs associated with incomplete or unacceptable
submittals will be borne by the Confractor.

1. Submit test data certifications for the proposed aggregates.

2. Submit test data cerdifications for geotextile reinforcemeant.

3. Submit test data cerifications for the proposed SBUs.

4, Submit detajled GRS installation plan.  Within the plan, indicate construction
sequence for the GRS elements including width and directional placement of geotextile

reinforcement layers throughout the various RSF and GRS zones.

5. Submit a sketch illustrating crane locations, including outrigger pads, in relation to
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the edge of GRS walls during positioning of the bridge beams. The edge of the crane's
outrigger pad mat must remain a minimum distance of 4 feet from the back of the SBUs.
Crane outrigger pad sizes must result in less than a 4,000 psf bearing pressure being
applied to reinforced soil areas near the GRS walls. Calculations must accompany the
crane sketches indicating the resulting outrigger and load bearing system (crane, mats,
beams, etc.) pressure on the underlying soil.

d. Construction. Construction procedures must adhere to the design plans, this special
provision and Chapter 7 of the FHWA Geosynthetic Reinforced Soil-Integrated Bridge System
Interim Implementation Guide, dated June, 2012 (Publication No. FHWA-HRT-11-026).

1. Subgrade Preparation. Excavate to the necessary elevations and dimensions shown
on the plans. Provide run-off water controls to prevent excessive flow into the excavation.
Provide groundwater control for the excavation. Prior to wall construction, inspect the RSF
subgrade and compact, if necessary, according to subsection 205.03.1.1 of the Standard
Specifications for Construction, or prepare as required in the contract. Undercut unsuitable
material as directed by the Engineer. Undercutting of unsuitable material will be paid for
separately as Excavation, Fdn. Unless otherwise directed by the Engineer, replace
undercut soils with Backfill, Structure, CIP compacted to 95 percent of the material
maximum unit weight according to section 205 of the Standard Specifications for
Construction. Structure Backfill, CIP will be paid for separately.

If the base of the excavation is left open, grade the base to one end to facilitate the removal
of any water intrusion with a pump. If the excavation is flooded, all water must be removed
along with any unsuitable soils, as directed by the Engineer. Final subgrade must be
smooth, uniform and free from irregular surface shape or protruding objects that would
obstruct placement of geotextile wrapped reinforced aggregate fills for the RSF.

2. Reinforced Soil Foundation (RSF). Construct the RSF according to the plans. Place
backfill in lifts measuring not more than 8 inches in thickness. Compact backfill within this
zone to 98 percent of its maximum unit weight in accordance with AASHTO T 99. Decrease
the maximum lift thickness if necessary to obtain the specified density.

The entire RSF must be completely encapsulated with Geotextile Reinforcement. The
wrapped corners of the RSF must be tight and without exposed soil. Minimum shingle
overlaps of 2 feet are required regardless of structure location. For GRS abutments
adjacent to waterways, overlap the RSF geotextile reinforcement a minimum of 3 feet. For
proper shingle flow of water over the overlaps, start with the outer layer of the overlap
situated on the upstream side of the RSF. Orient overlapped sections of geotextile
reinforcement to prevent water from penetrating the layers of reinforcement.

Pull the Geotextile Reinforcement taut to remove all wrinkles prior to placing and
compacting the backfill. Place fill starting at the river side front face and proceeding towards
the back to push out folds or wrinkles towards the free end of the reinforcement layer. The
end of the overlap must be located at least 3 feet from the RSF edge.

3. Geosynthetic Reinforced Soil (GRS) Abutment. Place courses of SBUs, and GRS
systematically per the contract and the approved installation procedures.

A. SBU Placement. Place each course of SBU level, even, and within plan
tolerance. Adjacent blocks must be placed tightly against each other to prevent backfill
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from escaping between gaps. Offset subsequent courses of block by half a block width
so that vertical joints are not continuous.

Check the vertical alignment of the GRS Abutment Face Wall at least every other block
layer. Correct any deviations greater than 0.25 inches. In addition, check every other
row of block alignment with a string line referenced off the back of the facing block from
wall corner to corner. Correct deficiencies as required.

At right-angle wall corners, stagger face wall and wing wall block courses to form a tight,
interlocking, stable corner. For walls with angles larger than 90 degrees, a vertical seam
or joint is formed. At these locations, install rebar and concrete as indicated on the
design plans.

B. GRS Wall Granular Fill. Follow the placement of each course of block closely
with granular fill. Carefully place granular fill so as to avoid any damage or disturbance
of the wall materials or any misalignment of the block units or socil reinforcement.
Remove and replace any wall SBUs and Geotextile Reinforcement that become
damaged or misaligned during granular fill placement at no cost to the Department. Any
depressions present behind the SBUs must be filled level to the top of the SBU prior to
placing the Geotextile Reinforcement.

Compact the GRS Wall Granular Fill to a minimum 95 percent of its maximum unit
weight per AASHTO T 99 or to the minimum density required to achieve the minimum
angle of internal friction of 38 degrees for the GRS if higher than 95 percent. For
aggregate placed within the RSF, Beam Seat Zone, and Integrated Wrapped Approach

Zone, compact the soil to 98 percent of its maximum unit weight per AASHTO T 99. Do
not use sheep's foot or grid-type rollers for compaction within the reinforced soil mass.

Since the SBUs are not rigidly connected to the geotextile reinforcement, perform
compaction within 3 feet of the back face of the SBU utilizing lightweight, hand operated
compaction equipment (e.g., a lightweight mechanical tamper, plate, or roller). Adjust
granular fill lift heights in order to achieve the compaction requirements. Check the
position of the SBUs after compaction. Any elements that have been displaced should
be removed and reset into their proper location and position.

Ensure uniform moisture content throughout each layer of the granular fill prior to and
during compaction. Place the granular fill at a moisture content that is within two
percentage points of the optimum moisture content percentage, or at a moisture content
and density that is uniform and acceptable to the Engineer, throughout the entire lift.

At the end of each day's operation, slope the last layer of the granular fill away from the
wall face and cover with a suitable water-resistant tarp, to rapidly direct runoff away from
the wall face. Do not allow surface runoff from adjacent areas to enter the wall
construction site.

C. Geotextile Reinforcement. Place geotextile reinforcement in continuous full-
length strips from the wall face to the design strip lengths without use of overlap or
factory seam splices in the critical load bearing dimensions. Place the strong direction
(typically the machine direction) of the geosynthetic perpendicular to the GRS abutment
and wing/return wall faces, unless otherwise directed by the Engineer. Extend the
geotextile reinforcement so that it is situated between layers of SBU to provide a
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frictional connection. The geotextile reinforcement must extend to within 1 inch of the
wall face. Remove all excess geotextile reinforcement extending beyond the wall face
by cutting with a razor knife or other means approved by the Engineer.

Uniformly tension geotextile reinforcements to remove any slack in the connections or
materials, so that geotextile reinforcements are taut, free of wrinkles, and flat. Where
overlaps exist on top of the SBU, trim as necessary to prevent varying geotextile
reinforcement thickness or excessive gaps between adjacent blocks.

Place granular fill starting at the wall face and moving backwards to remove and prevent
the formation of wrinkles in the geotextile reinforcement. Correct any misalignment or
distortion of the wall face in excess of the tolerances specified herein at no additional
cost to the Department.

Driving equipment directly on the geotextile reinforcement is prohibited. Place a
minimum & inch layer of granular fill prior to operating any vehicles or equipment over
the geotextile reinforcement. Tracked vehicles are not allowed above the geotextile
reinforcement.

D. Superstructure Backfil and Approach Integration.  Construct reinforced
superstructure backfill approach zone per the plans. Wrap the superstructure approach
fill with geotextile reinforcement on three sides. Multiple sheets are allowed along the
width of the approach, as long as all seams are kept perpendicular to the wall face.
Wrap geotextile reinforcement on the roadway sides to prevent lateral spreading of the
backfills. The superstructure backfill geotextile reinforcement must be placed so that the
strong direction is parallel to the roadway.

E. The Engineer is responsible for performing field density tests.

For each layer of granular fill placed behind an GRS abutment, the Engineer must
perform at least three field density tests. Do not penetrate the geotextile reinforcement
with field density equipment. If the granular fill is such that it cannot be tested accurately
with a nuclear gauge, then a procedural specification will be developed by the Engineer
at the time of construction. The procedural specification will develop a certain number of
passes required based on the Contractor's compaction equipment and visual movement
of the aggregate. The developed specification will address a procedure near the wall
surface (within 3 feet) for smaller hand operated equipment and larger ride-on rollers
further away from the wall, as necessary.

e. Measurement and Payment. The completed work, as described, will be measured and
paid for at the contract unit price using the following pay items:

Pay Items Pay Unit

Geotextile Reinforcement............ ..Square Yard
Geosynthetic Reinforced Soil Granular Fill . Cubic Yard
Reinforced Soil Foundation Aggregate ... Cubic Yard
Beam Seat Construction . - 3 Lump Sum
Superstructure Backfill . ... Cubic Yard
Segmental Block Units ... ceenennennnnn. DUARE Foot
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1. Geotextile Reinforcement will be paid for by the square yard for material placed.
Overlaps are included when determining the final as placed quantity. Payment for
Geotextile Reinforcement includes furnishing all material, providing submittals, and all
equipmant, labor, testing and miscellanaous hardwara required for placing all typas of
geotextile reinforcement used in the GRS Abutments.

2. Geosynthetic Reinforced Soil Granular Fill will be paid for by the cubic yard for
material placed. Payment for Geosynthetic Reinforced Soil Granular Fill includes
furnishing all of the aggregates, conducting angle of friction testing, providing submittals,
and equipment, labor and miscellaneous hardware necessary for placing this material at the
GRS Abutments.

3. Reinforced Soil Foundation Aggregate will be paid for by the cubic yard for
material placed. Payment for Reinforced Soil Foundation Aggregate includes furnishing
all of the 21AA aggregate used in the RSF, testing, providing submittals, and all equipment,
labor, and miscellaneous hardware necessary for placing the material. Payment for
Reinforced Soil Foundation Aggregate also includes any dewatering materials equipment
and labor necessary to place the RSF for the GRS Abutments,

4. Beam Seat Construction is paid as a lump sum pay item for the entire preject and
includes furnishing all materials not included in other pay items including but not limited to
foam, concrete, stainless steel flashing, sealant, rebar and joint filler, needed to complete
the beam seat detailed on the plans. Payment for Beam Seat Construction also includes
providing submittals and all labor and equipment for constructing these tems as indicated
on the plans.

5. Superstructure Backfill will be paid for by the cubic vard for material placed.
Payment for Superstructure Backfill includes fumnishing the 21AA aggregate used in the
reinforced backfills placed immeadiately behind the ends of the superstructure, and below the
typical pavemant section. The pay item also includes providing submittals and all
equipment, labor, testing, and miscellaneous hardware necessary for placing this material.

6, Segmental Block Units will be paid for by the square foot of finished wall face area,
based on material placed. Payment includes all compensation for furnishing the SBUs and
all equipment, labor, testing, and miscellanecus hardware necessary for placing the blocks,
Payment for Segmental Block Units also includes any wasted or rejected blocks, providing
submittals, and incorporation of aesthetic details (block style and color) required in the
contract.

Underdrains, if required on the plans or by the Engineer, will be paid for separately according to
the standard specifications.

Excavation, Fdn and Structure Backfill, CIP required for undercutting unsuitable subgrade
soils below the plan RSF elevation will be paid for separately according to the standard
specifications. The bottom of the RSF reinferced soil mass shown on the plans will be
considered the bottom of footing for measurement purposes.

If the Engineer datarmines that a shaet pile type Cofferdam or use of Temporary Sheeting is
necessary to adequately complete construction of the RSF, and these items are not shown on
the construction plans, these items will be paid for separately as extra work and according to the
standard specifications. The Contractor should expect that shallow earth berm type cofferdams
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will be necessary for RSF construction. The costs associated with establishing earth berm type
groundwater control and use of submersible pumps and other dewatering equipment for RSF
construction will be included in the items covering the general foundation excavation of the GRS
abutment volume and in the item Reinforced Soil Foundation Aggregate.
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Design Challenges




Costs

Preliminary Estimates for Structural Alternatives
= Three-Sided Precast Arch Structure: $516,000

= Side by Side Pre-Stressed Concrete Box Beam Structure:
$670,000

= Spread Pre-Stressed Concrete Box Beam Structure:
$668,000

= GRS-IBS with Side by Side Pre-Stressed Concrete Box
Beams Structure: $403,000

As Bid Prices

= GRS- IBS with Side by Side Pre-Stressed Concrete Box
Beams Structure: $504,000
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