Special Provisions

Wall CIP Facing Mechanically Stabilized Earth LRFD, Item SPV.0165.XX 

A  Description

This special provision describes designing, furnishing materials, and erecting a permanent earth retention system in accordance to the lines, dimension, elevations and details as shown on the plans and provided in the contract. The design life of the wall and all wall components shall be 75 years minimum.

B  Materials

B.1 Proprietary Mechanically Stabilized Earth Walls with Cast-in-Place Facing Systems

The supplied wall system must be from the department’s approved list of cast-in-place concrete facing (CIP), mechanically stabilized earth wall systems. 

Proprietary wall systems may be used for this work, but must conform to the requirements of this specification and be pre-approved for use by the department’s Bureau of Structures, Structures Development Section. The name of the companies supplying pre-approved material shall be furnished within 25 days after the award of contract. The department maintains a list of pre-approved systems of retaining walls. To be eligible for use on this project, a system requiring pre-approval must have been pre-approved and added to that list prior to the bid opening date.

Applications for pre-approval may be submitted at any time. Applications must be prepared in accordance with the requirements of current Chapter 14 of the department’s LRFD Bridge Manual. Information and assistance with the pre-approval process can be obtained by contacting the Structures Design Section in Room 601 of the Hill Farms State Transportation Building in Madison or by calling (608) 266-8494.

B.2 Design Requirements

It is the responsibility of the contractor to supply a design and supporting documentation as required by this special provision for review by the department to show the proposed wall design is in compliance with the design specifications. 

The design/shop plans shall be prepared on reproducible sheets 11-inch x 17-inch, including borders. Each sheet shall have a title block in the lower right corner. The title block shall include the project identification number and structure number. Design calculations and notes shall be on 8½ inch x 11 inch sheets, and shall contain the project identification number, name or designation of the wall, date of preparation, initials of designer and checker, and page number at the top of the page. Details for the cast-in-place facing and reinforcing as shown on the Contract Plans shall be included for project approval. All plans, shop drawings, and calculations shall be signed, sealed, and dated by a Professional Engineer licensed in the State of Wisconsin.

The design of the Mechanically Stabilized Earth Wall with CIP Facing shall be in compliance with the AASHTO LRFD Bridge Design Specifications 5th Edition 2010 (AASHTO LRFD) with latest interim specifications for Mechanically Stabilized Earth Walls, WisDOT’s current Standard Specifications for Highway and Structure Construction (Standard Specification), Chapter 14 of the WisDOT LRFD Bridge Manual and standard design procedures as determined by the Department. Loads, load combinations and load and resistance factors shall be as specified in AASHTO LRFD Section 11. 

Design and construct the walls in accordance to the lines, grades, heights  and dimensions shown on the plans, as herein specified, and as directed by the Department. If the wall is installed in front of a bridge abutment or wing, it shall also be designed to resist the applied abutment/bridge lateral forces specified on the contract plans.

Walls parallel to supporting highway traffic shall be designed for the effects of highway surcharge loading equivalent of 2 feet soil surcharge weight or 240 psf. The design shall also consider the traffic barrier impact where applicable.  Walls that do not carry highway traffic shall be designed for a live load surcharge of 100 psf in accordance with Chapter 14 of the WisDOT LRFD Bridge Manual or as stated on the plans. 

A maximum value of the angle of internal friction of the wall backfill material used for design shall be assumed to be 30 degrees without a certified report of tests. If a certified report of tests yields an angle of internal friction greater than 30 degrees, the larger test value may be used for design, up to a maximum value of 36 degrees. 

An external stability check at critical wall stations showing Capacity Demand Ratios (CDR) for sliding, eccentricity, and bearing checks is performed by the department or it’s consultant and is provided on the wall plans.  

The design of the Mechanically Stabilized Earth Wall with CIP Facing by the Contractor shall consider the internal stability and compound stability of the wall mass in accordance with AASHTO LRFD11.10.6. The internal stability shall include soil reinforcement pullout, soil reinforcement rupture, and facing-reinforcement connection failure within each layer of reinforcement for the applicable strength limit and extreme event limit states. Calculations for factored stresses and resistances shall be based upon assumed conditions at the end of the design life. 

 All steel components except CIP wall facing reinforcing steel shall be galvanized in accordance to ASTM A-123. The nominal long term design strength in steel reinforcement and connections shall be based upon assumed conditions at the end of the design life.  For systems with separate components for soil reinforcement and wall facings, the force in the soil reinforcement at the face of the panel shall not exceed 0.5 of the connection strength failure load as determined by tests.

The minimum length of soil reinforcement measured from the back of the concrete wall facing shall be equal to 0.7 the wall height or as shown on the plan. In no case shall this length be less than 8 feet. The soil reinforcement length shall be the same from the bottom to the top of the wall. The soil reinforcement shall extend a minimum of 3.0 feet beyond the theoretical failure plane in all cases. The maximum vertical spacing of soil reinforcement layers shall be 24 inches. The uppermost layer of the reinforcement shall be located a minimum of six inches below the bottom of an overlying slab, footing or top of the wall. The upper two layers of the soil reinforcement shall also be checked to verify that they have sufficient tensile resistance against traffic barrier impact where applicable.

The cast-in-place concrete facing shall be erected after the reinforcement and backfill are completed to full height and after anticipated settlement has taken place. The CIP facing shall meet the design requirements of AASHTO LRFD.   The CIP concrete facing shall be a minimum of 8 inches thick. The facing shall be reinforced with each layer 2 inches clear from the front face and back face. The structural design of the CIP facing shall be performed by the department or its consultant. The reinforcement details shall be provided on the contract plans. 

CIP facing shall be installed on concrete leveling pads. The minimum cross section of the leveling pad shall be 9-inches deep by 1.5-foot wide or as shown on the contract plans. The minimum embedment of the MSE wire faced wall shall be 1 foot 6 inches, or as given on the plan, whichever is greater. Frost depth need not be considered in determining leveling pad depth. 

Submit the following to the engineer for review: complete design calculations, explanatory notes, supporting materials, specifications, and detailed plans and shop drawings for the proposed wall system. Sample analyses and hand output shall be submitted to verify the output by the software. The design calculations and notes shall clearly indicate the Capacity to Demand Ratios (CDR) for all internal stabilities as defined in AASHTO LRFD. 

The wall submittal package shall be submitted electronically to the project engineer and Structures Design Section. Submit all required information no later than 30 days prior to beginning construction of the wall. The detailed plans and shop drawings shall include all details, dimensions, quantities and cross-sections necessary to construct the walls.
B.3 Wall System Components

Materials furnished for wall system components under this contract shall conform to the requirements of this specification. All certifications related to material and components of the wall systems specified in this subsection shall be submitted to the engineer. 

B.3.1  Steel components
All steel components, except CIP facing reinforcement of the wall system exposed to the reinforced earth backfill shall be galvanized in accordance to ASTM A-123. 

The welded wire fabric used to fabricate the MSE Wall with CIP Facing shall have a yield stress of 65,000 psi. All steel in the reinforced earth mass shall be shop fabricated of cold drawn steel wire conforming to the minimum requirements of ASTM A-82 and be welded into the finished configuration in accordance to ASTM A-185. Replace welded wire fabric that has been damaged during handling, placing or backfilling at the direction of the engineer, at no expense to the department.

As an alternate to Welded Wire Reinforcing mesh, provide steel reinforcing strips or ladder reinforcing strips or equal, hot-rolled from bars to the required shape and dimensions meeting the requirements of ASTM A-572 Grade 65 minimum and galvanized to a minimum thickness of 3.4 mils. Tie strips shall be shop fabricated of hot-rolled steel meeting the requirements of ASTM A-1011 Grade50

All soil reinforcement and attachment devices shall be carefully inspected to insure they are true size and free from defects that may impair the strength and durability.

B.3.2 Concrete Leveling Pad
Use a concrete leveling pad that consists of Grade A, A-FA, A-S, A-T,A-IS or A-IP concrete conforming to  standard specification section 501 as modified in standard spec section 716. Provide QMP for leveling pad concrete as specified in standard specification section 716. 

B.3.3 Cast-in-Place Facing
For cast-in-place facing, furnish Grade A, A-FA, A-S, A-T, A-IS, or A-IP concrete conforming to standard specification section 501 and  28 days compressive strength of 4000 psi. Provide QMP for class I structure concrete as specified in standard specification section 715. The facing shall be reinforced with Grade 60 reinforcing bars or welded wire fabric with a strength of 65,000 psi.

B.3.4 Backfill

Provide and use material that consists of natural sand or a mixture of sand with gravel, crushed gravel or crushed stone. It shall not contain foundry sand, bottom ash, blast furnace slag or other potentially corrosive material.

Provide material that conforms to the following gradation requirements.

	Sieve Size
	Percentage by Weight Passing

	3 inches
	100

	No. 40
	0-60

	No. 200
	0-15


The material shall have a liquid limit not greater than 25, as per AASHTO T89, and a plasticity index not greater than 6, as per AASHTO T90.

In addition, backfill material shall meet the following requirements.

	Test
	Method
	Value

	pH
	AASHTO T-289
	4.5-10.0

	Sulfate content
	AASHTO T-290
	200 ppm max.

	Chloride content
	AASHTO T-291
	100 ppm max.

	Electrical Resistivity 

Organic Content
	AASHTO T-288

AASHTO T-267


	3000 ohm/cm min.

1.0% max.

	Angle of Internal Friction
	AASHTO T-236
	30 degrees min.


Prior to placement of the backfill, obtain and furnish to the engineer certified test results that the backfill material complies with the requirements of this specification. Tests will be performed by a certified independent lab. When backfill characteristics and/or sources change, a certified report of tests will be provided for the new backfill material.

C  Construction

C.1  Excavation and Backfill
Excavate and prepare the foundation for the reinforcing strips conforming to Standard Specification 206. The volume of excavation covered is limited to the width of the reinforced mass and to the depth of the bottom of the wall unless shown or noted otherwise on the plan. At the end of each working day, provide good temporary drainage such that the backfill shall not become contaminated with run-off soil or water if it should rain. Do not stockpile or store materials or large equipment within 10 feet of the back of the wall.

Compact all backfill behind the wall as specified in Standard Specification 207.3.6. Compact the backfill to 95% of maximum density as determined by AASHTO T-99, Method C. Compaction of backfill within 3 feet of the back face of the wall should be accomplished using lightweight compaction devices.  Use of heavy compaction equipment or vehicles should be avoided within 3 feet of the wire facing.  

Perform compaction testing of the backfill. When performing nuclear testing, use a nuclear gauge from the department’s approved list, ensure that the operator is a HTCP certified Nuclear Density Technician I, and conform to CMM 8.15 for testing and gauge monitoring methods. Conduct testing at a minimum frequency of 1 test per 2-foot layer per 200 feet of wall, or major portion thereof. Deliver documentation of all compaction testing results to the engineer at the time of testing. A minimum of one test for every 2-feet of vertical wall height is required.  Test sites will be selected using ASTM Method D3665.  Deliver documentation of all compaction testing results to the engineer at the time of testing.

Place and compact the MSE backfill to the level of the next higher layer of MSE reinforcement before placing the MSE reinforcement or connecting it to the wall facing. The MSE reinforcement shall lay horizontally on top of the most recently placed and compacted layer of MSE backfill.  Bending of MSE reinforcement that result in a kink in the reinforcement shall not be allowed. If skewing of the reinforcement is required due to obstruction in the reinforced fill, the maximum skew angle shall not exceed 15 degrees from the normal position unless a greater skew angle is shown on the plans. The adequacy of the skewed reinforcement in such a case shall be addressed by supporting calculations.    

C2. Leveling pad 

Step the concrete leveling pad to follow the general slope of the ground line and construct in accordance to the lines, elevations as shown on the plans.  The leveling pad shall have a location tolerance of ± 1 inch of the design location. Allowable  elevation tolerance are +/-1/8 inch. Additional embedment may be detailed but will not be measured for payment. Cure cast-in-place leveling pads at least 24 hours before placing the wall facing.

C3 Cast-in-Place Facing
Construct cast-in-place concrete facing after the reinforcement and backfill are completed to full height and after anticipated settlement has taken place. Handle and place the concrete for CIP facing in accordance to standard specification section 502. Cure the concrete for CIP facing in conformance to standard specification 503.3.2.2. 

The maximum deviation of the concrete facing shall be ½ inch in 10 feet or as shown on the plans. The maximum spacing of vertical joints in the cast-in-place facing shall be 25 feet for walls with up to 15 feet of exposed face and 20 feet for walls over 15 feet of exposed face as shown on the contract plans. Horizontal joints in the CIP facing will only be allowed if detailed in the contract plan.

C.4  Geotechnical Information

Geotechnical data to be used in the design of the wall is given on the wall plan. After completing wall excavation of the entire reinforced soil zone, notify the department and allow the Regional Soils Engineer two working days to review the foundation.

D  Measurement
The department will measure CIP facing Mechanically Stabilized EarthWall by the square foot acceptably completed, measured as the vertical area within the pay limits the plans show without field measurement of the actual area constructed. Unless  engineer directs, in writing, a change to the limits indicated on the plans wall area constructed above or below these limits will not be measured for payment.

E  Payment
The department will pay for accepted measured quantity at the contract unit price under the following bid item:

	ITEM NUMBER
	DESCRIPTION
	UNIT

	SPV.0165.XX
	Wall CIP Facing Mechanically Stabilized Earth LRFD
	SF


Payment is full compensation for supplying a design and shop drawings; preparing the site, including all necessary excavation and disposal of materials; supplying all necessary wall components to produce a functional system including cap and copings; constructing the retaining system; providing backfill, backfilling, and performing compaction testing; facing; and for furnishing all tools, labor, equipment, and incidentals necessary to complete the contract work. Parapets, railings, abutment bodies, and other items above the wall cap or coping will be paid for separately. Vehicle barrier and its support will be paid separately.

Any required topsoil, fertilizer, seeding or sodding, and mulch will be paid for at the contract unit price of topsoil, fertilizer, seeding, or sodding, and mulch, respectively.
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