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CATEGORY 000 – GENERAL REQUIREMENTS, REFERENCES AND SPECIFICATIONS 
 

A. SUMMARY DESCRIPTION OF WORK 
 

This project includes tasks rehabilitating one (1) precast concrete pipe culvert (Culvert No. ZC53CPR) 
along Tschiffely Square Road within the City of Gaithersburg, Maryland. As a result of previous 
structure inspection and evaluation tasks completed by others, the DPW decided that the culvert 
requires repair. The approximate details are as follows: 

 
Culvert No. ZC53CPR 

1. Location: Tschiffely Square Road over Tributary to Lake Helene 
2. Size: 42” RCP x 152’-0” +/- Linear Feet along centerline of culvert 
3. Pipe misalignments 
4. Deep spalls/cracks with reinforcement section loss; specifically, sections No. 14 and No. 15 

 
Rehabilitation Options 

Option ‘A’- Spin-Cast Geopolymer Pipe (SCGP) 
Option ‘B’- Centrifugal Cast Concrete Pipe (CCCP)  

 
By comparison, Option ‘A’ (SCGP) lining process provides the greatest improvements per dollar spent; 
especially when considering design fees in addition to construction costs. If the City determines that the 
existing hydraulic conditions are acceptable, Option ‘A’ provides for a new pipe structure with a long 
design life. Option ‘A’ addresses structural deficiencies and would be designed for all legal truck loads, 
eliminating the need for posting and increased inspections. A significant advantage of option ‘B’ is the 
reduced design cost and permitting time. Option ‘B’ is also a viable option to consider including in the 
invitation for bid for the contractor, assuming a lower construction cost for these options can be 
provided. 

 
Applicable specifications: 

1. Code of the City of Gaithersburg, Maryland dated February 2019 
2. A specification provided in these Contract Documents. 
3. A Montgomery County Department of Transportation Standard specification or detail. 
4. The most recent version of the Maryland State Highway Administration’s Standard 

Specifications for Construction and Materials and Supplemental Provisions. 
 

The work must be done in an environmentally sensitive manner. Special concern must be given to 
sediment control issues, due to the close proximity of the receiving streams. Stream restriction dates 
must be honored, and all work performed with all local, State, and Federal applicable regulations and 
project permits. Trees and wildlife must be protected and conserved in the process of the work. Access 
to the project is often through private properties, which must be restored in a manner sensitive to the 
property residents. Handling of stormwater flows through the work areas must be considered. 
Pumping around the work areas must mitigate any sediment release and fish loss. 

 
The Contractor must provide the Work in accordance with all permits provided by the City for the 
Projects in the Invitation for Bid (IFB); the permits are part of  the  Invitation for  Bid  (IFB) 
Documents. The Contractor must obtain, and provide the Work in accordance with, all other permits 
required by law as necessary to complete the Work. The Contractor must schedule all required meetings 
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and inspections with, and obtain required approvals from, the Regulatory Agencies administering each 
permit. Specifically, the Contractor must obtain required approval signatures, as the inspections are 
completed, on any Construction Inspection Check-off List provided in the Invitation for Bid (IFB) 
Documents. See Section 308 for additional Contractor responsibilities related to the Erosion and 
Sediment Control permit. 

 
The Contractor will ensure the quality of work by employing qualified, experienced personnel, 
trained in environmental restoration and sediment control measures. Contractor will provide all 
necessary management, supervision, personnel, labor, tools, materials, and equipment for each of the 
Unit Prices bid. This is the means of payment and is intended to be the price inclusive of all Contractor 
costs. 

 
B. REFERENCED STANDARDS AND SPECIFICATIONS 

 
The following specifications and standards, including addenda, amendments and errata, form a part 
of this specification to the extent required by the references thereto. The Contractor is responsible 
for adhering to any newer versions of the referenced standards and specifications. The list below 
contains the most frequently used standards that are referenced but other references may be 
referenced in the standard specifications. 

 
American Association of State Highway and Transportation Officials (AASHTO). Washington 
D.C. <http://www.transportation.org/>, Referenced as “AASHTO”. 

 
American Concrete Institute (ACI), Farmington Hills, Michigan. 
<http://www.concrete.org/general/home.asp>. 
Referenced as “ACI”. 
- ACI-318 – “Building Code Requirements for Reinforced Concrete”. 
- ACI-350/350R – “Code Requirements for Environmental Engineering Concrete Structures 

and Commentary”. 
- ACI SP-66-94 – “Detail and Detailing of Concrete Reinforcement”. This standard replaced ACI 

315-92. American National Standards Institute (ANSI), Washington D.C. 
 

American National Standards Institute (ANSI), Washington D.C. 
- A300 – “American National Standard for Pruning”, 2008. 
- Z60.1 – “American Standard for Nursery Stock”, 2004. 

 
American Public Health Association (APHA), American Water Works Association (AWWA), and 
Water Environment Federation (WEF), “Standard Methods for the Examination of Water and 
Wastewater”. Washington D.C. 2012, 22nd Edition. < http://www.standardmethods.org/>. 
Referenced as “Standard Methods for the Examination of Water and Wastewater”. 

 
American Society of Testing and Materials International, Standards Worldwide. West 
Conshohocken, PA. <http://www.astm.org/Standard/index.shtml>, Referenced as “ASTM”. 

 
Concrete Reinforcing Steel Institute (CRSI), “Manual of Standard Practice”. Schaumburg, 
Illinois. <http://www.crsi.org/>. Referenced as “CRSI” 
- CRSI “Manual of Standard Practice”, 28th edition. 

- CRSI “Placing Reinforcing Bars”, 9th edition. 
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International Code Council (ICC), International Building Code (IBC). Washington, D.C. 
<http://www.iccsafe.org>. Referenced as “International Building Code” 

Maryland Department of the Environment (MDE), Water Management Administration in 
association with Soil Conservation Service and State Soil Conservation Committee, “2011 
Maryland Standards and Specifications for Soil Erosion and Sediment Control”. Baltimore, 
Maryland. 2011. Reference as “MDE Specifications for Soil Erosion and Sediment Control”. 

Maryland Department of Environment, Water Resources Administration, “Maryland’s Guidelines 
to Waterway Construction”, Baltimore, Maryland. November 2000 revision. Referenced as “MDE 
Construction Guidelines”. 

Maryland Department of Transportation (MDOT), State Highway Administration (MSHA), 
Hanover, Maryland. < http://www.mdot.state.md.us/>. Referenced as “MSHA”. 
- “Book of Standards for Highway and Incidental Structures,”. Referenced as “MSHA Standard 

Details”. 
- “Standard Specifications for Construction and Materials”, July 2019 and all revisions thereof, 

or additions thereto. Referenced as “M.S.H.A. Standard Specifications for Construction and 
Materials”. https://www.roads.maryland.gov/ohd2/2019_Standard_Specifications.pdf 

Montgomery County Department of Transportation (MCDOT), Rockville, Maryland. 
- “Design Standards”, February 2011. 
- “Montgomery County Road Code”, 2015. 
- “Work Zone Traffic Control Standards”, July 2012. 

Montgomery County Government, Noise Control Ordinance. Rockville, Maryland. 1996. 

Montgomery County, Code of Montgomery County Regulations (COMCOR), Chapter 19.00.01, 
Stormwater Management 

National Asphalt Pavement Association (NAPA), Lanham, Maryland. 
<http://www.hotmix.org/>. 

- “Design, Construction and Maintenance Guide for Porous Asphalt Pavements,” 
Information Series No. 131, 2003. 

- “Design, Construction, and Maintenance of Open-Graded Friction Courses”, Information 
Series 115, 2002. 

Potomac Electric Power Company, Requirements and Specifications for High Voltage Customer 
Built Facilities, 1994. 

United States Department of Justice (USDJ), American Disabilities Act (ADA), “ADA Standards 
for Accessible Design”. Washington D.C. 1994. <http://www.ada.gov/> 

United States Occupational Safety and Health Administration (OSHA), “Confined Spaces 
Standard”. Washington D.C. <http://www.osha.gov>. 

Washington Suburban Sanitary Commission (WSSC). Laurel, Maryland. 
http://www.wsscwater.com/index.cfm 

- “General Conditions and Standard Specifications”, 2015. Referenced as “WSSC General 
Conditions and Standard Specifications”. 

- “Standard Details for Construction”, 2005. Referenced as “WSSC Standard Details”. 

 
C. SUMMARY OF REQUIRED MATERIALS AND INSTALLATION SUBMITTALS AND CERTIFICATIONS 

1. GENERAL: The Contractor will be responsible for completing all submittals in accordance with the 
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terms and conditions of the contract documents. The submittals required for Work underthis 
Contract include, but may not be limited to, those listed in this section. 

a. Project Schedule showing each work task, date of commencement and date of completion 
using a GANTT format bar chart. 

 
2. CERTIFICATIONS and MATERIAL APPROVALS: The Contractor must submit the following 

material and site preparation certifications for the City’s approval: 

CATEGORY 100: PRELIMINARY 
• Section 104 — Maintenance of Traffic 
• Section 105 — Aggregate for Maintenance of Traffic 
• Section 106 — Asphalt Mixes for Maintenance of Traffic 
• Section 107 — Construction Stakeout 
• Section 120 — Tree Preservation 

 
CATEGORY 300: DRAINAGE 

• Section 303 — Pipe Culverts 
• Section 306 — Underdrains, Subgrade Drains, and Spring Control 
• Section 308 — Erosion and Sediment Control 
• Section 311 — Riprap Ditches 

 
CATEGORY 800: TRAFFIC 

• Section 813 — Signs 
 

CATEGORY 900: MATERIALS 
• Section 900 — General 
• Section 902 — Portland Cement Concrete and Related Products 
• Section 908 — Reinforcing Steel 

 
CATEGORY 1304: REPAIRS AND MAINTENANCE 

• Grout mix data. 
• Reinforcing. 
• Portland Cement Mortar Mix for Concrete Repair. 
• Bonding Agent and Reinforcement Protection 
• Concrete Protective Seal 
• Precast Concrete Pipe Culvert Lining Rehabilitation 

• Option ‘A’: Spin-Cast Geopolymer Pipe (SCGP) 
• Option ‘B’: Centrifugal Cast Concrete Pipe (CCCP) 

 
The contractor shall notify respective utility companies in accordance with state law, regarding 
possible presence of water, sewer, gas mains, electric wires, conduit, communication cables (both 
overhead and underground), poles and house service connections in the street or common areas in 
which the construction project is to be performed. 

 
Prior to the start of any work on the project, the Contractor shall notify Miss Utility 48-hours in 
advance. For Locations of Utilities, call "MISS UTILITY", at 811 or 1-800-257-7777 or 
http://www.missutility.net and must; 
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(a) Request a MISS UTILITY stakeout and possess a valid MISS UTILITY clearance ticket number for 
any underground work. 

 
(b) Contact all utilities within the limits of the Purchase/Work Order who are not members of MISS 

UTILITY and obtain a stakeout of their respective facilities. 
 

It is the Contractor’s responsibility to locate and verify the elevation of all underground structures 
and utilities prior to commencing excavation activities of any kind. 

 
The Contractor shall locate all existing utilities and be responsible for their safety. Should any existing 
utilities be damaged or destroyed due to the operations of the Contractor, the damages or destroyed 
components shall be immediately replaced or repaired as necessary to restore the utility to a 
satisfactory working condition. These repairs or replacements shall be at no additional expense to 
the Administration or the owner of the utility. 

 
D. SPECIFICATIONS/SCOPE OF WORK: NOTE: The specification sections are organized as per Bid 
Items listed in in Section C. 

 
Where applicable, items are cross-referenced to, and incorporate, information and requirements 
provided in the Part III – Technical Requirements of the Maryland State Highway Administration 
(MSHA) Standard Specifications for Construction and Materials and the MSHA Book of Standards, 
latest revisions. 

 
The link to the Specifications is: 
https://www.roads.maryland.gov/ohd2/2019_Standard_Specifications.pdf 

 
Note: Part I (General Provisions) and Part II (Terms and Conditions) of the MSHA Standard 
Specifications for Construction and Materials DO NOT APPLY to, and are not incorporated into, this 
Contract or Invitation for Bid (IFB). Refer to the terms and conditions of this Contract or Invitation 
for Bid (IFB) including the General Conditions of Construction Contract. 

 
Any references in MSHA Part III – Technical Requirements to the “Administration” or “MSHA” shall 
be interpreted as referring to “City of Gaithersburg Public Works”. 

 
Any references in MSHA Part III – Technical Requirements to the “Engineer” shall be interpreted as 
referring to the “Contract Administrator” as defined in the Contract. 

 
Any references in MSHA Part III – Technical Requirements to the “MDE” shall be interpreted as 
referring to the “City of Gaithersburg Public Works”. However, any such changing shall not be to the 
exclusion of any required MDE reviews. 

 
Any references in MSHA Part III – Technical Requirements to material testing by the Engineer shall 
be deemed to be the Contractor’s responsibility. Contractor must utilize the services of accredited 
material testing laboratories that are acceptable to the Contract Administrator. All field and 
laboratory testing required by the Contract must be performed by qualified professionals who are 
licensed to perform such tests. The results of all material tests must be submitted to the Contract 
Administrator promptly and before requesting payment for the Work being tested for compliance. 
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TABLE OF CONTENTS 
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CATEGORY 100 – PRELIMINARY (MSHA – BASED) 
 

104 Maintenance of Traffic 
105 Aggregate for Maintenance of Traffic 
106 Asphalt Mixes for Maintenance of Traffic 
107 Construction Stakeout 
120 Tree Preservation 

CATEGORY 200 – GRADING (MSHA – BASED) – NOT USED 

CATEGORY 300 – DRAINAGE (MSHA – BASED) 

 
 
 

CATEGORY 400 – STRUCTURES (MSHA – BASED) – NOT USED 

CATEGORY 500 – PAVING (MSHA – BASED) – NOT USED 

CATEGORY 600 – SHOULDERS (MSHA – BASED) – NOT USED 

CATEGORY 700 – LANDSCAPING (MSHA – BASED) – NOT USED 

CATEGORY 800 – TRAFFIC (MSHA – BASED) 
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CATEGORY 900 – MATERIALS (MSHA – BASED) 
 

900 General 
902 Portland Cement Concrete and Related Products 
908 Reinforcing Steel 

CATEGORY 1000 – GENERAL (NON MSHA-BASED) – NOT USED 

CATEGORY 1100 – STREAM RESTORATION (NON MSHA-BASED) – NOT USED 

CATEGORY 1200 – DAMS AND PONDS (NON MSHA-BASED) – NOT USED 

CATEGORY 1300 – REPAIRS AND MAINTENANCE (NON MSHA-BASED) 

1304 REPAIR OF EXISTING PRECAST CONCRETE CULVERTS 

303 Pipe Culverts 
306 Underdrains, Subgrade Drains, and Spring Control 
308 Erosion and Sediment Control 
311 Riprap Ditches 
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CATEGORY 100 – PRELIMINARY (MSHA-BASED) 
 
 

Comply with following Sections of MSHA unless noted otherwise on Contract. 
 

Section 104 — Maintenance of Traffic 

Section 105 — Aggregate for Maintenance of Traffic 

Section 106 — Asphalt Mixes for Maintenance of Traffic 

Section 107 — Construction Stakeout 

Section 120 — Tree Preservation 
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CATEGORY 300 – DRAINAGE (MSHA – BASED) 
 

Comply with following Sections of MSHA unless noted otherwise on Contract. 
 

Section 303 — Pipe Culverts 

Section 306 — Underdrains, Subgrade Drains, and Spring Control 

Section 308 — Erosion and Sediment Control 

Section 311 — Riprap Ditches 
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CATEGORY 800 – TRAFFIC (MSHA – BASED) 
 

 

Comply with following Sections of MSHA unless noted otherwise on Contract. 

Section 813 — Signs 
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CATEGORY 900 – MATERIALS (MSHA – BASED) 
 

 

Comply with following Sections of MSHA unless noted otherwise on Contract. 
 

Section 900 — General 

Section 902 — Portland Cement Concrete and Related Products 

Section 908 — Reinforcing Steel 
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CATEGORY 1300 – REPAIRS AND MAINTENANCE (NON MSHA-BASED) 
 

GENERAL NOTE: The specification sections in this Category are not based on the MSHA. 

SECTION 1304– REPAIR OF EXISTING CONCRETE STRUCTURES 

DESCRIPTION: 
 

This section includes the requirements to repair existing concrete structures including grouting 
cracks and joints, epoxy injection, and parging. Note: Repairs involving masonry or concrete 
reconstruction will be covered separately under the appropriate Line Items. 

 
MATERIALS: 

 

Quality Assurance and Applicable Standards: 
 

1. Grout and Concrete Repairs shall comply with: 
 

a. AASHTO: T277, M235. 
b. ASTM: C273, C293, C666, C679, C884, C920, D412, D624, D1622, D1623, D2126, D2127, 

D2240, D2842, D4121, E96, G3. 
c. Federal Specification: TT-S-00227E 
d. MSHA 902.11(c) 

 
2. Submittals: Submit manufacturer’s specifications and recommendations for City’s approval. 

 
3. Delivery, Storage, and Handling of the product shall be in accordance with manufacturer’s 

recommendations. 
 

4. City-Approved Equal or Approved Equivalent shall be submitted and approved in accordance 
with the General Conditions of Construction Contract before use by contractor. 

 
General Material Information: 

 
1. Bonding Agent and Reinforcement Protection: Three-component, epoxy modified, 

cementitious bonding agent and anti-corrosion coating used for bonding plastic concrete to 
existing concrete and protecting existing reinforcement shall be “Sika Armatec 110 EpoCem” 
as manufactured by the Sika Corporation, or equivalent as approved by the City. 

 
2. Concrete Protective Seal: Two component, polymer-modified cement-based protective and 

waterproofing slurry coating used for sealing cracks in existing concrete where noted, shall 
be “SikaTop Seal 107” as manufactured by the Sika Corporation, or equivalent as approved 
by the City. 

 
3. Portland Cement Mortar: Two component, polymer-modified, cementitious, non-sag mortar 

used for repairing spalls in existing concrete shall be “Sika Top 123 Plus” as manufactured 
by the Sika Corporation, or equivalent as approved by the City. 

4. Quartzite Aggregate: Quartzite aggregate shall be supplied by epoxy grout manufacturer and 
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used as epoxy grout filler when required. 

5. Epoxy Grout: 

a. Two component epoxy-resin used for crack repairs to existing concrete where noted and 
for epoxy grouting of bolts and dowels for horizontal services where noted, shall be 
“Sikadur 35 Hi-Mod LV” as manufactured by the Sika Corp., or equivalent as approved 
by the City. 

b. Two component epoxy-resin used in conjunction with the City-approved epoxy-resin 
for crack repairs to existing concrete where noted, and for epoxy grouting of bolts and 
dowels for vertical and overhead surfaces where noted, shall be “Sikadur 31, Hi-Mod Gel”, 
as manufactured by the Sika Corp., or equivalent as approved by the City. 

6. Parging: Large gaps or cracks in concrete shall be filled with a non-shrink grout meeting 
MSHA 902.11(c) specifications. Mortar shall be QUIKRETE® Non-Shrink Precision Grout or 
City-approved equal. Before mortaring any cracks, each crack shall be washed clean with a 
wet brush. Immediately prior to placing the mortar, the concrete shall be thoroughly wetted. 
Free water shall not be allowed to come in contact with the mortar until well after initial set 
(more than 1 day is recommended). The grout shall be protected from rapid moisture loss 
(cured with wet burlap). 

7. Prior to the start of any concrete repair work, the repair areas and appropriate repair method 
shall be delineated by the City. 

8. Cracks measuring 1/32-inch-wide or wider shall be repaired with the City-approved epoxy 
grout. Cracks measuring smaller than 1/32-inch-wide shall be repaired with the City- 
approved concrete protective seal. However, any cracks exhibiting visible signs of water 
infiltration shall be repaired with City-approved polyurethane grout as directed by the City. 

9. Prior to repairing spalls with Portland cement mortar, the deteriorated concrete shall be 
removed to sound concrete by use of a 15 lb., maximum weight, chipping hammer to the 
limits as directed by the City. After completion of the removal of deteriorated concrete, 
detergent cleaning followed by sandblasting and air blast may be required as determined by 
the City in order to remove foreign materials detrimental to achieving bond. 

10. The cracks and adjacent substrate shall be clean, sound, and free from frost. All bond 
inhibiting substances including dust, laitance, grease, curing compounds, waxes, 
impregnations, foreign particles, and efflorescence shall be removed from all surfaces 
adjacent to and in the area to be repaired by mechanical means (e.g., sandblasting, high 
pressure water blasting, etc.) as approved by the City. 

11. All preparations to the area to be repaired shall be done in accordance with all 
manufacturers’ specifications pertaining to the City-approved repair material, and as 
directed by the City. 

12. All repair material shall be mixed, applied, handled, installed, etc. in accordance with the 
manufacturers’ specifications and as directed by the City. 

 
MEASUREMENT AND PAYMENT: 

Payment per Unit Price shown on the Schedule of Unit Prices will include all labor, materials, tools, 
equipment and incidentals. 



Page 13 of 42  

PRECAST CONCRETE PIPE CULVERT LINING REHABILITATION 

Option ‘A’- Spin-Cast Geopolymer Pipe (SCGP) 

Culvert Pipe Lining 

GENERAL 
 

RELATED DOCUMENTS 

SUMMARY 

This specification covers work, materials and equipment required for the preparation and installation 
of a Geopolymer Lining System providing a minimum 50-year design life for internal protection and 
structural rehabilitation of sanitary sewer and storm infrastructure. This includes but is not limited to 
pipe, tunnels, manholes, culverts, boxes, structures and other similar infrastructure. This is 
accomplished by using an approved structural, monolithic spray-application of a high-build, 
geopolymer liner system with enhanced corrosion protection. The protective lining works shall 
include all activities associated with the protective lining system, not limited to the following: 

 
Design of approved continuous protection liners to the internal surface of the host 
infrastructure (pipe, tunnels, manholes, culverts, boxes, structures, etc.), 
Pre-construction inspection and surface preparation of host infrastructure prior to application 
of protective lining system, 
Installation of approved continuous protection liners to the internal surface of the host 
infrastructure, for pipe; manhole to manhole, manhole to structure, or structure to structure and 
including lateral protection and reinstatement. Partial liner installations, unless directed by the 
Owner, are not allowed, 
Quality Control Measures, 
and Post-construction inspection, repairs and testing. 

 
REFERENCES 

 
Applicable ASTM and ACI Standards and Specifications 

 
Unless revised herein, the Contractor shall follow the latest revision of the practices and standards of 
the following American Society for Testing and Materials (ASTM) and American Concrete Institute 
(ACI) Standards, which are made part of this specification: 

 
American Society for Testing and Materials (ASTM): 
ASTM C 31 - Standard Practice for Making and Curing Concrete Test Specimens in the Field 
ASTM C 39 / C 109 – Compressive Strength Hydraulic Cement Mortars 
ASTM C 78 / C 293 / C 348 – Flexural Strength of Concrete 
ASTM C 138 / C 642 – Standard Test Method for Density 
ASTM C 267 – Chemical Resistance of Mortars, Grouts, and Monolithic Surfacings and Polymer 
Concretes 
ASTM C 469 – Static Modulus of Elasticity & Poisson’s Ratio of Concrete Compression 
ASTM C 496 – Splitting Tensile Strength of Cylindrical Concrete Specimens 
ASTM C 666 – Freeze Thaw Durability 
ASTM C 321 / C 882 – Bond Strength of Epoxy-Resin Systems Used with Concrete by Slant Shear 
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ASTM C 1090 – Shrinkage Test 
ASTM C 1138 - Standard Test Method for Abrasion Resistance of Concrete (Underwater 
Method) 
ASTM C 1140-03A – Preparing and Testing Specimens from Shotcrete Test Panels 
ASTM C 1202 – Electrical Indication of Concrete’s Ability to Resist Chloride Ion Penetration 
ASTM F 2414 – Practice for Sealing Sewer Manhole Using Chemical Grouting 

 
American Concrete Institute (ACI): 
1. ACI Certified Concrete Field Testing Technician, Level 1 

SUBMITTALS 

Submittals shall be prepared and submitted in accordance with the General Conditions of the project. 

The following items shall be submitted: 

Before any field work by the Contractor, the Contractor shall submit to the Owner for his review the 
following: 

 
Manufacturer-certified copies of all test reports on each product used, including: 

ASTM test results indicating the product conforms to and is suitable for its intended use 
per these specifications. Test reports shall be performed at the Contractor’s expense and 
shall be carried out by an approved laboratory or by a reputable independent testing 
body. As a minimum, the test reports should include all those listed in Table 2 of this 
Section. 
XRF test results indicating the product confirms to the requirements as found in Table 1 
of this Section. Testing to be performed as detailed in Paragraph 1.08. 
XRD test results indicating the product confirms to the requirements as found in Table 1 
of this Section. Testing to be performed as detailed in Paragraph 1.08. 

Detailed Minimum Liner Thickness Calculations as required and as discussed further in 
Paragraph 2.05 of this Section, along with proposed plan for ensuring that the installed 
Geopolymer liner meets the minimum thickness requirements. 
Applicator Qualifications 

Manufacturer certification that Applicator (as defined in Paragraph 1.05/B of this 
Section) has been trained and approved in the handling, mixing and application of the 
products to be used. At least one manufacturer certified Superintendent (as defined in 
Paragraph 1.05/C of this Section) must be on-site at all times during related 
construction activities. A fully trained field technician shall apply the liner material. 
Certification that the equipment to be used for applying the products has been 
manufactured or approved by the Manufacturer and Applicator personnel have been 
trained and certified for proper use of the equipment. 
Proof of any required permits or licenses necessary for the project. 

 
After cleaning and TV inspection by the Contractor of all proposed infrastructure to be 
rehabilitated and before beginning lining of any infrastructure, the Contractor shall submit to 
the Owner/Engineer for his review the following: 

DVD (1 copy), or electronic transmittal, of the Contractor’s TV inspection of the 
infrastructure prior to product application. 

After rehabilitation of the infrastructure, the Contractor shall submit to the 
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Owner/Engineer for his records the following: 
A DVD (1 copy), or electronic transmittal, of the Contractor’s TV inspection of the 
completed Work. 
Test results of samples of Geopolymer material as specified in the Contract Documents. 

 
QUALITY ASSURANCE 

 
Product Manufacturer: Company specializing in manufacturing quality Geopolymer liner products with 
minimum 5-years’ experience. 

 
Applicator: Company pre-approved by the manufacturer and who meets the following conditions: 

Horizontal Infrastructure: 
At least 5-years’ experience specializing in the application of spray on lining systems 
including the installation of at least 5,000 LF in horizontal infrastructure using the 
specific material(s) being proposed for the subject project, OR 
Provide supplemental installation expertise in the form of a product expert, provided by 
the manufacturer, who meets the Superintendent requirements found in Item C, below. 
In addition, product expert provided by the manufacturer must be additionally insured 
with a minimum liability umbrella of $4 million dollars. 

Vertical Infrastructure: 
At least 3-years’ experience specializing in the application of spray on lining systems 
including the installation of at least 10,000 VF in vertical infrastructure using 
geopolymer, cementitious or mortar products in horizontal infrastructure applications 
similar to those being proposed for the subject project, OR 
Provide supplemental installation expertise in the form of a product expert, provided by 
the manufacturer, who meets the Superintendent requirements found in Item C, below. 

In addition, product expert provided by the Geopolymer Liner manufacturer 
must be additionally insured with a minimum liability umbrella of $4 million 
dollars. 

 
Applicator shall initiate and enforce quality control procedures consistent with applicable ASTM and 
ACI standards and Manufacturer’s recommendations. 

 
Superintendent: Individual specialized in the application of Geopolymer Liner products, pre-approved 
by, or associated with the Geopolymer Liner manufacturer for the application of spray on lining 
systems, who, meets the following minimum requirements: 

5-years’ experience in the industry actively involved in field services related to the lining of 
pipes, manholes or other wastewater and/or stormwater infrastructure, 
Installation of 5,000 LF for horizontal infrastructure or 10,000 VF for vertical infrastructure 
using the specific Geopolymer Liner product proposed AND for Horizontal Infrastructure: 

Installation of 15,000 LF of geopolymer, cementitious or mortar products in horizontal 
infrastructure applications similar to those being proposed for the subject project. 

 
Single Source Responsibility: Geopolymer Liner and all products used with the lining system, to 
include but not limited to Infiltration Control, Invert Repair and Patching and optional Antimicrobial 
Liquid shall be approved by and supplied through the Geopolymer Liner manufacturer. Use only 
products approved by Geopolymer Liner manufacturer, and use only within recommended limits. 

 
DELIVERY, STORAGE, AND HANDLING 
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Delivery: Deliver materials in original containers with seals unbroken and labels intact and free of 
moisture. Do not use materials that have been exposed to moisture or if there is visible damage to the 
packaging. 

 
Receipt Process: All materials must be inspected upon receipt and properly documented as to the 
amount of material and the identification of the material by batch numbers. Dates and times along with 
the shipping company delivering the material should be recorded for possible future reference. See 
Daily Activity Log, Paragraph 1.08/C of this Section. 

 
Storage: Contractor shall designate a specific space at the project site for storing and mixing materials. 
Protect this space and repair all damage resulting from use. Do not store kerosene nor gasoline in this 
space. Remove oily rags at the end of each day’s work. Products are to be kept dry, protected from 
weather and stored under cover within the temperature ranges recommended by the manufacturer. 
Products are to be stored and handled according to their MSDSs or appropriate classification. Damaged 
or unsuitable products shall be promptly removed from the job site and shall be replaced with suitable 
materials. 

 
PROJECT CONDITIONS 

 
Environmental Requirements: Applicator shall conform with all local, state and federal regulations 
including those set forth by OSHA and the EPA and any other applicable authorities. Confined space 
entry requirements shall be followed. 

 
Maintain the temperature inside the host infrastructure at not less than 1.00º C (34º F) and no more 
than 38.00º C (100º F), or as otherwise directed by manufacturer, during application and finishing. 

 
Provide continuous ventilation and if necessary cooling and heating facilities to maintain surface and 
ambient temperatures before, during, and following application of finishes, within temperature range 
and for duration as directed by manufacturer. 

 
Protection: Provide sufficient shielding to fully protect adjacent finished work. 

QUALITY CONTROL 

Confirmation of a Geopolymer 
Material shall be confirmed as a Geopolymer as determined by XRF and XRD testing. Testing 
shall be completed on the proposed Geopolymer material and results submitted at the following 
stages: 

As a part of the Submittal documentation outlined in Paragraph 1.04/B/1/a. 
During application, XRF and XRD testing shall be carried out as follows: 

Sieve the geopolymer material with 200 mesh. 
XRF and XRD testing to be run on the powder. 
Based upon the size of the project, as determined by the material that is to be 
used, testing shall be carried out based upon the following: 
For projects utilizing equal to or less than 100,000 lbs. of product, first and last 
batch of material. 
For projects utilizing more than 100,000 lbs. of product, first, last and one 
randomly sampled batch throughout the project life. 
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Quality Control, Sampling and Testing 
During application, Applicator shall regularly perform and record Geopolymer lining thickness 
readings with a method approved by manufacturer. Applicator shall submit all documentation 
on thickness readings to Inspector on a daily basis when lining application occurs. 
Sample and make five test cylinders per ASTM C 31 and analyze with ASTM C 39, or as specified 
by contract document, for testing compressive strength from each day’s work (for Vertical 
Infrastructure) or every 32,000 lbs. of material (for Horizontal Infrastructure). Label the 
cylinders with the date, location, project, and product batch numbers. The product batch 
numbers are located on each geopolymer material bag. Send the cylinders to a third-party 
laboratory or the manufacturer for verification. Test in accordance with ASTM C 39, or as 
specified in contract documents. Test the geopolymer material for compressive strength at 7 
days (1 cylinder) and 28 days (3 cylinders) and leave 1 cylinder for retainage. 

Performance and Material Testing – Vertical Infrastructure (Manholes, Boxes, 
Structures, etc.) 

Performance testing as directed in ASTM F 2551. 
Submit the following information to the engineer: Product data, including 
manufacturer and brand name along with laboratory test results to verify 28- 
day compressive strength in accordance with ASTM C 39 or ASTM C 109. The 
samples must be undisturbed for a period of at least 24 hours before they can be 
transported. The project superintendent will require that samples of applied 
material be taken representative of each day’s work of material used. Samples 
shall be obtained from the pump, hose or nozzle, identified, and sent to an 
independent test laboratory to verify 28-day compression strength testing as 
described in ASTM C 39 or ASTM C 109 and shall have a minimum average of the 
strength set forth in Section 2.04, Table 2. 

Performance and Material Testing – Horizontal Infrastructure (Pipes, Culverts, Tunnels, etc.) 
Submit the following information to the engineer: Product data, including manufacturer 
and brand name along with laboratory test results to verify 28- day compressive 
strength in accordance with ASTM C 31 or ASTM C 39. The project superintendent will 
require that samples of the applied material will be taken first and last day of application 
and every 32,000 lbs. of material. The samples may be taken from the pump 
immediately before discharge into the hose or at the spin caster, if feasible. A minimum 
of five samples will be obtained as required by ASTM C 31 and analyzed by ASTM C 39 or 
C 109. The samples must be undisturbed for a period of at least 24 hours before they can 
be transported. The material thickness may be determined by using depth gauges during 
the spraying process. Permanent depth gauges may either be attached to the host 
infrastructure prior to Geopolymer liner application or a handheld depth gauge may be 
used by the installer during installation. The depth measurements should be made in at 
least three locations within the infrastructure being lined as well as near both ends and 
the middle of the infrastructure. These measurements must be written down in a log 
book which will be submitted to the client at the end of the project, along with digital 
photos of the completed lining. 

 
Daily Activity Logs - 

Horizontal Infrastructure 
A Daily Activity Log will be filled out completely anytime a work crew is on site. This log 
includes listing the personnel present at the site, when they arrived and when they left 
the site. All materials must be inspected upon receipt and properly documented as to the 
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amount of material and the identification of the material by batch numbers. Dates and 
times along with the shipping company delivering the material should be recorded for 
possible future reference 
Important spray data includes the times material was applied and under which 
atmospheric conditions. The ambient air temperature, the dry powder temperature, the 
mixing water temperature, and the temperature inside the infrastructure are all 
recorded on the daily activity report. 
The operating conditions are also recorded. These measurements include the water 
addition rate taken at the meter tube, the retrieval speed of the retraction system and 
the pump motor speed recorded at the pump. 
Any special conditions are to be noted in the daily log. 

Vertical Infrastructure 
A Daily Activity Log will be filled out completely anytime a work crew is on site. This log 
includes listing the personnel present at the site, when they arrived and when they left 
the site. 
Surface preparations made. 
Repair materials used. 
Any special conditions are to be noted in the daily log. 

 
Equipment Calibration Reports 

Equipment calibration reports are to be maintained at all times for inspection by the 
Owner/Engineer. 

 
Final Inspection 

See last Paragraph in this Section 

WARRANTY 

Manufacturer shall warrant all work against defects in materials and applicator shall warrant all work 
against defects in workmanship for a period of one (1) year, unless otherwise noted, from the date of 
final acceptance of the project. Manufacturer / Applicator shall, within a reasonable time after receipt 
of written notice thereof, repair defects in materials or workmanship, as applicable, which may 
develop during said one (1) year period, and any damage to other work caused by such defects or the 
repairing of same, at his own expense and without cost to the Owner. 

 
GeoKrete Geopolymer as manufactured, sold and distributed by Quadex, LLC adheres to the following 
warrantied Material Properties: 

Compressive Strength, which exceeds the values used in the design calculations, as sampled by 
ASTM C 31 and as tested by ASTM C 39, results as follow: 
a. 28 Day Minimum Compressive Strength .........................................................7,000 psi 

PRODUCTS 

EXISTING PRODUCTS 
 

Existing infrastructure may consist of RCP, brick, stone, corrugated metal, HDPE and others as allowed 
by manufacturer. 

 
ACCEPTABLE MATERIALS 
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When more than one product is used in composite with other(s), all materials shall be supplied by the 
same manufacturer. 

 
Approved materials as manufactured/supplied by Quadex include: 

Geopolymer Liner – GeoKrete 
Infiltration Control (Mild to Moderate) - Quad-Plug 
Infiltration Control (Heavy) – Chemical Grout as approved by Geopolymer Manufacturer 
Invert Repair and Patching (Fast Return to Service) – Hyperform 
Invert Repair and Patching (Bypassed or No Flow) – Quad-Flow 
Treatment of Exposed Rebar – Ospho or Corroseal Rust Converter 
Secondary Corrosion Protection – ConSeal ConBlock 

 
GEOPOLYMER – CHARACTERIZATION TECHNIQUES 

 
A process to determine that a product is actually a geopolymer shall include oxide composition and 
phase composition testing, using X-Ray Fluorescence (XRF) and X-Ray Diffraction (XRD), respectively. 

 
A geopolymer precursor, the powder passing a #200 mesh, must contain significant amounts of 
amorphous SiO2 and Al2O3 in particular ratios as determined by X-Ray Fluorescence (XRF). See: 
Table 1 
Phase composition utilizing X-Ray Diffraction (XRD) shall be used to quantify amorphous phases 
in the geopolymer precursor powder. A significant amount of amorphous SiO2 and Al2O3 is 
required for the geopolymerization process. Using (XRF) and (XRD) together provides optimum 
information for both oxide composition and phase composition. See: Table 1 

 
Table 1 

Oxide Content of Geopolymer Powder Acceptabl 
e 

Oxides (% wt) 

 SiO2 40 – 55 % 

 Amorphous SiO2 (Geopolymer precursor*) 25 – 40 % 

 Al2O3 13 – 30 % 

 Amorphous Al2O3 (Geopolymer precursor*) 10 – 20 % 

 Total Amorphous content (XRD Testing) >50 % 

 Total of cementitious crystalline phases wt.% (% 
Portland, calcium aluminate or calcium 
sulfoaluminate cement, i.e.: C3S, C2S, C3A, C4AF, 
C12A7, C4A3Ŝ, etc.) 

<20 % 

 Total CaO <25 % 

 Total Na2O 0.35 – 15.0 % 

Oxide Ratios (ratio) 

 Amorphous SiO2 / Amorphous Al2O3 (Ratio) 1-3 

 Total Na2O / Amorphous Al2O3 (Ratio) 0.05 – 1.2 
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*Geopolymer precursors and total amorphous content shall exclude all crystalline forms such as but 
not limited to those found in cementitious materials (C3S, C2S, C3A, C4AF, C12A7, C4A3Ŝ, etc.) or in 
minerals (Quartz, Mullite, etc.). 

 
GEOPOLYMER – PHYSICAL PROPERTIES 

 
The Geopolymer lining material may be Centrifugally Cast, Manually Sprayed or Hand Troweled. 
Approved Geopolymer lining material shall be Quadex GeoKrete as manufactured by Quadex. 

 
The Geopolymer lining material shall be a micro-fiber reinforced ultra-dense Geopolymer. This 
material shall provide a high strength fiber reinforced mortar specifically designed for ease of 
mechanical pumping, spraying and spin casting. 

 
The Geopolymer liner shall not clog spinner heads or spray equipment. The Geopolymer liner can also 
be used to repair, resurface, or rebuild pits, sumps, trenches, tunnels, bridged, piers or any 
infrastructure that has experienced deterioration. 

 
The Geopolymer liner shall be designed to produce a liner with improved compressive and flexural 
strength, high adhesion to damp surfaces, lower permeability and increased resistance to aggressive 
chemical attack as compared to Portland Cement based systems. 

 
The fiber reinforced formula shall be engineered to improve hydraulic abrasion resistance, provide 
dimensional stability and protect against penetration by substances such as fats, oils, greases and 
chloride ions as compared to Portland Cement based systems. 

 
The finished infrastructure must be such that once the Geopolymer liner sets, the total wall thickness 
will be homogeneous and monolithic. 

 
The Geopolymer liner material shall conform to the minimum requirements demonstrated in standard 
laboratory conditions following ASTM Standards as presented in Table 2. The Typical Material 
Properties presented as minimum requirements in Table 2 have been obtained through the 
performance of independent Third Party Laboratory Testing performed under standard laboratory 
conditions. Only those properties as discussed in Paragraph 1.09/B of this section, prepared following 
the testing requirements per internal quality assurance/quality control, as discussed in Paragraphs 
1.05 and 1.08 of this section, are warranted or guaranteed by Quadex. Field sampled material 
properties will meet or exceed warrantied values. Material properties utilized in design engineering 
shall be equal or lesser of warrantied values; therefore, difference between warrantied values and 
minimum requirements will not affect design engineering. Properties obtained from field cast 
specimens may result in different values that those listed in Table 2 which follows: 

 
Table 2 

Physical Properties  ASTM Reference Requirements 

Compressive Strength  ASTM C 39 / 
C 109 Min. 8,000 psi @ 28 days 

Flexural Strength  ASTM C 78 / 
C 293 / C Min. 800 psi @ 28 days 

Density 
 ASTM C 138 / 

C 642 
Dry 75 – 90 lb/ft3 

Wet 100 – 115 lb/ft3 
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Chemical 
Resistance, Sulfuric 

 
ASTM C 267 Max 2% mass loss @ 8 weeks 

Modulus of Elasticity 
 

ASTM C 469 Min. 5,400,000 psi @ 28 days 

Split Tensile Strength  ASTM C 496 Min. 900 psi @ 28 days 
Freeze Thaw Durability  ASTM C 666 Max 0.1% Loss @ 300 cycles 

Bond Strength to  ASTM C 882 Min. 3,000 psi @ 28 days 
Shrinkage Test  ASTM C 1090 Max 0.02% @ 28 days 

Abrasion Resistance 
 

ASTM C 1138 
Max 1.5% Weight Loss @ 

6 cycles on 28 day 

Rapid Chloride 
Ion 

 
ASTM C 1202 Very Low @ 28 days 

 

GEOPOLYMER – LINER THICKNESS DESIGN 
 

General Liner Thickness Guidelines - The design thickness of the centrifugally cast, manually sprayed 
or hand troweled liner is largely a function of the condition of the existing infrastructure, earth loading, 
traffic loading, hydraulic loading, earthquake loading, ground conditions, variations in the ground 
water through seasons, variations in conditions in the longitudinal direction and other factors that the 
registered professional engineer retained by either the manufacturer or the owner may consider as 
important, given the local site conditions. 

 
Signed and sealed designs shall be prepared and submitted by a Licensed Professional Engineer 
licensed in the state in either the state of liner application or in which the product is manufactured in 
the following conditions: 

Pipe/culverts – When non-round (Elliptical, box, etc.) or 60-inch and greater in diameter or 
when measured pipe ovality is greater than two percent or when bury depth as measured from 
top of pipe to top of ground at pipe is less than two times the pipe diameter. 
Tunnels – All 
Manholes/Boxes/Structures – When 25 VF or greater in depth as measured from top of ground 
at the rim on the manhole. (When depth is less than 25 VF, manufacturers recommended 
minimum thickness of 1-inch shall be used). 
Other infrastructure – As directed by Owner/Consulting Engineer in project plans and 
specifications. 

 
The thickness calculations are site specific and involve a careful consideration of loading conditions 
that are applicable to those for the construction phase and long term service of the infrastructure in 
question. Therefore, such design steps or simpler equations cannot be presented in cases where a 
Licensed Professional Engineer is required. In these cases, a Licensed Professional Engineer, 
experienced in infrastructure liner design, should provide a signed and sealed design thickness report, 
showing the assumptions made, input data used, design principles employed and the results of the 
calculations that would meet the standard of care, expected of professionals practicing in the same 
region and time period. 

 
As determined in Paragraph 2.05/B in this Section, the Contractor shall submit manufacturer’s 
minimum recommended thicknesses or liner thickness calculations to the Owner/Consulting Engineer 
for review. Thickness or calculations shall substantiate sufficient liner thickness to achieve desired 50- 
year design life. 
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The Contractor shall submit his proposal based upon the appropriate length, size, design life and host 
infrastructure parameters designated in the Project Plans and Specifications. 

 
The Design Parameters shall be as presented in Table 3: 

 
Table 3 

Design Parameter Below to be filled in by Owner/Consultant 

Shape / Size  

Pipe Material  

Length  

Bury Depth  

Level of Deterioration  

Ovality  

Live Loading Conditions  

Soil Density  

Ground Water Elevation  

Access Information  

Restrictions on  

 

INFILTRATION CONTROL 
 

Heavy Infiltration 
Injection grouting material shall be used to address heavy infiltration following manufacturer’s 
instructions. Apply injection grouting material as approved by the Geopolymer manufacture. 
Heavy infiltration means infiltration that meets the definition of a “runner” or “gusher”, as 
defined by NASSCO’s Pipeline Assessment Certification Program. 

Runner - water running into the sewer through a faulty joint or pipe wall. A continuous 
flow will be visible. 
Gusher - water entering the pipe "under pressure" through a defect or faulty joint. 

 
Mild to Moderate Infiltration 

All fast setting materials furnished shall be designed to be applied in dry powder form, with no 
prior mixing of water, directly to active leaks under hydrostatic pressure in pipes, manholes or 
related structures. Materials shall consist of rapid setting cements, siliceous aggregates, and 
various accelerating agents. Material shall not contain chlorides, gypsum, or metallic particles. 
Approved infiltration control material shall be Quadex Quad-Plug as manufactured by Quadex. 
Physical Properties of approved material shall exhibit the following minimum physical 
properties: 

Set Time 
30 seconds 

INVERT REPAIR AND PATCHING 

All material furnished shall be designed to fill large voids in pipe, manholes and structure walls and to 
repair or reconstruct inverts where no hydrostatic pressure exists. 
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For infrastructure with heavily deteriorated inverts and which is rehabilitated under no flow or bypass 
conditions, where flow will not be returned until at least 12 hours after Geopolymer liner application, 
Quad-Flow flowable fill with a minimum of 5,000 psi may be used. 

 
For infrastructure which must be returned to service quickly, material shall consist of rapid setting 
cements, NSG aggregates, and various accelerating agents. Material shall not contain chlorides, 
gypsum, or metallic particles. Approved invert repair and patching material shall be Quadex 
Hyperform as manufactured by Quadex. 

Physical Properties of approved quick-setting material shall exhibit the following minimum 
physical properties: 

Compressive Strength (ASTM C109) 
30 mins: >1,200 psi 
1 hour: >2,500 psi 
1 day: >3,500 psi 

Bond Strength (ASTM C882) 
28 Day: >3,000 psi 

Shrinkage (ASTM C1090) 
< 0.1% 

TREATMENT OF EXPOSED REBAR 

A. When encountered, exposed rebar shall be cleaned and then coated with a rust inhibiting 
coating to chemically modify the existing rust and introduce an inhibitor to reduce future rust 
formation. Approved rust inhibitor shall be Ospho as manufactured by Skybryte or Corroseal 
Rust Converter as manufactured by Rodda Paint and supplied by Quadex. 

 
SECONDARY CORROSION PROTECTION (ANTIMICROBIAL LIQUID) 

 
Application of Antimicrobial Liquid, (when directed by Owner/Engineer), is to provide additional 
Microbiologically Induced Corrosion (MIC) resistance to the Geopolymer liner. The work consists of 
rolling, spraying or centrifugally applying Antimicrobial Liquid, or approved substitute, to the surface 
of the newly lined infrastructure. Equipment required for application can include centrifugal spray 
mechanisms, pneumatic spray pumps, hand pumps or paint style roller. Approved secondary corrosion 
protection (Antimicrobial Liquid) shall be ConBlock as manufactured by ConSeal and supplied by 
Quadex. 

 
The Antimicrobial Liquid shall be used as specified by the manufacturer and shall not be diluted in 
excess of the Manufacturer’s recommendation for a full strength coating. 

 
The Antimicrobial Liquid, shall be applied to the finished surface of the Geopolymer material during 
the application of the Geopolymer liner or anytime thereafter, as recommended by the Manufacturer. 

 
The Antimicrobial Liquid shall be applied adequately to achieve surface saturation. 

 
The Antimicrobial Liquid must be allowed to cure for a minimum of 30 minutes, or meet manufacturer 
recommended cure time, prior to releasing bypass or opening to any traffic. 

 
GEOPOLYMER LINER APPLICATION EQUIPMENT 
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Horizontal Infrastructure 
Manufacturer approved equipment shall be used in the application of the specified Geopolymer 
lining. The following outlines the equipment that is to be used on application to Horizontal 
Infrastructure. Such equipment may also be used on Vertical Infrastructure at the installer’s 
discretion. 
Major equipment components consist of a generator, an air compressor, a high pressure washer, 
a high shear mixer, a high output pump, a gyroscopic high speed spin cast delivery assembly, an 
electronic retraction system capable of +/- 5% repeatability, and high pressure hoses and 
couplings. 
Application equipment shall include a high shear mixer and high output swing tube pump. In 
addition, the application equipment will have safety sensors that monitors specific operation 
parameters. 
Application equipment shall have visible display for the rate of water addition. This will ensure 
water/material ratios are known and controlled. Water/material ratio must be maintained per 
manufacturers’ recommendations. 
Application equipment shall measure the back pressure on the discharge side of the pump. The 
change in pressure will alert the operator to any potential changes in flow rates. Backpressures 
must not exceed the system providers’ recommendations at all times. 
Spinner head shall be attached to a gyroscopic mechanism to layer the materials. The gyroscopic 
mechanism can adjust the spinner head pattern and frequency. The multiple layering process 
allows more uniform application of the product and achieves higher thickness levels, in a single 
pass. 
Retraction system shall be capable of pulling the sled assembly with no more than +/-5% 
tolerance. The tolerance shall be verified on a daily basis, prior to product application, and 
recorded in the daily log. 
Retraction system shall have a visible display that monitors the controlled rate of retraction. 
The rate of retraction and the volume of material discharged is necessary to calculate the 
thickness of the applied materials. 
The rate of retraction, material application volume, dry material usage and length of application 
covered should be monitored and recorded on a daily basis. This is a critical to accurately verify 
the thickness of material applied. 

 
Vertical Infrastructure 

Manufacturer approved equipment shall be used in the application of the specified Geopolymer 
lining. The following outlines the equipment that is to be used on application to Vertical 
Infrastructure. Such equipment may not be used on Horizontal Infrastructure unless approved 
in writing by the Geopolymer lining manufacturer. 
Major equipment components consist of a generator, an air compressor, a pressure washer, a 
mortar mixer, a material pump, a spray nozzle or spinner head and material hose all to be trailer 
or skid/truck mounted and contained within a single platform. 
Application equipment shall include a vertical shaft, horizontal blade mixer with at least a 45- 
gallon capacity and three stage progressive cavity material pump. 
Application equipment shall have a water metering system to monitor the rate of water 
addition. This will ensure water/material ratios are known and controlled. Water/material ratio 
must be maintained per manufacturers’ recommendations. 
Application equipment shall include an engine/generator sufficiently sized to operate all 
components on the trailer as needed for completion of the lining. 
Application equipment shall include sufficiently sized water transfer pump so as to provide 
continuous delivery of water to all components. Similarly, an adequately sized pressure washer 
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for use in surface preparation and equipment clean-up is required. 
Application equipment shall include an air compressor and reservoir providing compressed air 
for spray atomization. 
Application equipment shall include either a manual spray nozzle, or a spinner head. Spinner 
head shall be attached to an electric winch mounted on a tripod allowing for control of vertical 
movement at a consistent rate. 

 
EQUIPMENT MAINTENANCE 

 
All equipment shall be in clean and good working conditions. 

 
Maintenance and service shall be performed on the equipment to manufacturers’ standards. 

 
Inspect the dry material hopper in the mixer to ensure that there is no blockage or debris in the dry 
material feed point. Remove any debris prior to feeding dry powder. 

 
Inspect the pre-mix chamber to ensure it that there is no blockage or debris. Remove any debris prior 
to mixing. 

 
Inspect the mixing chamber to ensure there is no blockage or debris. Remove any debris or dry 
materials prior to application. 

 
Inspect the pump to ensure there is no debris or blockage in the pump. Remove any debris prior to 
application. 

 
Spare parts or extra equipment should be kept on site to ensure rapid redeployment in the event of 
equipment failure. 

 
EXECUTION 

 
ACCEPTABLE APPLICATORS 

 
Geopolymer liner must be applied by a Certified Applicator of the Geopolymer lining manufacturer, as 
discussed further in Paragraph 1.04/B/1/c & 1.05/B of this Section, and according to manufacturer 
specifications. 

 
Format and Preparation of Data Log and Startup Checklist: 

Data Log and Startup Checklist for all works shall be on-site prior to commencement of the 
works. These sheets shall be used to ensure that the works are carried out and audited at multi- 
level according to standard steps and procedures. These sheets will be maintained on-site and 
available for viewing but will not be submitted. Information found on these logs will be used in 
the preparation of Daily Logs discussed in Paragraph 1.08/B of this Section. 
A Data Log shall be prepared for each shift/application at each location. Data Log shall contain 
the following information at minimum: 

Job Name and Location; 
Upstream, downstream and all intermediate manhole/access chambers reference 
numbers; 
Material(s) used in the application (by batch number) and the precise location of applied 
lining applications within the infrastructure system; 
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Record of time/date of delivery of materials to application point (to include batch 
number and shipping company delivering the material); 
Time of commencement and completion of application; 
Application Method (hand trowel, hand sprayed or spin cast); 
Hose Length, Product Temperature Wet/Dry, Water Temperature, Water Addition Rate, 
Pressure, Condition of Surface to be Rehabbed, Manhole/Structure/Pipeline Temp. and 
Prevailing Atmospheric Conditions; 
Motor Speed and Retrieval Speed. 

 
EXAMINATION 

 
Applicator shall verify that surfaces and substrate conditions are ready to receive work as instructed 
by the product manufacturer. 

 
Applicator shall examine surfaces scheduled to be finished prior to commencement of work. Report to 
Owner any condition that may potentially affect proper application. 

 
Appropriate actions shall be taken to comply with regulatory and other applicable agencies with 
regard to environment, health and safety. 

 
Any active flows shall be dammed, plugged or bypassed as required to ensure that the conveyed flow is 
maintained away from the surfaces to be lined. Flows should be totally plugged and/or diverted when 
lining the invert and during required dry/cure periods. All extraneous flows into the host 
infrastructure at or above the area lined shall be plugged and/or diverted until the Geopolymer liner 
has cured per manufacturer recommendations. 

 
Installation of the Geopolymer liner shall not commence until the host infrastructure has been 
properly cleaned and repaired in accordance with these specifications and Geopolymer liner 
manufacturer recommendations. 

 
Prior to and during application, care should be taken to avoid exposure of direct sunlight or other 
intense heat source to the infrastructure being lined. 

 
BYPASS PUMPING 

 
Maintain sanitary sewer service during the installation process, as required for acceptable completion 
of the work and / or to avoid damages due to sewer spills or overflows. 

 
Install and operate bypass pumping equipment to maintain sewage flow around the host 
infrastructure being rehabilitated, and to prevent backup or overflow in compliance with Owner 
requirements. 

 
Coordinate with Owner regarding potential upstream diversion strategies which could potentially 
reduce influent flow from upstream system. 

 
Install all bypass and isolation material and equipment so as to not affect flow in upstream or 
downstream structures. The pump and bypass lines shall be of adequate capacity and size to handle 
the anticipated flow. Bypassing of sanitary sewer into the storm water system will not be permitted. 
For all bypass pumping, pump noise shall be kept to a minimum. 



Page 27 of 42  

SURFACE PREPARATION AND LIGHT CLEANING 
 

Excessive debris, sediment, root intrusion or other foreign materials which may impact the 
effectiveness of the surface preparation process shall be removed prior to the commencement thereof. 

 
Offset structural components, lids, covers, frames, etc. shall be reported to the Owner / Consulting 
Engineer so that direction related to further possible action may be discussed prior to the 
commencement of surface preparation. 

 
External soil/fill voids shall be remediated and/or stabilized by replacement or injection of stabilizing 
grout, flowable fill, or Quad-Flow as determined appropriate by the engineer. 

 
Oils, grease, incompatible existing coatings, waxes, form release, curing compounds, efflorescence, 
sealers, salts, or other contaminants which may affect the performance and adhesion of the lining to 
the substrate shall be addressed per manufacturers’ recommendations. 

 
Choice of surface preparation method(s) should be based upon the condition of the structure and 
concrete or masonry surface, potential contaminants present, access to perform work, and the 
required cleanliness and profile of the prepared surface to receive the repair and/or lining product. 

 
Surface preparation method, or combination of methods, that may be used include high- pressure 
water cleaning (minimum 3,500 psi), water jetting, abrasive blasting, abrasive blasting, grinding or 
scarifying. When grease or oil are present within the host infrastructure, steam, heated water (up to 
200°F) or an approved detergent may be added to the water may be used integrally with the high 
pressure water cleaning and other methods as referenced in industry accepted standards such as: 

ASTM-F-2551 Standard Practice for Installing a Protective Cementitious Liner System in 
Sanitary Sewer Manholes. 

 
Loose debris materials resulting from the cleaning of the structure shall be removed prior to 
application of the Geopolymer lining material. 

 
Loose or defective brick, concrete, grout, ledges, and steps shall be removed to provide an even surface 
prior to application of Geopolymer lining material. 

 
Exposed rebar shall be pressure washed to remove any extraneous materials, such as dirt, oil, grease, 
debris and loose rust scale. Rebar is then coated with rust inhibiting coating and allowed to dry 
overnight. Geopolymer lining using the selected application method can then begin, lining to the 
required application thickness. 

 
PRE-CONSTRUCTION INSPECTIONS 

 
A. Prior to lining, the Contractor’s experienced personnel trained in the inspection of large 

diameter pipes and/or related manholes and structures will clean the infrastructure to be 
rehabilitated and provide pre-construction videos utilizing color video inspection equipment. As 
an alternative, photos are acceptable for manholes and structures. The interior of the effected 
host infrastructure shall be carefully inspected to determine the location of and conditions 
which may prevent the proper installation of the Geopolymer liner, and it shall be noted so that 
these conditions can be corrected. A DVD or electronic transmittal shall be submitted to the 
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Owner prior to the commencement of work. 
 

SEALING ACTIVE LEAKS 
 

The work consists of hand applying a dry quick-setting cementitious mix or, for heavy leaks, chemical 
grout designed to instantly stop running water or seepage in all types of concrete, metal and masonry 
pipes, manholes and structures. The applicator shall apply an approved quick- setting mortar or 
chemical grout in accordance with manufacturer’s recommendations and the following requirements. 

The area to be repaired must be clean and free of debris to the extent the repair material will 
bond to the surface of the affected area. 
For quick-setting mortar, with gloved hand, place a generous amount of the dry quick- setting 
cementitious material to the active leak, with a smooth fast motion, maintaining external 
pressure for 30 seconds, repeat until leak is stopped. 
Proper application should not require any special mixing of product or special curing 
requirements after application. 

 
Materials, additives, mixture ratios, and procedures utilized for the grouting process shall be in 
accordance with manufacturer’s recommendations and shall be appropriate for the application. 

 
INVERT REPAIR AND PATCHING 

 
The work consists of mixing and applying flowable fill or a rapid setting, high early strength, non- 
shrink patching material to fill all large voids and repair inverts prior to spray lining of the structure in 
accordance with Paragraphs 2.07/B and C of this Section. For pipe or manhole invert repairs, flow 
must be temporarily restricted prior to cleaning. 

The area to be repaired must be capable of receiving the appropriate repair material. 
Mix water shall be clean potable water and require no additives or admixtures for use with 
cementitious patching materials. 
Flowable fill shall be mixed on-site or delivered to the site ready for use. Patching material shall 
be mixed in a mortar tub or 5-gallon pail with water per manufacturer’s specifications. Material 
should be mixed in small quantities, to avoid setting prior to placement in voids or inverts. 
Once mixed to proper consistency, the materials shall be applied to the invert or void areas by 
pump, hand or trowel. In invert applications, care should be taken to not apply excessive 
material in the channel, which could restrict flow. Once applied, materials should be smoothed 
either by hand or trowel in order to facilitate flow. 
Flows in inverts patched with patching material can be reestablished within 30 minutes of 
material placement. Flows with inverts patched with flowable fill or Quad-Flow are typically not 
reestablished until rehabilitation of the host infrastructure with Geopolymer liner has been 
completed. 

 
MIXING OF THE GEOPOLYMER LINING MATERIAL 

 
Contractor shall add the Geopolymer material to the batch water following precisely the 
manufacturer’s water/material ratio. Precision metering of water in mixer is required to maintain the 
strict water to material ratio. The ability to closely adjust and monitor the addition of water through 
the use of a water meter is required. 

 
Mixing water temperatures must be determined before blending operations begin. The mixing water 
temperature must be recorded in the data log at multiple times throughout the day during the 
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installation process. Water temperatures should be maintained at all times to within the limits 
required by the system supplier or manufacturer. The ability to provide mixing water at a consistent 
temperature is a critical aspect of the mixing and installation process. 

 
The lining material shall be mixed in a high shear mixer, or similar, to ensure thorough and uniform 
mix of water with the material prior to pumping. 

 
The mixing operations must be performed so that the minimum of dust is released into the 
surrounding environment. 

 
The batch style mixing, precise metering of water and pump rate eliminates wet/dry and thick/thin 
variations resulting in a uniform structure liner regardless of the pumping distance. 

 
Multiple application nozzles should be onsite at all times to address any application issues or failure of 
the nozzle. Multiple nozzles may be required to produce the required depth or finish of the liner 
surface. 

 
APPLICATION OF GEOPOLYMER LINING MATERIAL 

 
The work consists of spray applying and/or centrifugally spin-casting the specified geopolymer liner 
material to the inside of an existing structure. The necessary equipment and application methods to 
apply the liner materials shall be only as approved by the material manufacturer. Material shall be 
mixed in accordance with manufacturer’s specifications to proper consistency, then the materials shall 
be pumped through a high pressure material hose for delivery to the appropriate and / or selected 
application device. 

 
In brick, block, rock, concrete and corrugated metal pipelines, tunnels and manholes with deteriorated 
surfaces, mortar material shall be applied to specified thickness, but no less than one (1) inch. 
Application on all pre-cast/poured-in-place manholes shall occur after preparing surfaces. Material 
shall be applied to the bench and invert area in such a manner as to provide for proper drainage 
without ponding and to compensate for abrasion. Material must be applied only when surfaces are 
damp but with no visible water dripping or running. 

 
Hand Troweled Application 

In locations where equipment access is limited or work scope is such that mobilization of 
equipment is not justifiable, material may be hand troweled into place. 
Proper mixing should be achieved with a portable mixing unit of sufficient strength to 
thoroughly mix product to manufacturers recommended consistency. 
Application of material by troweling shall be performed by starting at the bottom of the 
structure and progressing up the wall. 
Material shall be applied to a specified uniform minimum thickness no less than 1 inch, unless 
otherwise instructed by manufacturer. Material shall be applied to the bench area in such a 
manner as to provide for proper drainage without ponding and accounting for anticipated 
abrasion. 
Troweling of materials shall begin immediately following the mixing of the product. Initial 
troweling shall be in a motion, to compress the material into any voids within the structure 
walls. Precautions should be taken not to over trowel. 
Once troweling has been completed the applied liner shall be brushed to remove trowel marks 
and to break up the latent surface brought about by troweling. Brushing should be in the 
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horizontal plane and as with troweling do not over work the lining material. 
 

Hand Spray Application 
Material hose shall be coupled to a low-velocity spray application nozzle. Pumping of the 
material shall commence and the mortar shall be atomized by the introduction of air at the 
nozzle, creating a low-velocity spray pattern for material application. 
Spraying typically is performed by starting at the bottom of the structure and progressing up 
the wall. 
Material shall be applied to a specified uniform minimum thickness no less than 1 inch. Material 
shall be applied to the bench area in such a manner as to provide for proper drainage without 
ponding and accounting for anticipated abrasion. 
Troweling of materials shall begin immediately following the spray application. Initial troweling 
shall be in a motion, to compress the material into any voids within the structure walls. 
Precautions should be taken not to over trowel. 
Once troweling has been completed the applied liner shall be brushed to remove trowel marks 
and to break up the latent surface brought about by troweling. Brushing should be in the 
horizontal plane and as with troweling do not over work the lining material. 

 
Centrifugal Application 

 
Spin-cast unit shall be approved by the material manufacturer. Mechanical insertion/extraction 
equipment and speeds shall be calibrated to the structure diameter to ensure uniform application to 
specified thickness. Material hose shall be coupled to the spin- cast unit. The spin-cast unit shall then 
be properly positioned within the horizontal or vertical structure. 

 
Vertical Structures/Manholes 

Initially locate the spinner at either the top of the manhole chimney or the lowest point 
corresponding to the junction of the manhole bench and walls. 
The spin-cast unit shall then be initialized, and pumping of the material shall commence. 
As the mortar begins to be centrifugally cast evenly around the interior of the structure, the 
rotating applicator head may be cycled up and down, when installing in rough, non-uniform 
vertical structures, at a controlled retrieval speed conducive to providing a uniform material 
thickness on the structure walls. 

Horizontal Structures/Pipes 
The Geopolymer lining material delivery hose shall be coupled to a medium- velocity spray 
application nozzle. 
Pumping of the material shall commence and the material shall be spin cast onto the pipe 
surface. 
A gyroscopic head that has a speed adjustment for making multiple position changes per minute 
is required. The gyroscopic head allows the spin cast mechanism and the associated selected 
nozzle to make multiple passes on the pipe wall in a single pass of the sled assembly. 
Spraying of a pipe is typically performed by starting at the pipe end-project location (Lower 
level) and progressing towards the entrance of the pipe (Higher level). 
At the beginning of each application segment the mechanical retraction system should be 
calibrated. 
The measured rate observed and recorded must be within 5% of the expected speed and can be 
verified by this process. 
Geopolymer liner shall be applied to a specified uniform minimum thickness as instructed by 
the professional engineer. 
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The Geopolymer delivery hose shall be coupled to a gyroscopic applicator device. The 
gyroscopic applicator shall then be positioned within the center, or positioned higher inside the 
pipe, as required by the diameter and shape of the pipe. 
As the material begins to be gyroscopically cast evenly around the interior of the cavity, the 
rotating applicator head shall produce a uniform material thickness to the repair surface. 
Controlled multiple passes shall then be made, if necessary, until the specified minimum 
finished thickness is attained. If the procedure is interrupted for any reason, the operator shall 
arrest the longitudinal transition of the applicator head until flows are recommenced. 
Material thickness may be verified at any point with an approved depth gauge. If additional 
material is required at any level, the gyroscopic applicator head shall be placed at the location 
and application shall recommence until that area meets the required thickness. 
The lining material shall be applied to a damp surface, with no free water. 
The medium-velocity spray nozzle and the gyroscopic spin casting head may be used in 
conjunction to facilitate uniform application of the material to irregularities in the contour of the 
pipe walls. 
If desired, the liner may be troweled following the spray application. Initial troweling shall be in 
an upward motion, to compress the material and solidify the pipe wall. 
Proper steps shall be taken to ensure the material is cured in a moist and moderate climate as 
directed by the manufacturer. General underground conditions are usually adequate to meet 
this curing requirement. However, when situations of dry and/or hot conditions are present, the 
use of a wind barrier and fogging spray may be required. 

 
CURING OF THE GEOPOLYMER LINING MATERIAL 

 
The Manufacturer’s recommended cure schedule must be followed at all times unless advised 
otherwise by Manufacturer in writing. The Contractor must provide evidence of such adherence via 
the Data Log. 

 
SPECIAL NOTE: The use of curing compounds is not recommended for Geopolymer liners. 

REINSTATEMENT OF LATERALS AND CONNECTING PIPES 

Using the records from the pre-construction inspections, the Contractor shall insure that all laterals 
and other connecting pipes are properly reinstated and put back in service. Any excessive Geopolymer 
liner material at the connection shall be removed. 

 
The Contractor shall insure that no infiltration is originating at the point of connection. If it is, the 
Contractor shall seal the leak with chemical grout. 

 
The laterals and pipe connections shall then be completed by hand, applying the liner to the outer 
surface of the connection to the pipe and smoothly tapering it into the lateral or connecting pipe. No 
rough edges or abrupt transitions that could catch debris or hinder the flow shall remain. 

 
TERMINATION AND SEALING AT MANHOLES, JUNCTIONS, BENDS, INLETS, OUTLETS, SHAFTS 
AND OTHER STRUCTURES 

 
Termination of the Geopolymer liner at the end of a pipe or manhole shall be completed by hand 
applying the liner to the outer surface of the pipe or into the interior of the manhole. 
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Unless specifically directed otherwise in the project plans/specification, all 
starter/intermediate/terminal manholes/junctions/bends/other structures which are directly 
impacted by pipe rehabilitation activities will also be Geopolymer lined as directed in the project 
plans/specifications. If no direction is provided, or should information conflict, these manholes are to 
be lined with a minimum thickness of 1 inch. The junctions, bends, shafts, and other structures are to 
be lined with a minimum thickness of 1 inch. Refer to Paragraph 2.05/B/3, this Section, for design 
requirements. 

 
END OF SHIFT EQUIPMENT CLEAN UP PROCEDURES 

 
All equipment used during the days/shifts operations shall be properly cleaned and stored. 

 
All hoses, fittings, pumps, mixers, spray head equipment, retraction equipment will be cleaned both 
inside and out. 

 
All mixed Geopolymer materials shall be captured and disposed of properly. 

FINAL INSPECTION 

A final visual inspection should be made by the Inspector and Applicator, periodically throughout the 
progression of construction prior to the completion of a lining stage. Any deficiencies in the finished 
lining shall be marked and repaired by Applicator according to the procedures set forth herein. 

 
At the completion of a lining stage of the infrastructure, and once all repairs have been made and 
accepted, a video inspection DVD (1 copy) of the completed line segments shall be submitted to the 
Owner/Engineer by the Contractor. This inspection shall be performed by a color video inspection 
system. The finished Geopolymer shall be continuous over the entire length of all runs and be free of 
dry spots. No infiltration of groundwater shall be observed. All service entrances shall be accounted for 
and shall be unobstructed. 

 
MEASUREMENT AND PAYMENT 

MEASUREMENT 

Infiltration Control 
Mild to Moderate – Fast Setting Materials shall be measured on a per pound basis. 
Heavy - Chemical Grouting Materials shall be measured on a per gallon or pound basis. 

 
Invert Repair and Patching 

Invert Repair materials shall be measured on a per cubic yard basis. 
 

Treatment of Exposed Rebar 
Rust Inhibiting Coating shall be measured on a per gallon basis. 

 
Geopolymer Rehabilitation 

Measurement for installation of Geopolymer Liner on Horizontal Infrastructure shall be made 
from the center of the entry manhole/structure to the center of the exit manhole/structure as 
shown on the drawings. Measurement shall be per linear foot per size of pipe. 
Measurement for installation of Geopolymer Liner on Vertical Infrastructure shall be measured 
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per vertical foot per size (diameter or Height x Width) for payment. 
 

Lateral and Connecting Pipe Reinstatement 
Lateral and Connecting Pipe reinstatements shall be measured on a per each per size of lateral 
or connecting pipe basis. 

 
Secondary Corrosion Protection 

Antimicrobial Liquid shall be measured on a per gallon basis. 
 

PAYMENT 
 

Infiltration Control 
Mild to Moderate – Payment for Fast Setting Materials shall be paid on a per pound basis in 
accordance with the Unit Prices contained in the Proposal. 
Heavy - Payment for Chemical Grout Injection shall be paid on a per gallon/pound basis in 
accordance with the Unit Prices contained in the Proposal. 

 
Invert Repair and Patching 

Payment for Invert Repair shall be paid on a per cubic yard basis in accordance with the Unit 
Prices contained in the Proposal. 

 
Treatment of Exposed Rebar 

Payment for Rust Inhibiting Coating shall be paid on a per gallon basis in accordance with the 
Unit Prices contained in the Proposal. 

 
Geopolymer Rehabilitation 

Payment for installation of Geopolymer Liner on Horizontal Infrastructure shall be paid on a 
linear foot basis per pipe size in accordance with the Unit Prices contained in the Proposal. 
Payment for installation of Geopolymer Liner on Vertical Infrastructure shall be paid on per 
vertical foot per size (diameter or Height x Width) in accordance with the Unit Prices contained 
in the Proposal. 
Payment shall include design of the approved Geopolymer liner (as applicable), pre- 
construction inspection and surface preparation of the host pipe prior to application of the 
Geopolymer liner, light cleaning, infiltration control (as applicable, except the gallons/pounds of 
Chemical Grouting Materials used), treatment of exposed rebar (as applicable, except the gallons 
of Rust Inhibiting Coating used), spill prevention plan, fuel, potable water, safety, traffic control, 
dust/erosion control, debris disposal, field quality control, material testing, site restoration, 
installation of the Geopolymer liner, secondary corrosion protection (for sewer infrastructure) 
as required and all other associated work specified and/or required to provide a completed 
installation. 
Any item not specified elsewhere shall be considered incidental to the work. Contractor shall 
include all incidental costs in the Unit Price. 

 
Lateral and Connecting Pipe Reinstatement 

Payment for reinstatement of laterals and connecting pipes shall be paid on a per each basis per 
lateral or connecting pipe size in accordance with the Unit Prices contained in the Proposal. 
Payment shall include reinstatement of the laterals and connecting pipes to the pipe that 
received the Geopolymer liner, pre-construction inspection and surface preparation of the 
laterals and connecting pipes at the connection point, light cleaning, infiltration control (except 
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the gallons of chemical grout used), spill prevention plan, fuel, potable water, safety, traffic 
control, dust/erosion control, field quality control, material testing, site restoration, installation 
of any additional Geopolymer liner material for the reinstatement, and all other associated work 
specified and/or required to provide a completed installation. 
Any item not specified elsewhere shall be considered incidental to the work. Contractor shall 
include all incidental costs in the Unit Price. 

 
Secondary Corrosion Protection 

Payment for Antimicrobial Liquid shall be paid on a per gallon basis in accordance with the Unit 
Prices contained in the Proposal. 

 

 

PRECAST CONCRETE PIPE CULVERT LINING REHABILITATION 

Option ‘B’: Centrifugal Cast Concrete Pipe (CCCP) 

Culvert Pipe Lining 

The work specified herein consists of the repair of culverts by the installation of an engineered 
cementitious lining centrifugally cast in place for the waterproofing, sealing, structural 
reinforcement and corrosion protection of existing concrete culvert pipe, corrugated steel culvert 
pipe, and other material culvert pipe. The centrifugally cast concrete pipe (CCCP) liner should 
extend over the specified length forming a continuous concrete pipe within a pipe. A high- speed 
Bi-Directional SpinCaster shall be used. 

S-1.1 These repair means and methods shall be engineered for the depth, diameter, shape, traffic 
loading, groundwater pressures and condition of each pipe segment. 

S-1.2 This specification requires that no more than 10% fly ash be included in the material 
composition. This specification also references the following ASTM standards which are made a 
part hereof by such reference and shall be the latest edition and revision thereof. In the event that 
there are found to be conflicting requirements between this specification and these referenced 
documents, this specification will govern. 

ASTM C-109 Standard Test Method for Compressive Strength of Hydraulic Cement Mortars 

ASTM C-157 Modified Standard Test Method for Length Change of Hardened Hydraulic 
Cement Mortar and Concrete 

ASTM C-293 Standard Test Method for Flexural Strength of Concrete (Using Simple Beam 
With Center-Point Loading) 

ASTM C-309 Standard Specification for Liquid Membrane-Forming Compounds for Curing 
Concrete 

ASTM C-403 Standard Test Method for Time of Setting of Concrete Mixtures by Penetration 
Resistance 

ASTM C-469 Standard Test Method for Static Modulus of Elasticity and Poisson's Ratio of 
Concrete in Compression, with special attention and adherence to the following: the 
Modulus of Elasticity should be no greater than 5,000,000 psi. (To avoid overly brittle liner) 

ASTM C-496 Standard Test Method for Splitting Tensile Strength of Cylindrical Concrete 
Specimens 
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ASTM C-882 Standard Test Method for Bond Strength of Epoxy Systems Used with Concrete 
by Slant Shear 

ASTM C-666 Standard Test Method for Resistance of Concrete to Rapid Freezing and 
Thawing 

ASTM C-1090 - Standard Test Method for Measuring Changes in Height of Cylindrical 
Specimens of Hydraulic-Cement Grout 0 change in 28 days. (Eliminates concern over 
shrinkage) 

ASTM D-4783 Standard Test Methods for Resistance of Adhesive Preparations in Container 
to Attack by Bacteria, Yeast, and Fungi (Modified) 

ASTM C-1609 Flexural performance fiber reinforced concrete Using Beam with third – point loading. This 
evaluates the flexural performance of fiber- reinforced concrete using parameters from the load-deflection 
curve. 

S-1.3 Safety: The Contractor shall carry out his operations in strict accordance with all applicable 
OSHA standards. Particular attention is drawn to those safety requirements involving entering 
confined spaces. 

S-1.4 Flow Control: The Contractor, when required, shall provide for the flow of water around the 
culvert where the rehabilitation is located. The bypass shall be made by damming the line at the 
upstream end and diverting the flow into an adjacent pipe barrel or by pumping. 

S-1.5 TV Inspection: Inspection of pipelines shall be performed by experienced personnel trained 
in locating breaks and obstacles by closed-circuit television. The interior of the pipeline shall be 
carefully inspected to determine the location of any conditions which may prevent proper 
installation, and it shall be noted so that these conditions can be corrected. A videotape and 
suitable log shall be kept for later reference by the owner. 

S-1.6 Obstruction Removal: It shall be the responsibility of the Contractor to clear the line of 
obstructions such as solids, dropped joints, roots or collapsed pipe that will prevent installation of 
the liner. If an internal inspection reveals an obstruction that cannot be removed by conventional 
cleaning equipment, then the Contractor shall notify the Project Engineer. The Project Engineer 
may delete the work, or instruct the Contractor to make a point repair excavation to remove or 
repair the obstruction. Such excavation shall be approved in writing by the Project Engineer prior 
to the commencement of the work and shall be considered as a separate pay item. 

S-1.7 Infiltration Control: Areas of water seepage shall be sealed off by an approved method. Pools 
of water shall be removed; however, a dry surface is not required. The Contractor shall patch holes 
and fill voids in and around existing pipe as directed by the Engineer. 

S-1.8 Cleaning: It shall be the responsibility of the owner to remove all debris from the sewer. The 
interior surface shall be cleaned with a high-pressure water-blast sufficient to remove all laitance 
and loose material and flush debris from the pipe. Upon final inspection the pipe shall be free of 
sand, dirt and all other laitance that may impeded the placement of the lining material. 
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S-1.9 The materials of the cementitious lining work shall meet the following requirements: 

Invert Repair Mortar 

The material used in the repair of the missing or deteriorated pipe invert shall be an ultra-high 
strength, high build, abrasion resistant and corrosion resistant mortar, based on advanced 
cements and additives including rust inhibitors. This material shall be a high strength, fine 
aggregate cementitious material that is abrasion resistant and corrosion resistant engineered 
mortar, based on advanced cements and additives. It shall be mixed with the appropriate amount 
of water to create a self-consolidating free flowing material that develops a high 24-hour 
compressive strength and adhesion. 

The finished, hardened material shall be dense and highly impermeable; the result of a complex 
formulation of mineral, organic and densifying agents and sophisticated chemical admixtures. 
Graded quartz sands shall be used to enhance particle packing and further improve the fluidity and 
hardened density. The composition shall possess excellent thin-section toughness, a high modulus 
of elasticity in flexure and strong self-bonding capability. 

Physical Properties 

Set Time at 70 °F ASTM C-403 

Initial Set Approx. 150 minutes 

Final Set Approx. 240 minutes 

 
Flexural Strength ASTM C-293 28 day’s min.1530 psi Compressive Strength ASTM C-109 

24 hours 5,000 psi 

28 days 11,500 psi 

Split Tensile Strength ASTM C-496 700 psi Shear Bond ASTM C-882 1,720 psi 

Modulus of Elasticity ASTM C-469 

28 days min. 3.48 106 psi 

Freeze Thaw ASTM C-666 300 Cycle Pass 
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Pipe Lining Mortar 

The pipe lining material shall be a high strength, fine aggregate cementitious material that is high 
build, abrasion resistant and corrosion resistant engineered mortar, based on advanced cements 
and additives. When mixed with the appropriate amount of water, a paste-like material which can 
be sprayed, cast or pumped into areas ¼ inch and larger shall be obtainable. The pipe lining 
material shall be a high strength, high build, abrasion resistant, and corrosion resistant mortar 
based on advance cements and additives. When mixed with the appropriate amount of water, a 
paste like material which can be sprayed, cast or pumped into areas ¼ inch and larger shall be 
obtainable. 

The hardened, finished liner shall be a dense and highly impermeable pipe within a pipe. The above 
stated performance shall be achieved by a complex formulation of mineral, organic and densifying 
agents and sophisticated chemical admixtures including rust inhibitors. Graded quartz sands are 
to be used to enhance particle packing and further improve the fluidity and hardened density. The 
resultant composition shall possess excellent thin-section toughness, a high modulus of elasticity 
in flexure and strong self-bonding capabilities. Fibers are to be added as an aid to the centrifugal 
casting process, for increased cohesion and to enhance flexural strength. Additional additives shall 
be incorporated that enhance the autogenous healing process and this characteristic shall be 
documented. 

Per ASTM C-76, in no case, however, shall the proportion of Portland cement, blended with 
hydraulic cement, or a combination of Portland cement and supplementary cementing materials, 
be less than 470 pounds per cubic yard. No products containing more than 10% fly ash shall be 
considered. 

The water content shall be adjusted to achieve consistencies ranging from plastic to modeling clay. The 
lining mortar shall be capable of being cast against soil, metals, wood, plastic or other normal 
construction materials. Despite its workability, the mortar shall have excellent wet adhesion and not 
sag or run after placement. Troweling in general is not considered an appropriate application option. 

Material shall be tested and certified by an independent company for strain. They shall provide a 
statistical report that after 7 years of service a culvert of over 100’ in diameter lined with their 
material, and under 12” of cover or less, exhibits no strain caused by a vehicle weighing in excess 
of 83,620 pounds when said vehicle travels over the pipe from different directions at 3 mph.. 
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The physical properties of the lining mortar shall be as follows: Physical Properties 

Set Time at 70 °F ASTM C-403 

 
Initial Set Approx. 150 minutes 

Final Set Approx. 240 minutes 

Flexural Strength ASTM C-293 

24 hours min.  1200 psi 

28 days min. 1,530 psi 

Residual Flexural Strength at L/300 per ASTM 1609 Min. 500 PSI 
 

Test results – This is the residual flexural strength at the L/300 deflection level. This minimum 
value ties into the design of the fiber matrix package in the liner material design 

 

Compressive Strength ASTM C-109 

24 hours 4,000 psi 

28 days 10,000 psi 

Modulus of Rupture 28 days   Min 1,340 PSI Split Tensile Strength ASTM C-496 835 
psi 

Shear Bond ASTM C-882 2,900 psi 

Modulus of Elasticity ASTM C-469 28 days Not to exceed 5.26 106 psi Chloride Ion Penetration 
ASTM C-1202 Less than 50 Coulombs This level is critical with regard to density and longevity of 
material. 

Freeze Thaw ASTM C-666 300 Cycle Pass (Less than 1% loss allowable) 

Physical Properties based on laboratory tests; values may vary when tested under field conditions 

S-1.10 Wall Thickness Design 

The proposed liner's thickness shall be calculated for the load behavior response mode expected 
of the new liner within the existing soil-structure interaction system based on the existing or 
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proposed future height of the soil cover, the angle of the critical arc element where it is expected 
the loading will be transferred onto the liner, the current radius of this arc element, and the 
proposed liner’s anticipated in-situ physical properties. 

The wall thickness design methodology embodying this engineering approach shall be made a part 
of the design calculations submittal. It shall be provided in a written form and in sufficient technical 
detail by the design engineer of record so that the owner may review it and be able to concur with 
the design methodology; including any technical references that justify and support it. 

The calculated liner thickness shall be measured from the crest of the corrugations in corrugated 
pipes or the peaks of the irregularities in the wall surface for smooth wall pipes. Further, the 
minimum required installed liner thickness shall be the engineer's calculated liner thickness or the 
thickness required to provide at least 0.5-inches of coverage over any projecting assembly bolts or 
rivets; whichever is greater. As Per ASTM A979 this thickness is to be measured from the I.D. of 
the pipe, or top of the inward corrugation’s crest. 

The proposed engineered concrete lining material system shall be the result of proper materials 
engineering which views the in place structural performance needs of the pipe liner as the ultimate 
goal. It is recognized that the global performance of a structure can be and often is strongly 
governed by properties other than just the compressive strength of these concrete materials. In 
the case of structural pipe liners ductility and durability are two important parameters. 

Increases in the durability are achieved by mix designs that produce self- controlled crack widths 
in the presence of liner movement due to temperature variations, live load, and/or material 
shrinkage. Ductility is the design parameter that increases the allowable tensile strain in the 
finished liner limiting the need for any additional reinforcement beyond the fibers already 
incorporated in the mix itself. Thus, it is important that the concrete material system submittal 
documents provide evidence as to how the in-place performance of the liner has been addressed 
by the materials engineering that went in to its development for this particular application. To that 
end, a third-party load-deflection curve is required relative to the amount of ductility, the level of 
the thin-shell toughness, and the modulus of rupture to be used in the design process. 

This documentation shall be in the form of the ASTM C1609 testing which shall also demonstrate 
the residual modulus of rupture of the hardened material at the L/300 deflection point and fact 
that this occurs in a region of "strain hardening". A calculated minimum finished thickness of the 
liner shall be based on a maximum possible crack width of 0.0625-inches with a factor of safety of 
2.0. 

 

S-1.11 Centrifugally Cast Concrete Pipe (CCCP) Installation 

Equipment 

Mortar mixers, compressors and pumps are standard commercial models. 

The high-speed, rotating applicator device is used to provide a densely compacted liner of uniform 
thickness and thorough coverage. 

 

Mixing 
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The Contractor shall combine 50 pounds of the packaged dry mix with the Manufacturer’s specified 
amount of potable water with mixing to be accomplished with a high-speed shear type mixer until 
proper consistency is obtained. The Contractor shall continue to agitate the mortar to prevent 
thickening beyond the desired fluidity. The working time is approximately 30 minutes depending 
upon the ambient conditions. 

 

Application 
 

The Contractor shall position the high pressure bi-directional rotating casting applicator within 
the culvert pipe as required by the Manufacturer and commence pumping the mortar. As the 
mortar begins to be centrifugally cast evenly around the interior, the Contractor shall retrieve the 
applicator head at the best speed for applying the thickness that has been specified. The applicator 
must provide for a densely compacted material. If the mortar flow is interrupted for any reason, 
the Contractor shall arrest the retrieval of the applicator head until the mortar flow is restored. 
Throughout the application process the Contractor shall verify the thickness using an appropriate 
tool. Mortar / material MUST be specifically designed for the horizontal pipelining process / CCCP 
and show 10 years of experience as manufacturer of said process and equipment. 

Achieving proper in-situ densification of the liner material is in part dependent on the velocity of 
the material upon its impact with the wall surface of the pipe structure being rehabilitated. Thus 
an integral part of any CCCPL system is the engineering required in the development of the spin- 
casting methodology. As the diameter of the host pipe structure increases (i.e. length of travel from 
the spinning head to the existing wall structure becomes longer) adjustments must be made in the 
speed of the spinning head, the size of the head employed, and the positioning of the head within 
the pipe to be lined as these are critical quality control parameters for ensuring that the contractor 
will achieve the physical properties used in the subject liner’s wall thickness design. The submittal 
package of the CCCPL system manufacturer shall include how a particular system manufacturer 
has tied together the material’s design of the system with the method of application of that system. 

One additional quality control parameter of the method of application is the need for bi-directional 
spinning during the application of the various layers of the liner material. The criticality of this 
requirement is brought on by the typically irregular surface areas (i.e. corrugations in CMP, joints 
in brick sewers…), which must be properly filled to produce the “foundation” for the new liner. 
These surface irregularities create blind spots with the spin-casting applications utilizing only one 
directional spinning; and blind spots can produce voids in the liner’s matrix. 

 

Hot Weather Application (Above 80°F) 
 

The Contractor shall not apply the mortars when the ambient air and/or surface temperature of 
the culvert pipe is 100° F or higher. Shade the material and prepared the surface to keep it cool. 

To extend the working time of the mortar when the ambient air temperature is 80°F or higher, but 
below 100°F, the Contractor is advised to combine the mortar mix material with cool or ice-cooled 
water. When working at these elevated temperatures, the Contractor shall make certain that the 
substrate is saturated surface-dry (SSD) before the mortar lining application begins. 
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Cold Weather Application (Above 45°F): 
 

The Contractor shall not apply the mortars when ambient air temperatures are expected to fall 
below 45°F within 72 hours of placement. Both the ambient air and substrate temperatures must 
be at least 45°F at the time of placement. 

Low substrate and ambient air temperatures will slow down the rate of set and strength 
development. At temperatures below 65°F, the Contractor is advised to warm the material, water, 
and substrate. Properly ventilate the area when heating. Protect the new liner from freezing. 

 

Curing/Finishing 
 

The Contractor shall use an ASTM C309 conforming curing compound such as 1315 Sealer or other 
approved equal. 

 

S-1.12 Submittals 
 

All submittals shall conform to the requirements in this and other sections of the Contract 
Documents. If not required elsewhere, the following minimum submittals shall be required: 

 

Contractor certification 
 

Lining System certification; including third-party validation of in place performance data shall be 
provided prior to award and/or beginning the project 

Mortar / material MUST be specifically designed for the horizontal pipelining process / CCCP and 
show 10 years of experience as manufacturer of said process and equipment. 

The contractor must be certified by the manufacturer prior to beginning any project with regards 
to this specification and/or Statement of Work 

 

Materials data submittals 

Repair mortar material; including technical data sheet 

Contractor shall provide an Engineering Design Guide upon request to prove the authenticity of 
calculations. In addition, a certified engineer’s stamp will be required to approve the final design. 

 

Lining mortar material; including technical datasheet and third-party testing completed. 
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S-1.13Materials Handling 
 

The bags of the mortar materials shall be stored in a cool, dry location until the Contractor is ready 
to use the material. 

 

S-1.14 Quality Assurance and Acceptance 
 

A minimum of two sets of test cubes shall be taken per each day of the spin- casting installation 
process. Typically one set will be taken in the morning hours and the second set taken in the 
afternoon hours. The cubes shall be used to verify the compressive strength at 7 and 28 days using 
the testing procedure in ASTM C- 

[note that this test is used to assure the engineer that the proper water to cement ratio was used.] 
The flexural Strength, or Modulus of Rupture testing per ASTM C-293 will be at a frequency of one 
set of beams per manufacturer's lot number to confirm the raw materials batching process. 

The overall thickness verification can be done by the use of mass balance calculations provided 
that the calculation properly accounts for the valley of the corrugations and other irregularities 
that use material not considered to be part of the required lining thickness. 

Non-Destructive Testing shall be done throughout the length of the installed CCCPL utilizing 
techniques such as impact-echo (i.e. Schmidt Hammer) and pulse velocity (ultrasonic) as 
applicable. The goal of said testing will be to establish the in-situ compressive strength of the lining 
and the void-free thickness of the finished composite. The number of testing sites will be 
commensurate with the quality of the installation found during this testing; but in no case shall 
there be less than one test made per 100 linear feet of lining. For long runs of pipe the testing shall 
vary around the circumference of the liner with each location advancing (or rotating) 30 degrees. 

The measured compressed strength of the finished liner must exceed the stated minimum used in 
the design calculations and no area of the CCCPL shall be less than 90% of the required finished 
thickness as per the above paragraphs. 

S-1.15Measurement for Payment 
 
Payment will be made under Item 2501.603 (Lining Culvert Pipe) at the Contract bid price per meter [linear 
foot], which shall be payment in full for all costs to complete the installation in place, including but not limited to 
excavation, cleaning, pipe liner, liner reinforcement, fittings, seals, specified joint system, filling embankment 
voids and backfilling, which shall be compensation in full for all removal, excavation, material and labor costs 
relative thereto, including restoration of existing structure bottom. 
 
 

END




