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833.01 Description.  This work consists of conduit lining with spray applied, factory blended cementitious, geopolymer or resin-based material.. The term “host pipe” refers to the conduit being renewed with the spray applied structural liner (SAPL) system. 
833.02 Materials.  Furnish materials for patching and filling voids conforming to the following:   
Hydraulic cement ................................................... ASTM C 1157 
Reinforcing Steel .....................................................................509 
 
Furnish cementitious or geopolymer based liner material that meets the following minimum property requirements and is currently listed in the AASHTO Product Evaluation and Audit Solutions program with structural testing performed and a status of Complete or In Test.  A status of In Test is permitted if prior material testing was completed with AASHTO:









TABLE 833.02-1
CEMENTITIOUS OR GEOPOLYMER BASED STRUCTURAL LINER PROPERTIES 

	Test Method 
	Test Property 
	Duration 
	Requirement 

	AASHTO T-358
	Surface Resistivity
	28 Days
	Minimum
	14.3 kΩ-cm

	ASTM C 109
	Compressive Strength
	28 Days
	Minimum
	8000 psi

	ASTM C 78
	Flexural Strength
	28 Days
	Minimum
	990 psi

	ASTM C 418
	Abrasion Resistance
	28 Days
	Maximum
	0.085 cm3/cm2

	ASTM C 469
	Modulus of Elasticity
	28 Days
	Minimum
	3,360,000 psi

	ASTM C 496
	Tensile Strength
	28 Days
	Minimum
	670 psi

	ASTM C 1090
	Height Change
	28 Days
	Maximum
	-0.08%

	ASTM C 1583
	Bond Strength
	28 Days
	–
	100% Substrate


 
Furnish resin-based liner material that meets the following property requirements and is currently listed in the AASHTO Product Evaluation and Audit Solutions program with structural testing performed and a status of Complete or In Test. A status of In Test is permitted if prior material testing was completed with AASHTO: 
TABLE 833.02-2
RESIN BASED STRUCTURAL LINER PROPERTIES 
 
	Test Method 
	Test Property 
	Requirement 

	ASTM D 624
	Tear Strength
	Minimum
	490 lbf/in

	ASTM D 638
	Tensile Strength at Yield
	Minimum
	6300 psi

	
	% Elongation 
	Maximum
	6.0

	ASTM D 695
	Compressive Yield Strength 
	Minimum
	7800 psi

	ASTM D 790
	Flexural Modulus
	Minimum
	270,000 psi

	ASTM D 792
	Relative Specific Gravity
	Minimum
	1.1 g/cm3

	ASTM D 2240
	Shore Hardness
	Minimum
	80

	ASTM D 4060
	Cumulative Weight Loss
	Maximum
	630 mg/1000 cycles 

	ASTM D 4541
	Adhesion to Steel
	Minimum
	260 psi

	ASTM D 7234
	Adhesion to Concrete
	Minimum
	94 psi


Submit to the Engineer certified test data and a letter of certification from the manufacturer that states the material conforms to the specification requirements.  
833.03 Shipment and Storage.  Follow the manufacturer’s recommendations for shipment and storage for all products. Ensure that the material safety data sheet accompanies the material.  
Do not use material from defective, punctured, or damaged containers. Ensure that each container is labeled with a batch or lot number and with an expiration or use-by date. Do not use material that exceeded the use-by date or useful life. 
833.04 Design.  Design the spray applied structural liner to support the dead load, live load, and hydrostatic load for a 50-year service life. The live load always applies regardless of depth of cover.
For cementitious or geopolymer material, use the maximum thickness from the ODOT SAPL design Excel sheet, the SAPL vendor thickness design, or the minimum thickness according to table 833.04-4.  The design thickness for cementitious or geopolymer material on corrugated metal pipe begins where the valleys of the corrugations are completely filled.
For resin material, design the liner according to ASCE Manual of Practice No. 145 “Design of Close-Fit Liners for the Rehabilitation of Gravity Pipes” ( MOP-145) using Design State III.  The liner is also subjected to the load imposed from deferred ovality (parallel plate loading) at the end of the liner’s design life. The liner is assumed to deflect over the service life and is not composite with the host conduit. 
Include other observed imperfections in the resin liner design 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 MOP-145. Document all assumptions and origin of all other variables used in the design.  Use the maximum thickness specified in the MOP-145 design and Table 833.04-4.
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 vehicular live load from the ODOT Bridge Design Manual.

Design the liner using the following load and resistance factors:
	Table 833.04-1
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   

	Table 833.04-2
Design Resistance Factors

	Design Parameter
	Resistance Factor

	Long-term flexural strength
	0.85

	Long-term flexural modulus
	0.80

	Long-term buckling stability
	0.80

	Constrained soil modulus of reaction for the backfill soil
	0.80[1]

	[1]value of 0.9 may be used if geotechnical investigations are performed to verify the existing structural backfill



Use the following variables for liner design: 
	Table 833.04-3
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

	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

	Maximum Host Pipe Deflection
	Less than or equal to 20[1]
	%

	Minimum Resin Liner Imperfections
	Annular Gap, Deferred Ovality
	n/a

	Resin Liner Shrinkage
	0.005 minimum
	%

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

	Soil Arching Factor
	2.5 minimum[3]
	n/a

	[1] Use host pipe nominal dimension when calculating deflection
[2] Use 2% for typical soils; for altered soils use 5%.
[bookmark: _Hlk212183031][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 according to the ODOT Conduit Management Manual.  Arching Dead Load=Soil Arching Factor x Conduit Span.




Table 833.04-4 
Minimum Liner Thickness
	Variable 
	Value 
	Units 

	Resin Based Liner
	0.5 
	inches

	Cementitious Liner
	1.0 for conduits <54inch diameter/span
	inches 

	
	1.5 for conduits  ≥54 inch  and < 96 inch diameter/span
	

	
	2.0 for conduits  ≥96 inch  and ≤120 inch diameter/span
	


 
833.05 Submittals.  Submit a written installation plan in accorance with C&MS 105.02 for the conduit renewal to the 
Engineer fat least 15 days before beginning work. The Engineer will coordinate with the Office of Hydraulic Engineering (OHE) for adherence to the design requirements.  The Engineer will provide a written response to the submittal in accordance with C&MS 105.02. Include the following information in the installation plan: 
1. All calculations performed and stamped by a registered professional engineer.  Ensure calculations include all load and resistance factors and all calculated loads.  
2. Methods of cleaning the host pipe.
3. Plan to bypass flow around the host pipe. 
4. Method and materials for patching host pipe and stopping infiltration.
5. Method to verify applied thickness during installation. 
6. Video survey of the host pipe before installation. 
7. Site specific health and safety plan. 
8. Certification letter from the manufacturer stating that the contractor is an approved installer of the material. 
 
Allow 15 days for review. Do not begin work until the submittals have been accepted by OHE and 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. 
During construction, submit the following information to the Engineer: 
1. Test performed with results that demonstrate the liner material meets the material requirements.   
2. Daily thickness measurements of the spray material. 
3. Temperature and humidity readings in the host pipe. 
 
	833.06 	Construction 
A. Preparation.  Remove all debris and obstructions from the host pipe. Clean and prepare the surface of the host pipe according to the manufacturer’s recommendations. 
 
B. Flow Bypassing.  Prevent the accumulation and flow of water through the host pipe and liner until after the work is complete. Where required, bypass flows around the host pipe in accordance with the requirements of the special provisions of the contract. After the lining process begins, maintain the bypass flow until the lining process is complete.  
C. Pre-Installation Inspection.  After cleaning and before beginning the lining process, inspect the host pipe to ensure there are no obstructions that would hinder the lining process. Note the locations of all lateral connections to the host pipe. Perform a pre-installation video survey of the host pipe and provide a copy of the video to the Engineer. 
D. Installation.  Control the temperature and humidity in the host pipe according to the manufacturer’s recommendation. Measure and record the temperature and humidity. 
Patch holes and gaps in the host pipe with an approved hydraulic cement, injection grout sealer approved by the Engineer, or the same cementitious or geopolymer based material to be used for the liner to provide a solid continuous surface on which to spray. Completely stop water infiltration into the host pipe. 
Prepare lateral connections to the host pipe according to the manufacturer’s recommendations. 
Protect walls, surfaces, streambed and plants at the entrance and exit of the host pipe from overspray. Use only equipment recommended by the manufacturer to perform the spray lining. Apply the material to the prepared surface using methods that provide a uniform smooth surface. 
Apply cementitious or geopolymer material to the minimum thickness measured from the crest of the corrugations for all corrugated conduits.  Apply the cementitious or geopolymer material to the minimum thickness elevation in order to create a uniform internal surface without corrugations.  If necessary to achieve a uniform internal surface, completely fill the corrugation valleys first.

Ensure all bolt heads will be covered by a minimum 0.5-inch material prior to applying the liner. 
Record the batch or lot number from the containers used each day.  
For cementitious or geopolymer based material, prepare 3 specimens for the 7-day and 3 specimens for the 28-day test as required according to ASTM C109. Prepare an additional 3 specimens for reserve for a total of 9 test specimens. Utilize ACI certified level one sample technicians to properly obtain and transport the test specimens to an accredited third-party laboratory. 
Ensure the liner is continuous over the entire length of the host pipe and free from defects such as foreign inclusions, holes and cracks no larger than 0.01 inches wide. Ensure the renewed conduit is impervious to infiltration and exfiltration.  
Contain, collect, characterize and legally dispose of all waste generated during the work according to C&MS 105.17 and 107.19.  
E. After Installation.  Repair all defects in the liner as directed by the Engineer. Perform all repairs at no expense to the Department.  
Perform a post-installation video survey of the pipe and provide a copy of the video to the Engineer as described in Supplemental Specification 902 section 902.01 C. 
Perform non-destructive testing to verify liner thickness at the 2 o’clock, 4 o’clock, 6 o’clock, 8 o’clock, 10 o’clock and the 12 o’clock positions at an interval of 20-feet for the entire length of the liner. Utilize sacrificial depth gauges such as tabs or studs for all positions with the following exception. A pachometer capable of measuring the liner thickness accurately to 1/16-inch (0.0625inch) is allowed for the 2 o’clock, 6 o’clock and 10 o’clock measurements in lieu of the tabs or studs. Ensure the accuracy of the pachometer by physically measuring the liner thickness at the ends of the conduit or by other methods accepted by Engineer. Other non-destructive testing methods may be used if accepted by the Engineer. Furnish all the measurements to the Engineer. 
833.07 Method of Measurement.  The Department will measure Conduit Renewal Using Spray Applied Structural Liner in pipes by the number of feet of host pipe length. 
833.08 Basis of Payment.  Payment for conduit renewal includes excavation, backfill, encasement, preparation, flow bypass, inspections, and all other work required to complete the specified items. 
The Department will pay for accepted quantities at the contract price as follows: 
	Item  Unit  	Description 
	833 	Foot 	Conduit Renewal Using Spray Applied Structural  
	 	  	Liner, ___” Round Conduit 
833     Foot 		Conduit Renewal Using Spray Applied Structural   	  				Liner, ___” Rise x ___” Span Elliptical Conduit 
	833 	Foot 	Conduit Renewal Using Spray Applied Structural  
	 	  	Liner, ___” Span x ___” Rise Arch 








Designer Note:   
This specification may be used for lining existing circular conduit between 36-inches and less   than 120-inches in diameter, elliptical conduits between 53-inches and less than  120-inches in span, and pipe arch conduit between 46-inches and less than 120- inches in span. 
Do not use on conduits with deflections of 20% or greater.  
Do not use for lining conduit that has been field paved. 
Contact the manufacturers for the required thickness of the liner. 
Contact the Office of Hydraulic Engineering before using this specification. 
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