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[bookmark: _Toc254158987][bookmark: _Toc257036949][bookmark: _Toc257036986][bookmark: _Toc257199973][bookmark: _Toc257201293]899.01	Description. This work consists of designing a close-fit pipe liner for thickness according to ASCE Manual of Practice No. 145 “Design of Close-Fit Liners for the Rehabilitation of Gravity Pipes” (ASCE MOP-145), furnishing, and installing either a Cured-In-Place Pipe (CIPP) or thermoformed Polyvinyl Chloride (PVC) liner in a host conduit for gravity storm water flow. 
CIPP is inserted into the host conduit using hydrostatic head or is mechanically pulled into place. The liner is then expanded and cured with steam, hot water, or UV light. The liner material used for CIPP can be a resin-impregnated felt or Glass Reinforced Plastic (GRP). 
PVC liner is heated and mechanically pulled into the host conduit  in a folded shape, expanded with pressurized steam and then cooled to an installed shape. When installed, the close-fit pipe liner extends the length of the host conduit in a continuous tight-fitting manner. 
[bookmark: _Toc257036950][bookmark: _Toc257036987][bookmark: _Toc257199974][bookmark: _Toc257201294]899.02	Materials. Furnish CIPP tube materials that are either Needled Felt, Reinforced Needled Felt, or Glass Fibers. Use thermosetting resins that are either Polyester, Vinyl Ester, or Epoxy in either Neat (without inert filler) or Filled (with inert filler).  Use materials conforming to:
	[bookmark: _Hlk140744751]Test Method
	Test Property
	Needled Felt Tube w/ Neat Resin
	Needled Felt tube w/
Filled Resin
	Reinforced Felt Tube w/ Neat Resin
	Glass Fiber
Tube w/
Neat Resin

	ASTM D790
	Initial Flexural Strength (psi)
	4,500 min
	4,500 min
	4,500 min-12,000 max
	20,000 min

	ASTM D790
	Initial Modulus of Elasticity (psi)
	300,000 min
	400,000 min
	500,000 min-750,000 max
	1,250,000 min-2,500,000 max

	ASTM D2990
	Creep retention factor (Flexural Modulus)
	0.5 
	0.5 
	0.5 -0.75 
	0.5-0.75


Furnish plasticized PVC liner materials conforming to ASTM F1871 with the following properties:
	Test Method
	Test Property
	Requirement

	ASTM F1871
	Flexural Strength
	Minimum
	4,000 psi

	ASTM F1871
	Flexural Modulus
	Minimum
	145,000 psi

	ASTM F1871
	Creep Retention Factor
	Range
	0.25-0.5



Provide the strength-regression curves used to determine the testing values. Provide the creep and strength retention factors for a service life of 50 years.
Provide the Poisson’s ratio as determined by ASTM E132.
Submit to the Engineer certified test data and a letter of certification from the manufacturer that states the material conforms to the specification requirements.
[bookmark: _Hlk182835868]CIPP Material manufacturers must be enrolled in the AASHTO Pipe Lining Systems (PLS) program.
[bookmark: _Toc257036951][bookmark: _Toc257036988][bookmark: _Toc257199975][bookmark: _Toc257201295]899.03	Shipment and Storage. Follow the manufacturer’s recommendations for shipment and storage for all materials. Ensure that the material safety data sheet accompanies the material.
899.04	Submittals. Submit the detailed liner installation procedures to the Engineer for acceptance at least ten working days before beginning work including the following information:
1. Calculations performed and stamped by a Registered Engineer. Ensure all factors and loads used in the design are clearly shown along with the limit state checks.

Design the liner according to ASCE MOP-145 using Design State III and design variables listed in this specification.  The load on the liner includes groundwater pressure, full soil overburden pressure, live loads, and surface loads. Consider live loads regardless of height of cover.

	The liner is also subjected to the load imposed from deferred ovality	(parallel plate loading) at the end of the liner’s design life of 50 years. The liner is assumed to deflect over the service life and is not composite with the host conduit.

	Provide a load rating analysis for any liner equal to or exceeding 10 feet in span as measured parallel to the roadway centerline according to the Bridge Design Manual Section 900 to the District Bridge Engineer.
		
Use a HL-93 vehicular live load from the ODOT Bridge Design Manual. 
Design the liner using the following load and resistance factors:

	Table 899.04-1
Design Load Factors

	Load
	Load Factor

	Ground Water
	1.6[1]

	Dead Load
	1.2

	Live Load
	1.6


[1] Value of 1.2 may be used if seasonal ground water table observations are used to determine the maximum ground water height. Provide seasonal ground water table information if using the lower value.   
	Table 899.04-2
Design Resistance Factors

	Design Parameter
	Resistance Factor

	Long-term flexural strength
	0.85-1.0[1]

	Long-term flexural modulus
	0.80

	Long-term buckling stability
	0.80

	Constrained soil modulus of reaction for the backfill soil
	0.80[2]


[1]0.85 for CIPP impregnated and cured on site, 0.9 for CIPP impregnated off site and cured on site, 1.0 for other
[2]value of 0.9 may be used if geotechnical investigations are performed to verify the use of structural backfill. Provide the geotechnical investigation information if using the higher value.
Use the following variables for State III liner design: 
	Table 899.04-3
Liner Design Variables


	Variable
	Value
	Units

	Ground Water Height
	1.5 feet above the top of the pipe and 5 feet from the invert not to exceed the surface elevation above the pipe unless site conditions or plans indicate a higher value
	ft

	Ground Water Density (γw)
	62.4 
	lbs./ft3

	Soil Density
	120 minimum
	lbs./ft3

	Lateral earth pressure
coefficient
	0.5 
	n/a

	Constrained Modulus of Backfill Soil 
	1000 max
	psi

	Modulus of Subgrade Reaction
	300 max
	psi

	Soil Poisson’s Ratio
	0.3
	n/a

	Minimum Liner Imperfections
	Annular Gap, Deferred Ovality
	n/a

	Liner Shrinkage
	0.005 minimum
	%

	Deferred Ovality and Deferred Hinge Rotation angle
	2 (0.02) – 5 (0.05) minimum[1]
	
% (~radians)

	Maximum Host Pipe Deflection
	Less than or equal to 20[2]
	%

	Soil Arching Factor
	2.5 minimum [3]
	n/a

	Design for other observed imperfections such as hinge rotation, flattening or intrusions as deemed necessary by the Registered Engineer.  Noncircular shapes may require additional design considerations in the design (refer to ASCE MOP-145).  Document all assumptions and origin of all other variables used in the design.  


[1] Use 2% for typical soils; if soil erosion is suspected use 5%.
[2]Includes the addition of the initial and long-term deflection.  Use host pipe nominal dimension when calculating deflection.
 [3] Height of cover must be at least 3x Conduit Span and host conduit must have a Material and Joint rating of 4 or higher per the ODOT Conduit Management Manual.  Arching Dead Load=Soil Arching Factor x Conduit Span.


2. [bookmark: _Hlk12351846][bookmark: _Hlk12351877]Thickness of pipe liner to be installed in the host pipe rounded to the next commercially available thickness.
3. Number and type of liner imperfections used in the design approach beyond the minimum required in the design variables. 
4. Methods of cleaning the host pipe.
5. Plan to bypass flow around the host pipe.
6. Methods of repairing existing pipe walls.
7. Pipe liner curing plan (CIPP).
8. Methods for finishing liner pipe ends.
9. Methods for collecting process water (CIPP).
10. Methods of repairing pipe liner after installation if defective.
11. Site specific health and safety plan.
12. Certification letter from the manufacturer stating that the contractor is an approved installer of the liner system.	

[bookmark: _Toc207179012]Allow at least ten working days for review. Do not begin work until the submittals have been accepted by the Engineer. Any changes or deviations from the accepted submittals must be resubmitted. The Engineer will not grant an extension of time because of incomplete submittals.
[bookmark: _Toc254158991][bookmark: _Toc257036953][bookmark: _Toc257036990][bookmark: _Toc257199977][bookmark: _Toc257201297]899.05	Construction
A.	Preparation. Clean and remove debris, including any obstructions, from the host pipe to the extents necessary for proper installation of the pipe liner prior to installation.   
[bookmark: _Hlk535221609][bookmark: _Hlk12347771]B.	Flow Bypass. Prevent the accumulation and flow of water through the host pipe and liner until after the work is complete. Where necessary to adequately complete the Work, bypass flows around the host pipe. Ensure conformance with all Waterway Special Provisions requirements associated with the Project and all applicable environmental laws. After the lining process begins, maintain the bypass flow until the lining process is complete. 
[bookmark: _Hlk535219620]C.	Pre-Installation Inspection. After cleaning and before beginning the lining process, have experienced personnel inspect the host pipe to ensure there are no obstructions that would hinder the lining process. Note the locations of all lateral connections and imperfections in the host pipe. If imperfections are identified, coordinate with the Registered Engineer to ensure they are accounted for in the design.  Perform a pre-installation video survey of the host pipe and provide a copy of the video to the Engineer.
D.	Material. Inspect all pipe liner materials for defects in the presence of the Engineer prior to installation. CIPP liner must be homogeneous throughout, uniform in color, free of tears, holes, foreign materials, blisters, or other deleterious faults. Any material found to have flaws or defects will be rejected and must be replaced. Follow all procedures to prepare the material for installation in compliance with the manufacturer’s recommendations. Any material not properly prepared will be rejected. 
E.	Installation. Install CIPP liner according to ASTM F1216, ASTM F1743, ASTM F2019, or ASTM D5813. Hot water, steam, or UV curing is permitted. Submit a copy of the cure logs for each run. Manage all process water and condensate from steam used in the installation and curing process as a liquid waste according to CMS 107.19. Do not discharge any liquid waste from process water, condensate, or cleaning of installed pipe liner without appropriate regulatory permits. Install PVC liner according to ASTM F1867. 
[bookmark: _Hlk535220431]F.   Finish. Cut excess liner pipe flush with the host pipe or as recommended in the manufacturer’s installation procedures. The finished product must be continuous over the length of the area of the pipe relined and be without dry spots, wrinkling, lifts, delamination, splitting and ruptures.   If any unsatisfactory condition is present in the lined pipe, provide a suitable repair as accepted by the Engineer. Collect and appropriately dispose of all liner shavings and excess materials created during prosecution of the work. 
[bookmark: _Hlk140834357]G.      Liner Thickness. For CIPP, ensure the final installed liner thickness is not less than the specified thickness. Ensure the liner thickness is not more than ten (10) percent thicker than the specified thickness. Measure from pipe liner sample coupons prepared according to ASTM F1216 sec. 8.1. For PVC, ensure the final installed liner thickness is not less than the specified thickness.
[bookmark: _Toc254158992]H.	After Installation. Restore all active lateral connections. Perform a post-installation video survey of the pipe according to supplemental specification 902.1 and provide a copy of the video to the Engineer. 

Provide a written analysis of the inspection video identifying all defects including but not limited to dry spots (CIPP), wrinkling, lifts, delamination, splitting, and ruptures. 

899.06	Method of Measurement. The Department will measure pipe liner by the number of feet of host pipe lined.
[bookmark: _Toc254158994][bookmark: _Toc257036955][bookmark: _Toc257036992][bookmark: _Toc257199979][bookmark: _Toc257201299][bookmark: _Hlk534977059]899.07	Basis of Payment. Payment for Pipe Liner includes pipe cleaning, pipe preparation, flow bypass, liner pipe, liner resins (CIPP), water, equipment, labor, testing, inspections, clean up, proper disposal of any waste.
The Department will pay for accepted quantities at the contract price as follows:
Item 	Unit 	Description
899	Foot	__” Diameter Cured-in-Place-Pipe Liner
899	Foot	__” Diameter PVC Close-Fit Pipe Liner






















Designer Notes:  
Perform a hydraulic analysis showing the lined pipe provides a flow capacity equal to, or greater than, that of the host pipe prior to rehabilitation. Provide the minimum vertical height and the maximum horizontal measurement in the plans to be used for the design. Ovality is limited to 20% or lower for this design method.
Provide host pipe inspection records, photos, and/or video, if available, to the Registered Engineer performing the design to identify imperfections to incorporate into the design of the liner thickness. The Registered Engineer performing the design may request additional information or conduct their own inspection prior to performing the design.
The following are the conditions of applicability of the MOP-145 design method.
Related to the host pipe construction:
· Pipe material can be rigid or flexible.
· CIPP and PVC can be used for corrugated or smooth lined host pipe. 
· Pipes’ original shape, as designed and installed within permitted tolerances, must be as follows:
·  Symmetric about the vertical axis at the middle of the cross section;
·  Convex, comprising a succession of circle arcs or flat sections that are tangent at their points of contact; and
·  No sharp-angled corners around the internal perimeter, or any sharp-angled corners will be rounded prior to lining (e.g., in the case of box culverts, a cementitious material will be applied in the corners to make them rounded).
Related to the host pipe condition:
· Pipes may have lost their watertightness and have active (or show traces of) groundwater infiltration or leaking through various defects.
· Pipes may have structural defects, such as cracks, fractures, and holes in their walls; loss of wall thickness owing to corrosion or abrasion and so on but are not in a state of failure (collapse or buckling) prior to rehabilitation.
· Pipes must not have defects that make lining inappropriate as a rehabilitation method (e.g., severely misaligned joints). Any such defects must be corrected prior to lining (point repairs).
· Pipes may be deflected up to 20 percent
Host conduit can be circular, elliptical, or egg shaped. Verify feasibility of CIPP with Vendors when using non-circular host conduit shapes.
CIPP and PVC liners are for gravity stormwater flow. If using in a combined system or for sanitary applications, additional material testing requirements and design calculations are required. Refer to ASCE MOP 145 for more details.
Close-fit pipe liners may be used for sections of damaged pipe in lieu of the entire run of conduit.  
Consider another rehabilitation method when voids exist in the host pipe backfill or if the deflection exceeds 20 percent.
Enrollment in ASSHTO PLS can be confirmed via AASHTO Datamine accessed by DOT employees.
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