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PART 1 - GENERAL  
 

A. RELATED DOCUMENTS  

Project Drawings and Specifications, and general provisions of the Contract Documents, 

apply to this Section.  

B. SUMMARY  

1. The Scope of Work is defined by the Contract Documents and consists of the following 

work items.  

a) New trenches and bond beams where indicated 

b) Fine grading of subbase 

c) Bedding sand installation 

d) Paver installation 

2. This work includes all that is necessary to provide the Owner with a complete project 

and thereby includes the procurement, fabrication, transportation, and installation 

necessary to complete the work unless such items are specifically indicated as Owner 

furnished.  

C. PROJECT INFORMATION  

1. Project Name: Shorebase Paving  

2. Project Location: Georgetown, GY.  

3. Owner: Guyana Shore Base INC. 
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4. Owner's Representative:  

Mr. Glenn Pasley 

Phone: (592) 227-2380  

Email: Glenn.Pasley@gysbi.com  

5. Engineer: Lanier & Associates Consulting Engineers, Inc.  

6. Engineer’s Representative:  

Mr. Kevin Drouet, P.E. 

Phone: (504) 895-0368  

Email:kdrouet@lanier-engineers.com  

 

7. Document Control: 

Mrs. Maureen Stransky 

Phone: (504) 895-0368 

Email:mstransky@lanier-engineers.com 

 

D. WORK COVERED BY CONTRACT DOCUMENTS  

1. New trenches and bond beams 

a) Locations and construction details of future bond beams and trenches 

2. Fine grading of subbase 

a) Specifications on subbase type and standards can be found in the attached 

documents 

3. Bedding Sand Installation  

a) Bedding sand standards as well as installation methodology can be found 

in the contract drawings. 

4. Paver Installation  

a) For paver installation methodology, laying pattern, and standards see 

the construction drawings and attached documents. 
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E. SUBMITALS 

Submittals shall be submitted via email to document control representative who will 

maintain the project submittal log. A two-week review and approval cycle should be 

allotted for all submittals. Approval should be received prior to purchase, fabrication 

or commencement of work. Provide submittals for the following items:  

1. Preliminary project schedule (as part of Bid) 

2. All submittals specified in the project specification 

a) Mix Designs 

b) Trial Batch Qualification Test Results 

c) Proposed Curing Methods 

d) Reinforcing Bending Schedule & Placing Drawings 

e) Concrete Delivery Ticket 

f) Compression Test Reports 

g) Compression Breaks 500psi or more below required 

h) Weekly quality control compaction test results 

3. Submittals required by GYSBI 

a) Traffic control plan 

b) Work area sequence plan 

c) Any other miscellaneous submittals required by Owner 

F. CONDITIONS ON SITE  

1. Contractors are to familiarize themselves with the location and conditions under which 

the work will be performed or any conditions that will affect the work.  No additional 

allowance will be granted due to lack of knowledge of such conditions.  

2. The Contractor is to field verify dimensions and identify any interference or limitations.  

Any additional costs resulting from an incorrectly verified dimensions, undetected 

interference, or access limitations will be the Contractor’s responsibility.  

3. The Contractor must take care not to damage coating, existing structures, piping or 

equipment.  
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4. During the actual construction period, the Contractor will make every effort to maintain 

the work site in a clean and safe condition.  At the completion of all construction activity, 

the Contractor shall restore all work areas to, at least, the condition that existed prior to any 

construction activity.  Final cleanup and site restoration will be subject to inspection and 

acceptance by the Owner.  

5. Space will be provided on site for lay down of materials. Laydown area will be limited 

to 1 – 2 days’ worth of production materials at the GSB location. Additional laydown area 

shall be available at the GCT and/or GIE locations. 

G. WEATHER  

1. Owner shall not be held accountable for problems or delays which are incurred as a 

direct result of adverse weather conditions or other acts of God.  Downtime due to adverse 

weather should be estimated and included in the Contractor’s schedule and the base bid. 

2. The work is located in an area that is occasionally subject to high wind events.  The 

Contractor must prepare a plan to secure his materials and equipment at the work site in 

the event of an approaching storm.  

H. WORK RESTRICTIONS  

1. All GYSBI facility safe work practices shall be followed 

2. Do not interrupt utilities serving facilities. 

3. Owner may choose to require identification tags for Contractor personnel working on 

Project site.  

4. Comply with Owner's requirements for drug and background screening of Contractor 

personnel working on Project site. Maintain list of approved screened personnel with 

Owner's representative.  

5. All crane lifts must be submitted for approval by Owner prior to work being performed. 

6. New road closure must be coordinated with GYSBI at least 96 hours in advance.   

I. PROJECT DRAWINGS  

1. Only Project Drawings which are stamped “For Construction” and sealed by the 

Engineer may be used for construction.  
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2. Contractor shall be responsible to ensure his field crew receives the most current set of 

Project Drawings, revisions, and addenda.  

3. A red-lined “as-built” set shall be maintained by the Contractor and submitted to the 

Owner prior to demobilization.  

PART 2 - PRODUCTS  

A. GENERAL  

1. Contractor shall be responsible for furnishing all materials necessary to complete the 

Work Covered by Contract.  The Work includes unloading, handling, storing, and 

protecting Contractor-furnished products as required.  

PART 3 - EXECUTION  

A. COORDINATION WITH OWNER  

1. Contractor shall have restricted use of the Project site for construction operations as 

indicated in the bid documents.   

2. Owner will continue to operate the facility during the entire construction period. It is 

the Contractors responsibility to have the flexibility to move to areas of the project to avoid 

interference with the Owner’s day-to-day operations.   

3. Contractor to plan the work and present the plan for review to Owner during bid 

process.   

4. Cooperate with Owner during construction operations to minimize conflicts and 

facilitate Owner usage. 

5. Contractor to meet at least weekly with the Owner to review the upcoming terminal 

schedules and adjust their work plan as needed.   

6. Contractor downtime rates caused by unscheduled changes in the shipping traffic will 

be negotiated with the bidders prior to award. 

7. Contractor to provide at his cost field quality control compaction testing and submit 

reports on a weekly basis.  
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8. Limit use of Project site to work in areas indicated. Do not disturb portions of Project 

site beyond areas in which the Work is indicated.  

9. Roadways, Walkways, Ramps and Entrances: Keep roadways and entrances serving 

premises clear and available to Owner, Owner's employees, and emergency vehicles to the 

greatest extent possible.    

10. Notify Owner not less than one week in advance of activities that may affect Owner's 

operations. 

11. Do not use roadways, walkways and entrances for parking or storage of materials, 

unless directed by owner.  

12. Schedule deliveries to minimize use of roadways and entrances by construction 

operations.  

13. Schedule deliveries to minimize space and time requirements for storage of materials 

and equipment on-site. 

14. Contractor to submit a traffic control plan and work area sequencing plan to the owner 

for review prior to commencement of work. 

15. A Project Manager, HSE Officer, and Quality Control Officer are required to be on site 

at all times. Field office and break locations will be at the direction of the owner. 

 

B. STANDBY TIME 

1. Contractor shall notify Owner immediately upon delay due to Owner operations and 

only if no other contractual scope of work is available. 

C. SURVEYING AND LAYOUT  

1. Surveying and layout work for this project will be the responsibility of the Contractor.  

D. BILLING  

1. Billing will be as indicated in the Contractor’s contract with the Owner. 
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AMENDMENT
PIP STS03001 - 1

AMENDMENT TO PROCESS INDUSTRY PRACTICE (PIP)

This document acts as an amendment to, and applies in conjunction with the requirements to the Process Industry
Practices (PIP). This document includes additions, deletions, modifications or replacements to the original PIP
document. Additions, deletions, modifications and replacements are numbered and formatted with paragraph
numbers that correspond to those in the PIP document. A “sticky note” symbol has been added within the body
of original PIP document directing the user to this addendum.

1.1 SCOPE

A. The type of requirement is defined below as follows:

1. [ADD] – Signifies content to be added to the PIP specification section.

2. [DELETE] – Signifies content to be deleted from the PIP specification section.

3. [MODIFY] – Signifies the PIP specification section has been modified per the following
statement(s).

4. [REPLACE] – Signifies the following statement(s) are revisions to the PIP specification
section.

1.2 REQUIREMENTS

DELETE4.1.4 Entire subparagraph

DELETE

DELETE

Entire subparagraph

Entire subparagraph

4.1.5.4

4.2.1

PIP STS03001

Plain and Reinforced Concrete Specification



AMENDMENT
PIP STS03001 - 2

ADD Each sample shall consist of 8 specimens, suitable for (2) tests at 7 days, (2) tests at 28
days, and (4) held to be tested as directed by the engineer.

4.2.2

4.5.2.1

4.5.10

Portland cement shall be in accordance with ATSM C150/C150M, Type II or ASTM
C-595 Type IL, unless otherwise specified in the contract documents.

Below floor vapor barriers are only required when indicated in project drawings.

MODIFY

ADD

4.6.2.8

4.6.5.2.6

4.6.6.1

Entire subparagraph

Entire subparagraph

Concrete minimum 28-day compressive strength, f ′c, shall be 5,000 psi.

DELETE

DELETE

REPLACE

4.6.6.2 Maximum water-cementitious materials ratio shall be 0.40.REPLACE

4.6.6.5 Nominal maximum size of coarse aggregate in concrete shall be 1-1/2".REPLACE



AMENDMENT
PIP STS03001 - 3

4.6.6.6 Concrete mixtures shall be in accordance with the most restrictive requirements of ACI 
301-20 IN-LB / ACI 301-20 SI Section 4.2.2.6 for exposure class F1, S1, W2, and C2.

DELETE

4.6.6.7

Table 2

Table 2

REPLACE

DELETE

DELETE

Unless otherwise specified in the contract documents, concrete shall be air entrained in 
accordance with ACI 301-20 IN-LB / ACI 301-20 SI Section 4.2.2.6.c based on the 
freezing and thawing exposure class F1, with the exception of trowel-finished concrete 
which shall not be air entrained.

Supplier's QA Program - For Approval X - With RFQ Submittal X

Proposed Curing Methods - With RFQ Submittal X
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PURPOSE AND USE OF PROCESS INDUSTRY PRACTICES 

This Practice has been prepared by harmonizing technical requirements from 
existing standards of major industrial operators, contractors, and standards 
development organizations. While this Practice is intended to incorporate the 
majority of requirements, individual applications may have requirements 
which take precedence over this Practice. Determinations concerning fitness 
for purpose or application of this Practice to specific project or engineering 
situations should not be made solely on information contained in this Practice. 
All Practices are intended to be consistent with applicable laws and 
regulations. Should this Practice conflict with applicable laws or regulations, 
such laws or regulations must be followed. Consult an appropriate 
professional before applying or acting on any material contained in or 
suggested by this Practice. 

Use of trade names should not be viewed as an expression of preference. 
Other brands having the same specifications are equally correct and may be 
substituted for those named.  

This Practice is subject to revision at any time. For more information refer to 
PIP ADG001, Specification for Developing Practices. 
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1. Scope 

This Practice provides requirements for furnishing and installing materials and for 
proportioning, mixing, placing, testing, and curing of cast-in-place plain and 
reinforced concrete. 
This Practice supplements ACI 301-20 IN-LB, Specifications for Concrete Construction – 
Inch-Pound Units, and ACI 301-20 SI, Specifications for Concrete Construction - 
International System of Units. 

2. References 

Applicable parts of the following Practices and industry codes and standards shall be 
considered an integral part of this Practice. The edition of references shall be as shown 
in ACI 301-20 IN-LB / ACI 301-20 SI Section 1.4 or, if not listed in ACI 301-20 IN-LB / 
ACI 301-20 SI, shall be the edition in effect on the date of contract award, except as 
otherwise noted. Short titles are used herein where appropriate. 

2.1 Process Industry Practices (PIP) 
– PIP STF05121 - Anchor Fabrication and Installation into Concrete 

2.2 Industry Codes and Standards 
• American Concrete Institute (ACI) 

– ACI 117-10 - Specification for Tolerances for Concrete Construction and 
Materials and Commentary 

– ACI 117M-10 - Specification for Tolerances for Concrete Construction and 
Materials and Commentary (Metric) 

– ACI 237R - Self-Consolidating Concrete  
– ACI 301-20 IN-LB - Specifications for Concrete Construction – Inch-Pound 

Units 
– ACI 301-20 SI - Specifications for Concrete Construction – International 

System of Units 
– ACI 304R - Guide for Measuring, Mixing, Transporting, and Placing 

Concrete 
– ACI 305.1 IN-LB - Specification for Hot Weather Concreting – Inch-Pound 

Units 
– ACI 305.1M - Specification for Hot Weather Concreting (Metric) 
– ACI 306.1 - Standard Specification for Cold Weather Concreting 
– ACI SPEC-350.1 IN-LB - Tightness Testing of Environmental Engineering 

Concrete Structures – Specification – Inch-Pound Units 
– ACI SPEC-350.1 SI - Tightness Testing of Environmental Engineering 

Concrete Structures – Specification – International System of Units  
– ACI 350.5-12 - Specifications for Environmental Concrete Structures 
– ACI 350.5M-12 - Specifications for Environmental Concrete Structures 

(Metric) 
– ACI MNL-66 - ACI Detailing Manual 
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• ASTM International (ASTM) 
– ASTM A615/A615M - Standard Specification for Deformed and Plain 

Carbon-Steel Bars for Concrete Reinforcement 
– ASTM A1064/A1064M - Standard Specification for Carbon-Steel Wire and 

Welded Wire Reinforcement, Plain and Deformed, for Concrete 
– ASTM C33/C33M - Standard Specification for Concrete Aggregates 

– ASTM C94/C94M - Standard Specification for Ready-Mixed Concrete 
– ASTM C150/C150M - Standard Specification for Portland Cement 
– ASTM C595/C595M - Standard Specification for Blended Hydraulic 

Cements 
– ASTM C618 - Standard Specification for Coal Ash and Raw or Calcined 

Natural Pozzolan for Use in Concrete 
– ASTM C920 - Standard Specification for Elastomeric Joint Sealants 
– ASTM C989/C989M - Standard Specification for Slag Cement for Use in 

Concrete and Mortars 
– ASTM C1116/C1116M - Standard Specification for Fiber-Reinforced 

Concrete 
– ASTM C1157/C1157M - Standard Performance Specification for Hydraulic 

Cement 
– ASTM C1567 - Standard Performance Specification for Hydraulic Cement 
– ASTM C1602/C1602M - Standard Specification for Mixing Water Used in 

the Production of Hydraulic Cement Concrete 
– ASTM C1610/C1610M - Standard Test Method for Static Segregation of 

Self-Consolidating Concrete Using Column Technique 
– ASTM C1611/C1611M - Standard Test Method for Slump Flow of Self-

Consolidating Concrete 
– ASTM C1621/C1621M - Standard Test Method for Passing Ability of Self-

Consolidating Concrete by J-Ring 
– ASTM C1712 - Standard Test Method for Rapid Assessment of Static 

Segregation Resistance of Self-Consolidating Concrete Using Penetration Test 
– ASTM D1751 - Standard Specification for Preformed Expansion Joint Filler 

for Concrete Paving and Structural Construction (Nonextruding and 
Resilient Asphalt Types) 

– ASTM D5249 - Standard Specification for Backer Material for Use with 
Cold- and Hot-Applied Joint Sealants in Portland Cement Concrete and 
Asphalt Joints  

– ASTM E1745 - Standard Specification for Plastic Water Vapor Retarders 
Used in Contact with Soil or Granular Fill under Concrete Slabs 

• Concrete Reinforcing Steel Institute (CRSI) 
– Manual of Standard Practice (MSP) 

http://www.google.com/url?sa=t&rct=j&q=crsi&source=web&cd=1&cad=rja&ved=0CCIQFjAA&url=http%3A%2F%2Fwww.crsi.org%2F&ei=QUtHUKx-x4HRAfPogbAL&usg=AFQjCNHoy1bEoXom3EGClwChmCzMsQ5fFQ
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• National Ready Mixed Concrete Association (NRMCA) 
– Quality Control Manual - Section 3, Certification of Ready Mixed Concrete 

Production Facilities – Plant Certification Check List 

3. Definitions 

constructor: Party responsible for supplying materials, equipment, tools, supervision, and 
labor for installation of concrete materials in accordance with contract documents. The 
term constructor applies also to constructor’s subcontractor(s) and vendor(s). 

contract documents: All documents, including codes, studies, design drawings, 
specifications, sketches, practices, and data sheets, that purchaser or engineer of record 
has transmitted or otherwise communicated, either by incorporation or reference, and 
made part of the legal contract agreement or purchase order between purchaser and 
constructor 

engineer of record: Purchaser’s authorized representative with overall authority and 
responsibility for engineering design, quality, and performance of civil works, structure, 
foundations, materials, and appurtenances described in contract documents. Engineer of 
record is licensed as defined by laws of the locality in which the work is to be 
constructed and is qualified to practice in the specialty discipline required for the work 
described in contract documents. 

environmental engineering concrete structures: Concrete structures intended for 
conveying, storing, or treating water, wastewater, or other liquids and non-hazardous 
materials such as solid waste, and for secondary containment of hazardous liquids 

fiber-reinforced concrete (FRC): Concrete containing dispersed, randomly oriented fibers 
which offers improved long-term serviceability of the structure or product. Fibers are 
made with different materials and can provide different levels of tensile/flexural capacity 
for a concrete section, depending on the type, dosage, and geometry. 

manufacturer: Party who produces and warrants performance of products, materials, 
and/or items provided in accordance with contract documents. Products, materials, 
and/or items are manufactured in a controlled process using standard codes, 
specifications, tests and possibly include shop drawings to assist in proper application, 
installation and/or use. The term manufacturer applies also to manufacturer’s 
subcontractor(s) and/or vendor(s). 

mass concrete: Any volume of structural concrete in which a combination of dimensions 
of the member being cast, the boundary conditions, the characteristics of the concrete 
mixture, and the ambient conditions can lead to undesirable thermal stresses, cracking, 
deleterious chemical reactions, or reduction in the long-term strength as a result of 
elevated concrete temperature due to heat from hydration 

owner: Party who has authority through ownership, lease, or other legal agreement over 
site, facility, structure or project wherein concrete materials will be used 

purchaser: Party who awards contract to constructor. Purchaser may be owner or 
owner’s authorized agent. 
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self-consolidating concrete: Fresh concrete that can flow around reinforcement and 
consolidate within formwork under its own weight without vibration 

supplier: Party responsible for supplying concrete materials in accordance with contract 
documents 

4. Requirements 

4.1 General 
4.1.1 Concrete supply and construction shall be in accordance with all 

requirements of ACI 301-20 IN-LB / ACI 301-20 SI, except as modified or 
supplemented in this Practice or by contract documents. 

4.1.2 Requirements of federal, state, or local agencies that have jurisdiction 
where concrete is to be placed shall apply. 

4.1.3 Any conflicts or inconsistencies between this Practice, design drawings, 
or other contract documents shall be brought to the attention of purchaser 
for resolution. 

4.1.4 For applications designated as environmental engineering concrete 
structures in contract documents, concrete supply and construction shall 
also be in accordance with ACI 350.5-12 / ACI 350.5M-12. 

4.1.5 Mass Concrete 
4.1.5.1 All mass concrete shall be in accordance with ACI 301-20 IN-LB / 

ACI 301-20 SI Section 8 and any additional requirements in 
contract documents. 

4.1.5.2 Any concrete designated as mass concrete in contract documents 
shall be considered mass concrete. 

4.1.5.3 Any concrete with a minimum dimension equal to or greater than 
4 ft (1200 mm) shall be considered mass concrete unless 
otherwise specified in contract documents. 

4.1.5.4 Any mass concrete in applications designated as environmental 
engineering concrete structures in contract documents shall also 
be in accordance with ACI 350.5-12 / ACI 350.5M-12 Section 8. 

4.2 Quality Control 
4.2.1 A written quality control program and inspection procedures document 

shall be submitted to purchaser for approval. These documents shall 
provide details of how compliance with requirements of this Practice and 
contract documents shall be achieved. 

4.2.2 Samples for testing shall be obtained in accordance with 
ACI 301-20 IN-LB / ACI 301-20 SI. Rate of sampling shall be in 
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accordance with the following unless otherwise specified in contract 
documents: 
a. For structures, foundations and all other concrete not addressed in 

Sections 4.4.2b and 4.4.2c, samples shall be obtained in accordance 
with the following requirements: 

(1) One sample minimum per 100 cubic yards (76 cubic meters) 
of concrete 

(2) One sample minimum for each structure or foundation, 
except if placing a number of items each smaller than 
25 cubic yards (19 cubic meters) 

(3) One sample minimum per 25 cubic yards (19 cubic meters) if 
placing a number of items each smaller than 25 cubic yards 
(19 cubic meters) 

b. For paving and slabs on grade, obtain one sample per 75 cubic yards 
(57 cubic meters) of concrete.  

c. For underground pipe or electrical encasements and fireproofing, 
obtain one sample at beginning of each day of concreting work. 

d. Additional samples shall be obtained if observations of tests for slump 
(except for self-consolidating concrete), temperature, or air content 
indicate nonconformance with contract documents. 

e. For self-consolidating concrete only, additional samples shall be 
obtained if observations of tests for slump flow, T50, Visual Stability 
Index (VSI), column segregation or passing ability indicate 
nonconformance with contract documents. 

f.  Additional samples shall be obtained for concrete to be placed in 
service prior to confirmation of 28-day strength tests in accordance 
with contract documents. 

g. For concrete that will have fiber reinforcing, samples shall be obtained 
for concrete prior to addition of fiber reinforcing unless otherwise 
specified in contract documents. 

4.2.3 For each concrete sample obtained, the following tests shall be 
conducted in accordance with ACI 301-20 IN-LB / ACI 301-20 SI: 
a. Compressive strength 
b. Slump (except for self-consolidating concrete) 
c. Temperature 
d. Air content 

4.2.4 For each concrete sample obtained for self-consolidating concrete, the 
following tests shall also be conducted: 
a. Slump flow in accordance with ASTM C1611/C1611M 

b. T50 and Visual Stability Index (VSI) in accordance with Appendix of 
ASTM C1611/C1611M 
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c. Static segregation resistance in accordance with ASTM C1712 

d. Passing ability in accordance with ASTM C1621/C1621M 
4.2.5 Test cylinder sets shall be dated and numbered consecutively. 
4.2.6 Concrete quality control test reports shall be provided to purchaser 

weekly unless otherwise specified in contract documents. Data in test 
report shall include, but not be limited to, the following: 
a. Location of concrete on the job and associated design drawing 

numbers and structure/foundation identification 

b. Specified compressive strength (f ′c) 
c. Date placed 
d. Proportions of concrete mix or mix identification 
e. 7- and 28-day compressive strength and compressive strength for any 

other duration as specified in contract documents 
f. Slump (except for self-consolidating concrete), air and concrete 

temperatures at time of placement, time of day concrete was batched, 
and time of day concrete was placed 

g. For self-consolidating concrete only, slump flow, T50, Visual Stability 
Index (VSI), column segregation and passing ability 

h. Air content 
i. Name of inspector making cylinders and cylinder number 

4.2.7 Constructor shall notify testing agency when concrete is to be placed. 
4.2.8  Ready mixed concrete suppliers shall be certified in accordance with one 

of the following: 
a. Certification by holding a current NRMCA Certificate of Conformance 

for Concrete Production Facilities 
b. Certification from an independent testing agency stating conformance 

with NRMCA Certification of Ready Mixed Concrete Production 
Facilities 

c. Certification from Department of Transportation or governing authority 
for the project site location 

The certification shall be current for duration of concrete supply. 
4.3 Quality Assurance 

4.3.1 Purchaser shall be responsible for furnishing a testing agency to act as 
the “owner’s testing agency” as defined by ACI 301-20 IN-LB / 
ACI 301-20 SI, unless otherwise specified in contract documents. 

4.3.2 The purchaser shall have the right to make inspections at any time at the 
source of supply of materials, at the place of preparation of materials, at 
the mixing plant if ready mixed concrete is used, and during execution of 
all concrete work. 
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4.4 Submittals 
4.4.1 The items listed in Table 2 shall be submitted for engineer of record 

review and approval of items in the approval column. Work shall not 
proceed without approval. 

4.4.2 Trial batch submittal shall include documentation qualifying concrete 
mixture to reduce the potential of alkali-silica reaction (ASR) in 
accordance with  ACI 301-20 IN-LB / ACI 301-20 SI Section 4.2.2.6(a).  

4.4.3 Additional documentation which is not listed in Table 2 shall be submitted 
to purchaser if required by contract documents. 

4.5 Materials  
4.5.1 General 

4.5.1.1 Materials shall be in accordance with this Practice and contract 
documents unless otherwise approved in writing by purchaser. 

4.5.1.2  Materials and application thereof shall be in accordance with 
applicable federal, state and local volatile organic compound 
regulations. 

4.5.2 Cementitious Materials 
4.5.2.1 Cementitious materials shall be in accordance with 

ACI 301-20 IN-LB / ACI 301-20 SI Section 4.2.1.1. Portland 
cement shall be in accordance with ASTM C150/C150M, Type I 
or Type II unless otherwise specified in contract documents. 
Blended hydraulic cement shall be in accordance with 
ASTM C595/C595M. Hydraulic cement shall be in accordance 
with ASTM C1157/C1157M. 

4.5.2.2 Only one brand of cement shall be used for a batch of concrete. 
If brand of cement is changed, constructor shall submit cement 
certification to purchaser two weeks prior to proposed change of 
brand. Change of brand shall only occur after the end of a day 
and completion of the structure/foundation. 

4.5.2.3 Fly ash may be used in accordance with ACI 301-20 IN-LB / 
ACI 301-20 SI and shall be in accordance with ASTM C618, 
Class F unless otherwise specified in contract documents. Class 
C fly ash may be used if Class F is not available. 

4.5.2.4 Ground Granular Blast Furnace Slag (GGBFS) in accordance 
with ASTM C989/C989M may be used if available. 

4.5.2.5 Cementitious materials used for mass concrete applications 
shall be in accordance with ACI 301-20 IN-LB / ACI 301-20 SI 
Section 8.2.1.1. For applications designated as environmental 
engineering concrete structures in contract documents, 
cementitious materials used for mass concrete applications shall 
also be in accordance with ACI 350.5-12 / ACI 350.5M-12 
Section 8.2.1.1. 
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4.5.3 Admixtures 
4.5.3.1 All admixtures shall require engineer of record’s authorization for 

use. 
4.5.3.2 Only one manufacturer for each admixture shall be used. 

Admixtures used together shall be from same manufacturer or 
documentation of compatibility from manufacturers shall be 
submitted for approval prior to use. 

4.5.3.3 Calcium chloride and admixtures containing soluble chlorides 
shall not be permitted. 

4.5.3.4 For applications designated as environmental engineering 
concrete structures in contract documents, admixtures used for 
mass concrete applications shall be in accordance with 
ACI 350.5-12 / ACI 350.5M-12 Section 8.2.1.2. 

4.5.4 Aggregate 
4.5.4.1 Aggregate shall be in accordance with ASTM C33/C33M. 
4.5.4.2 Aggregate shall be obtained from a single source. 
4.5.4.3  Aggregates proposed for use shall be tested in accordance with 

Appendix of ASTM C33/C33M, or a record of satisfactory 
performance shall be submitted to engineer of record for 
approval. 

4.5.4.4 Fine and coarse aggregate shall meet the restrictions on 
reactive materials in accordance ASTM C33/C33M. 

4.5.5 Reinforcement 
4.5.5.1 Reinforcing bars shall be deformed billet steel in accordance 

with ASTM A615/A615M, Grade 60 (420) unless otherwise 
specified in contract documents. 

4.5.5.2 Reinforcing shall be uncoated unless otherwise specified in 
contract documents. 

4.5.5.3 Welded wire reinforcement shall be plain wire in accordance 
with ASTM A1064/A1064M. Wire shall be of sufficient size to 
fabricate in sheets. Rolls of welded wire reinforcement shall not 
be used.  

4.5.5.4 Tie wire shall be black annealed wire, 16 gage (1.29 mm) 
minimum. 

4.5.5.5 Fiber reinforcing shall be in accordance with 
ASTM C1116/C1116M and shall only be used for specific 
applications as specified in contract documents.  

4.5.5.6  Reinforcement supports shall be plastic or plastic-coated 
standard types and sizes given in CRSI MSP. 
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4.5.6 Water 
Water used for mixing water, ice, curing, or any other function relating to 
placement of concrete shall be in accordance with 
ASTM C1602/C1602M, unless otherwise specified in contract documents. 

4.5.7 Accessories 
Accessories shall meet the requirements of ACI 301-20 IN-LB / 
ACI 301-20 SI. Use coated or corrosion-resistant material for accessories 
that remain embedded in concrete with less than two inches (50 mm) 
cover unless otherwise specified in contract documents. 

4.5.8 Joints 
4.5.8.1  Joint filler shall be in accordance with ASTM D1751 unless 

otherwise specified in contract documents. 
4.5.8.2  Backer rod for joint sealant shall be in accordance with 

ASTM D5249. Diameter shall be 1.5 times the width of the joint 
unless otherwise specified in contract documents. 

4.5.8.3  Joint sealant shall be in accordance with ASTM C920, unless 
otherwise specified in contract documents. 

4.5.9 Anchorage 
Anchorage shall be in accordance with PIP STF05121, unless otherwise 
specified in contract documents.  

4.5.10 Vapor Barrier 
Below floor vapor barrier shall be in accordance with ASTM E1745, 
Class A, and minimum 10 mil (250 μm) thickness unless otherwise 
specified in contract documents. 

4.6 Execution 
4.6.1 General 

Storage, handling, measuring, mixing, transporting, and placing of 
concrete materials shall be in accordance ACI 301-20 IN-LB / 
ACI 301-20 SI and shall comply with manufacturer’s written 
recommendations for handling, storage, and protection. 

Comment: ACI 304R provides methods and procedures for 
storage, handling, measuring, mixing, transporting and 
placing of concrete materials. 

4.6.2 Formwork 
4.6.2.1 Unless otherwise specified in contract documents, 3/4-inch 

(20-mm) chamfer strips shall be provided at all corners on 
permanently exposed surfaces. 

4.6.2.2 Form-release agents shall not be applied if concrete surfaces 
shall receive special finishes or where the agent may affect 
applied coverings. Alternately, inside surfaces of untreated 
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formwork shall be soaked with clean water and kept moist 
before placing concrete. 

4.6.2.3 Form removal shall be in accordance with ACI 301-20 IN-LB / 
ACI 301-20 SI and the following: 
a. For structures for which forms do not provide vertical support 

or lateral stability (e.g., footings, piers, columns, walls, or 
sides of beams), the forms may be removed 48 hours after 
completion of placement if concrete is sufficiently hard to 
prevent damage by form removal, and if curing starts 
immediately. 

b. Forms for self-supporting members may be removed if 
concrete compressive strength is at least 80 percent of the 
specified 28-day compressive strength unless otherwise 
specified in contract documents. Refer to ACI 301-20 IN-LB / 
ACI 301-20 SI, Section 2.3.4, for determining compressive 
strength of concrete for removal of formwork. 

c. Forms shall not be left permanently in place unless 
otherwise approved by the purchaser. 

4.6.2.4 Form accessories that remain embedded in the concrete (e.g., 
ties and hangers) shall be a commercially manufactured type 
and shall be coated or corrosion-resistant if they have less than 
two inches (50 mm) of cover unless otherwise specified in 
contract documents. 

4.6.2.5 Formed concrete surfaces shall be constructed in accordance 
with the tolerances shown in ACI 117 / ACI 117M.  

4.6.2.6 Formwork for columns and walls shall be provided with 
adequate cleanout openings to permit inspection and easy 
cleaning after reinforcement has been placed.  

4.6.2.7 All side and bottom surfaces of concrete for structures that will 
be exposed shall be formed. Vertical surfaces of concrete for 
subgrade structures and pavements shall be formed at least to a 
depth of 12 inches (300 mm) below grade unless otherwise 
approved by engineer of record. Concrete below this level may 
be placed against earth and shall be in accordance with 
requirements in ACI 117 / ACI 117M. 

4.6.2.8  Formwork design calculations and drawings shall be sealed by 
engineer of record for the formwork. 

4.6.3 Joints 
4.6.3.1 All joints shall be located and constructed in accordance with 

contract documents. Any variation from the location specified 
shall be approved by engineer of record. 

4.6.3.2 Control joints to be cut with a saw shall be cut as soon as 
concrete is hard enough to prevent surface raveling and 



PIP STS03001 COMPLETE REVISION 
Plain and Reinforced Concrete Specification September 2024 

Process Industry Practices Page 12 of 19 

aggregate dislodging, and within 8 hours after concrete 
placement. 
a. Control joints shall be cut in accordance with saw 

manufacturer’s written recommendations. 
b. Sawing sequence shall be based on concrete placement 

time and size of slab. 
4.6.3.3 Control joints in slab toppings shall be located directly above 

and in line with the control joints in underlying concrete slab. 
4.6.3.4 Isolation joints shall be placed where pavement adjoins vertical 

surfaces (e.g., walls, columns, catch basins, manholes, and 
equipment foundations). Isolation joints shall be located in 
accordance with contract documents. 

4.6.3.5 Dowels at expansion joints shall be properly aligned to prevent 
any restraint on expansion movement at the joint. 

4.6.3.6 The surface of joints shall be cleaned of scale and laitance and 
thoroughly wetted, but free of standing water, before placing 
adjoining concrete. 

4.6.4 Waterstops 
Waterstops shall be installed in accordance with contract documents and 
manufacturer’s written recommendations. 

4.6.5 Reinforcing and Embedments 
4.6.5.1 Detailing and Fabrication 

1. Reinforcement placing drawings and bending schedules 
shall be prepared in accordance with ACI MNL-66 and 
CRSI Manual of Standard Practice and submitted to 
engineer of record for review and approval.  

2. Reinforcement placing drawings and bending schedules 
shall show number, grade, size, length, mark, location, and 
bending diagrams for reinforcing bars. 

3. Splices in reinforcement shall be detailed, fabricated, and 
located only as shown on the design drawings. 

4. Fabrication drawings shall indicate the related PO number, 
release number, and design drawing number. 

5. Reinforcement shall be tagged with durable weather-
resistant tags. Tags shall remain attached and legible 
throughout transportation, handling and storage. 

6. Each bundle of fabricated bars shall be tagged. The tags 
shall indicate reinforcement placing drawing number, release 
number, mark number, grade, bar quantity, and bar size. 

7. Each bundle of stock-length straight bars shall be tagged to 
indicate bar quantity, grade, bar size, and bar length. 
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8. Fabrication tolerances shall be in accordance with ACI 117 / 
ACI 117M. 

4.6.5.2 Installation 
1. Support and anchorage of reinforcement shall in accordance 

with ACI MNL-66 and ACI 301-20 IN-LB / ACI 301-20 SI. 
2. Embedded aluminum items shall not be permitted. 
3. Anchors, inserts, sleeves, drains, curb and seat angles, 

nosing, and other embedded items shall be installed before 
placing concrete. Welding of these items to the reinforcing 
bars shall not be permitted. 

4. Embedded portion of anchor rods shall be wrapped with 
non-bonding tape for the required length and location 
specified in contract documents if applicable. 

5. Anchor threads above the top of concrete elevation specified 
on the design drawings shall be covered with duct tape or 
other suitable means to keep the threads clean and to 
prevent any damage during placement of concrete. 

6. Anchor sleeves shall be filled with a nonbonding moldable 
material or an elastomeric moldable non-hardening material 
unless otherwise specified in concrete documents. Anchor 
sleeves shall be capped or plugged to keep out water, 
concrete, and debris until sleeves are filled with a 
nonbonding moldable material or an elastomeric moldable 
non-hardening material, or for sleeves specified in contract 
documents to be filled with grout (by others). 

7. Grout pockets for anchors and shear keys to be grouted in 
place (by others) shall be capped or plugged to keep out 
water, concrete, and debris until pockets are filled with grout. 

8. Reinforcing bars shall be spliced in accordance with design 
drawings only. Welded or mechanical splices shall not be 
permitted unless otherwise approved by engineer of record. 

4.6.5.3 Tolerances 
Embedments shall be installed in accordance with tolerances 
shown in Table 1, unless otherwise specified in contract 
documents. The term “anchor group” used in Table 1 is defined 
as the set of anchors for a single fabricated steel shipping piece, 
or a single piece of equipment or skid. Table 1 supersedes 
Section 2.3.4 in ACI 117-10 / ACI 117M-10. 

Comment:  Tolerances are tighter in Table 1 compared to 
ACI 117 / ACI 117M to align with typical industry 
practice. 
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Table 1 – Tolerances for Embedments 

Measurement Tolerance 
Anchor projection + or – 1/4 inch (6 mm) 
Center of anchor group + or – 1/4 inch (6 mm) 
Center to center of any two anchors 
within a group 

+ or – 1/8 inch (3 mm) 

Center to center between anchor 
groups 

+ or – 1/4 inch (6 mm) 

Anchor plumbness 1/8 inch in 3 feet (4 mm in 1 meter) 
Plate inserts in columns, walls, and 
beams horizontal and vertical location 

+ or – 1/4 inch (6 mm)  
 

Shapes and plate inserts in floor 
slabs 

+ or – 1/4 inch (6 mm) horizontal 
+ or – 1/16 inch (2 mm) elevation 

4.6.6 Proportioning and Mixing  
4.6.6.1 Concrete minimum 28-day compressive strength, f ′c, shall be 

4,000 psi (28 MPa) unless a higher strength is specified for 
Exposure Class in accordance with ACI 301-20 (IN-LB) / 
ACI 301-20 (SI) or unless otherwise specified in other 
requirements in this Practice or other contract documents. 

4.6.6.2 Maximum water-cementitious materials ratio shall be 0.4 for 
concrete used for environmental engineering concrete 
structures. For all other concrete, maximum water-cementitious 
materials ratio shall be in accordance with the most restrictive 
requirements of ACI 301-20 IN-LB / ACI 301-20 SI Section 
4.2.2.6 for the exposure categories and classes specified by 
engineer of record in contract documents.  

4.6.6.3 High early strength concrete or other types of high-performance 
concrete shall meet the requirements specified in contract 
documents. 

4.6.6.4  Fly ash content exceeding 25% by weight of cementitious 
material shall be approved by engineer of record. 

4.6.6.5 Nominal maximum size of coarse aggregate in concrete shall be 
in accordance with ACI 301-20 IN-LB / ACI 301-20 SI, unless 
otherwise specified in contract documents. 

4.6.6.6 Concrete mixtures shall be in accordance with the most 
restrictive requirements of ACI 301-20 IN-LB / ACI 301-20 SI 
Section 4.2.2.6 for the exposure categories and classes 
specified by engineer of record in contract documents. 

4.6.6.7 Unless otherwise specified in the contract documents, concrete 
shall be air entrained in accordance with ACI 301-20 IN-LB / ACI 
301-20 SI Section 4.2.2.6.c based on the freezing and thawing 
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exposure class specified in contract documents with the exception 
of trowel-finished concrete which shall not be air entrained. 

4.6.6.8 Self-consolidating concrete shall be proportioned to meet slump 
flow in accordance with ASTM C1611/C1611M, T50 in 
accordance with Appendix of ASTM C1611/C1611M, and 
passing ability in accordance with ASTM C1621/C1621M, as 
specified in contract documents for each specific application. 
Visual stability index (VSI) shall have a rating of 0 (highly stable) 
or 1 (stable) in accordance with Appendix of ASTM 
C1611/C1611M. Static segregation shall be less than 10% in 
accordance with ASTM C1610/C1610M or ASTM C1712. 

Comment:  ACI 237R provides methods and means for 
placing self-consolidating concrete. 

4.6.6.9 Admixtures and fiber reinforcing shall be added at batch plant 
unless otherwise directed in contract documents or approved by 
engineer of record. Fiber reinforcing shall be added in 
accordance with manufacturer’s instructions based on type and 
dosage of fiber reinforcing specified in contract documents. 

4.6.6.10 Concrete envelopes for underground electrical ducts and cover 
slabs for direct-buried cables shall have a minimum 28-day 
compressive strength, f ′c, of 3,000 psi (21 MPa) and be colored 
red by adding 10 pounds of red oxide powder per cubic yard 
(6 kilograms per cubic meter) of concrete unless otherwise 
specified in contract documents. Another method of providing 
red color at the top of the concrete envelope may be used if 
approved by engineer of record.  

4.6.6.11 Concrete envelopes for underground instrument ducts shall have 
a minimum 28-day compressive strength, f ′c, of 3,000 psi (21 
MPa) and be colored yellow by adding 10 pounds of yellow oxide 
powder per cubic yard (6 kilograms per cubic meter) of concrete 
unless otherwise specified in contract documents. Another 
method of providing yellow color at the top of the concrete 
envelope may be used if approved by engineer of record. 

4.6.6.12 On-site mixed concrete shall not be permitted unless otherwise 
approved by purchaser. 

4.6.7 Placing Concrete 
4.6.7.1 Inspection and authorization shall be obtained from purchaser 

before placing concrete.  
4.6.7.2 Concrete that has achieved initial set or has been contaminated 

by foreign matter shall not be deposited in the structure. 
4.6.7.3 Addition of water or water-reducing admixture at construction 

site shall be in accordance with ASTM C94/C94M and shall be 
permitted only if it has been considered in the mix design. 
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4.6.7.4 Addition of ice at construction site shall be in accordance with 
ASTM C94/C94M and shall be permitted only if it has been 
considered in the mix design. The concrete manufacturer shall 
provide written instructions on required amount of ice and mixing 
procedure. 

4.6.7.5 Use of liquid nitrogen to cool freshly mixed concrete shall be 
permitted only if approved by engineer of record. 

4.6.7.6 Materials and equipment for protection, finishing and curing shall 
be operational at placement site before placement begins. 

4.6.7.7 Slabs shall be placed in alternating panels. 
4.6.7.8 The interval between concrete deliveries shall be such that no 

cold joints are created during placement of a single foundation 
or slab. 

4.6.7.9 Time limit from the start of mixing to when the concrete 
discharge must be completed shall be in accordance with 
ASTM C94/C94M unless otherwise specified by engineer of 
record. 

4.6.8 Curing and Protection 
4.6.8.1 Concrete shall be cured and protected in accordance with 

ACI 301-20 IN-LB / ACI 301-20 SI unless otherwise specified in 
this Practice or in contract documents. 

4.6.8.2 Concrete not in contact with forms may utilize any of the 
methods indicated in ACI 301-20 IN-LB / ACI 301-20 SI for the 
preservation of moisture.  

4.6.8.3 Liquid membrane curing compounds shall not be used on 
surfaces that shall receive bonded treatments, tiles, paint or 
other adhered finishes, epoxy toppings, or additional concrete 
unless otherwise specified in contract documents. 

4.6.8.4 Curing and protection of concrete for environmental engineering 
concrete structures shall be in accordance with ACI 350.5-12 / 
ACI 350.5M-12. Curing method shall be in accordance with 
ACI 350.5-12 / ACI 350.5M-12, Section 6.3.5.4, methods (a), (b), 
or (c), unless otherwise approved by engineer of record. 

4.6.8.5 Curing and protection of mass concrete shall be in accordance 
with ACI 301-20 IN-LB / ACI 301-20 SI Section 8.3.1. For 
applications designated as environmental engineering concrete 
structures in contract documents, curing and protection of mass 
concrete shall also be in accordance with ACI 350.5-12 / 
ACI 350.5M-12 Section 8.3.2. 

4.6.9 Loading of Self-Supporting Members 
No superimposed load shall be applied to self-supporting members 
before 28-day verification of specified compressive strength, unless 
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specified 28-day compressive strength has been verified by field-cured 
cylinders and approved by engineer of record. 

4.6.10 Surface Finishing and Tolerances 
4.6.10.1 Surface finish and correlating tolerance requirements shall be in 

accordance with ACI 301-20 IN-LB / ACI 301-20 SI 
Sections 5.3.3 and 5.3.4, ACI 117 / ACI 117M and as specified 
in contract documents. 

4.6.10.2 Equipment bases shall be finished with a floated finish. Stairs, 
steps, ramps, and walks shall be finished with a broom finish. 

4.6.11 Repair of Surface Defects 
4.6.11.1 Tie holes, honeycombs, and other concrete surface defects shall 

be repaired promptly after form removal at a time and in a 
manner that shall not delay, interfere with, or impair the proper 
curing of the fresh concrete unless otherwise specified or 
approved by engineer of record. 

4.6.11.2 Engineer of record shall be notified before proceeding with 
repair if the defect is any of the following: 

a. Depth is greater than 3 inches (75 mm) at the maximum 
point and surface area is greater than 150 square inches 
(100,000 square mm). 

b. Depth is greater than 1/4 the thickness of the member and 
greater than 6 inches (150 mm) in any other direction. 

c. Reinforcing steel is exposed. 
4.6.11.3 Prepackaged grouts and patching compounds or a patching 

mortar similar to the concrete mix without coarse aggregate may 
be used with approval of engineer of record. 

4.6.11.4 Out-of-tolerance slabs shall be repaired by grinding down high 
points and/or raising low points by using a self-leveling 
compound or repair topping approved by engineer of record and 
installed in accordance with manufacturer’s recommendation. 

4.6.11.5 Critical slab areas, identified in contract documents shall be 
replaced if out-of-tolerance. A demolition and replacement plan 
for the slab areas shall be submitted to engineer of record for 
review and approval before proceeding. 

4.6.12 Hot and Cold Weather Concreting 
4.6.12.1 Evaporation control measures shall provide adequate protection 

of, and prevent rapid evaporation from, the fresh concrete 
surface. Control measures in accordance with ACI 305.1 IN-LB / 
ACI 305.1M shall be utilized and remain in place while one or a 
combination of the concrete and air temperatures, relative 
humidity of the air, and the wind speed have the capacity to 
evaporate free water from the fresh concrete surface at a rate 
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that is equal to or greater than 0.2 pounds per square foot per 
hour (1 kilogram per square meter per hour). 

4.6.12.2 Cold weather concreting shall meet the requirements of 
ACI 306.1 for minimum temperatures specified therein. 

4.6.13 Architectural and Prestressed Concrete 
Architectural and prestressed concrete requirements that are in addition 
to ACI 301-20 IN-LB / ACI 301-20 SI and this Practice shall be in 
accordance with contract documents. 

4.6.14 Tightness Testing of Environmental Engineering Concrete 
Structures 
If specifically required in the contract documents, tightness testing of 
environmental engineering concrete structures shall be performed in 
accordance with ACI SPEC-350.1 IN-LB / ACI SPEC-350.1 SI. 
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Table 2 – Supplier Data Requirements 

 Type of Submittal When Required Remarks 

 For 
Approval 

For 
Record 

Weekly 14 Days 
Before 

Placement 

14 Days 
Before 

Fabrication 

With RFQ 
Submittal 

Other  

Supplier's QA Program X     X   

Batch Plant and Truck 
Mixer Certification 

 X  X     

Mix Designs X   X     

Trial Batch Qualification 
Test Results 

X   X     

Cement Certifications  X  X     

Mineral Additive 
Certifications 

 X  X    If applicable 

Fine and Coarse 
Aggregate Certifications 

 X  X     

Admixture Data Sheets 
and Certifications 

 X  X     

Material Suppliers, 
Sources, and 
Certifications 

 X  X     

Manufacturer Spec's, 
Certifications and 
Installation Instructions 

 X  X     

Proposed Curing 
Methods 

X     X   

Reinforcing Bending 
Schedule and Placing 
Drawings 

X    X    

Certified Mill Test 
Reports for each bar size 
and heat number 

 X  X     

Coating Inspection 
Reports 

 X X     If applicable 

Concrete Delivery Ticket  X     With 
delivery 

 

Compression Test 
Reports 

 X X      

Compression Breaks 
500 psi (3.5 MPa) or 
more below required 

 X     Same 
day  

Engineer of 
record needs to 
review and 
provide 
disposition of 
low strength 
concrete results 

Water Testing Reports  X  X    If applicable 

Mass Concrete Thermal 
Control Plan 

X   X    Required for 
each mass 
concrete 
placement 
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AMENDMENT TO PROCESS INDUSTRY PRACTICE (PIP)

This document acts as an amendment to, and applies in conjunction with the requirements to the Process Industry
Practices (PIP). This document includes additions, deletions, modifications or replacements to the original PIP
document. Additions, deletions, modifications and replacements are numbered and formatted with paragraph
numbers that correspond to those in the PIP document. A “sticky note” symbol has been added within the body
of original PIP document directing the user to this addendum.
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A. The type of requirement is defined below as follows:
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2. [DELETE] – Signifies content to be deleted from the PIP specification section.

3. [MODIFY] – Signifies the PIP specification section has been modified per the following
statement(s).

4. [REPLACE] – Signifies the following statement(s) are revisions to the PIP specification
section.
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1. Scope 

This Practice describes the requirements for excavation, placement, inspection, and management 
of materials during the site preparation, excavation, and backfill phase of a construction project. 

2. References 

Applicable parts of the following Practices, industry codes and standards, and references shall be 
considered an integral part of this Practice. The edition in effect on the date of contract award 
shall be used, except as otherwise noted. Short titles are used herein where appropriate. 

2.1 Process Industry Practices (PIP) 
– PIP CVS02350 - Roadway and Area Paving Construction Specification  

2.2 Industry Codes and Standards 
• ASTM International (ASTM) 

– ASTM C136/C136M - Standard Test Method for Sieve Analysis of Fine and 
Coarse Aggregates 

– ASTM D698 - Standard Test Methods for Laboratory Compaction Characteristics 
of Soil Using Standard Effort (12,400 ft-lbf/ft3 (600 kN-m/m3)) 

– ASTM D1140 - Standard Test Methods for Determining the Amount of Material 
Finer Than the 75-µm (No.200) Sieve in Soils by Washing 

– ASTM D1556/D1556M - Standard Test Method for Density and Unit Weight of 
Soil in Place by Sand-Cone Method 

– ASTM D1557 - Standard Test Methods for Laboratory Compaction 
Characteristics of Soil Using Modified Effort (56,000 ft-lbf/ft3 (2700 kN-m/m3)) 

– ASTM D2167 - Standard Test Method for Density and Unit Weight of Soil in Place 
by the Rubber Balloon Method 

– ASTM D2937 - Standard Test Method for Density of Soil in Place by the Drive-
Cylinder Method 

– ASTM D3740 - Standard Practice for Minimum Requirements for Agencies 
Engaged in Testing and/or Inspection of Soil and Rock as Used in Engineering 
Design and Construction 

– ASTM D4253 - Standard Test Methods for Maximum Index Density and Unit 
Weight of Soils Using a Vibratory Table 

– ASTM D4254 - Standard Test Methods for Minimum Index Density and Unit 
Weight of Soils and Calculation of Relative Density 

– ASTM D4318 - Standard Test Methods for Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils 

– ASTM D5084 - Standard Test Methods for Measurement of Hydraulic 
Conductivity of Saturated Porous Materials Using a Flexible Wall Permeameter 

– ASTM D5268 - Standard Specification for Topsoil Used for Landscaping Purposes  
– ASTM D6938 - Standard Test Methods for In-Place Density and Water Content of 

Soil and Soil-Aggregate by Nuclear Methods (Shallow Depth) 
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2.3 Government Regulations 
• U.S. Department of Labor, Occupational Safety and Health Administration (OSHA) 

– 29 CFR 1926 - Safety and Health Regulations for Construction 
• U.S. Environmental Protection Agency (EPA) 

– 40 CFR 122 National Pollutant Discharge Elimination System (NPDES) General 
Permit for Point Source Discharge to Public Waterways (Permit) 

3. Definitions  

Best Management Practices (BMP): The techniques (e.g., buffers, silt fences, detention ponds, 
swales, etc.), schedules of activities, prohibitions of practices, and maintenance procedures used 
to prevent or reduce the discharge of pollutants 

constructor: Party responsible for supplying the materials, equipment, tools, supervision, and 
labor for performing site preparation, excavation, fill, and backfill in accordance with contract 
documents. The term constructor applies also to constructor’s subcontractor(s) and vendor(s). 

contract documents: Any and all documents, including codes, studies, design drawings, 
specifications, sketches, practices, and data sheets that purchaser or engineer of record has 
transmitted or otherwise communicated, either by incorporation or reference, and made part of 
the legal contract agreement or purchase order between purchaser and constructor 

engineer of record: Purchaser’s authorized representative with overall authority and 
responsibility for engineering design, quality, and performance of civil works, structure, 
foundations, materials, and appurtenances described in contract documents. Engineer of record is 
licensed as defined by laws of the locality in which the work is to be constructed, and is qualified 
to practice in the specialty discipline required for the work described in contract documents. 

impermeable fill: Compacted clay fill which has a hydraulic conductivity of less than one foot per 
year (1x10-6 cm/second) using the fluids to be retained 

inspector: Party responsible for verifying quality of all materials, installations, and workmanship 
furnished by constructor. Inspector is qualified by training and experience and holds certifications 
or documentation of their qualifications. Unless otherwise specified in contract documents, 
inspector is an independent party retained by purchaser 

owner: Party who has authority through ownership, lease, or other legal agreement over project site 

professional engineer: An engineer, other than engineer of record licensed as defined by laws of 
the locality in which the work is to be performed, and qualified to practice in the specialty 
discipline required for the work described in contract documents 

purchaser: The party who awards contract to constructor. Purchaser may be owner or the owner’s 
authorized agent. 

Storm Water Pollution Prevention Plan (SWPPP): Written plan that defines erosion and sediment 
control practices in accordance with the independent requirements of the federal construction 
general permits 
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4. Requirements  

4.1 General 
4.1.1 Quality Control and Submittals 

4.1.1.1 A written Quality Control Program document that provides details of 
how compliance with the requirements of this Practice and contract 
documents shall be achieved shall be submitted by constructor to 
purchaser for approval a minimum of 15 days before start of 
construction. 

4.1.1.2 Certified laboratory test data for materials and products to be used in 
work shall be submitted to purchaser for approval a minimum of 
15 days before shipping of materials and products. 

4.1.1.3 Results of quality control tests required during performance of work 
shall be submitted to purchaser within 48 hours of completion. 

4.1.1.4 Inspector will provide submittals listed in Section 4.1.2.2 to purchaser 
and constructor. 

4.1.1.5 The following submittals shall be provided to purchaser. Data shall 
include horizontal dimensions, elevations, size, and slope gradients, as 
appropriate for the utility and as required by purchaser: 

a. Accurately recorded as-built locations of project-installed 
underground utilities 

b. Tie-in points/interferences encountered during project construction 

4.1.1.6 Notify purchaser not less than five days in advance of any blasting 
operation. Blasting shall commence only after owner approval provided 
by purchaser. 

4.1.1.7 If excavation bracing (i.e., shoring and sheeting, manufactured systems) 
is required, the following submittals shall be provided to purchaser: 

a. Plans, sketches, and/or details of the materials and shoring system 
to be used, including sequence and method of installation 

b. Supporting calculations prepared by a professional engineer 

c. Identification of any bracing components that shall remain after 
filling or backfilling 

4.1.1.8 If dewatering of an excavation is required, proposed methods and 
details shall be submitted to purchaser for review before beginning 
excavation. 

4.1.1.9 If required by an authority having jurisdiction, a soil erosion control 
plan and/or a storm water runoff pollution prevention plan shall be 
provided to purchaser and the appropriate authority. 

4.1.1.10 If completed work is not in accordance with this Practice, constructor 
shall be responsible for repairing or reconstructing deficiencies to meet 
this Practice and other contract documents at constructor’s expense. 
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4.1.2 Quality Assurance and Submittals 
4.1.2.1 Inspector shall perform field and laboratory testing and/or evaluations in 

accordance with criteria of ASTM D3740 to verify compliance of work 
with requirements of this Practice and to ensure achievement of intents 
and purposes of the work. 

4.1.2.2  Inspector shall provide the following submittals to purchaser and 
constructor: 

a. A statement attesting that constructor’s work is in accordance with 
requirements of this Practice and contract documents 

b. Informal daily “pass” or “fail” reports 

c. Formal weekly reports including all test logs and comments. These 
formal reports shall include density and moisture content test logs, 
indicating location of tests by coordinates and elevation and all 
appropriate comments. 

d. Upon earthwork completion, all density and moisture content test logs 
and comments compiled and submitted for permanent project records. 

e. Sources and test results of all borrow materials used for fill. 

4.1.2.3 During construction, purchaser shall have access to all constructor’s 
facilities and records for purpose of conducting performance 
inspection/audits. 

4.1.2.4 During an audit by purchaser, all inspection and test reports, and/or 
engineering analyses and calculations associated with scope of work 
shall be provided to purchaser upon request. 

4.1.3 Surveying 
All lines and grades shall be determined by constructor for constructor’s 
operations from horizontal and vertical control points furnished by purchaser. 

4.1.4 Inspection and Testing 
4.1.4.1 Unless otherwise specified in contract documents, inspector shall be 

responsible for quality assurance inspection and testing to ensure that 
work is in accordance with requirements of this Practice and contract 
documents.  

4.1.4.2 Inspector shall perform tests as outlined in Section 4.1.5 or as otherwise 
specified in contract documents. 

4.1.4.3 Performance or lack of performance of inspections and testing by 
inspector shall not be construed as granting relief for constructor from 
meeting requirements of this Practice or other contract documents.  

4.1.5 Tests to be Performed 
4.1.5.1 Tests of gradation, plasticity, density, and moisture content shall be 

performed for each type of fill material. These tests shall include the 
following: 
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a. One standard sieve analysis in accordance with ASTM C136/136M 
or ASTM D1140 

b. One liquid and plastic limit determination in accordance with 
ASTM D4318  

c. One Modified Proctor Test in accordance with ASTM D1557 or one 
Standard Proctor Test in accordance with ASTM D698  

4.1.5.2 For granular soils that do not exhibit a well-defined moisture-density 
relationship, index density, unit weight, and relative density shall be 
determined in accordance with ASTM D4253 and ASTM D4254.  

4.1.5.3 If type or source of fill material changes, control tests shall be 
performed again with the new material. 

4.1.5.4 Unless otherwise specified in contract documents, the following in-
place dry density and moisture content testing (i.e., field density testing) 
on compacted fill shall be performed using one of the following 
methods:   

a. Sand-cone method in accordance with ASTM D1556/D1556M 

b. Nuclear methods in accordance with ASTM D6938 

c. Rubber balloon method in accordance with ASTM D2167 

d. Drive-cylinder method in accordance with ASTM D2937  

4.1.5.5 Unless otherwise specified in contract documents, field density testing 
shall be performed at the following frequencies: 

a. Structural fill under foundations and building slabs – one test every 
1000 square feet (90 square meters) of each lift 

b. Structural fill under roadways, railroads, area pavement and parking 
areas – one test every 2000 square feet (180 square meters) of each lift 

c. Road base and sub-base – one test every 2000 square feet 
(180 square meters) of each lift 

d. Backfill of trenches – one test for every 150 linear feet (45 linear 
meters) of each lift and one test within each segment between 
changes in direction. 

e. Backfill over foundations – one test for every 1000 square feet 
(90 square meters) of each lift. 

f. General fill – one test every 5000 square feet (460 square meters) of 
each lift 

4.1.5.6 As a minimum, one in-place moisture content and one density test shall 
be performed on every lift of fill. 

4.1.5.7 Until the required dry density has been achieved, further placement of 
fill or backfill shall not be permitted. 

4.1.5.8 Number of field density tests shall be increased by 50% if more than 4% 
of tests fail to meet specified dry density. When failed tests become less 
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than 2%, number of tests shall revert to original specified frequency in 
Section 4.1.5.5. 

4.1.5.9 For impermeable soil a sample shall be taken from each surface (i.e., 
base, side walls of ponds/ditches). At least one sample shall be taken at 
22,500 square feet (2,090 square meters) or less. 

4.1.6 Protection 
4.1.6.1 Temporary fences, guardrails, barricades, lights, and other protective 

measures required for safety of personnel and premises shall be 
installed and maintained in good condition. 

4.1.6.2 All reference points (e.g., property markers, benchmarks, etc.) shall be 
carefully maintained during excavation, backfilling, compaction, and 
earthwork.  

4.1.6.3 If a reference point is damaged during performance of the work, 
reference point shall be repaired or replaced in accordance with 
requirements of owner. 

4.1.6.4 Unless otherwise specified in contract documents, before earthwork 
begins, purchaser shall locate and mark all known utilities within 
project limits or note them in contract documents.  

4.1.6.5 If other utility locations become evident as earthwork progresses, work 
stoppages may be required by owner until utilities are identified and 
until owner provides specific direction. 

4.1.6.6 Utilities scheduled to remain shall be protected and preserved. 

4.1.6.7 Bracing and shoring shall be used to protect excavations adjacent to 
existing underground installations (e.g., foundations, piping manholes, 
electrical, and duct banks) and personnel performing excavation 
activities during construction.  

4.1.6.8 Unless otherwise specified in contract documents, excavation under 
foundations shall not be permitted. 

4.1.6.9 Damage to structures, utility lines, or graded areas caused by erosion shall 
be repaired to original condition at constructor’s expense. This includes 
areas that are seeded until such time that vegetation prevents erosion. 

4.1.6.10 During performance of the work, constructor shall prevent dust from 
harming individuals and damaging adjacent properties and equipment. 

4.1.7 Environmental 
4.1.7.1 Contaminated Soils and Water 

1. Known contaminated soils within construction limits shall be 
managed in accordance with soil management plan and contract 
documents.  

2. If unexpected soil contamination is encountered during the work, 
work shall be stopped and owner shall be notified immediately. 

3. Water to be discharged that is potentially contaminated shall be 
managed in accordance with contract documents.  
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4.1.7.2 Erosion/Sediment Control 

1. All procedures and work shall be in accordance with local, state, 
and federal regulations including NPDES General Permit for Point 
Source Discharge to Public Waterways or project specific permit. 

2. Construction affected areas shall be maintained using temporary 
erosion and sediment control measures, in accordance with Storm 
Water Pollution Prevention Plan (SWPPP) requirements until 
permanent measures are completed and functioning.  

3. Inspections and reporting shall be performed as specified by SWPPP. 

4. If a project specific SWPPP is not required in contract documents, 
the following minimum prevention measures shall be provided 
unless otherwise specified by owner: 

a. Silt Fence 

Silt fence shall be installed in accordance with contract 
documents and on downslope sides of the following areas: 

(1) All disturbed areas 

(2) All stockpile areas 

b. Inspections 

(1) Daily inspections shall be performed in areas of active 
construction or equipment operation. 

(2) Weekly inspections shall be performed in areas with no 
construction or equipment operation. 

(3) Area inspections shall be performed within 24 hours of each 
0.5-inch (13-mm) or greater rainfall event. 

(4) Inspection reports shall be prepared after each inspection 
and submitted to purchaser within 2 working days. 

c. Maintenance 

(1) Sediment shall be removed from behind silt fence if it 
exceeds 6 inches (150 mm) in height. Removed sediment 
shall be placed in topsoil stockpile areas. 

(2) Any silt fence damaged so it cannot perform its intended 
function shall be replaced. 

(3) Silt fence shall be removed after area has been surfaced or 
seeded and has been approved by purchaser. 

(4) Soil that is spilled or washed onto paved areas or streets 
shall be removed from the surface daily. 

(5) Soil that breaches constructor’s erosion and sediment 
control measures and spills or washes into drains, pipes, 
gutters, or ditches or onto adjacent property shall be 
removed at least daily. Measures shall be provided to 
prevent recurrence. 
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(6) Erosion/sediment controls shall be revised as conditions 
change during construction or if the minimum sediment 
control measures are not effective in controlling erosion and 
sediment. 

(7) Construction site shall be kept free of trash, and storage 
bins shall be kept covered.  

4.1.8 Safety 
4.1.8.1 General 

1. Work shall be in accordance with OSHA 29 CFR 1926 and other 
applicable federal, state, and local codes and with safety 
requirements of owner. 

2. Unless otherwise specified in the contract documents, a work permit 
shall be obtained from owner before performing earthwork. 

4.1.8.2 Excavation Safety 

1. Constructor is solely responsible for designing and constructing 
stable excavations as mandated by OSHA29 CFR 1926, Subpart P. 

2. Excavation and trench safety systems include, but are not limited to, 
sloping, sheeting, trench boxes or trench shields, sheet piling, 
cribbing, bracing, shoring, dewatering or diversion of water to 
provide adequate drainage. 

3. Constructor’s “competent” representative, as defined in OSHA 29 
CFR Part 1926.650 to 652 shall evaluate soil exposed in 
excavations and verify that excavation and trench safety systems, 
are certified for actual installation conditions as part of constructor’s 
safety procedures.  

4. Excavation slope height, slope inclination, and depth, including 
utility trench excavation depth, shall not be greater than specified in 
local, state, and federal safety regulations. 

5. If evidence of possible cave-ins or slides is apparent, constructor 
shall immediately stop work in the excavation or trench and move 
personnel to safe locations until necessary precautions have been 
taken by Constructor to safeguard personnel entering trench. 

6. Confined space entry permits shall be required for trenches and 
excavations qualifying as OSHA “permit required confined spaces.” 

4.1.8.3 Blasting 

1. If blasting is required, a written blasting safety plan shall be 
submitted for owner’s approval. 

2. Permits for blasting shall be obtained by constructor from 
authorities having jurisdiction.  

3. Copies of blasting permits shall be submitted to purchaser. 

4. Written permission shall be obtained from owner before explosives 
are brought to the site and before drilling is started. 
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5. Explosives shall be stored, handled, and used in accordance with 
local regulations and owner’s safety practices. These criteria shall 
be addressed in the blasting safety plan. 

6. Constructor shall be responsible for all blasting operations. 

4.2 Materials – Fill and Backfill 
4.2.1 Basic Requirements 

4.2.1.1 Fill and backfill materials shall be from either on-site excavation, 
designated borrow areas, or off-site sources in accordance with 
requirements of Sections 4.2.1.3, 4.2.3, and 4.2.4. 

4.2.1.2 All borrow material and all supply sources shall be submitted to 
purchaser and approved by engineer of record. 

4.2.1.3 Fill and backfill shall contain no rocks or stones larger than 3 inches 
(75 mm) and shall be free of frozen lumps, organic matter, trash, chunks of 
highly plastic clay, snow, ice, contamination, or other deleterious material. 

4.2.1.4 Liquid limit and plastic limit of materials shall be determined in 
accordance with ASTM D4318. 

4.2.2 Topsoil 
Topsoil shall conform to ASTM D5268 or contract documents.  

4.2.3 General Fill Material 
Fill and backfill to be used as general fill shall be material capable of being 
compacted to the requirements of Section 4.3.7.8 (b). 

4.2.4 Structural Fill Material 
4.2.4.1 Fill and backfill to be used as structural fill shall be gravel, sand, clay, 

or silt, or a mixture of these constituents capable of being compacted to 
requirements of Section 4.3.7.8 (a).  

4.2.4.2 Except for sands or gravels that exhibit no plasticity characteristics, 
structural fill material shall be in accordance with the following 
requirements: 

a. Liquid limit – 40 maximum 

b. Plasticity index – 6 through 20 

4.2.5 Controlled Low-Strength Material (CLSM) 
4.2.5.1 CLSM may be substituted for either structural fill material or general 

fill material, if approved by purchaser. 

4.2.5.2 Mix design shall be proportioned to produce a 28-day compressive 
strength between 50 and 100 psi (0.3 and 0.7 MPa) for general fill and 100 
and 200 psi (0.7 and 1.4 MPa) for structural fill, pre-tested using actual 
raw materials and approved by engineer of record before use on project.  
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4.2.6 Impermeable Fill 
4.2.6.1 Earthen dikes, dams, or levees shall use fill material with hydraulic 

conductivity, liquid limit and plasticity index as specified in contract 
documents. Channel or pond linings shall have a minimum of 12 inches 
(300 mm) thick layer of compacted clay unless noted otherwise in 
contract documents. 

4.2.6.2 Unless noted otherwise in design documents, hydraulic conductivity 
shall be measured in accordance with ASTM D5084. 

4.3. Construction 
4.3.1 Site Preparation 

4.3.1.1 Clearing and Grubbing 

1. Clearing and grubbing shall consist of removal and disposal of trees, 
stumps, roots, vegetation, logs, rubbish, and other unsuitable material. 

2. Except for trees and shrubs in areas designated in contract 
documents for preservation, areas designated for clearing and 
grubbing shall be cleared.  

3. During construction operations, trees, shrubs, and other landscape 
features specifically designated in the contract documents for 
preservation shall be carefully protected from abuse, marring, or damage.  

4. Trees and other vegetation outside the construction area shall not be 
damaged in any manner. 

5. Trees, stumps, and other vegetation in the areas designated for clearing 
and grubbing shall be removed to the bottom of their root zone. 

6. Depressions made by clearing and grubbing operations shall be 
filled in accordance with Section 4.3.7 and compacted to conform to 
the adjacent surface of the original ground. 

4.3.1.2 Stripping 

1. Before any soil is removed, the area shall be cleared of all debris. 

2. Stripping shall consist of excavation, removal, and satisfactory 
disposal of all topsoil and soil containing organic material. Such 
stripped materials shall not be used as structural fill material under 
any circumstances. 

3. Topsoil shall be removed to full-depth or as specified in contract 
documents. 

4. Reusable materials shall be stockpiled as necessary for constructor’s 
operations in areas approved by purchaser. 

4.3.1.3 Rough Grading 

1. General area grading shall be completed to within a tolerance of 
plus or minus 0.20 feet (60 mm) of elevations shown in contract 
documents but shall not be uniformly high or low. 
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2. Roads, parking areas, and building areas shall be excavated or filled 
to subgrade elevations shown in contract documents.  

3. Rock encountered through cut sections shall be excavated to 1 foot 
(300 mm) below subgrade elevation and shall be backfilled to 
specified elevation. 

4. If unsatisfactory field conditions caused by rain, inclement weather, 
or other circumstances prevent satisfactory performance of work, 
earthwork operations shall be suspended, and purchaser notified. 

5. After completing grading operations and before grassing operations, 
graded areas that are not to be further improved shall be overlaid with 
topsoil of a compacted thickness of 4 inches (100 mm) minimum. 

4.3.2 Excavation 
4.3.2.1 Structural Excavation 

1. Structural excavation shall include excavations for area paving, 
roadways, railways, foundations, grade beams, sumps, basements, 
retaining walls, manholes, catch basins, trenches, and all other in-
ground and below-ground facilities, and areas to be used in the 
future to support structural loads as specified in contract documents. 

2. Structural excavation shall be performed in accordance with 
contract documents to dimensions, grades, and elevations as noted 
and as required for formwork.  

3. Overexcavation shall not be permitted unless otherwise specified in 
contract documents or approved by engineer of record. 

4.  Soils encountered at bottom of excavation elevation specified in 
contract documents which do not meet compaction requirements of 
Section 4.3.6.3 or 4.3.6.4 shall be removed and replaced with 
compacted structural fill or CLSM. 

4.3.2.2 Earthen Structures 

1. Earthen structures include, but are not limited to, ponds, canals, 
ditches, retention basins, levees, and dikes. 

2. Excavation for earthen structures shall be made to the lines, grades, 
and cross sections as specified in contract documents. 

3. Side slopes of excavations shall be cut and graded to specified cross 
section.  

4. Unstable soil in the slopes shall be removed, and slopes repaired using 
material and methods in accordance with Sections 4.2 and 4.3.7.  

5. Bottoms of excavations shall be graded to elevations and 
configurations as specified in contract documents. 

6. Overexcavation shall be backfilled and compacted in accordance 
with Sections 4.2 and 4.3.7. 
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4.3.2.3 Trenching 

1. Trenches are excavations made for placement of, but not limited to, 
underground piping, electrical cables, duct banks, geotextile 
anchoring, and drainage ditches.  

2. Bottom of trenches shall be graded to the elevations as specified in 
the contract documents. 

3. When applicable install shoring in advance of or simultaneously 
with trench excavation so that soils within full height of trench 
excavation walls will remain laterally supported at all times. 

4. Unstable soil in bottom of trenches shall be removed and replaced 
using material and methods in accordance with Sections 4.2 and 4.3.7.  

5. Overexcavation of trenches shall not be permitted unless otherwise 
specified in contract documents or approved by engineer of record. 

4.3.2.4 Rock Excavation 

1. Rock excavation shall consist of excavation of boulders or pieces of 
detached rock measuring 1 cubic yard (0.76 cubic meter) in volume 
or greater, or rock in ledges, bedded deposits, and conglomerate 
deposits so firmly cemented that they present all characteristics of 
solid rock, which cannot be excavated with earth moving, heavy 
equipment. All other excavation shall be earth excavation. 

2. If blasting is not permitted, rock shall be excavated with mechanical 
rippers, mechanical breakers, or mechanical drills with non-
explosive demolition agents. 

3. If blasting is permitted and required, blasting operations shall be 
managed in accordance with the rock-blasting plan (see Section 
4.1.8.3).  

4. If unexpected hard rock is encountered during the work, work shall 
be stopped until a blasting plan is developed or until owner provides 
specific direction. 

4.3.3 Stockpiling 
4.3.3.1 Material shall be stockpiled in a location specified by owner.  

4.3.3.2 Stockpiles shall be placed, graded, and shaped for drainage. 

4.3.3.3 Storage or stockpiling of material shall not be permitted on a completed 
subgrade. 

4.3.3.4 Stockpiling of contaminated soils shall be in accordance with an owner 
approved contaminated soils management plan or as specified by owner. 

4.3.4 Drainage 
4.3.4.1 Drainage of cuts, excavations, fills, stockpiles, spoil areas, surcharge 

embankments, and borrow areas shall be maintained at all times to 
prevent ponding of surface water because of ground water or rainfall by 
providing temporary ditches, swales, culverts, and/or pumping systems 
as required in each respective site area.  
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4.3.4.2 Temporary drainage facilities shall be removed at completion of project 
or as specified by owner. 

4.3.4.3 A temporary surface seal (e.g., sealing with a smooth drum roller) shall 
be constructed as required to prevent saturation during wet weather or 
temporary shutdown of operations.  

4.3.4.4 Soil that becomes saturated shall be removed completely or 
reconditioned in accordance with Section 4.3.7. 

4.3.5 Disposal of Excess and Waste Materials 
4.3.5.1 If practicable, all suitable materials removed by excavation shall be 

used as fill. 

4.3.5.2 Excavated material, in excess of that required for normal embankment 
construction, shall be stockpiled within construction limits or shall be 
placed in a designated spoil area beyond construction limits as specified 
by owner. 

4.3.5.3 Material unsuitable for fill and debris, removed by clearing, grubbing, 
stripping, and excavation, shall be removed to a disposal area approved 
by owner.  

4.3.5.4 Burning of combustible materials shall be performed only with approval 
of owner and only if permitted by local authorities. 

4.3.6 Preparation of Areas for Structural Fill or Loading 
4.3.6.1 Areas of structural excavation to receive structural fill or loading shall 

be free of frozen subgrade, roots, trash, snow, ice, or other deleterious 
material. 

4.3.6.2 Areas shall be prepared for structural fill or loading as follows: 

a.  Drained of standing water 

b. Proof-rolled by crossing the area repeatedly and methodically with a 
10-ton (9-tonne) minimum weight pneumatic tire compactor or a 
fully loaded dump truck. See PIP CVS02350 for proof-rolling 
requirements for roadways and area paving. 

c.  If proof-rolling demonstrates ruts between 1 and 2 inches (25 and 
50 mm) deep after localized soft spots have been repaired, the top 
6 inches (150 mm) of the overall area shall be scarified and re-
compacted. For areas where ruts exceed 2inches deep, the top 
12 inches (300 mm) shall be scarified and re-compacted. 

d. For enclosed areas or tightly spaced areas, if access by proof rolling 
equipment is limited, hand operated rollers or plate compactors may 
be used if approved by owner. 

e. In accordance with any other requirements specified in contract 
documents including but not limited to overexcavation, moisture 
conditioning and re-compacting of the upper soils, and chemical 
stabilization or other methods of improving soil conditions. 
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4.3.6.3 Density of the top 6 inches (150 mm) in areas for structural fill or 
loading shall not be less than 90% of the maximum Modified Proctor 
density in accordance with ASTM D1557, or 95% of maximum Standard 
Proctor density in accordance with ASTM D698.  

4.3.6.4 Density of the top 6 inches (150 mm) in areas of structural fill or 
loading, where granular soils exist that do not exhibit well-defined 
moisture-density relationship, shall be compacted to at least 80% 
relative density in accordance with ASTM D4253 and ASTM D4254. 

4.3.7 Filling and Backfilling 
4.3.7.1 Unless otherwise specified in contract documents, the following areas 

shall be filled or backfilled using structural fill: 

a. For foundations that require fill for subgrade improvement or to 
raise elevation, directly beneath and 3 feet (1meter) beyond 
perimeter of foundations. 

b. Beneath slabs, roadways, railroads, area pavement, and parking 
areas directly beneath and 3 feet (1meter) beyond the perimeter of 
improved area.  

4.3.7.2 All other areas not designated above may be filled or backfilled using 
general fill, unless otherwise specified in contract documents.  

4.3.7.3 Before placement of structural fill or backfill, the area to receive fill 
shall be prepared in accordance with Section 4.3.6. 

4.3.7.4 Compacting shall begin only after fill or backfill has been properly 
placed and material is at the specified moisture content.  

4.3.7.5 When air temperature is below freezing, earth fill shall not be placed on 
frozen soil. Earth fill shall be free draining and be placed at 
temperatures above 35° F (2° C). 

4.3.7.6 Unless otherwise specified in contract documents, material shall be 
placed in loose lifts not exceeding the following criteria, provided that 
the specified compaction is achieved for the full depth: 

a. Structural fill shall be placed in lifts of 8 inches (200 mm) 
maximum in loose depth. 

b. General fill shall be placed in lifts of 12 inches (300 mm) maximum 
in loose depth. 

c. General and structural fill materials placed as backfill and 
compacted with hand-operated equipment shall be placed in lifts of 
4 inches (100 mm) maximum in loose depth unless otherwise 
approved by purchaser. 

4.3.7.7 Compaction shall be performed with equipment compatible with soil type. 

4.3.7.8 Unless otherwise specified in contract documents, fill and backfill 
layers shall be uniformly compacted in accordance with the following 
density and moisture content requirements: 
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a. Structural Fill Compaction Densities 

(1) Structural fill shall be compacted to at least 90% of maximum 
Modified Proctor density in accordance with ASTM D1557, or 
95% of maximum Standard Proctor density in accordance with 
ASTM D698.  

(2) Granular soil used as structural fill that does not exhibit well-
defined moisture-density relationship shall be compacted to at 
least 80% relative density in accordance with ASTM D4253 and 
ASTM D4254. 

b. General Fill Compaction Densities 

(1) General fill shall be compacted to at least 85% of maximum 
Modified Proctor density in accordance with ASTM D1557, or 
90% of the maximum Standard Proctor density in accordance 
with ASTM D698.  

(2) Granular soil used as general fill that does not exhibit well-
defined moisture-density relationship shall be compacted to 70% 
to 75% relative density in accordance with ASTM D4253 and 
ASTM D4254. 

c. Moisture content of material being compacted shall be within plus 
or minus 3% of the optimum moisture content in accordance with 
applicable ASTM D1557 or ASTM D698. Fill materials shall be 
conditioned as necessary to achieve required moisture content, 
without additional cost to purchaser. 

d. Chemical stabilization may be used provided the engineer of record 
approves modifications necessary to obtain satisfactory compaction. 

4.3.7.9 Topsoil shall be placed, leveled to grade and lightly rolled to produce a 
firm surface suitable for landscape purposes. 

4.3.7.10 Compaction by water jetting or flooding shall not be permitted. 

4.3.7.11 Fill and backfill adjacent to structures (e.g., retaining walls, pits, and 
basements) shall not be compacted with heavy equipment, but with 
hand-operated equipment to a distance of 4 feet (1.2 meters) or greater 
beyond the sides of the structures.  

4.3.7.12 To prevent unnecessary eccentric loading on a structure or foundation, 
every effort shall be made to place backfill materials symmetrically and 
in uniform layers. 

4.3.7.13 Unless otherwise permitted by purchaser, backfill around or over cast-
in-place concrete shall not be permitted until the concrete has attained 
75% of its specified strength. 

4.3.7.14 Compacted surfaces of fill and backfill shall be finish-graded to cross 
sections, lines, grades, elevations and tolerances specified in contract 
documents. 

4.3.7.15 Where specified by the contract documents, utility warning/marking 
tape shall be placed continuous during backfill over the utility.  
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4.3.8 Installation of Base Course 
4.3.8.1 Base course for roads, parking areas, and other areas to be surfaced shall 

be prepared in accordance with this section and PIP CVS02350. 

4.3.8.2 The existing ground to the toe of fill slopes shall be cleared, grubbed, 
and stripped in accordance with Sections 4.3.1.1 and 4.3.1.2. 

4.3.8.3 Excavation of areas in cut shall be in accordance with Section 4.3.2.  

4.3.8.4 Backfill of base course shall be in accordance with Sections 4.3.6 and 
4.3.7, with the following exceptions: 

a. Compaction shall be to at least 95% of the maximum Modified 
Proctor density in accordance with ASTM D1557, or 100% of 
maximum Standard Proctor density in accordance with ASTM D698.  

b. If base course materials are clean granular material, compaction 
shall be to 85% of relative density in accordance with ASTM D4253 
and ASTM D4254. 

4.3.8.5 Geosynthetic materials shall be installed in accordance with manufacturer’s 
written instructions and/or as specified in the contract documents. 

4.3.8.6 Compacted base course shall be shaped to a smooth and even surface, 
free of voids, and to the required elevation.  

4.3.8.7 Deviation greater than 1/2 inch (12 mm) in cross section or 1/2 inch 
(12 mm) in length as measured with a 16-foot (5-meter) straightedge 
shall be corrected by loosening, adding, or removing material and then 
reshaping and re-compacting by sprinkling and rolling.  

4.3.8.8 Base course shall be maintained in a smooth, true-to-grade, compacted 
condition until it is covered by other construction. 

4.3.9 Dewatering 
4.3.9.1 All dewatering methods and disposal of water shall be approved by owner. 

4.3.9.2 If required for construction, before excavation, an approved dewatering 
system shall be installed and operated when necessary to lower the 
groundwater. 

4.3.9.3 Design of dewatering system shall be the responsibility of constructor. 

4.3.9.4 Constructor shall be responsible for any effects of dewatering on 
adjacent facilities. 

4.3.9.5 Surface water shall be prevented from flowing into excavations by 
installing ditches, trenches, protective swales, pumps, or other purchaser 
approved measures. 

4.3.9.6 All non-contaminated water shall be diverted or pumped to existing 
drainage system.  

4.3.9.7 Excavations for foundations and other underground installations shall 
not be used as temporary drainage ditches. 
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CONSTRUCTION OF INTERLOCKING 

CONCRETE PAVEMENTS

PURPOSE

This technical bulletin gives construction guidelines to 

design professionals and contractors of interlocking concrete 

pavements. The bulletin reviews the steps in constructing 

an aggregate base, bedding sand and concrete pavers. This 

pavement structure is commonly used for pedestrian and 

vehicular applications. Pedestrian areas, driveways, and areas 

subject to limited vehicular use are paved with units 23/8 in. (60 

mm) thick. Streets and industrial pavements should be paved 

with units at least 31/8 in. (80 mm) thick.

It is recommended that CMHA Certified Concrete Paver  
Installers be utilized for the construction of interlocking concrete 

pavement. These individuals have attended training and have 

demonstrated their knowledge of the guidelines, materials and 

techniques specific to interlocking concrete pavement. CMHA 
maintains a list of Certified Concrete Paver Installers on www.
masonryandhardscapes.org.

Aggregate bases stabilized with asphalt or cement are 

recommended under very heavy loads, and over weak or 

saturated soil subgrades. These are sometimes used when 

adequate aggregates are not available or when a stabilized 

base is more economical than unstabilized aggregate. Refer 

to Tech Note PAV-TEC 004–Structural Design of Interlocking 

Concrete Pavement for Roads and Parking Lots when looking 

for additional information regarding the structural design of the 

base and subbase. Tech Note PAV-TEC 004 is based on the 

design methods detailed in ASCE 58-16 Structural Design of 

Interlocking Concrete Pavements for Municipal Streets and 

Roadways (ASCE 2016).

Concrete pavers made in the U.S. should meet the requirements 

established in the American Society for Testing and Materials 

ASTM C936, Standard Specification for Solid Interlocking 
Concrete Paving Units. Requirements of this standard include 

a minimum average compressive strength of 8,000 psi (55 

MPa) and average absorption no greater than 5%. Samples 

must conform to dimensional tolerances for length and width 

at ±1/16 in. (±1.6 mm), and height at ±1/8 in. (±3 mm). Freeze-

thaw durability should be tested while immersed in tap water 

using ASTM C1645 Standard Test Method for Freeze-thaw and 

De-icing Salt Durability of Solid Concrete Interlocking Paving 

Units. The average mass loss from all samples tested should 

be no greater than 225 g/m2 when subject to 28 freeze-thaw 

cycles, or no greater than 500 g/m2 when subject to 49 freeze-

thaw cycles. For applications where the pavers will be subject 

to deicers, the tap water is replaced with a 3% saline solution.

Concrete pavers made in Canada are required to meet 

requirements set forth by the Canadian Standards Association 

CSA-A231.2 Precast Concrete Pavers. This standard requires 

a minimum average cube compressive strength of 7,250 psi 

(50 MPa) or 5,800 psi (40 MPa) at delivery. Samples must meet 

dimensional tolerances for length and width of –1 to +2 mm 

and height at ±3.0 mm. Freeze-thaw durability is tested while 

samples are immersed in a 3% saline solution and subject to 

-15 degrees C as the lowest temperature. Samples must have 

Figure 1. Excavation of the soil subgrade and placing grade stakes.
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an average mass loss no greater than 225 g/m2 when subject 

to 28 freeze-thaw cycles, or no greater than 500 g/m2 when 

subject to 49 freeze-thaw cycles.

Installation steps include job planning, layout, excavating 

and compacting the soil subgrade, applying geotextiles 

(optional), spreading and compacting the sub-base and/or 

base aggregates, constructing edge restraints, placing and 

screeding the bedding sand, and placing concrete pavers. For 

larger installations mechanical placement of pavers may be 

more economical. Refer to Tech Note PAV-TEC-011 Mechanical 

Installation of Interlocking Concrete Pavements for additional 

information.

JOB PLANNING

Prior to excavating, check with the local utility companies to 

ensure that digging does not damage underground pipes 

or wires. Many localities have one telephone number to 

call at least two days before excavation for marking utility 

line locations. Overhead clearances should be checked so 

that equipment does not interfere with wires. Site access by 

vehicles and equipment should be established so that the 

job can be built without delays.

LAYOUT

In preparing for excavation, the area to be removed should 

be marked with stakes. See Figure 1. The stakes should be 

a slight distance away from the area to be removed so that 

they are not removed during excavation. The stakes should 

be marked to establish grades, or have string lines pulled 

and tied to them. Slopes should be a minimum of 1.5%. In 

the case of roads, the minimum longitudinal slope should be 

1% with a minimum cross slope of 2%. Grade stakes should 

be checked periodically during the job to be sure that they 

have not been disturbed.

EXCAVATING, DRAINAGE AND  

COMPACTING THE SOIL SUBGRADE

During and after excavation, the soil should be inspected 

for organic materials or large rocks. If organic materials, roots, 

debris, or rocks remain, they should be removed and replaced 

with clean, compacted aggregate backfill material. Free-
standing water saturating the soil should be removed. After it 

is removed, low, wet areas can be stabilized with a layer of 

crushed stone and/or cement.

Typical 4 in. (100 mm) diameter perforated drainage pipes 

surrounded with minimum 3 in. (75 mm) of No. 57 or similar 

open-graded stone is wrapped in woven or non-woven 

geotextile as specified by the designer. The surface of the stone 
is even with the top of the compacted soil subgrade. The stone 

and geotextile pipe assembly is placed along the pavement 

perimeter to remove excess water in the subgrade soil and base. 

The perforated pipe should be sloped and directed to outlets at 

the sides or ends of the pavement. The pipe outlets should be 

Figure 3. Application of the geotextile under aggregate base.Figure 2. Compacting the soil subgrade.

Table 1. Guide to the Application of Compaction Equipment to 

Various Soils (Courtesy of Vibromax 2000 Co.)

NON-COHESIVE

Sand
100% 75% 50% 75% 100%

Percent Mix 
Sand & Clay

COHESIVE

Clay

Normal Range Testing Recommended

Static Rollers

Rammers* (Jumping Jacks) &  
Sheeps Foot Rollers

Reversible Plates

Reversible Plate with Extension Plates

Vibratory Rollers

Forward Plates

*Rammers work very well in sand if confined, as around abutments, foundations, etc.
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covered with screens to prevent animal ingress. Drain pipes are 

recommended in clay soils or other slow draining soils subject 

to vehicular traffic. Soil subgrade drainage extends pavement 
performance to the extent that the small additional investment 

is returned many times in additional pavement service years.  

Compaction of the soil subgrade is critical to the performance 

of interlocking concrete pavements. See Figure 2. Adequate 

compaction will minimize settlement. Compaction should be 

at least 98% of standard Proctor density as specified in ASTM 
D698. However, modified Proctor density (ASTM D1557) is 
preferred, especially for areas under constant vehicular traffic. 
This compaction standard may not be achievable in extremely 

saturated or very fine soils. Stabilization of the soil subgrade 
may be necessary in these situations.

Compaction equipment varies with the type of subgrade soil. 

Manufacturers of compaction equipment can provide guidance 

on which machines should be applied to various types of soil. 

Table 1 gives general guidance on applying the right machines 

to various soil types.

Monitoring soil moisture content is important to reaching the 

compaction levels described above. Soil moisture and density 

measurements should be taken to control and verify the degree 

of compaction. Soil should be moist, without visible signs of 

water, stick together as a ball when squeezed by hand and 

break into a few pieces when dropped from 6 to 12 inches 

as indicated in CMHA Concreter Paver Course Manual The 

moisture content and compacted density of the subgrade soil 

should be checked for compliance to specifications before 
installing geotextiles.

APPLYING GEOTEXTILES (OPTIONAL)

Geotextile may be used in areas where soil remains saturated 

part of the year, where there is freeze and thaw, or over clay and 

moist silty subgrade soils. See Figure 3. As a separation layer, 

Table 4. Grading Reqirements for Dense Graded Aggregate 

per ASTM D2940

Geotextile Class Class I a Class II a Class III a

Elongation ASTM D4632 < 50% > 50% < 50% > 50% < 50% > 50%

Grab Strength b ASTM D4632
315 lb  

[1400 N]

202 lb 

[900 N]

247 lb  

[1100 N]

157 lb  

[700 N]

180 lb  

[800 N]

112 lb  

[500 N]

Sewn Seam Strength b,c ASTM D4632
283 lb  

[1260 N]

182 lb  

[810 N]

223 lb  

[990 N]

142 lb  

[630 N]

162 lb  

[720 N]

101 lb  

[450 N]

Tear Strength b ASTM D4533 112 lb [500 N] 79 lb [350 N] 90 lb [400 N] d 56 lb [250 N] 67 lb [300 N] 40 lb [180 N]

Puncture Strength b ASTM D6241
618 lb 

[2750 N]

433 lb  

[1925 N]

495 lb  

[2200 N]

309 lb  

[1375 N]

371 lb  

[1650 N]

223 lb  

[990 N]

Permittivity b,e ASTM D4491 0.02 sec-1

Apparent Opening Size ASTM D4751 0.024 in [0.60 mm] maximum average roll value

Ultraviolet Stability ASTM D4355 > 50% after 500 hr exposure

a  The severity of the installation conditions generally dictates the required geotextile class. Class I is the most severe and Class III is the least 

severe. 
b  All numeric values represent MARV in the weaker principal direction.
c  When sewn seams are required.
d  The required tear strength for woven monofiliment geotextiles if 250 N.
e  Default Value. Permittivity of the geotextile should be greater than the soil.

Table 2. Geotextile Requirements for Separation per AASHTO M288

Sieve Size

(Square 

Openings)

Design Range(a)

Mass % Passing

Job Mix Tolerance

Mass % Passing

Bases Subbases Bases Subbases

2 in. (50 mm) 100 100   –2 –3

11/2 in. (37.5 mm) 95-100 90-100 ±5 ±5

3/4 in. (19 mm) 70-92 — ±8 —

3/8 in. (9.5 mm) 50-70 — ±8 —

No. 4 (4.75 mm) 35-55 30-60 ±8 ±10

No. 30 (600 µm) 12-25 — ±5 —

No. 200 (75 µm) 0-8(b) 0-12(b) ±3 ±5

(a) Select the Job Mix Formula with due regard to the availability of 

materials and service requirements of project. Test results outside 

the design range are not prohibited, provided they are within the 

job mix tolerances.

(b) Determine by wet sieving. Where local environmental conditions 

(temperature and availability of free moisture) indicate that in 

order to prevent damage by frost action it is necessary to have 

lower percentages passing the No. 200 (0.075 mm) sieve than 

permitted in Table 4, appropriate lower percentages shall be 

specified. When specified, the material having a diameter smaller 
than 0.020 mm shall not exceed 3% mass.

Table 3. Geotextile Overlap Requirements

Soil CBR Overlap

> 3.0 1.0 ft [0.3 m] to 1.5 ft [0.45 m] 

1.0 to 3.0 2.0 ft [0.6 m] to 3.0 ft [1.0 m]

0.5 to 1.0 3.0 ft [1.0 m] or sewn

< 0.5 Sewn

All roll ends 3.0 ft [1.0 m]
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geotextiles prevent the migration of soil into the aggregate base 

under loads, especially when saturated, thereby reducing the 

likelihood of rutting. When geotextiles are used they preserve 

the load bearing capacity of the base over a greater length of 

time than placement without them. Woven or non-woven fabric 

may be used under the base with a maximum apparent opening 

size of 0.60 mm as testing using ASTM D4751. Table 2 lists 

minumum requirements of geotextiles for soil separation. These 

requirements are from AASHTO M288 Standard Specification 
for Geotextile Specification for Highway Applications (AASHTO 
2015). The minimum down slope overlap should be at least 12 

in. (300 mm). Overlap requirements for low strength subgrades 

are detailed in Table 3.

When the fabric is placed in the excavated area, it should be 

turned up along the sides of the opening, covering the sides 

of the base layer. There should be no wrinkles on the bottom. 

When the aggregate is dumped on the fabric, the tires from 

trucks should be kept off the fabric to prevent wrinkling.

SPREADING AND COMPACTING THE  

SUBBASE AND/OR BASE AGGREGATES 

Specifications typically used  by cities, states, or provinces for 
aggregate base materials under flexible asphalt pavements 
are adequate for interlocking concrete pavements. If no 

specifications are available use the recommended grading for 
the aggregate base shown in Table 4. Spread and compact 

the base in 4 to 6 in. (l00 to 150 mm) lifts using 7,000 lbf (31 

kN) reversible plate compactors. Thinner lifts will be required 

for compactors in the 5,000 lbf (22 kN) range. High force 

compaction equipment can compact thicker lifts. Consult with 

compaction equipment manufacturer for guidance. Frozen 

base material should not be installed, nor should material be 

placed over a frozen soil subgrade.

Recycled concrete aggregates (RCA) used with interlocking 

concrete pavement in vehicular areas should be from 

crushed sources certified by a state or provincial department 
of transportation as meeting specifications for gradation and 
hardness. These typically include limits on the percent passing 

the No. 200 (0.075 mm) sieve (generally <12%) and abrasion 

durability tests such as Los Angeles abrasion resistance or 

micro-Deval loss. No more than 50% RCA mixed with non-

recycled (quarried/crushed) dense-graded aggregates are 

recommended for vehicular applications. For pedestrian 

interlocking concrete pavements, up to 100% RCA can be 

used. However, there is an increased risk of efflorescence 
passed to the concrete paver surface. While not affecting 

structural performance, efflorescence may be unsightly and 
difficult to remove. Recycled asphalt materials should follow the 
aforementioned guidelines.

The thickness of the base is determined by traffic, soil type, 
subgrade soil drainage and moisture, and climate. Sidewalks, 

patios and pedestrian areas should have a minimum base 

thickness (after compaction) of 4 in. (100 mm) over well-drained 

soils. Residential driveways on well-drained soils should be at 

least 6 in. (150 mm) thick. In colder climates, continually wet or 

weak soils will require that bases be thicker.

Local, state or provincial engineering standards for base 

thickness can be applied to streets constructed with interlocking 

concrete pavers. Non freeze-thaw areas with well-drained soils 

should have at least a 6 in. (150 mm) thick base. Minimum 

base thicknesses for residential streets are 8 to 10 in. (200 

to 250 mm). Greater thicknesses are often used in regions 

Figure 5. Density testing of the aggregate base with a nuclear density 

gauge.

Figure 4. Base compaction with a reversible plate compactor.
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with numerous freeze-thaw cycles, expansive soils, or very 

cold climates. A qualified civil engineer familiar with local 
soils and traffic conditions should be consulted to determine 
the appropriate base thickness for streets and heavy-duty, 

industrial pavements.

Many localities determine base thickness with the 1993  

Guide for the Design of Pavement Structures published by the 

American Association of State Highway and Transportation 

Officials (AASHTO). The AASHTO procedure calculates 
the structural number (SN) of the strength coefficients of 
each base and pavement layer. The SN is determined 

by assessing the traffic loads, soils, and environmental 
factors (e.g., drainage, freeze-thaw). The layer coefficient 
recommended for 31/8 in. (80 mm) thick pavers on  

1 in. (25 mm) bedding sand is 0.44 per inch (25 mm), i.e., 

the SN = 41/8
 
x 0.44 = 1.82. Base thicknesses can be readily 

determined by using the charts in Tech Note PAV-TEC-004–

Structural Design of Interlocking Concrete Pavement for 

Roads and Parking Lots or CMHA Structural Design Software. 

This software is available for free download on www.

masonryandhardscapes.org.

Like compaction of the soil subgrade, adequate compaction 

of the base is critical to minimizing settlement of interlocking 

concrete pavements. See Figure 4. Special attention should 

be given to achieving compaction standards adjacent to edge 

restraints, catch basins and utility structures. When spread 

and compacted, the aggregate base should be at its optimum 

moisture. Bases for pedestrian areas and residential driveways 

should be compacted a minimum 98% of standard Proctor 

density. For vehicular areas, compaction should be at least 98% 

of modified Proctor density as determined by ASTM D1557, 
or AASHTO T180. While the highest percentage compaction 

(100%) is preferred, it may not be achievable on weak or 

saturated soils. Density measurements of the compacted base 

should be made with a nuclear density gauge or other methods 

approved by the local, state or provincial transportation 

department. See Figure 5. Unless otherwise specified, the 
compacted thickness of individual lifts should be +3/4 in. to –1/2 

Figure 6a & 6b. Screeding the bedding sand.

Figure 7. Placing the concrete pavers. Figure 8. Saw cutting pavers.
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in. (+19 mm to –13 mm). Maintaining consistent lift thickness 

during compaction will help achieve consistent density. Variation 

in final base surface elevations should not exceed ±3/8 in. (± 10 
mm) when tested with a 10 ft. (3 m) straightedge.

The finished surface of a compacted aggregate base should 
not allow bedding sand to migrate into it. If the surface will allow 

ingress of bedding sand, a choke course of fine material can 
be spread and compacted into the surface, or a bitumen tack 

coat can be applied. The surface of the base course and its 

perimeter around the edge restraints should be inspected for 

areas that might allow sand to migrate after 

installation. Such locations can be joints 

in curbs, around utility structures or catch 

basins. These areas should be covered 

with a geotextile fabric to prevent loss of 

the bedding sand.

CONSTRUCTING EDGE 

RESTRAINTS

Edge restraints are a key part of interlocking 

concrete pavements. By providing 

lateral resistance to loads, they maintain 

continuity and interlock among the paving 

units. Aluminum, steel, plastic, or concrete 

are typical edge restraints. Consult CMHA 

Tech Note PAV-TEC-003 on edge restraints 

for recommendations on applications and 

construction.

Edge restraints must be set at the correct level, especially if 

the tops of the restraints are used for screeding the bedding 

sand. Their elevations should be checked prior to placing 

the sand and pavers. A minimum of 1 in. (25 mm) vertical 

restraining surface should be in contact with the side of the 

paver to adequately restrain it. For heavy duty application a 

greater restraining surface may be warranted. Edge restraints 

are typically installed before the bedding sand and pavers are 

laid. However, some restraints can be secured into the base as 

the laying progresses.

Figure 9. Compacting the pavers and bedding sand. Figure 10. Spreading the joint sand.

Table 5. Grading Requirements for Bedding Sand

Gradation for Bedding Sand

ASTM C33 CSA A23.1 FA1

Sieve Size Percent Passing Sieve Size Percent Passing 

3/8 in.(9.5 mm) 100 10.0 mm 100

No. 4 (4.75 mm) 95 to 100 5.0 mm 95 to 100 

No. 8 (2.36 mm) 80 to 100 2.5 mm 80 to 100

No. 16 (1.18 mm) 50 to 85 1.25 mm 50 to 90 

No. 30 (0.6 mm) 25 to 60 630 µm 25 to 65 

No. 50 (0.3 mm) 5 to 30 315 µm 10 to 35 

No. 100 (0.15 mm)  0 to 10 160 µm 2 to 10 

No. 200 (0.075 mm) 0 to 1 80 µm 0 to 1

Note: Bedding sands should conform to ASTM C33 or CSA A23.1 FA1 gradations 

for concrete sand. For ASTM C33, CMHA recommends the additional limitations on 

the No. 200 (0.075 mm) sieve as shown. For CSA A23.1 FA1, CMHA recommends 

reducing the maximum passing the 80 μm sieve from 3% to 1%.
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PLACING AND SCREEDING THE BEDDING 

SAND

Bedding sand under concrete pavers should conform to ASTM 

C33 or CSA A23.1. This material is often called concrete sand. 

Masonry sand for mortar should never be used for bedding, nor 

should limestone screenings or stone dust. The bedding sand 

should have symmetrical particles, generally sharp, washed, 

with no foreign material. Waste screenings and stone dust 

should not be used, as they often do not compact uniformly 

and can inhibit lateral drainage of moisture in the bedding layer. 

CMHA Tech Note PAV-TEC-017—Bedding Sand Selection for 

Interlocking Concrete Pavements in Vehicular Applications 

provides additional guidance on selecting bedding sand and 

gradations including limits on material passing the No. 200 

(0.075 mm) seive. See Table 5.

Bedding sand should be spread and screeded to an 

uncompacted nominal 1 in. (25 mm) thickness. Frozen or 

saturated sand should not be installed. If there is an uneven 

base (due to inconsistent compaction or improper grading), the 

bedding sand should not be used to compensate for it. Over 

time, unevenness in the bedding sand will reflect through to the 
surface. Uneven areas on the base surface must be made even 

prior to placing the bedding sand.

Once the base is complete, screed pipes or rails are placed 

on it and the bedding sand spread over them. The sand is 

screeded or smoothed across the pipes with a straight and 

true strike board. See Figure 6. Screed pipes are removed and 

the resulting void filled with bedding sand. After the sand is 
screeded it should not be disturbed. Sufficient sand is placed 
and screeded to stay ahead of the placed pavers. Powered 

screeding machines that roll on rails and asphalt spreading 

machines adapted for screeding sand have been successfully 

used on larger installations to increase productivity.

PLACING THE CONCRETE PAVERS

Concrete pavers can be placed in many patterns depending 

on the shapes. Herringbone patterns (45 or 90 degree) are 

recommended in all street applications, as these interlocking 

patterns provide the maximum load bearing support, and resist 

creep from starting, braking and turning tires. See Figure 7. 

CMHA takes a conservative approach by not recognizing 

differences among paver shapes with respect to structural 

and functional performance. Certain manufacturers may 

have materials and data that discuss the potential benefits of 
shapes on functional and structural performance in vehicular 

applications. Chalk lines snapped on the bedding sand or string 

lines pulled across the surface of the pavers are used as a 

guide to maintain straight joint lines. Buildings, concrete collars, 

inlets, etc., are generally not straight and should not be used for 

establishing straight joint lines. 

Paving units arrive at the job site packaged in bundles that are 

often strapped and/or wrapped to a wooden shipping pallet. 

Paving units should be taken from 3 or 4 bundles and not from 

a single one. Mixing the pavers ensures a visually consistent 

blend of the colors. If there’s only one color of pavers on the 

job, installing pavers from several bundles at the same time will 

diminish the appearance of slight variations in that color.

Joint widths between the pavers should be 

consistent and be between 1/16 and 3/16 in. 

(2 and 5 mm). Most pavers are made with 

spacer bars on their sides. These maintain 

a minimum joint width, allowing the sand 

to enter between each unit. Pavers without 

spacers are generally not placed snug 

against each other since string lines guide 

consistent joint spacing.

Cut pavers should be used to fill gaps along 
the edge of the pavement. Pavers are cut 

with a double bladed splitter or a masonry 

saw. See Figure 8. A saw gives a smooth 

cut. All saws should have equipment to 

reduce the dust created, since it is know to 

contain high level of respirable crystaline 

Figure 11. Vibrating sand into the joints.

Figure 12. Removing excess sand from the finished surface will make the pavement ready for 
traffic.
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silica. Gaps greater than 3/8 in. (10 mm) should be filled with cut 
pavers. For street applications do not cut pavers to less than 1/3 

their original size. Instead fill voids with two cut pavers.

After an area of pavers is placed, it should be compacted with a 

vibrating plate compactor, which should be capable of exerting 

a minimum of 5,000 lbf. (22 kN) of centrifugal compaction force 

and operate at 75-90 hertz. See Figure 9. At least two passes 

should be made across the pavers to seat the pavers in the 

bedding sand and force it into the joints at the bottom of the 

pavers.

Dry joint sand is spread into the joints and the pavers compacted 

again until the joints are full. See Figures 10 and 11. This may 

require two or three passes of the plate compactor. If the sand 

is wet, it should be spread on a clean, hard surface to dry before 

being spread on the pavers and compacted into the joints. 

Joint sand may be finer than the bedding sand to facilitate 
filling of the joints like a sand meeting ASTM C144 or CSA 
A179 requirements. See Table 6. Bedding sand also can be 

used to fill the joints, but it may require extra effort in spreading 
and compacting. Compaction should be within 6 ft (2 m) of an 

unrestrained edge or laying face. All pavers within 6 ft (2 m) of 

the laying face should have the joints filled and be compacted 
at the end of each day. Excess sand is then removed. See 

Figure 12. The remaining uncompacted edge can be covered 

with a waterproof covering if there is a threat of 

rain. This will prevent saturation of the bedding 

sand, minimizing removal and replacement of 

the bedding sand and pavers. 

Final surface elevations should not vary more 

than +3/8 in. (+10 mm) under a 10 ft (3 m) 

straightedge, unless otherwise specified. Bond 
or joint lines should not vary ±1/2 in. (13 mm) over 

50 ft (15 m) from taut string lines. The top of the 

pavers should be 1/8 to 3/8 in. (3 to 10 mm) above 

adjacent catch basins, utility covers, or drain 

channels, with the exception of areas required 

to meet ADA design guideline tolerances. 

Lippage between individual pavers should be a 

maximum 1/8 in. (3 mm) for pedestrian access 

routes. The top of the installed pavers may be 1/8 to 1/4 in. (3 

to 6 mm) above the final elevations to compensate for possible 
minor settling. A small amount of settling is typical of all flexible 
pavements. Optional sealers or joint sand stabilizers may be 

applied. Using stabilized sand may have advantages in areas 

prone to joint sand loss. See CMHA Tech Note PAV-TEC-005–

Cleaning, Sealing and Joint Sand Stabilization of Interlocking 

Concrete Pavement for further guidance.

CMHA Tech Note PAV-TEC-009–A Guide Specification for the 
Construction of Interlocking Concrete Pavement helps translate 

construction methods and procedures described here into a 

construction document. Tech Note PAV-TEC-009 provides 

a template for developing project-specific materials and 
installation specifications for the bedding and joint sand, plus 
the concrete pavers. Consult the Construction Tolerances and 

Recommendations for Interlocking Concrete Pavements for the 

list of recommended tolerances. Additional guide specifications 
and detail drawings for varioius applications are available 

at www.masonryandhardscapes.org as well as CMHA Tech 

Notes. Other CMHA Tech Notes and technical manuals should 

be referenced for information on design, detailing, construction 

and maintenance.

MAINTENANCE OF INTERLOCKING 

CONCRETE PAVEMENT

Occasionally interlocking concrete pavements will require 

maintenance for them to deliver peak performance. Refer 

to Tech Note PAV-TEC-006–Operation and Maintenance 

Guide for Interlocking Concrete Pavement for information on 

preventative maintenance, identifying and remedying aesthetic 

and structural distresses and best practices for the disassembly 

and reinstatement of interlocking concrete pavement.

Figure 13. The completed paved area from Figure 12 receives tank 

traffic at the U.S. Army Proving Grounds in Aberdeen, Maryland.

Table 6. Grading Requirements for Joint Sand

Gradation for Joint Sand

ASTM C144 CSA A179

Sieve Size Percent Passing Sieve Size Percent Passing 

No. 4 (4.75 mm) 100 5.0 mm 100

No. 8 (2.36 mm) 95 to 100 2.5 mm 90 to 100 

No. 16 (1.18 mm) 70 to 100 1.25 mm 85 to 100

No. 30 (0.6 mm) 40 to 75 630 µm 65 to 95 

No. 50 (0.3 mm) 10 to 35 315 µm 15 to 80 

No. 100 (0.15 mm) 2 to 15 160 µm 0 to 35 

No. 200 (0.075 mm) 0 to 5 80 µm 0 to 10 
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Table 1. Gradation for Bedding Sand 

*Although the ASTM equivalent for the No. 200 sieve size is 75 micron (.075 mm), CSA standards use the German (DIN) and French 

(ANFOR) standard equivalent sieve size of 80 micron (0.080 mm)

Note 1:  Bedding sands should conform to ASTM C33 or CSA A23.1 FA1 gradations for concrete sand. For ASTM C33, CMHA recom-

mends the additional limitations on the No. 200 (0.075 mm) sieve as shown. For CSA A23.1 FA1, CMHA recommends reducing 

the maximum passing the 80 μm sieve from 3% to 1%.

ASTM C33 CSA A23.1 FA1

Sieve Size Percent Passing Sieve Size Percent Passing 

3/8 in.(9.5 mm) 100 10.0 mm 100

No. 4 (4.75 mm) 95 to 100 5.0 mm 95 to 100 

No. 8 (2.36 mm) 80 to 100 2.5 mm 80 to 100

No. 16 (1.18 mm) 50 to 85 1.25 mm 50 to 90 

No. 30 (0.6 mm) 25 to 60 630 µm 25 to 65 

No. 50 (0.3 mm) 5 to 30 315 µm 10 to 35 

No. 100 (0.15 mm)  0 to 10 160 µm 2 to 10 

No. 200 (0.075 mm) 0 to 11 80 µm 0 to 11

BEDDING SAND SELECTION FOR 

INTERLOCKING CONCRETE PAVEMENTS IN 

VEHICULAR APPLICATIONS

Bedding sands are a critical component of all sand-set segmental 

concrete paving systems. Especially for vehicular applications, 

specifiers and contractors need to consider bedding sand 
selection. While gradation is an important consideration, other 

characteristics should be assessed in order to ensure long-
term pavement performance. This technical bulletin examines 
these characteristics and provides guidance to specifiers and 
contractors.  

BACKGROUND

Bedding sand provides four main functions. It beds the 
pavers during installation; helps initialize interlock among 

the pavers; provides a structural component for the system 

(as described in CMHA Tech Note PAV-TEC-004–Structural 

Design of Interlocking Concrete Pavement for Roads and 

Parking Lots) and facilitates drainage of water that infiltrates 
through the joints. Typical specifications require bedding sands 
to conform to ASTM C33 Standard Specification for Concrete 
Aggregates and CSA A23.1 Concrete materials and methods 

of concrete construction FA1 gradation for concrete sands 

with an additional limit of 1% passing the No. 200 (0.075 mm*) 

sieve (See Table 1). To achieve this low percentage of fines, 
washing the sand is typically required. A common name for the 
recommended bedding material is washed concrete sand. In 
vehicular applications, experience and research have shown 
that other factors besides gradation contribute to the successful 
function of the bedding layer in vehicular applications. Knapton 
(1994) notes that since 1980 the amount of material passing 
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the No. 200 (0.075 mm) sieve has been reduced in the British 
Standard BS 7533-1 Pavements constructed with clay, concrete 

or natural stone paving units. Code of practice for the structural 

design of pavements using modular paving units. He notes that 

fines have reduced from 10% in 1980, to 3% in 1991, to 1% for 
heavily trafficked pavements, further reducing to 0.1% for bus 
stations. North American standards currently limit the amount of 

allowable material passing these sieves to 1%. 

Other studies (Lilley and Dowson 1988) (Beaty 1996) have 

investigated failures of segmental concrete pavements 

subjected to channelized vehicular traffic. They have also 
concluded that more comprehensive specifications are 
required. Lilley and Dowson (1988) suggested that bedding 
sands in segmental concrete pavements designed to 

carry more than 1.5 million equivalent standard axle loads, 

ESALs (18 kip/80 kN), should be subjected to grading and 
degradation tests. For the purposes of this Tech Note, vehicular 

traffic is defined as roads exposed to a minimum of 1.5  
million lifetime ESALs and axle loads up to 24,250 lbs (11,000 

kg). 

FAILURE MECHANISMS

Failure of the bedding sand layer occurs in channelized 
vehicular loads from two main actions; structural failure through 

degradation and saturation due to inadequate drainage. Since 
bedding sands are located high in the pavement structure, they 
are subjected to repeated applications of high stress from the 
passage of vehicles over the pavement (Beaty 1996). This 

repeated action, particularly from higher bus and truck axle 
loads, will degrade the bedding sand and cause failure. For 
these applications sand should be selected based on their 
ability to withstand long-term degradation. 

Bedding sand permeability also is a significant factor in the 
selection process. Wherever difficulties have been experienced 
with laying course materials in heavily trafficked pavements, 
water has been a major factor (Knapton 1994). As they approach 
higher moisture levels in service, bedding sands may become 
unstable. Smaller particle sizes (fines) become suspended in 
water, forming slurry that lubricates the entire bedding layer. 
Choosing bedding sand with a gradation as shown in Table 1 will 
help to reduce the risk of poor drainage and instability. However, 
these sands will be susceptible to drainage problems if they do 
not have the hardness to withstand long term degradation from 

vehicular wheel loads.    

SELECTION AND PERFORMANCE DESIGN 

PRINCIPLES—GOING BEYOND GRADATION

Selecting Durable Bedding Sands—Durability of aggregates 
has long been understood to be a major factor in pavement 
performance. ASTM C88 Soundness of Aggregate by use of 

Sodium Sulfate or Magnesium Sulfate  is an example of a 
typical test method used by road agencies to assess aggregate 
durability. The test involves soaking an aggregate in a solution 
of magnesium or sulfate salts and oven drying. This is repeated 

for a number of cycles, with each cycle causing salt crystals 
to grow and degrade the aggregate. The test method takes 

a minimum of 6 days to complete. The percent loss is then 

calculated on individual size fractions. This test method, 

however, is considered highly variable. Jayawickrama, Hossain 
and Phillips (2006) note that when ASTM initially adopted this 

test method they recognized the lack of precision, saying, “it 

may not be suitable for outright rejection of aggregates without 
confirmation from other tests more closely related to the specific 
service intended.” CMHA recommends using ASTM C88 as 

a measure of aggregate durability as long as other material 
properties described in this bulletin are also considered. 

The Micro-Deval test is evolving as the test method of choice 

for evaluating durability of aggregates in North America. 
Defined by CSA A23.2-23A, The Resistance of Fine Aggregate 

to Degradation by Abrasion in the Micro-Deval Apparatus and 

ASTM D7428 Standard Test Method for Resistance of Fine 

Aggregate to Degradation by Abrasion in the Micro-Deval 
Figure 1. The Micro-Deval test apparatus.  

Source: Gilson Company
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Apparatus, the test method involves subjecting aggregates to 
abrasive action from steel balls in a laboratory rolling jar mill. 
In the CSA test method a 1.1 lb (500 g) representative sample 
is obtained after washing to remove the No. 200 (0.080 mm) 
material. The sample is saturated for 24 hours and placed 

in the Micro-Deval stainless steel jar with 2.75 lb (1250 g) of 
steel balls and 750 mL of tap water (See Figure 1). The jar is 
rotated at 100 rotations per minute for 15 minutes. The sand 

is separated from the steel balls over a sieve and the sample 
of sand is then washed over an 80 micron (No. 200) sieve. 

The material retained on the 80 micron sieve is oven dried. 

The Micro-Deval loss is then calculated as the total loss of 

original sample mass expressed as a percentage. ASTM and 
the American Association of State Highway Transportation 

Officials have both adopted the coarse aggregate version of 
the Micro-Deval test, ASTM D6928 and AASHTO TP 58. Both 

are also considering a version for fine aggregates. Since the 
test apparatus uses the same size drum and rotates at the 

same speed, no modifications to the apparatus are required 
to perform the fine aggregate test in laboratories currently 
equipped to perform the coarse aggregate test procedure.  

A study conducted by the Interlocking Concrete Pavement 
Institute (ICPI 2004) investigated nine sands from across 

the United States reported by contractors to have “good to 
excellent” serviceability in vehicular applications. The results of 
this study indicated that eight of these sands had Micro-Deval 

degradation losses less than 8% when measured according 

to CSA A23.2-23A. The same study subjected these sands to 
the ASTM C88 soundness loss and found that no sample had 

greater than 6% loss. The Micro-Deval test is recommended as 

the primary means to characterize bedding sand durability (See 
Table 3) and the magnesium or sulfate soundness should be 
considered when the Micro-Deval test is not locally available. 
The variability of the soundness test method should always be 
a consideration unless measured in relation to other material 

properties. 

A test method similar in nature to Micro-Deval is the Lilley and 

Dowson test (Lilley Dowson 1998). This test method specifically 
developed for bedding sands is recognized internationally and 
is referenced in CMHA manuals Port and Industrial Pavement 

Design with Concrete Pavers and Airfield Pavement Design 
with Concrete Pavers. This test method is performed on 3 

lbs (1.4 kg) randomly selected, oven-dried sand samples with 
two 1 in. (25 mm) diameter steel balls together weighing 0.3 
lb (135 g). Three sub-samples each weighing 0.5 lbs (0.2 kg) 
are derived from the main sample. Each sub-sample is sieved 
according to ASTM C136 then re-mixed and placed in a nominal 
liter capacity porcelain jar with the two steel balls. The three 
jars are rotated at 50 rpm for six hours and sieved again. Sand 
durability is assessed from resulting increases in the percent 
passing the No. 50, 100 and 200 (0.300, 0.150, and 0.075 mm) 

sieves. Developed in the UK, the test is not readily available at 
laboratories in North America. The CSA and ASTM Micro-Deval 
tests may be more available. 

Beaty (1996) demonstrated a correlation between the two tests 
with a correlation coefficient greater than 0.99. The relationship 

between the two tests is:

L = 1.97 + 1.21 M

Where:    

M = CSA Micro-Deval Degradation Loss (%)  

L = Lilley and Dowson Degradation Loss (%)

Beaty’s correlation involved a modification to the test procedure 
by reconstituting the test aggregates into a standard gradation 
shown in Table 2 and performing the Micro-Deval and Lilley 
Dowson tests on the re-graded aggregate. In this modified 
version of the Lilley Dowson test procedure the loss (L) is 

measured as the total increase in percentage of fines passing 
the No. 200 (0.075 mm) sieve at the completion of the test. 

Using the correlation described above, an 8% Micro Deval 
degradation (See Table 3) would have a corresponding Lilley 
and Dowson degradation of 12%. 

Bedding Layer Drainage—Bedding layer drainage is important 

for early and long term performance of a pavement. One 

failure documented by Knapton (1993) describes a segmental 
pavement that was opened to bus traffic and within hours of 
construction subjected to continuous heavy rain. The bedding 
sand in this case had a high percentage of fines. As a result of 
the continuous rainfall, finer sieve fractions in the sand were 
transported into the drain holes of the underlying concrete slab. 
With the drainage compromised the bedding sand liquefied and 
was pumped through the joints of the pavement, resulting in 

immediate rutting and failure of the system. The pavement was 

subsequently reconstructed with bedding sand that had 0% 
material passing the No. 200 (0.075 mm) sieve and reported 

excellent performance. Although gradation is an important 
factor in drainage (since it affects permeability) eliminating all 
of the fines can sometimes be impractical. Therefore, CMHA 
recommends up to 1% passing the No. 200 (0.075 mm) sieve. 

Another important material property is permeability. Even 
specifications that allow up to 3% of fines can result in a 
five fold decrease in permeability from the lowest to highest 
percentage passing (Bullen 1998). In research conducted by 
the Interlocking Concrete Pavement Institute (ICPI 2004) the 

permeability of “very good to excellent” bedding sands was 

Sieve Size Percent 

Passing

4.75 mm 100

2.36 mm 90

1.18 mm 70

0.600 mm 47

0.300 mm 20

0.150 mm 7

0.075 mm  0

Table 2. Modified Gradation or Reconstituted 
Aggregates According to Beaty (1996)



PAV-TEC-017-22

4 CONCRETE MASONRY &  HARDSCAPES ASSOCIATION

masonryandhardscapes.org

measured. Using the test method described by ASTM D2434 
Standard Test Method for Permeability of Granular Soils 

(Constant Head) the permeabilities ranged from 2.8 in./hr (2.1 
x 10-3 cm/second) to 15.6 in./hr (1.1 x 10-2 cm/second). These 

values correspond to fines that range from 2.5% to 0% passing 
the No. 200 (0.075 mm) sieve but, more importantly they also 
are associated with Micro-Deval maximum degradation values 
of 8%. Table 3 indicates a minimum permeability of 2.8 in./hr 
(2.1 x 10-3 cm/second) that should also be considered at the 
same time as the other primary properties listed. 

Other Material Properties —Studies have indicated that 

bedding sand shape plays a role in bedding sand performance. 
(Knapton 1993) notes that rounded or cubic grains lead to stable 
sands, whereas more angular grains are frequently associated 
with sands that fail. The sands tested by ICPI (ICPI 2004) 
showed that eight of the nine “good to excellent” performing 
sands were characterized by having a predominance of sub-
angular to sub-rounded particle shapes when tested according 
to ASTM D2488 Description and Identification of Soils (Visual-
Manual Procedure). Specifiers and contractors should consider 
bedding sand angularity using Figure 2 as a guide. Figure 
3 shows a photograph of one of the ICPI test sands at high 

magnification. Table 3 suggests that a combined percentage 
of sub-angular to sub-rounded particles should be a minimum 
of 60%.

Geology—Geology of bedding sands has been noted by a 
number of studies to play an important role in their performance. 
For example, bedding sand with quartz mineralogy is preferred 
over crushed sandstones (Knapton 1993). In the study by the 
Interlocking Concrete Pavement Institute (ICPI 2004), eight of 

the nine “good to excellent” performing sands were noted to 

consist predominately of silica minerals with over 

80% of the material either quartz or quartzite. Table 
3 recommends a minimum 80/20 ratio of silica/

carbonate mineralogy. A tenth sample, included 
in the study (and noted as poor performing in 

the field) was characterized as having up to 
50% carbonate content. Petrographic analysis 
was conducted according to the Ministry of 

Transportation of Ontario laboratory method MTO 
LS-616 Procedure for the Petrographic Analysis 

of Fine Aggregate (MTO 1996). ASTM C295 

Standard Guide for Petrographic Examination of 

Aggregates for Concrete offers an alternative test 

method.

Limestone screenings and stone dust are not 

recommended for bedding sand. In addition to 
being unevenly graded and having excessive 
material passing the No. 200 (0.075 mm) sieve, 

screenings and stone dust will break down over 
time from wetting and abrasion due to vehicular 
loads. Unlike soft limestone screenings and stone 

dust, hard, durable concrete sand meeting the 
requirements in Table 3 will not break down easily. 
Limestone screenings also tend to break down 
during pavement construction under initial paver 

compaction. Depressions will eventually appear in 

the pavement surface with limestone screenings or stone dust.

Recommended Material Properties—Table 3 lists the primary 

and secondary material properties that should be considered 
when selecting bedding sands for vehicular applications. 
Bedding sands may exceed the gradation requirement for 
the maximum amount passing the No. 200 (0.075 mm) sieve 
as long as the sand meets degradation and permeability 
recommendations in Table 3. Micro-Deval degradation testing 
can be replaced with sodium sulfate or magnesium soundness 
testing as long as this test is accompanied by the other 
primary material property tests listed in Table 3. Other material 

Figure 3. Example of sand from the ICPI bedding sand test program 

with a total combined percentage of sub-angular and sub-rounded 

particles equal to 65% according to ASTM D2488

Figure 2. Typical description of coarse grains according to ASTM D2488 
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properties listed, such as petrography and angularity testing 

``content range of 6% to 8% has been shown to be optimal for 
most sands (Beaty 1992). Contractors 

can assess moisture content by 
squeezing a handful of sand in their 
hand. Sand at optimal moisture content 

will hold together when the hand is re-

opened without shedding excess water. 
Although it can be difficult to control the 
exact moisture content on the job site, 
uniformity of moisture content can be 
maintained by covering stock piles with 
tarps. Digging into sand piles at mid-

height to avoid saturated material that 

may be at the bottom of the pile is also 
recommended. 

While on the job site, a contractor 
should check the hardness of the 

bedding sand particles. Particles of 
sufficient hardness will not break 
under the pressure of a Swiss Army 

pocket knife. This field test, although 
not recommended for pre-selection 

of bedding sands, helps assess a 
material at the time of delivery. Table 
4 lists the recommended bedding sand 
properties that need to be considered 
by a contractor during installation. 

Interlocking concrete pavements should 

also be designed and constructed such 
that the bedding sand should not be 
able to migrate into the base, or laterally 
through the edge restraints. Dense-

graded base aggregates with 5% to 
12% fines (the amount passing the No. 
200 or 0.075 mm sieve), will ensure 

that the bedding sand does not migrate 

down into the base surface. For pavements built over asphalt 
or concrete bases, it is necessary to provide adequate drainage 

Note 1:  See “Recommended Material Properties” on page 5 of CMHA Tech Note PAV-TEC-017 

Note 2:   Bedding sand may also be selected based on field performance. Field performance 

is selected when the specifier or contractor assumes responsibility for the selection 

and performance of bedding sand not conforming to the properties in Table 3. Field 

performance as a selection criteria is suggested when the available local materials 

do not meet the primary material properties suggested in Table 3, but the specifier or 

contractor can demonstrate to the satisfaction of the owner (or owner’s representative), 

successful historical field performance. In this case the owner should specify the class 

of vehicular traffic, and the contractor should verify past field performance of the bed-

ding sand under similar vehicular traffic. 

Figure 4. A two-man hand pulled screed Figure 5. Mechanical screeding is the most efficient method of 
bedding sand installation

Table 3. Recommended Laboratory Material Properties for Bedding and Joint Sands in Vehicular 

Applications 1,2

Material Properties Test Method
Recommended Maximum 

or Minimum

Primary Properties

Gradation
ASTM C33

CSA A23.1 (FA1)

Maximum
1 % passing No. 200 (0.075 or 

0.080 mm) sieve

Micro-Deval Degradation
CSA A23.2-23A

ASTM D7428

Maximum 
8%

Constant Head Permeability ASTM D2434

Minimum 

2 x 10-3 cm/second

(2.83 in/hr)

Secondary Properties

Soundness – Sodium Sulfate 

or Magnesium Sulfate 
ASTM C88

Maximum 
7%

Silica (Quartz and Quartzite)/

Carbonate Ratio
MTO LS-616

ASTM C295

Minimum

80/20 ratio

Angularity and Particle  

Shape
ASTM D2488

Minimum 60% combined  
sub- angular and  

sub- rounded 
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by providing 2 in. (50 mm) diameter weep holes around the 
perimeter on 10 ft (3 m) centers and at the low points in the 

concrete base to drain excess water from the bedding layer. 
Holes should be filled with washed angular gravel and covered 
with geotextile to prevent the loss of bedding sand. Figure 6 on 
the next page shows a detail. Specifiers can visit the CMHA 
website to download similar details for use in specifications 
from www.masonryandhardscpes.org. To control lateral loss 

of bedding sand, Figure 7 shows geotextile installed at the 
interface of a concrete curb. To ensure that the sand cannot 

migrate through the joints in the 

curb woven geotextile is placed 
on top of the aggregated base, 
extending approximately 1 ft. 
(300 mm) into the pavement 

and wrapped up the sides of 

the curb to fully contain the 
bedding sand. 

ROLE OF JOINTING 

SAND

Jointing sand provides 
two primary functions in a 

segmental concrete pavement; 

it creates interlock and helps 

seal the pavement. CMHA 

recommends that the same 

material properties listed in 

Table 3 also apply to jointing 
sand. Panda and Ghosh (2002) 

describe laboratory research 
on pavements using fine and 
coarse joint sands. Simulated 

loading consisted of 11-kip (51 

kN) over 80 mm pavers with 

varying joint widths and joint 

sand gradations. Deflection 
of the pavement was then 

measured with coarser sand 

exhibiting lower deflections. The study concluded that “the 
coarser the sand, the better the performance.” The coarser 
sands used in the study correspond to the gradations for Joint 
Sand listed in Table 1 and the study recommended joint widths 
up to 3/16 in. (5mm). CMHA recommends joint widths of 1/16  to 
3/16 (2 mm to 5 mm). 

Contractors can benefit from using one sand source. There are 
advantages to using the bedding material for the jointing sand 
during construction. Using one material allows the contractor to 

monitor and control one sand product on the job site. Over time 
the joints become filled with detritus, providing some degree 
of sealing. Regardless of the sand used, segmental concrete 
pavements will always allow some water penetration through 

the joints. 

Coarse bedding sand may require additional effort to place it in 
the joints. In some cases, smaller joint widths may require the 
use of finer graded sand. In this case, the use of mortar sand is 
recommended. Mortar sand should conform to the gradations 

of either ASTM C144 or CSA A179 but should also meet the 
material property requirements of Table 3.   

Although joint sand selection is an important factor, design 

and construction play a more important role. Considerations 

such as joint width, ensuring that the sand is swept in dry, 

degree of compaction, and ensuring the joints are completely 

filled, are just as critical to the long term success of pavement 
performance. Information on joint sand installation can be 
found in CMHA Tech Note PAV-TEC-002—Construction of 

Interlocking Concrete Pavements). 

Primary  

Properties
Test

Recommended 

Maximum or 

Minimum

Construction 

Tolerance

Frequency of  

Field Test

Gradation

ASTM C33 

and CSA 

A23.1 (FA1)

See Table 1  Not  

Applicable

Provided by  
aggregate  

supplier every  

25,000 sf (2,500 m2)

Bedding Layer 

Thickness

Check with  

ruler

Nominal  

1 in. (25 mm)

± 3/8 in.  

(10 mm)

By contractor every

5,000 to 10,000 sf

(500 to 1000 m2)

Hardness

Test with 

Swiss army 

pocket knife 

blade

No broken  
particles

Not  

Applicable

By contractor  

every 25,000 sf  

(2,500 m2)

Secondary 

Properties
Test

Recommended 
Maximum or 

Minimum

Construction 

Tolerance

Frequency of  
Field Test

Moisture content  

at time of  

installation

Hand  

test

Holds together with-

out shedding water

Not  

applicable
While  

screeding

Figure 7. Woven geotextile used to contain bedding sand from 

migrating laterally.  

Visit www.masonryandhardscpes.org for detail drawings.

Table 4. Recommended Installation Properties for Bedding Sands in Vehicular Applications
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1 IN. (25 MM) BEDDING SAND

FILL WITH CLEAN ANGULAR GRAVEL

LOCATE AT LOWEST ELEVATIONS

2 IN. (50 MM) DIA. DRAIN HOLES

COMPACTED SOIL SUBGRADE

GEOTEXTILE UNDER BEDDING SAND - COVER

3 1/8 IN. (80 MM) MIN. THICKNESS

CONCRETE PAVER

WIDE x 12 IN. (300 MM) DEEP

CONCRETE CURB MIN. 12 IN. (300 MM)

SEAL JOINT

SAW-CUT JOINT

EXISTING ASPHALT PAVEMENT

CONCRETE BASE

COMPACTED, OPEN GRADED

WIRE WELDED FABRIC OR STEEL RE-BAR AS REQUIRED

V
A

R
IE

S

3 FT. (1.0 M) OF CONCRETE CURBS

STABILIZE BASE WITHIN
AGGREGATE SUBBASE AS REQUIRED

JOINTS AND TURN UP AGAINST CURB

SAND-FILLED JOINTS

REQUIRED

REBAR AS

Figure 6. Recommended detail for sand set pavers over a concrete base. Drainage holes provide drainage for water that enters the 

bedding layer through the joints. The same detail applies for paver overlays on asphalt.

MAINTENANCE OF INTERLOCKING 

CONCRETE PAVEMENT 

Occasionally interlocking concrete pavements will require 
maintenance for them to deliver peak performance. Refer 
to Tech Note PAV-TEC-006–Operation and Maintenance 

Guide for Interlocking Concrete Pavement for information on 

preventative maintenance, identifying and remedying aesthetic 

and structural distresses and best practices for the disassembly 
and reinstatement of interlocking concrete pavement.
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The Concrete Masonry & Hardscapes Association (CMHA) represents a unification of the Interlocking Concrete Pavement 
Institute (ICPI) and National Concrete Masonry Association (NCMA). CMHA is a trade association representing US 
and Canadian producers and suppliers in the concrete masonry and hardscape industry, as well as contractors of 
interlocking concrete pavement and segmental retaining walls. CMHA is the authority for segmental concrete products 
and systems, which are the best value and preferred choice for resilient pavement, structures, and living spaces. 
CMHA is dedicated to the advancement of these building systems through research, promotion, education, and the 
development of manufacturing guides, design codes and resources, testing standards, and construction practices.

Disclaimer:
The content of this CMHA Tech Note is intended for use only as a guideline and is made available “as is.” It is not intended for use or reliance upon 
as an industry standard, certification or as a specification. CMHA and those companies disseminating the technical information contained in the Tech 
Note make no promises, representations or warranties of any kind, expressed or implied, as to the accuracy or completeness of content contained 
in the Tech Note and disclaim any liability for damages or injuries resulting from the use or reliance upon the content of Tech Note. Professional 
assistance should be sought with respect to the design, specifications, and construction of each project.
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