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TECHNICAL SPECIFICATIONS 

 

Maricopa Association of Governments (MAG) Uniform Standard Specifications for Public Works 

construction, 2020 Edition are incorporated by reference. The provisions are the same as if fully written 

herein and shall govern this Project except where revised, updated, or supplemented by the Special 

Provisions and Supplemental Technical Provisions.   

 

336 Pavement Matching and Surfacing Replacement 

601 Trench Excavation, Backfilling and Compaction 

602 Trenchless or Open Cut Installation of Steel Casing 

610 Waterline Construction 

611 Water, Sewer and Storm Drain Testing 

701 Aggregate 

702 Base Materials 

710 Asphalt Concrete 

711 Paving Asphalt 

725 Portland Cement Concrete 
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MODIFICATIONS TO TECHNICAL PROVISIONS 

 

 

A. PERTAINING TO SECTION 610 – WATERLINE CONSTRUCTION 

 

610.4.3 BLOCKING AND RESTRAINTS:  

Replace the entire section with the following: 

1. General:  

 

Mechanical joint restraints and thrust blocks shall be installed at all bends, caps, tees, crosses, fire 

hydrants and flush hydrants. Pipe joints adjacent to restrained bends and fittings shall be restrained 

in accordance with manufacturer’s recommendations based on soil conditions.  

 

Concrete thrust blocks shall bear against solid undisturbed earth at the sides and bottom of the 

trench excavation and shall be shaped so as not to block weep holes or obstruct access to the joints 

of the pipe or fittings. Polyethylene wrap shall be placed on fitting bolts to prevent hardening of 

concrete on connections. The concrete shall not cover nuts and bolts of joints or fittings. The 

concrete shall have minimum 28 day compression strength of 3,000 psi.  Under no circumstances 

shall concrete thrust blocks be allowed on vertical bends in lieu of mechanical restrained joints.  

 

2. Design:   

 

Restraint devices for nominal pipe sizes 3 inch through 48 inch shall consist of multiple gripping 

wedges incorporated into a follower gland meeting the applicable requirements of ANSI/AWWA 

C110/A21.10. Devices used on ductile iron pipe shall have a working pressure rating of 350 psi 

for 3-16 inch and 250 psi for 18-48 inch. Devices used on PVC pipe shall have a working pressure 

of 235 psi for 4-24 inch and working pressure equal to that of the pipe for 30-48 inch. Ratings are 

for water pressure and must include a minimum safety factor of 2 to 1 in all sizes.  

 

3. Materials:   

 

Gland body, wedges and wedge actuating components shall be cast from grade 65-45-12ductile 

iron material in accordance with ASTM A536.  Ductile iron gripping wedges shall be heat treated 

within a range of 370 to 470 BHN.  

 

4. Installation:   

 

Mechanical joint restraint shall require conventional tools and installation procedures per AWWA 

C600, while retaining full mechanical joint deflection during assembly as well as allowing joint 

deflection after assembly.  Proper actuation of the gripping wedges shall be ensured with torque 

limiting twist off nuts.  

 

5. Approvals:  

 

Restraint devices shall be Listed by Underwriters Laboratories (3” through 24” size) and 
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Approved by Factory Mutual (3” through 12” size).  Mechanical joint restraint shall be equal to 

Megalug Series 1100 for ductile iron pipe and Series 2000PV for PVC pipe produced by EBAA 

Iron Inc or Ford Uni-Flange Series 1390-C, 1400-D or 1500. Control valves shall be equal to 

American Flow Control Valve Series 2500 with Alpha Coupling. 

 

610.16 MEASUREMENT AND PAYMENT:  

Add the following sentence to the end of paragraph A.2: 

Payment for pipe shall include all costs for the materials and installation of concrete thrust blocks, 

mechanical joint restraints, and all associated incidentals.  
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PAVEMENT MATCHING AND SURFACING REPLACEMENT 
 
336.1 DESCRIPTION: 
 
This specification identifies requirements for removing and replacing or widening pavement and replacing other surfacings 
within public rights-of-way. 
 
Asphalt concrete roadway trench repairs shall be constructed in accordance with Type A, B, or T-Top trench repair of Detail 
200-1 and as indicated on the plans or in the special provisions. 
 
Trench repairs for unpaved alleys, roadways, and designated future roadway prism shall be constructed in accordance with 
Type E trench repair of Detail 200-1.  
 
Trenching into Portland cement concrete pavement, sidewalk, or other concrete flatwork shall require complete joint-to-joint 
replacement of damaged panels unless an alternative repair is required by contract documents or is authorized in writing by the 
Engineer.    
 
Surface replacement in the right-of-way not in paved roadways shall be constructed in accordance with Type D trench repair 
of Detail 200-1 and as indicated on the plans or in the special provisions. 
 
Temporary pavement replacement shall be constructed as required herein. 
 
Asphalt pavements to be matched by construction of new pavements adjacent to or at the ends of a project shall be milled or 
saw cut in accordance with these specifications and where shown on the plans. 
 
Pavement and surfacing replacement within ADOT rights-of-way shall be constructed in accordance with their permits and/or 
specification requirements. 
 
336.2 MATERIALS AND CONSTRUCTION METHODS: 
 
Materials and construction methods used in the replacement of pavement and surfacing shall conform to the requirements of 
all applicable standard details and specifications, latest revisions. 
 
336.2.1 Pavement Widening or Extensions: Existing pavements, which are to be matched by pavement widening or pavement 
extension, shall be trimmed to a neat true line with straight vertical edges free from irregularities with a device specifically 
designed for this purpose.  
 
Existing asphalt pavement shall be cut and trimmed after placement of required ABC and just prior to placement of asphalt 
concrete for pavement widening or extension, and the trimmed edges shall have tack coat applied to the vertical edges 
immediately prior to constructing the new abutting asphalt concrete pavement. No extra payment shall be provided for these 
items and all costs incurred in performing this work shall be incidental to the pavement widening or extension.  
 
The location of longitudinal match points shall depend on the type of asphalt joint being constructed (full depth or offset) and 
the location of the pavement lane striping to be in place at completion of construction. Full depth longitudinal joints shall be 
located within one foot of a post construction lane line stripe or within the center two feet of a post construction travel lane. 
The location restriction for full depth longitudinal joints does not apply to multi-layer pavements when a vertically offset joint 
with the existing pavement is constructed. An acceptable offset joint shall have at least a six-inch horizontal offset with the 
nearest joint in the underlying asphalt layer. An offset joint may be obtained by edge milling to a depth that meets the minimum 
lift thickness identified in Section 710 for the asphalt surface course to be placed.  
 
The exact point of matching, termination, and overlay may be adjusted in the field by the Engineer or designated representative. 
 
336.2.2 Pavement to be Removed: Existing asphalt pavement to be removed for trenches or for other underground 
construction or repairs shall be cut by a device capable of making a neat, straight and smooth cut without damaging adjacent 
pavement that is not to be removed. The Engineer’s decision as to the acceptability of the cutting device and manner of operation 
shall be final.  
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In lieu of cutting trenches across driveways, curbs and gutters, sidewalks, alley entrances, and other types of pavements, the 
Contractor may, when approved by the Engineer, elect to tunnel or bore under such structures and pavements. 
 
When installations are within the street pavement and essentially parallel to the centerline of the street, the Contractor, with 
approval of the Engineer, may elect to bore or tunnel all or a portion of the installation. In such installations, the seal coat 
requirements, as discussed in Section 336.2.4, will be modified as follows: 
 

(A) If the pavement cuts (bore pits, recovery pits, etc.) are 300 feet or more apart, the bore or tunneled distance will not be 
considered as part of the open trench and the seal coat will not be required.  
 
(B) If the pavement cuts (bore pits, recovery pits, etc.) are less than 300 feet apart, the distance between the cuts will be 
considered the same as a trench cut and the distance will be added to any trench cut distances. 

 
Pavement removal limits when replacing existing curb or gutter shall be as follows. For curb or gutter replacement adjacent to 
a designated bike lane or paved shoulder area wider than three feet, the asphalt pavement removal and replacement shall extend 
to within 6 inches of the travel lane edge stripe. For curb or gutter replacement when no travel lane edge stripe exists, the 
asphalt pavement match point shall extend two feet or less from the pavement edge into the vehicle travel lane.  
 
Asphalt pavement damaged by the Contractor during trenching or other activities shall be removed after adjacent aggregate 
base has been placed and compacted and prior to placement of the adjacent permanent pavement. The replacement of the 
damage asphalt pavement shall occur at the same time as the permanent pavement replacement is constructed. 
 
336.2.3 Temporary Pavement Replacement: Temporary pavement replacement, as required in Section 601, may be with 
cold-mix asphalt concrete, with a minimum thickness of 2 inches, using aggregate grading in accordance with Marshall mix 
design of Section 710. Permanent pavement replacement shall replace temporary repairs within 5 working days after completion 
of temporary work. 
 
Temporary pavement replacement shall be used in lieu of immediate placement of single course permanent replacement or the 
first course of two course pavement replacement only on transverse lines such as spur connections to inlets, driveways, road 
crossings, etc., when required by the Engineer, by utilities or others who subcontract their permanent pavement replacement, 
under special prior arrangement; or for emergency conditions where it may be required by the Engineer. Temporary pavement 
replacement shall be placed during the same shift in which the backfill to be covered is completed. 
 
Rolling of the temporary pavement replacement shall conform to the following: 
 
(A) Initial or breakdown rolling shall be followed by rolling with a pneumatic-tired roller. Final compaction and finish rolling 
shall be done by means of a tandem power roller. 
 
(B) On small areas or where equipment specified above is not available or is impractical, the Engineer will approve the use of 
small vibrating rollers or vibrating plate type compactors provided comparable compaction is obtained. 
 
The surface of the temporary pavement shall be finished flush with the adjacent pavement. 
 
336.2.4 Permanent Pavement Replacement and Adjustments: 
 
336.2.4.1 Permanent Asphalt Pavement Replacement: All asphalt pavement replacement shall match gradation and 
thickness of the existing pavement. Immediately preceding the placement of permanent pavement the density of the base 
material shall comply with requirements of Table 601-2. Asphalt concrete pavement shall be compacted to the same density 
specified in Section 321. The compacted thickness of all courses shall conform to the recommended thicknesses of Table 710-
1. 
 
Unless otherwise noted, asphalt concrete pavement replacement shall comply with the following: 
 
(A) Single course pavement replacement shall consist of a 1/2” or 3/4” mix in accordance with Section 710. 
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(B) The base course(s) of a multi-course pavement replacement shall consist of a 3/4” mix in accordance with Section 710. 
(C) The surface course of a multi-course pavement replacement shall consist of a 3/8” or 1/2” mix in accordance with Section 
710 to match the existing surface.  
 
(D) Where the base course is to be placed with non-compactive equipment, it shall be immediately rolled with a pneumatic-
tired roller.  
 
(E) Pavement replacement over trenches where the pavement replacement width is 6 feet or more, all courses shall be placed 
with self-propelled spreading and compacting equipment. When the pavement replacement width is from 6 to 8 feet, self-
propelled spreading and compacting equipment shall not be wider than 8 feet.  
 
(F) Placement of the surface course is to be by means that will result in a surface flush with the existing pavement. The pavement 
replacement surface shall not vary more than 1/4 inch from the lower edge of a straightedge placed across the replacement 
pavement surface between edges of the existing matched surfaces. When the pavement replacement includes replacement of 
the roadway crown, the surface smoothness shall comply with requirements of Section 321. 
 
(G) Pavement replacement extending to the edge of asphalt pavement not abutting concrete shall have a safety edge or thickened 
edge constructed per Detail 201 as deemed appropriate by the local jurisdiction.  
 
For trench cuts, pavement widening, or other partial pavement installations greater than 300 feet in length the entire area shall 
be slurry seal coated in accordance with Section 332 or as otherwise specified. The seal coat shall extend from the edge of 
pavement or lip of gutter to the street centerline except that on residential streets less than 36 feet face to face of curb and where 
the pavement patch straddles the centerline, the entire width of street shall be seal coated. 
 
In lieu of placing the seal coat as required previously, and with approval of the local jurisdiction, the Contractor may deposit 
with the Street Maintenance Department for credit, a negotiated agreed upon amount. The Street Maintenance Department will 
incorporate this work into their street maintenance program. 
 
336.2.4.2 Adjustments: When new or existing manholes, valves, survey monuments, clean outs, etc. fall within the limits of 
the permanent pavement replacement as discussed in this Section, the Contractor shall be responsible for adjusting the various 
items to the new pavement surface.  
 
The Contractor shall coordinate with the Engineer and with representatives of the various utilities regarding the adjustment and 
inspection of the work. The Contractor shall be responsible for obtaining and complying with all specifications, special 
requirements, and details for the adjustment of utility company facilities. When adjusting the Agency’s utilities, survey 
monuments, etc., the adjustment will comply with these specifications and details. 
 
The work will be done in compliance with OSHA standards and regulations regarding confined space entry. The Contractor 
shall remove all material attached to the lids and/or covers including that of prior work. The method of removal shall be 
approved by the Engineer and/or the Utility Representative.  
 
336.3 TYPES AND LOCATIONS OF TRENCH SURFACE REPLACEMENT: 
 
Trench backfill shall be in place and compacted to the density required in Table 601-2 prior to the placement of the asphalt 
concrete structural section or other surfacing. 
 
Laying a single course or the base course(s) of the asphalt concrete pavement replacement for trenches shall never be more 
than 1320 feet behind the ABC placement for the pavement replacement. 
 
Type of surface replacement required for trenches shall be as noted on the plans or special provisions and construction shall be 
in accordance with Detail 200-1 and 200-2. If a trench repair type is not noted on the plans or specified in the special provisions, 
the following criteria will govern: 
 
Type A trench repair will be used for all asphalt concrete paved streets where the excavation is essentially longitudinal or 
parallel to traffic. Full depth longitudinal joints shall not be located within forty-eight inches (48”) of an asphalt pavement edge 
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or within a lane wheel path. The lane wheel path for a traffic lane is the entire lane width except the area within one foot of a 
traffic lane line stripe and except the center two feet of the lane. The lane wheel path for a designated bike lane is the entire 
lane width except the area within six inches (6”) of a bike lane edge stripe. When the surface match point is located within 48” 
of an asphalt pavement edge, all asphalt surfacing shall be removed to the asphalt edge, the replacement surfacing shall extend 
to the asphalt edge. The traffic lane wheel path restrictions for full depth longitudinal joints do not apply for offset joints that 
provide at least a six-inch horizontal offset between the surface course joint and the joint in the underlying asphalt layer. The 
depth of the asphalt surface course shall be equal to or greater than the minimum thickness recommended in Table 710-1.  
 
T-Top trench repair will be used where the excavation is essentially transverse or not parallel to traffic, including trenches that 
go through an intersection.  
 
Type B trench repair shall only be used when specified by the local jurisdiction. 
 
Type D trench repair will be used to repair surfaces other than asphalt concrete or Portland cement concrete pavement. The 
surface replacement shall be of a like type and depth as the existing material, compacted to the densities required in Section 
601.  
 
Where a longitudinal trench is partly in pavement, the pavement shall be replaced to a neat straight line located at the outer 
limits of the existing pavement.  
 
Where asphalt pavement replacement extends to an uncurbed asphalt edge, the agency designated edge treatment shown in 
Detail 201 (Type A, Type B, or Safety Edge) shall be installed. 
 
Where a trench is in a landscaped or graded area outside of pavement, no special surface treatment is required except as 
indicated by plans or specifications. 
 
336.4 MEASUREMENT: 
 
Measurement for surface replacement shall be by the square yard, based on actual field measurement of the area covered except 
as noted below.  
 
(A) In computing pay quantities for surface replacement of Type B trench repair, the default pay width will be based on the 
dimension calculated from Table 601-1 for the “Maximum Width at Top of Pipe Greater Than O.D. of Barrel.” The pay width 
will be adjusted to the minimum required field width when relocation of the pavement match point is due to the remnant 
requirement or when pavements less than 4” thick are required to be adjusted outside of a wheel path. 
 
(B) In computing pay quantities for surface replacement of a T-Top or Type A trench repair, the default widths will be based 
on the dimension calculated from Table 601-1, for the “Maximum Width at Top of Pipe Greater Than O.D. of Barrel” plus 24 
inches. The pay width will be adjusted to the minimum required field width when relocation of the pavement match point is 
due to the remnant requirement or when pavements less than 4” thick are required to be adjusted outside of a wheel path. In all 
cases, the minimum pay width for T-Top or Type A surface replacement shall be 48 inches. 
 
(C) In computing pay quantities of surface replacement for Type D trench repair, pay widths will be based on the dimension 
calculated from Table 601-1 for the “Maximum Width at Top of Pipe Greater Than O.D. of Barrel.” In all cases, the minimum 
pay width for Type D surface replacement shall be 48 inches. 
 
(D) Where a longitudinal trench is partly in asphalt pavement, pay quantities shall not exceed actual pavement replacement 
quantities. The measurement shall be the area as allowed for the respective Type A or Type B trench repair limited to that 
portion located within the existing pavement. The minimum 48 inch pay width for the Type A pavement replacement does not 
apply when the trench is partially in pavement. 
 
(E) The length of pavement and surfacing replacement shall be measured through any manhole, valve box, or other structure 
constructed in the pipe line, and any pavement or surface replacement and/or seal treatment in excess of the trench repair width 
shall be considered and included in the bid item for such structure. 
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(F) Any pavement replacement in excess of the specified pay widths necessitated by the installation of valves, tapping sleeves 
and valves, valve bypasses, and concrete thrust blocks shall be included in the bid price for these items. 
 
(G) Measurement of pavement and surfacing replacement shall be made along the finished surface excluding any extra 
replacement required due to Contractor caused damage. The measured quantity shall be computed to the nearest square yard. 
 
(H) No separate measurement or payment will be made for the required construction of a Detail 201 edge treatment. 
  
336.5 PAYMENT: 
 
Direct payment for pavement or other surface replacement will be made for replacement over all pipe trench cuts except as 
otherwise noted in the special provisions. Payment for surface replacement over other work shall be included in the cost of 
constructing that work. 
 
Payment for temporary pavement replacement shall be included in the cost of the pipe. 
 
Payment for pavement replacement shall include the replacement cost of any existing pavement markings that have been 
degraded, obscured, obliterated or removed. 
 
When a Contractor has the option of jacking and/or boring or open cut construction, and elects to construct a pipeline by the 
jacking and/or boring method, the Contractor will be paid for the replacement of such items of work as pavement, curb and 
gutter, sidewalk, driveway, and alley entrances, as allowed for open cut construction.  
 

- End of Section -
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TRENCH EXCAVATION, BACKFILLING AND COMPACTION 
 
601.1 DESCRIPTION: 
 
The work covered by this specification consists of furnishing all labor, equipment, appliances, materials, and performing all 
operations in connection with the excavation, backfilling and compaction of trenches for pipe installations. 
 
Excavation for appurtenance structures, such as manholes, inlets, transition structures, junction structures, vaults, valve boxes, 
catch basins, etc., shall be deemed to be in the category of trench excavation. 
 
The Trench Cross-Section Detail shown on Detail 200-2 illustrates the terminology used in this specification. 
 
See Section 620 for cast-in-place concrete pipe.  
 
Pipe materials that are considered to be rigid include reinforced concrete pipe, non-reinforced concrete pipe, reinforced concrete 
cylinder pipe, vitrified clay pipe, steel casings, cast iron, and ductile iron pipe.  
 
Pipe materials that are considered to be flexible include thermoplastic pipes (HDPE, SRPE, PP, PVC) and corrugated metal 
pipe. 
 
601.2 EXCAVATION: 
 
601.2.1 General: The Contractor shall perform all excavation of every description and of whatever substances encountered, to 
the depths indicated on the plans, and including excavation ordered by the Engineer of compacted backfill for the purpose of 
making density tests on any portion of the backfill. 
 
601.2.2 Trench Widths: Trenches for a single pipe shall conform to the dimensions in Table 601-1. Multiple pipe installations 
in a single trench shall be installed in accordance with details on the plans or in the special provisions. 
 

Table 601-1 TRENCH WIDTHS 

Size of Pipe (Nom. Dia.) Maximum Width at Top of Pipe 
Greater Than O.D. of Bell 

Minimum Width at Springline 
Each Side of Pipe Barrel 

Rigid Pipes:   
Less than 18 inches 16 inches  6 inches 

18 inches to 24 inches inclusive 19 inches 7.5 inches 
27 inches to 39 inches inclusive 22 inches  9 inches 
42 inches to 60 inches inclusive 30 inches 12 inches 
66 inches to 78 inches inclusive 42 inches 15 inches 
84 inches to 96 inches inclusive 50 inches 19 inches 

102 inches to 120 inches inclusive 60 inches 24 inches 
Flexible Pipes:   

Less than 18 inches 20 inches  8 inches 
18 inches to 24 inches inclusive 23 inches 9.5 inches 
27 inches to 39 inches inclusive 28 inches 12 inches 
42 inches to 60 inches inclusive 34 inches 14 inches 
66 inches to 78 inches inclusive 44 inches 16 inches 
84 inches to 96 inches inclusive 48 inches 18 inches 

102 inches to 120 inches inclusive 54 inches  21 inches 
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The width of the trench shall not be greater than the maximum indicated in Table 601-1, at and below the level of the top of 
the pipe. The width of the trench above that level may be made as wide as necessary for shoring, bracing, and for proper 
installation of the work. 
 
If the maximum trench width as specified in Table 601-1 is exceeded at the top of the pipe, additional load bearing capacity to 
compensate for the increased pipe loading may be required by the Engineer. The Contractor shall provide, at no additional cost 
to the Contracting Agency, the additional load bearing capacity. This may require changing the material requirements of initial 
backfill, a higher strength pipe, a concrete cradle, cap or encasement, or other means approved in writing by the Engineer. 
Where safety or undermining situations occur, a controlled low strength material (CLSM) backfill as specified in Sections 604 
and 728 may be used as needed. 
 
601.2.3 Trench Grade: Alignment and elevation stakes shall be furnished by the Contractor at set intervals and agreed upon 
offsets. On water main projects, elevation stakes will be furnished only when deemed necessary by the Engineer. In all cases 
where elevation stakes are furnished, the Contractor will also furnish the Engineer with cut sheets.  
 
For all pipe 12 inches or greater in diameter, the Contractor shall excavate for and provide a bedding at least 4 inches thick or 
1/12 the O.D. of the pipe barrel whichever is greater. This bedding material shall be placed at a uniform density with minimum 
compaction and fine graded as specified herein. 
 
601.2.4 Fine Grading: The bedding or the bottom of the trench when bedding is not required shall be accurately graded to 
provide uniform bearing and support for each section of the pipe at every point along its entire length, except for portions of 
the pipe where it is necessary to excavate for bells or other joint types and for proper sealing of the pipe joints. 
 
601.2.5 Over-excavation: Except at locations where excavation of rock from the bottom of the trench is required, care shall 
be taken not to excavate below the depth needed to accommodate the required bedding depth. Where the foundation material 
is loosened or otherwise disturbed more than 2 inches deep, the Contractor shall moisten and recompact the material before 
placing bedding. 
 
Unauthorized excavation below the specified trench grade line shall be refilled at the Contractor’s expense with ABC material 
compacted to a uniform density of not less than 95 percent of the maximum density as determined by AASHTO T-99 and T-
191 or ASTM D6938. When AASHTO T-99, method A or B, and T-191 are used for density determination, ARIZ 227c will 
be used for rock correction. 
 
Whenever rock is encountered in the trench bottom, it shall be over-excavated to a minimum depth of six inches below the 
bottom of the pipe barrel. This over-excavation shall be filled with bedding material placed with the minimum possible 
compaction. 
 
Whenever unsuitable soil incapable of supporting the pipe is encountered, the Contractor will notify the Engineer and a field 
determination will be made as to the depth of over-excavation and the granular fill required. 
 
601.2.6 Excavation for Manholes, Valves, Inlets, Catch Basins and Other Accessories: The Contractor may place concrete 
directly against excavated surfaces for cast-in-place items, provided that the faces of the excavation are firm, unyielding, and 
are at all points outside the structure lines shown on the plans. If the native material is such that it will not stand without 
sloughing or if precast structures are used, the Contractor shall excavate as needed to place bracing, shoring, and forms or to 
place the precast structure.  
 
Any unnecessary excavation below the elevation indicated for the foundation of any structure shall be replaced with the same 
class of concrete specified for the structure or with 1-1/2 sack controlled low strength material as specified in Section 728. 
When the replacement material is structural concrete, the material shall be placed at the same time as the structure. However, 
when using 1½ sack controlled low strength material, placement of the material shall be per Section 604, which requires a time 
lag between placement of the controlled low strength material and the structural concrete. The placement of the additional 
material shall be at no cost to the Agency. 
 
601.2.7 Pavement and Concrete Cutting and Removal: Where trenchless methods are not used and trenches or other 
excavations lie within the Portland cement concrete section of streets, alleys, driveways, or sidewalks, etc., such concrete shall 
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be completely removed between the closest adjacent joints. Removal methods shall produce neat, straight lines in such a manner 
that the remaining adjoining concrete will not be damaged.  
 
Sidewalk, curb, gutter, and other concrete flatwork shall have complete joint-to-joint replacement of all damaged sections. The 
construction replacing damaged concrete sections and joints shall be compliant with Section 340.  
 
The existing joint system in Portland cement concrete pavement (PCCP) shall be maintained. Reconstruction of PCCP panels 
and joints shall be in accordance with Section 324.  
 
Initial asphalt pavement removal shall be clean-cut to be the minimum width required for conduit installation and proper trench 
compaction. No ripping or rooting will be permitted outside the pavement cut limits. Surfacing materials removed shall be 
hauled from the job site immediately, and will not be permitted in the backfill. 
 
Final pavement removal for pavement matching and surface replacement shall occur after the final backfill and the aggregate 
base material are in place and compacted. Pavement matching and final surface replacement shall be in accordance with the 
requirements of Section 336. 
 
601.2.8 Grading and Stockpiling: All grading in the vicinity of trench excavation shall be controlled to prevent surface water 
from flowing into the trenches. Any water accumulated in the trenches shall be removed by pumping or by other approved 
methods. 
 
During excavation, material suitable for backfilling shall be placed in an orderly manner, a sufficient distance back from the 
edges of trenches, to avoid overloading and to prevent slides or cave-ins. Material unsuitable for backfilling, or excess material, 
shall be hauled from the job site and disposed of by the Contractor. 
 
The Contractor shall, prior to commencement of the work, submit a letter to the Contracting Agency stating the location of 
each disposal site for all excess or unsuitable material and certify that he has obtained the property owner’s permission for the 
disposal of all such materials. 
 
Where the plans and/or special provisions provide for segregation of topsoil from underlying material for purposes of backfill, 
the material shall not be mixed. 
 
601.2.9 Shoring and Sheathing: The Contractor shall do such trench bracing, sheathing, or shoring necessary to perform and 
protect the excavation as required for safety and conformance to governing laws. The bracing, sheathing, or shoring shall not 
be removed in one operation but shall be done in successive stages to prevent overloading of the pipe during backfill operations. 
The cost of the bracing, sheathing, or shoring, and the removal of same, shall be included in the unit price for the pipe or other 
item, which necessitated the work. 
 
All shoring and sheathing deemed necessary to protect the excavation and to safeguard employees, shall be installed. See 
Section 107. 
 
601.2.10 Open Trench: Except where otherwise noted in the special provisions, or approved in writing by the Engineer, the 
maximum length of open trench, where the construction is in any stage of completion (excavation, pipe laying or backfilling), 
shall not exceed 1320 feet in the aggregate at any one location. 
 
Any excavated area shall be considered open trench until all ABC for pavement replacement has been placed and compacted. 
With the approval of the Engineer, pipe laying may be carried on at more than one location, the restrictions on open trench 
applying to each location. Trenches across streets shall be completely backfilled as soon as possible after pipe laying. 
 
Substantial steel plates with adequate trench bracing shall be used to bridge across trenches at street crossings where trench 
backfill and temporary patches have not been completed during regular work hours. Steel plates shall be installed in accordance 
with Detail 211. Safe and convenient passage for pedestrians shall be provided. The Engineer may designate a passage to be 
provided at any point he deems necessary. Access to hospitals, fire stations and fire hydrants shall be maintained at all times. 
Steel plates with adequate trench bracing shall be used to bridge across trenches as needed to provide driveway access to 
adjacent properties where trench backfill and temporary patches have not been completed during regular work hours. 
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601.3 PROTECTION OF EXISTING UTILITIES: 
 
601.3.1 Utilities: Unless otherwise shown on the plans or stated in the specifications, all utilities, either underground or 
overhead, shall be maintained in continuous service throughout the entire contract period. The Contractor shall be responsible 
and liable for any damages to or interruption of service caused by the construction. 
 
If the Contractor desires to simplify his operation by temporarily or permanently relocating or shutting down any utility or 
appurtenance, he shall make the necessary arrangements and agreements with the owner and shall be completely responsible 
for all costs concerned with the relocation or shutdown and reconstruction. All property shall be reconstructed in its original or 
new location as soon as possible and to a condition at least as good as its previous condition. This cycle of relocation or 
shutdown and reconstruction shall be subject to inspection and approval by both the Engineer and the owner of the utility.  
 
The Contractor shall be entirely responsible for safeguarding and maintaining all conflicting utilities that are shown on the 
plans (Sections 107 and 105 apply). This includes overhead wires and cables and their supporting poles whether they are inside 
or outside of the open trench. If, in the course of work, a conflicting utility line that was not shown on the plans is discovered, 
the Contracting Agency will either negotiate with the owner for relocation, relocate the utility, change the alignment and grade 
of the trench or as a last resort, declare the conflict as “extra work” to be accomplished by the Contractor in accordance with 
Section 104. 
 
Backfill, around utilities that are exposed during trench excavation, shall be placed in accordance with the utility’s haunching 
and initial backfill requirements. 
 
601.3.2 Irrigation Ditches, Pipes and Structures: The Contractor shall contact the owners of all irrigation facilities, and make 
arrangements for necessary construction clearances and/or dry-up periods. 
 
All irrigation ditches, dikes, headgates, pipe, valves, checks, etc., damaged or removed by the Contractor, shall be restored to 
their original condition or better, by the Contractor at no additional cost to the Contracting Agency. 
 
601.3.3 Building Foundations and Structures: Where trenches are located adjacent to building foundations and structures, 
the Contractor shall take all necessary precaution against damage to them. The Contractor shall be liable for any damage caused 
by the construction. 
 
Except where authorized in the special provisions or in writing by the Engineer, water settling of backfill material in trenches 
adjacent to structures will not be permitted. 
 
601.3.4 Permanent Pipe Supports: Permanent pipe supports for the various types and sizes of sewer, water and utility lines 
shall conform to the Standard Details or the details shown on the plans. Such pipe supports shall be erected at the locations 
shown on the plans and/or at any other location as necessary as determined by the Engineer. 
 
601.4 FOUNDATION, BEDDING, HAUNCHING, BACKFILLING AND COMPACTION: 
 
601.4.1 Foundation: The bottom of an excavation upon which a structure is to be placed or the bottom of a trench where the 
elevation is set below the pipe elevation shown on the plans or as directed by the Engineer. The elevation of the trench 
foundation is determined from the desired pipe elevation by taking into account the bedding and pipe wall thicknesses. The 
foundation surface will consist of native material or replacement material required due to over-excavation.  
 
601.4.2 Bedding: Bedding is the material upon which a pipe is to be placed.  
 
The bedding material type shall be ABC per Section 702 unless otherwise specified. 
 
601.4.3 Haunching: Haunching is the material placed between the bedding and springline. If placed in lifts, the lift thickness 
shall not exceed 2 feet (1 foot for flexible pipe) and shall be deposited and compacted to the specified density uniformly on 
each side of the pipe to prevent lateral displacement of the pipe.  
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The haunching material shall be ABC per Section 702. With Agency approval, an alternative granular material or CLSM may 
be used.  
 
601.4.4 Initial Backfill: The material placed between the springline to 12 inches above top of pipe. Initial backfill shall be 
placed in lifts that shall not exceed 2 feet (1 foot for flexible pipe) and which can be effectively compacted depending on the 
type of material, type of equipment, and methods used.  
 
Initial backfill material shall be ABC per Section 702. With Agency approval, an alternative granular material or CLSM may 
be used, and with agency approval, native backfill with no piece larger than 1½ inches may be used for concrete pipe. 
 
601.4.5 Final Backfill: Material placed above the initial backfill to the top of the trench or to the bottom of the road base 
material. Final backfill shall be placed in horizontal layers not more than twelve inches in depth before compaction. With 
Agency approval, an increase in the loose non-compacted lift depth may be obtained for a project based on specific equipment, 
methods, and soil conditions. For approval of an increase of the non-compacted lift depth the Contractor shall demonstrate to 
the satisfaction of the Agency that the required density will be obtained using the Contractor identified equipment and methods. 
The non-compacted lift height shall not be more than can be compacted to the required density with the equipment and methods 
being used. 
 
Final backfill shall be CLSM per Section 604, ABC per Section 702, and/or granular material or native backfill material per 
Section 601.4.8. 
 
Backfill under street pavement shall be constructed per Detail 200-1 with the type of trench and surface replacement as noted 
on the plans or in the special provisions. Unless otherwise noted, backfill under single curb, curb and gutter, attached sidewalk, 
driveways, valley gutters, etc. shall be the same as the adjacent street pavement. 
 
601.4.6 Compaction Densities: Trench backfill shall be thoroughly compacted to not less than the densities shown in Table 
601-2 when tested and determined by AASHTO T-99 and T-191 or ASTM D6938. When AASHTO T-99, method A or B, and 
T-191 are used for density determination, ARIZ-227c shall be used for rock correction.  
 
Bedding, haunching and initial backfill material, as defined from Detail 200-2, shall be processed prior or while being placed, 
and then compacted to obtain the required optimum moisture content within +/- 3 percentage points when tested in place. 
 
At the discretion of the Engineer, mechanically excavating test pits to expose previously compacted lifts where documentation 
is not available may be allowed. Test pit locations and depths for the compaction testing shall be selected by the Engineer or 
designated geotechnical representative. No hydro-excavating of test pits shall be allowed. Excavation of test pits shall be done 
during full time observations by the Engineer or designated geotechnical representative. Once compaction tests have been 
taken, the Contractor shall backfill and re-compact the test pits in accordance with Table 601-2. Excavating, backfilling and 
compacting test pits shall be at Contractor’s expense.   
 

TABLE 601-2 
MINIMUM TRENCH COMPACTION DENSITIES 

 
Backfill 
Type 

 
 
Location  

From Surface 
To 2 feet Below 

Surface 

From 2 feet Below 
Surface To 1 foot 

Above Top of Pipe 

From 1 foot Above 
Top of Pipe to 
Bottom of Pipe 

 
 
I 

Under any existing or proposed pavement, curb, 
gutter, attached sidewalk, roadway shoulders, 
and other areas within right-of-way subject to 
vehicular traffic, or when any part of the trench 
excavation is within 2-feet of the existing 
pavement, curb, or gutter. 

 
 
100% for granular 
95% for non-
granular 

 

 
 

95% 
 
 

 
 

95% 

II On any utility easement or right-of-way outside 
limits of Type I backfill. 95% 90% 90% 

III Around any structures (manholes, etc.) or exposed 
utilities outside limits of Type I backfill. 95% in all cases  

Revised 2022 
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When backfill material is CLSM and it is placed in accordance with Section 604, no compaction testing is required, the 
compaction density shall be deemed acceptable.  
 
601.4.7 Water Consolidation: Jetting is the only acceptable water consolidation method and its use is restricted. Jetting may 
only be used in Type I Backfill for the haunching and initial backfill zones and in Type II Backfill locations as defined in Table 
601-2.  
 
Water consolidation by jetting shall use a 1 1/2 inch pipe of sufficient length to reach the bottom of the lift being settled and 
shall have a water pressure of not less than 30 psi. All jetting shall be accomplished transversely across the trench at intervals 
of not more than 6 feet with the jetting locations on one side of the trench offset to the jetting locations on the other side of the 
trench. The entire lift shall be leveled and completely saturated working from the top to the bottom. 
 
When jetting is used within the haunching and initial backfill zones, the Contractor shall be responsible for establishing each 
lift depth so as to avoid floating the pipe being placed and shall make any needed repair or replacement at no cost to the 
Contracting Agency. For pipes larger than 24 inches I.D., the first lift shall not exceed the springline of the pipe and subsequent 
lifts shall not exceed 3 feet. 
 
Where jetting is used and the surrounding material does not permit proper drainage, the Contractor shall provide, at his expense 
a sump and a pump at the downstream end to remove the accumulated water. 
 
The use of water consolidation does not relieve the Contractor from the responsibility to make his own determination that such 
methods will not result in damage to existing improvements. The Contractor shall be responsible for any damage incurred. 
 
If jetting does not obtain the required compaction density, mechanical compaction methods shall be used to meet the 
compaction requirements. Water consolidated backfill material may need to be removed and replaced.  
Jetting within Type I backfill locations shall not be used unless the material in which the trench is located and the backfill are 
both granular material. No exception shall be made for construction within new developments. 
 
601.4.8 Granular Material and Native Backfill Material: For purposes of this specification, granular material is material for 
which the sum of the plasticity index and the percent of the material passing a No. 200 sieve does not exceed 23. The plasticity 
index shall be tested in accordance with AASHTO T-146 Method A (Wet Preparation), T-89 and T-90. The percent of the 
material passing a No. 200 sieve shall be tested in accordance with ASTM C136 and ASTM C117. 
 
Native material used for backfill shall be sound earthen material free from broken concrete, broken pavement, wood or other 
deleterious material with no piece larger than 4 inches.  
 
601.4.9 Rights-Of-Way Belonging to Others: Backfill and compaction for irrigation lines of the Salt River Valley Water 
Users’ Association and Roosevelt Irrigation Districts and for trenches in State of Arizona or another entity’s right-of-way 
outside the limits of the Contracting Agency shall be accomplished in accordance with their permit and/or specifications. 
 
601.4.10 Test Holes: Boring logs shown on the plans do not constitute a part of the contract and are included for the 
Contractor’s convenience only. It is not intended to imply that the character of the material is the same as that shown on the 
logs at any point other than that where the boring was made. The Contractor shall satisfy himself regarding the character and 
amount of rock, gravel, sand, silt, clay and water to be encountered in the work to be performed. 
 
601.4.11 Bedding and Backfilling for Electronic, Telephonic, Telegraphic, Electrical, Oil and Gas Lines: The bedding 
and backfill for these underground facilities shall be native material or sand, which conforms to the grading requirement of 
ASTM C33 for fine aggregate. When backfill material consists of aggregate base course, crushed stone, or other material 
containing stones, only sand will be used within the bedding, haunching, and initial backfill zones. The bedding depth shall be 
six inches. Compaction shall be in accordance with Table 601-2. 
 
601.4.12 Minimum Testing Frequencies: Table 601-3 lists the minimum test frequencies for moisture-density testing required 
for evaluating the backfill of various wet and dry utilities. The table is an overall guide to assist Contractors and/or geotechnical 
labs testing personnel in the planning of testing locations. The amount of actual testing may vary for individual projects based 
on changes in materials, field conditions and Contractor means and methods. 

Revised 2022 
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Combined with field observations of the Contractor’s compaction methods, moisture-density testing should be reasonably 
representative of Contractor workmanship. Therefore, it is preferable that the exact testing locations be selected in the field. 
Special attention should be paid to areas where different methods meet or when means and methods change.   
 
The Engineer reserves the right to modify testing frequencies if necessary for each project based on changes in means and 
methods, changes in trench or soil conditions or when multiple failures are encountered. For backfill of deep trenches defined 
as deeper than 12 feet, the Contractor has the option to submit an alternate or modified backfill plan, including the use of other 
imported materials such as ABC or CLSM, and a modified testing program to the Engineer for review and approval. The 
alternate plan shall be prepared by a third party qualified geotechnical lab. 
 
 

Table 601-3 MINIMUM TESTING FREQUENCIES 

Mainline Pipe, Laterals, Manholes (initial & final backfill) 
Utility Type Test Area Minimum Testing Frequency MAG Sections 

Sewer, Water, Storm   Springline, 
Haunching 

1 test per lift per 250’, alternate sides of pipe (nominal 
diameter 18” and larger). 

601, 610, 615, 616, 
618, 702 

Sewer, Water, Storm   Initial Backfill 1 test per 500’. 1 test per sewer stub out, water main 
lateral, storm lateral. 

601, 610, 615, 616, 
618, 702 

Sewer, Water, Storm   Final Backfill 1 test per lift per pipe run. 1 test per lift per sewer stub 
out, water main lateral, storm lateral. 

601, 610, 615, 616, 
618 

Water Valves Final Backfill 50% of valves or valve clusters (test 1’-3’ away). 601, 610, 616, 630 

Manholes Subgrade/ 
Foundation 1 test per manhole. 206, 505, 601, 625; 

Details 420, 421 
Manholes Backfill 1 test per lift per manhole, alternate sides of structure. 206, 505, 601, 625 
Dry Utilities5  Final Backfill 1 test per lift per 500’. 360, 601 

Services, Laterals, Crossings (initial and final backfill) 
Utility Type Test Area Minimum Testing Frequency MAG Sections 
Water, Sewer 
Services Final Backfill 25% of services, 1 test per lift below subgrade. 601, 610, 615 

Hydrant Laterals Initial Backfill 50% of hydrant laterals. 601, 610, 702 
Hydrants, Hydrant 
Laterals  Final Backfill 50% of hydrants and laterals, 1 test per lift below 

subgrade. 601, 610 

Irrigation, Dry 
Utility5 Crossings Final Backfill 100% of crossings, 1 test per lift below subgrade. 601 

Notes: 
1. “Pipe Run” is defined as any length of pipe between two consecutive structures along the pipeline. (i.e. 

manholes, fire hydrants, changes of direction 45 degrees or greater, valves or other items).      
2. Lifts to be 12” thick as measured in a loose, non-compacted condition per Section 601.4.5.   
3. Minimum testing or “daily portion thereof.” Even if daily footage is less than shown in table, each day’s 

production should be tested to ensure consistent results and to account for changes in contractor means, 
methods, equipment, personnel, etc.    

4. Where ABC is used for final backfill, testing may be decreased to every other lift with agency approval.  
5. Dry Utilities is herein defined as electric lines, telecommunication lines (i.e. telephone, CATV, fiber optic, 

data lines) gas lines (including high pressure lines) and other utility lines not involving the conveyance of a 
liquid material, including but not limited to water, wastewater and liquid petroleum. 
 

 
 
 
 

Revised 2022 



SECTION 601 
 

 
601-8 

Standard Specifications for   
Public Works Construction 

601.5 CONTRACTOR CERTIFICATION OF INSTALLATION PROCEDURES: 
 
When requested in the Special Provisions or by the Engineer prior to installation, the Contractor shall furnish to the Contracting 
Agency an affidavit (certification) from the pipe manufacturer (or his designee) stating that the Contractor is familiar with the 
manufacturer’s suggested installation methods and procedures and the manufacturer’s suggested installation methods and 
procedures are consistent with MAG requirements. 
 
When required by the Special Provisions, the pipe manufacturer or his designee will review the Contractor’s methods and 
procedures for pipe installation in the field. The Contractor will make any adjustments in the installation as recommended by 
the manufacturer or his representative. If necessary, the Contractor may be required to reinstall or provide corrections to pipe 
installed prior to the field review at no cost to the Agency. Once the manufacturer or his representative has reviewed the 
Contractor’s installation methods and the Contractor has adjusted his installation methods as recommended by the same, the 
manufacturer or his representative shall furnish to the Contracting Agency an affidavit (certification) that the Contractor’s 
installation methods and procedures, at the time of the review, complied with the manufacturer’s installation practices. The 
affidavit must provide the name of the manufacturer’s representative witnessing the pipe installation. 
 
601.6 PAVEMENT REPLACEMENT AND SURFACE RESTORATION: 
 
601.6.1 Grading: The Contractor shall do such grading in the area adjacent to backfilled trenches and structures as may be 
necessary to leave the area in a neat and satisfactory condition approved by the Engineer. 
 
601.6.2 Restoring Surface: All streets, alleys, driveways, sidewalks, curbs, or other surfaces, in which the surface is broken 
into or damaged by the installation of the new work, shall be resurfaced in kind or as specified to the satisfaction of the Engineer 
in accordance with Section 336. 
 
601.6.3 Cleanup: The job site shall be left in a neat and acceptable condition. Excess soil, concrete, etc., shall be removed 
from the premises.  
 
601.6.4 Temporary Pavement: The Contractor shall install temporary asphalt pavement or the first course of permanent 
pavement replacement in accordance with Section 336 immediately following backfilling and compaction of trenches that have 
been cut through existing pavement. Except as otherwise provided in Section 336, this preliminary pavement shall be 
maintained in a safe and reasonably smooth condition until required backfill compaction is obtained and final pavement 
replacement is ordered by the Engineer. Temporary paving removed shall be hauled from the job site and disposed of by the 
Contractor at no additional cost to the Contracting Agency. 
 
601.7 PAYMENT: 
 
No pay item will be included in the proposal or direct payment made for trench excavation, backfilling, compaction, or 
placement of temporary pavement. The cost of these features of the work shall be included in the unit price per linear foot for 
furnishing and laying pipe.  
 

- End of Section - 
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TRENCHLESS OR OPEN CUT INSTALLATION OF STEEL CASING 
 
602.1 DESCRIPTION: 
 
The Contractor shall furnish all labor, material and equipment as required for the installation of steel casing by a) Trenchless 
operation; using horizontal earth auger boring, hand tunneling or pipe ramming, or b) Open Cut operation; using trenching, 
placement and backfill for the protection of underground utilities. 
 
602.2 MATERIALS: 
 
602.2.1 Steel Casing Fabrication:  
 
Steel casing shall conform to ASTM A283 Grade C, ASTM A252 Gr.2, ASTM A53, ASTM A139, (American Petroleum 
Institute “API” Specification) API 5L Gr B, API 5L X42 or API 5L X52. Welding shall use matching filler metal requirements 
as listed in AWS D1.1 Table 3.1. Shop and field joints shall be welded in accordance with AWS D1.1/D1.1M. Welding shall 
be performed by AWS D1.1 qualified personnel.  
 
602.2.2 Steel Casing Wall Thickness: The minimum wall thickness for steel casings shall be in accordance with Table 602-
1. 

Table 602-1 
Casing Diameter (inches) Minimum Wall Thickness (inches) 

8 .322 
10 .365 

12, 16, 18, 20, 24, 30 and 36 .375 
42, 48 .500 
54, 60 .625 

66, 72, 78 .750 
84 and up 1.00 

 
602.2.2.3 Steel Casing Diameter for Trenchless Installations: The steel casing for pressurized carrier pipes shall be a 
minimum of 12-inches larger than the largest outside dimension of the carrier line, (including pipe bells and flanges) or the size 
indicated on the plans, whichever is greater. Unless otherwise directed by the Contracting Agency or by special design, the 
steel casing for gravity carrier pipes shall be a minimum of 18-inches larger than the largest outside dimension of the carrier 
line, (including pipe bells and flanges) or the size indicated on the plans, whichever is greater. 
 
602.2.2.4 Steel Casing Diameter for Open Cut Installations: The steel casing for pressurized carrier pipes shall be a 
minimum of 6-inches larger than the largest outside dimension of the carrier line, (including pipe bells and flanges) or the size 
indicated on the plans, whichever is greater. The steel casing for gravity carrier pipes shall be a minimum of 12-inches larger 
than the largest outside dimension of the carrier line, (including pipe bells and flanges) or the size indicated on the plans, 
whichever is greater. 
 
602.3 TRENCHLESS OPERATION: 
 
Before starting operations, the Contractor shall submit in accordance with Section 105.2, detailed shop drawing of the bore pit 
and receiving pit shoring, bulkheads, carrier pipe installation method, and welder certifications. The contractor shall submit a 
letter of certification for the casing listing conformity to 602.2.1 and the ASTM or API stenciled on the outside matching the 
certification letter. The contractor shall submit a procedure detailing the trenchless installation method selected from 602.1 to 
be used for the project, if a geotechnical report is not available in the contract documents, the contractor shall define the soil 
limitation for the method selected.  
 
The bore and reception pits for the trenchless operation shall be shored to safeguard existing sub-structures and surface 
improvements and to protect against ground movement. Survey of the bore alignment shall be taken prior to the installation of 
steel casing and taken after the installation of steel casing and shall be presented to the Engineer. 

https://compass.astm.org/EDIT/html_annot.cgi?A283+18
https://compass.astm.org/EDIT/html_annot.cgi?A252+10/(2018/)
https://compass.astm.org/EDIT/html_annot.cgi?A53+18
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Steel casing larger than 36-inches grout connections shall be provided at a maximum spacing of every 20-feet located at 12 
o’clock in the steel casing. Upon completion of the boring operation, the contractor shall inspect each grout hole to determine 
if grouting is required, any gap greater than 2-inches outside the casing will require the boring contractor to grout fill the gap. 
After grouting, the grout holes shall be closed with a threaded plug. The grout shall be a flowable fill. 
 
Steel casing 36-inches and smaller installed by horizontal earth auger boring, hand tunneling or pipe ramming will not require 
outside grouting unless caving or earth movement occurs.  
 
Unexpected loose soil conditions that do not accommodate the method submitted by the contractor, (horizontal earth auger 
boring, hand tunneling or pipe ramming), shall be brought to the agency attention to determine further course of action. 
Contractor shall stop boring until an alternative method is mutually agreed on.   
 
602.4 DEWATERING: 
 
Any water encountered during the operation shall be disposed of by the Contractor in a manner that will not damage public or 
private property or create a nuisance or health problem. The cost of furnishing pumps, pipes and equipment for dewatering 
shall be considered incidental to the work and no additional payment shall be made. 
 
602.5 CARRIER PIPE PLACEMENT: 
 
The tolerances allowed for the alignment and grade of carrier pipe shall comply with requirements of Section 610, 615 or 618 
as applicable. The Contractor shall be responsible to obtain the required line and grade for the carrier pipe, the carrier pipe shall 
not contact or rest on the casing. 
 
Pressurized carrier pipes, (i.e. water, gas, force main) shall be placed using casing spacers, wood skids or steel pipes for rails. 
Casing spacers shall be installed 3 per joint minimum with 8-foot maximum spacing. The annular space between the casing 
and carrier line shall be left empty unless otherwise directed. When the annular space is to be filled, 3/8-inch pea gravel shall 
be used.  
 
Gravity carrier pipes, (i.e. sewer, storm drain, irrigation) shall be placed using grade casing spacers, wood skids or steel pipes 
for rails. The annular space between the casing and carrier line shall be left empty unless otherwise directed. When the annular 
space is to be filled, 3/8-inch pea gravel shall be used.  
 
Bulkheads consisting of brick and mortar or concrete shall be constructed on the ends of the casing; bulkheads shall be a 
minimum of 8-inches thick. Alternative casing end closures may be substituted for brick and mortar or concrete bulkheads if 
approved by the Engineer. 
 
PVC conduits for dry utilities, (i.e. communications, fiber, electric) shall be placed using non-metallic PVC casing spacers. 
The annular space between the casing and carrier line shall be filled as indicated in the contract documents.   
 
After completing the carrier pipe installation, the Contractor shall remove all loose and disturbed material in the bore pits and 
backfill the pits in accordance with Sections 601 and 336. 
 
602.6 MEASUREMENT AND PAYMENT: 
 
Measurement for steel casing shall be the number of horizontal linear feet from the end of casing in the bore pit to the end of 
casing in the reception pit; or from the beginning of the placed casing to the end of placed casing for an open cut installation. 
Payment for steel casing shall be full compensation for furnishing all labor, material, tools, and equipment required for the 
installation of steel casing, complete in place including but not limited to placement of carrier pipe, annular space fill material 
(when required), bulkheads, and the excavation and backfilling of pits. Payment for steel casing does not include payment for 
the carrier pipe. A separate payment will be made for the carrier pipe and any required testing of the carrier pipe.  
 

- End of Section -
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WATER LINE CONSTRUCTION 
 
610.1 DESCRIPTION: 
 
The construction of all water lines shall conform to applicable standard specifications and details, except as otherwise required 
on the plans or as modified in the special provisions. 
 
610.2 GENERAL: 
 
All pipes shall be delivered, handled and installed in accordance with the manufacturer’s recommendations and/or applicable 
provisions of AWWA standards for installation of the various types of water mains specified, insofar as such recommendations 
and provisions are not in variance with the standard specifications and details. 
 
Where water lines are to be constructed in new subdivisions or in conjunction with street repaving projects, the streets shall be 
pre-graded to within 6 inches of the new street subgrade prior to trenching or cut stakes shall be set for trenching. 
 
610.3 MATERIALS: 
 
All pipes for water lines shall be of the classes shown on the plans or as specified below. 
 
(A) The 4-inch through 16-inch diameter pipe sizes may be PVC C900 or ductile iron, except where a particular material is 

specified by the agency or the contract documents. All pipes shall be minimum 150 psi design unless otherwise specified. 
 
(B) Pipe 16 inches and larger may be either ductile iron, or concrete pressure pipe-steel cylinder type. 
 
Ductile iron and cast iron water pipe and fittings per: Section 750. Concrete pressure pipe-steel cylinder type per: Section 
758. C900 PVC per: AWWA C900-07. 
 
Service material containing brass or bronze must comply with the current NSF 61-8 standards at the time the project begins. 
 
All brass or bronze service material must meet the current AWWA C800 standards. 
 
Any product used in water line construction containing brass or bronze that comes in contact with potable water shall meet the 
current NSF standards and federal law. 
 
Only such packing materials as are included in the list of acceptable materials in AWWA C600 for installation of cast iron 
water main shall be used. The packing materials shall be handled in such a manner as to avoid contamination, and shall be dry 
when placed in the joints. All such materials shall be free of oil, tar, or greasy substances, except that treated paper packing 
material, jute, cement, or sulfur compound caulking will not be permitted. 
 
610.4 CONSTRUCTION METHODS: 
 
610.4.1 Trenching/Cover: All water mains in major streets shall have a minimum cover of 48 inches over the top of the pipe. 
Water mains in other locations shall have a minimum cover over the top of the pipe as follows: 
 
(A) 36 inches for mains smaller than 12 inches. 
 
(B) 48 inches for mains 12 inches and larger. 
 
Cover for water mains will be measured from existing or proposed finished grade of pavement or from natural ground, 
whichever is deeper. 
 
Except as otherwise required in this specification, the special provisions, or by the Engineer, trench excavation, backfilling and 
compaction shall be in accordance with the requirements of Section 601. Backfilling may be accomplished as soon as the 
pipeline has been installed to the satisfaction of the Engineer, subject to the requirements for testing per Section 611. 
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610.4.2 Laying Pipe: No water main shall be deflected, either vertically or horizontally, in excess of that recommended by the 
manufacturer of the pipe or coupling. 
 
If adjustment of the position of a length of pipe is required after it has been laid, it shall be removed and rejoined as for a new 
pipe. 
 
Curb stops with flushing pipes or fire hydrants shall be installed at the ends of dead-end mains according to standard details. 
 
Thrust blocks shall be installed in accordance with this specification. 
 
Valve boxes and covers shall be according to standard details. 
 
Ductile iron pipe shall be installed in accordance with this specification and pipe and fittings shall be in accordance with Section 
750. 
 
PVC C-900 pipe shall be installed in accordance with AWWA C900 and Section 601. 
 
610.4.3 Blocking and Restraints: All pipe lines, valves and fittings 16 inches and smaller in diameter shall be blocked with 
concrete thrust blocks in accordance with standard details. Thrust block areas for pipe, valves and fittings larger than 16 inches 
in diameter shall be installed per details shown on the plans. The areas stipulated in the standard details are minimums and 
shall not be decreased. 
 
If irregular soil or pressure conditions are encountered, a thrust block design revision or an alternate joint restraint system may 
be required by the Engineer. 
 
When restrained/welded joints are specified to resist thrust forces, blocking is not required. 
 
With the Engineers approval, restrained/welded joints may be used in lieu of thrust blocks. 
 
Where restrained joints are specified on mains sixteen (16) inches in diameter and smaller, ductile iron pipe shall be used with 
an approved joint restraint method. 
 
On mains sixteen (16) inches in diameter and larger where plans specify welding joints and where ductile iron pipe is furnished, 
joints shall be restrained by an approved joint restraint method for the distance specified. 
 
610.4.4 Maintain Pipe Cleanliness / Pipe Cleaning: The interior of all pipe and fittings shall be kept as free as possible of all 
dirt and foreign material at all times, until the pipe is placed in the new line. 
 
Every precaution shall be taken to prevent foreign material from entering the pipe. When on the project site, the ends of the 
pipe section shall be plugged, wrapped or tarped at all times when pipe laying is not in progress, which includes storage and 
staging at the site. The pipe shall be stored on a pallet, blocking or other means to prevent foreign materials from entering the 
pipe. The pipeline shall be protected by a watertight plug or other means approved by the Engineer when the pipe is in the 
trench if pipe laying is not in progress. 
 
If in the opinion of the Engineer, the pipe contains dirt that will not be removed during the flushing operation; the interior of 
the pipe shall be cleaned and swabbed, as necessary, with a .005 to .010 percent chlorine solution. 
 
If the Contractor or pipe-laying crew cannot install the pipe in the trench without getting earth into it, the Engineer may require 
that, before lowering the pipe into the trench, a heavy, tightly woven canvas bag of suitable size be placed over each end of the 
pipe and left there until the connection is to be made to the adjacent pipe. 
 
At the close of each day’s work, and at times when pipe laying is not in progress, the open ends of the pipe shall be closed by 
a watertight plug or other means approved by the Engineer. Joints of all pipe in the trench shall be completed before the work 
is stopped. If water is in the trench, the seal shall remain in place until the trench is pumped dry.  
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610.4.5 Testing: Hydrostatic testing shall be in accordance with Section 611 . After pressure testing and before placing in 
service, all water lines shall be disinfected. Disinfection shall be accomplished in accordance with Section 611. All corporation 
stops used for testing and chlorination shall be left in the pipeline with the stop closed and all connecting pipe removed. 
 
610.5 SEPARATION: 
 
610.5.1 General: Water lines and sewer lines shall be separated to protect water lines from contamination by sewer lines.  
 
The angle of a water line and sewer line crossing shall be limited to between (45) forty-five degrees and (90) ninety degrees. 
Intersection angles of less than (45) forty-five degrees shall not be allowed. 
 
Separation distances are measured from the outside diameter of the water or sewer line, or the centerline of a manhole.  
 
When water and sewer lines cannot meet separation requirements, extra protection is required as described in Subsection 
610.5.5 and shown in Standard Details 404-1, 404-2 and 404-3. Alternate construction techniques, materials, and joints shall 
be reviewed and approved by the Contracting Agency and Maricopa County Environmental Services Department. 
 
Extra protection requirements for line crossings are measured from the closest outside surfaces of the sewer and water line. 
 
Water line service connections to individual building supply and distribution plumbing shall not be placed below sewer lines, 
and shall otherwise comply with the separation requirements of the applicable plumbing code as applied by the Agency 
(Administrative Authority). Methods described for extra protection do not apply to these service lines. 
 
Water and sewer lines shall not be constructed parallel within a common trench. 
 
610.5.2 Water Line Separation from Gravity Sewer Lines: Water lines shall not be placed within two (2) feet horizontal 
and one (1) foot vertical above and two (2) feet vertical below gravity sewer lines. 
 
Extra protection is required where a water line is placed within six (6) feet horizontal and two (2) feet vertical above a gravity 
sewer line. 
 
Extra protection is required where a water line is placed within six (6) feet horizontal and any distance below a gravity sewer 
line. 
 
610.5.3 Water Line Separation from Pressurized Sewer Lines: Water lines shall not be placed within six (6) feet horizontal 
and within two (2) feet vertical below or within two (2) vertical above a pressurized sewer line.  
 
Extra protection is required where a water line is placed within six (6) feet horizontal and within six (6) feet vertical above a 
pressurized sewer line.  
 
Extra protection is required where a water line is placed within (6) feet horizontal and any distance below a pressurized sewer 
line. 
 
610.5.4 Water Line Separation from Manholes: Water lines shall not pass through or come into contact with any part of a 
sewer manhole and shall be separated six (6) feet horizontal from the center of a sewer manhole.  
 
610.5.5 Extra Protection: New water lines that require extra protection from new sewer lines, shall have extra protection 
provided by using ductile iron pipe for both lines. Lines of standard pipe length shall be centered at the point of crossing so 
that no joints exist within six (feet) horizontal and only restrained or mechanical joints exist within ten (10) feet horizontal. 
Alternate encasement sleeving can be used to house the carrier pipe subject to Contracting Agency and Maricopa County 
Environmental Services Department approval. 
 
New water lines that require extra protection from sewer lines shall have identification wrap and/or tape installed on the water 
and sewer lines for the length that requires extra protection for each line. 
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New water lines that require extra protection from existing sewer lines shall be constructed using the extra protection specified 
for new water lines, and the existing sewer line:  
 

(1) shall be reconstructed using a standard length of ductile iron pipe centered at the point of crossing so that no joints 
exist within six (6) feet horizontal and only restrained or mechanical joints exist within ten (10) feet horizontal, or 
 

(2) shall be encased in 6 inches of concrete for the horizontal distance of the line that requires extra protection but for a 
distance no less than ten (10) feet horizontal. 
 

Alternate extra protection, subject to approval by Contracting Agency and Maricopa County Environmental Services 
Department, may be provided by: 
 

(3) encasing existing sewer line in a steel casing per Section 602, centered at the point of crossing so that no joints exist 
within six (6) feet horizontal and only restrained or mechanical joints exist within ten (10) feet horizontal, or 
 

(4) lining existing sewer line using Cured in Place Pipe for a horizontal distance from the point of crossing no less than 
ten (10) feet horizontal in each direction. 

Existing water lines that require extra protection from new sewer lines shall provide for extra protection by:  
 

(1) constructing the new sewer line and reconstructing the existing water line using ductile iron pipe for both lines with 
standard pipe lengths centered at the point of crossing so that no joints exist within six (feet) horizontal and restrained 
or mechanical joints exist within ten (10) feet horizontal, or  

 
(2) encasement of both the existing water line and the new sewer line in six (6) inches of concrete for the horizontal 

distance of the lines that require extra protection but for a distance no less than ten (10) feet horizontal. 
 
(3) Extra protection for existing ductile iron water lines can be met by the installation of restrained or mechanical joints 

on the existing water line within ten (10) feet horizontal of the crossing and either  
 

(a) construction of new sewer line using a standard pipe length of ductile iron pipe centered at the point of crossing 
so that no joints exist within six (6) feet horizontal and restrained or mechanical joints exist within ten (10) feet 
horizontal, or  

 
(b) encasement of the new sewer line in 6 inches of concrete for the horizontal distance of the line that requires extra 
protection but for a distance no less than ten (10) feet horizontal. 
 

Alternate extra protection, subject to approval by Contracting Agency and Maricopa County Environmental Services 
Department, may be provided by: 
 
 (c) encasing new sewer line in a steel casing per Section 602 measured at the point of crossing so that no joint exists 

with six (6) feet horizontal and only restrained or mechanical joints exist with ten (10) feet. 
 
610.6 POLYETHYLENE CORROSION PROTECTION: 
 
610.6.1 General: Where called for in the plans and specifications or directed by the Engineer, pipe, valves and fittings shall 
be protected from corrosion by encasement in a polyethylene protective wrapping referred to hereafter as polywrap. Although 
not intended to be a completely air and water tight enclosure the polywrap shall provide a continuous barrier between the pipe 
and surrounding bedding and backfill. 
 
610.6.2 Materials: The polywrap shall be of virgin polyethylene, not less than 8 mils in thickness, formed into tubes or sheets 
as may be required. Naturally, pigmented material may be used where exposure to ultraviolet light will be less than 48 hours.  
 
Otherwise, the material shall be pigmented with 2 to 2 1/2 percent of well-dispersed carbon black with stabilizers. 
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The polywrap shall be secured as specified below with 2-inch wide pressure sensitive tape not less than 10 mils thick. This 
flexible tape shall consist of a polyethylene or polyvinyl chloride backing with a synthetic elastomeric adhesive film comprised 
of butyl rubber. Tape shall remain flexible over a wide range of temperatures, with tensile strength and elongation properties 
in conformance with ASTM D1000.  
 
The minimum tube size for each pipe diameter shall be per Table 610-1. 
 

TABLE 610-1 (from AWWA C105-05) 
POLYWRAP FLAT TUBE WIDTHS 

Nominal Pipe Diameter (Inches) Cast Iron Or Ductile Iron With 
Push-On Joints (inches) 

Cast Iron or Ductile Iron With 
Mechanical Joints (inches) 

 
4 
6 
8 

10 
12 
14 
16 
18 
20 
24 
30 
36 
42 
48 
54 
60 
64 

 
14 
16 
20 
24 
27 
30 
34 
37 
41 
54 
67 
81 
81 
95 

108 
108 
121 

 
16 
20 
24 
27 
30 
34 
37 
41 
45 
53 
. 
. 
. 
. 
. 
. 
. 

 
610.6.3 Installation: The polyethylene tubing shall be cut into lengths approximately 2 feet longer than the pipe sections. With 
the pipe suspended from the center the tube shall be slipped over the spigot end and bunched up between the point of support 
and the spigot end. After the pipe is installed into the bell of the adjacent pipe, the pipe shall be lowered to the trench bottom 
and the supporting sling removed from the center of the pipe. The pipe shall then be raised at the bell end enough to allow the 
tube to be slipped along the full length of the barrel with enough left at each end to overlap the adjoining pipe about 1 foot. A 
shallow bell hole must be made at each joint to facilitate installation of the polywrap. 
 
Pull the bunched-up polywrap from the preceding length of pipe, slip it over the end of the new length of pipe, and secure in 
place with one circumferential turn of tape plus enough overlap to assure firm adhesion. Then slip the end of the polywrap from 
the new pipe section over the end of the first wrap until it overlaps the joint at the end of the preceding length of pipe. Tape it 
in place. 
 
The loose wrapping on the barrel of the pipe shall be pulled snugly around the barrel of the pipe, and excess material folded 
over the top of the pipe and the folds held in place by means of short strips of adhesive tape, at about 3 foot intervals along the 
pipe. 
 
Repair any rips, punctures or other damage to the tube with the adhesive tape or pieces of tube material secured with tape. 
 
Bends and reducers in the line shall be covered with polyethylene in the same manner as pipe. 
 
Valves, tees, crosses and outlets shall be wrapped with flat sheets of the same material. The sheets shall be passed under valves 
and brought up around the body to the stem. Edges shall be brought together, folded twice and secured with the adhesive tape. 
 
  

http://www.astm.org/cgi-bin/resolver.cgi?D1000
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610.6.4 Payment for Polywrap: Payment for this item shall be per the provisions of Subsections 109.4 and 109.5 of the 
specifications unless this item is specifically called for on the plans or in the supplemental specifications or special provisions 
as a specific component and pay item for a given project. 
 
610.7 VALVES: 
 
Valves shall be installed in accordance with AWWA C600 or AWWA C603 modified as follows: 
 
All tapping sleeves, gate valves, butterfly valves, air release and vacuum valves and corporation stops shall be in accordance 
with Section 630. 
 
Just before installation in the trench, valves shall be fully opened and closed to check the action, and a record made of the 
number of turns required to fully open or close the valve. For valves 16 inches and larger, a member of the water utility shall 
be present to check the action and record the number of turns. The inside of all valves shall then be thoroughly cleaned and the 
valve installed. 
 
Valves 12 inches and smaller in size shall be supported by concrete blocks, in accordance with the standard details. 
 
Valves 16 inches and larger in size along with their bypass valves, shall be supported on concrete slabs, and/or concrete piers, 
as indicated on the plans. 
 
Concrete supports shall be provided under valves in vaults and manholes, and shall be constructed an inch low, then grouted 
with non-shrink grout. Adjustable pipe supports shall be as indicated on the plans. Buried valves shall be supported on concrete 
blocks as detailed on the plans. 
 
Valve boxes shall be installed over all buried valves in accordance with standard details. 
 
Standard couplings or matching joints shall be used when more than one length of pipe is required, or when two or more pieces 
are joined, to form the valve box riser. Install extension stems on all valves where the operating nut is 5 feet or more below 
grade. 
 
610.8 MANHOLES AND VAULTS: 
 
Construction shall consist of furnishing all materials and constructing manholes or vaults complete in place, as detailed, 
including foundation walls, cast iron steps, frames, covers, and any incidentals thereto, at location shown on the plans. 
 
Manholes shall be constructed to conform to the requirements of Section 625 and standard details, except the inside diameter 
shall be 60 inches. 
 
Vaults shall be constructed of reinforced concrete conforming to Section 725 and of concrete pipe, conforming to ASTM C76 
Wall A or B. Vaults shall be kept moist for 7 days before backfilling. 
 
610.9 FIRE HYDRANTS: 
 
The Contractor shall furnish all labor, materials, and equipment necessary to install fire hydrants complete in place at locations 
shown on the plans in accordance with the standard details and special provisions. Fire hydrants furnished by the Contractor 
shall conform to the requirements of Section 756. 
 
If paint is chipped, scuffed, or otherwise damaged during handling and installation, the Contractor shall touch up such spots as 
may be designated by the Engineer. 
 
All hydrants must be flushed and left in good working condition with the control valve open. 
 
 
 

http://www.astm.org/cgi-bin/resolver.cgi?C76
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610.10 COUPLINGS, JOINTS, GASKETS AND FLANGES: 
 
(A) Couplings: The couplings used to join the pipe to flanged valve adapters shall have a minimum working pressure of 150 
psi, and shall have a fusion-bonded epoxy finish. The coupling sleeves shall be carbon steel with a minimum yield of 30,000 
psi. The flanges shall have a minimum yield of 30,000 psi and be ductile iron or carbon steel for sizes up to 12”, or high-
strength, low-alloy steel for sizes 14” and larger. 
 
(B) Joints: The joints and fitting shall conform to Sections 750 and 752. 
 
Bolts and Nuts: 

 
(1) Bolts, studs, and nuts used in underground field flanged connections or for connecting fittings shall be carbon steel 

compliant with ASTM A307, Grade A unless Grade B is specified. Bolts, studs, and nuts shall be in accordance with 
AWWA C111. Bolts and studs shall have Class 2A thread tolerance with the corresponding nuts having Class 2B 
tolerance. Bolts, studs and nuts shall have a hot-dipped zinc coating in accordance with ASTM F2329. All bolt 
diameters shall normally be 1/8 inch smaller than the bolt hole diameter. If specified, allowable exceptions to zinc 
coating shall be bolts, studs, and nuts made from 316 stainless steel per ASTM F593 or cadmium plated per ASTM 
B766. All bolts shall be hexagonal heads. 
 

(2) The minimum requirement for underground mechanical joint connections using T-head bolts shall meet the 
requirements of AWWA C111 using a high strength low alloy steel manufactured for atmospheric corrosion resistance 
per ASTM A242. 

 
These bolted joints shall be protected as follows: Following installation and before backfilling, all couplings, steel flanges, 
bolts, nuts, anchor bolts and rods, bolting of all flanged valves, and all exposed steel shall be protected from corrosion by either 
of the two methods outlined below at the Contractor’s option. 
 
(A)  Below ground installations shall be coated with NO-OX-ID “A” with a film of not less than 1/32 inch thick and then coated 
with cement mortar not less than 1 inch thickness before backfilling. Cement mortar shall be composed of 1 part cement, ASTM 
C150, Type II, low alkali, to 3 parts sand. Before application of the cement mortar coating the area to be protected shall be 
covered with a layer of 2 x 2 inch No. 14 gage welded wire fabric, firmly wired in place. 

 
(B) Below ground installations shall be protected by the application of hot coal-tar enamel. The coal-tar enamel shall be in 
accordance with AWWA C203 and shall be applied to the top part of the pipe or fittings by daubers for at least two coats for a 
total minimum thickness of 1/16 inch. The coal tar for under side of the pipe flanges or fittings shall be applied by the pan or 
cocoon method as described below and in AWWA Manual M-11, Steel Pipe. 

 
Pan Method: The coating pan is securely anchored in place on the underside of the pipe and straddling the connection to be 
coated. The pan shall be wide enough so that the entire connection will be coated. 

 
Hot coal-tar enamel is poured into the pan, from one side only, until the pan is completely filled. The drain plug or valve, is 
then opened and the excess coal tar drained out. The pan can then be removed. Details of the coating pan and corresponding 
dimensions are given in AWWA Manual M-11. 

 
The upper portion of the connection, and all remaining exposed steel pipe, will then be coated by the use of a dauber. The coal 
tar coating shall be applied in at least two coats for a minimum thickness of 1/16 inch. The daubers and method of application 
shall conform to AWWA C203. No thinning will be allowed. 
 
(C) Cocoon Method: The cocoon is formed by placing glass fiber cloth or roofing paper, of the proper width, around the 
underside of the connection and adjacent exposed steel pipe. The edges of the cocoon shall be securely fastened to the pipe. 
Backfill is lightly placed to the spring line, and the top of the cocoon is opened and layed back on the filled area and hot coal-
tar enamel poured, from one side only, until the cocoon is completely filled. The loose backfill prevents rupture of the cocoon. 
The upper portion of the connection and remaining exposed steel pipe shall be coated as above. 
 
 

http://www.astm.org/cgi-bin/resolver.cgi?A307
http://www.astm.org/cgi-bin/resolver.cgi?F2329
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(D) Gaskets: Except as otherwise provided, all gaskets for pipelines shall be one piece full faced gaskets from one-ply cloth 
inserted SBR rubber material. Gaskets for flanges 20 inches and smaller shall be from 1/16 inch thick material. Gaskets for 
flanges 24 inches and larger shall be from 1/8 inch thick material. Gasket material shall be J-M 109 as manufactured by Johns-
Manville Corporation or an approved equal. Physical characteristics of the rubber compound shall meet ASTM D2000, Class 
4AA805A13. 
 
(E) Flanges: Cast iron flanges shall conform to AWWA C110 as to material, diameter, thickness, drilling, etc. Steel flanges 
shall be ring or hub type, and shall conform to AWWA C207, Class D. All flanges shall be drilled and have flange diameters 
and bolt circles conforming to AWWA C110, except bolt holes will be 1/8 inch larger than the bolts given for the various sizes. 
All bolts shall be as specified above and all flanges shall have a flat facing. 
 
610.11 CONNECTION TO EXISTING MAINS: 
 
Existing pipe to which connections are to be made shall be exposed by the Contractor as directed by the Engineer, to permit 
field changes in line, grade or fittings, if necessary. All connections to existing mains shall be constructed according to the 
plans. 
 
Valves connecting new work to the existing system shall be kept closed at all times.  
 
Only Agency personnel shall operate existing valves. The Contractor shall not operate valves in the existing system. 
 
After disinfected samples have been taken and the new work passes the bacteriological tests, the new line shall then be turned 
over to the Contracting Agency with all branch lines and tie-in valves closed. 
 
When shutdown of an existing water main is necessary in order to connect to the new lines, the Contractor shall make 
application and pay the required charges to the Contracting Agency. A conference between the Contractor’s representative, 
Engineering Inspection, and Water Distribution personnel shall establish the time and procedures to insure that the shutdown 
will be for the shortest possible time. If necessary to minimize inconvenience to customers, shutdowns may be scheduled during 
other than normal working hours. The water supply to some customers, such as hospitals, cannot be shut off at any time. 
Provisions to furnish a continuous supply of water to such establishments will be required. After the procedures and time for a 
shutdown are agreed upon, it shall be the Contractor’s responsibility to notify all customers in advance that the water will be 
turned off. When possible, customers shall be notified 24 hours in advance and in no case, except in emergency, shall 
notification be less than 30 minutes. Notification shall be in writing, giving the reason for the shutdown and the time and 
duration the water service will be shut off. 
 
The Contracting Agency will close existing valves, but will not guarantee a 100% complete shutdown. 
 
610.12 FIRE LINE SERVICE CONNECTIONS: 
 
Fire line service connections shall be installed in accordance with standard details. 
 
The fire line from the control valves at the main to the detector check valve shall be constructed of ductile iron pipe per Section 
750.  
 
610.13 METER SERVICE CONNECTIONS: 
 
All new meters must be installed by the Contracting Agency after the proper application as required by Code with fees paid at 
prevailing rates. 
 
When plans call for connections from a new water main to an existing water meter, the work shall include new copper pipe and 
fittings, except as follows: 
 
(A) Wrapped galvanized pipe shall be used to connect or extend existing galvanized service pipe. Type K soft copper pipe or 
tubing shall be used to connect or extend existing copper service pipe except when otherwise called for in the plans. 
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(B) When the existing main is not abandoned, and the existing meter is to be connected to the new line, the corporation stop 
at the old main shall be closed and the abandoned service line cut 6 inches from the old main. 
 
(C) Taps and service connections to the new main shall be made prior to testing and disinfection of the new line. 
 
(D) Meter service piping may be installed by drilling in place of open cut construction when approved by the Engineer. 
 
When called for on the plans, the meter and box shall be relocated by the Contractor as directed by the Engineer. Existing 
meters, which are shown on the plans to be relocated, shall be located and installed in accordance with standard details. 
 
Water meter boxes, which are broken during construction, shall be replaced by the Contractor at no additional cost to the 
Contracting Agency. Existing meter boxes, which are already broken prior to start of construction, shall be replaced by the 
Contractor with boxes furnished by the Contracting Agency. Boxes may be picked up by the Contractor after written 
authorization is received from the Engineer. The written authorization shall include the street address of each broken meter box 
and the size of meter box required. All water meter boxes shall conform to the standard details. 
 
610.14 CLEANUP: 
 
When testing, chlorination, compaction, and cleanup do not follow pipe laying in an orderly manner, the Engineer reserves the 
right to close down trenching and pipe laying until these operations are adequately advanced.  
 
610.15 PAVEMENT AND SURFACING REPLACEMENT: 
 
Pavement and surfacing replacement shall be in accordance with the requirements of Section 336. 
 
610.16 MEASUREMENT AND PAYMENT: 
 
(A) Pipe: 
 

(1) Measurement of all pipe shall be of the linear feet of pipe installed, measured along the centerline of the pipe, through 
all valves and fittings, from the centerline of the fittings or centerline of valves on ends of pipe to the centerline of 
fittings, centerline of valves on ends of pipe or to the end of pipe, as the case may be, for all through runs of pipe. 
Measurement of lateral line pipes shall start at the centerline of valve at connection to the main. Measurement of 
service lines shall be from the centerline of the new main to the connection at the meter. Measurement shall be to the 
nearest foot. 
 

(2) Payment will be made at the contract unit price per linear foot of each type and size of pipe. Such payment shall be 
compensation in full for furnishing and installing the pipe and fittings, specials, adapters, etc., complete in place, as 
called for on the plans and/or on the standard details, and shall include all costs of excavation, removal of obstructions, 
shoring and bracing, bedding, backfilling, compaction, maintenance of traffic, testing, disinfecting, connections to 
existing lines or works, and all work not specifically covered in other pay items. 

 
(B) Service Line Connections: Measurement shall be of the number of unit connections made for water services, if called for 
in the bid. Each bid item unit shall consist of the connection to the water main and to the meter, as may be required in the plan 
details. Payment will be made at the contract unit price for each water service connection and shall be compensation in full for 
labor materials (other than pipe) equipment, tapping, and all necessary incidentals. Payment for new service pipe required to 
make the connection will be made separately, as stipulated above. If no contract bid item exists for connections, then the cost 
for connections to meters and main lines shall be included in the corresponding pipe bid item unit price.  
 
(C) Relocation of Existing Meters and Boxes: Measurement shall be of the number of meters and boxes moved and 
reinstalled. Payment will be made at the contract unit price for each meter and box relocated and installed. 

 
(D) Permanent Pipe Supports and Encasement of Existing Pipes: Measurement shall be of each unit included in the bid, 
and payment shall be compensation in full for supporting or encasing existing pipe, as required on the plans, including 
excavation, form work, reinforcing, concrete, handling and controlling flows in the existing pipe, removing and replacing 
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existing pipe where necessary, supporting, backfilling and compaction, and pavement and/or surfacing replacement required 
in excess of pay width(s) allowed in Section 336. 

 
(E) Concrete Thrust Blocks: Concrete thrust blocks and anchors for all pipe 16 inches and larger shall be measured by the 
cubic yard(s) of concrete placed, as required on the plans and/or as directed by the Engineer. Payment will be made at the 
contract unit price per cubic yard, and shall be compensation in full for excavation, formwork, placing and finishing concrete, 
reinforcing, backfilling and compaction, and pavement and/or surfacing replacement required in excess of pay width(s) allowed 
in Section 336. All thrust blocks and anchors for 12 inches and smaller pipe shall be included in the linear foot cost of the pipe. 

 
(F) Valves: Measurement of and payment for valves, tapping sleeves and valves, and valve boxes shall be for each item 
furnished and installed, as designated in Section 630. 

 
(G) Fire Hydrants: Measurement shall be the number of fire hydrants installed. Payment will be at the contract unit price for 
the installation of each fire hydrant complete in place and in operating condition. The 6 inch ductile iron pipe and fittings, 
required for making the connection from the main to the hydrant, shall be a separate pay item in the proposal as described 
above. 
 
(H) Pavement and/or Surfacing Replacement: Payment for pavement and/or surfacing replacement will be made as 
stipulated in Section 336, except as otherwise established in this specification. The cost of pavement and/or surface replacement 
required for service line installations shall be included in the contract unit price for service line pipe. 
 

- End of Section - 
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WATER, SEWER AND STORM DRAIN TESTING 
 

611.1 DESCRIPTION: 
 

The testing of new water lines, fire lines, force mains, sewer lines, and storm lines shall conform to the applicable testing 
procedures and inspection requirements as outlined herein, except as otherwise required on the plans, as modified in the 
special provisions or as directed by the Contracting Agency. 
 
Water mains shall be isolated, disinfected, sampled and tested to meet the Safe Drinking Water Act Requirements per 40CFR 
Part 141. 
 
The Contractor shall provide all vents, piping, plugs, bulkheads, valves, bracing, blocking, pumps, measuring devices and all 
other equipment necessary for performing the tests including new or good condition pressure gages. If required by the 
Contracting Agency, Contractor shall pay for water used in the performance of the required flushing and pressure testing. 
Water quantities used shall be calculated or meter measured as directed and approved by the agency. 
 
Unless otherwise provided for, the Contractor shall notify the Contracting Agency no less than 72 hours to schedule the start 
of the testing and disinfection cycle. 
 
611.2 FLUSHING AND HYDROSTATIC TESTING: 
 
Water lines, fire lines and force mains, including all fittings and connections, shall be pressure tested for water-tightness by 
subjecting each section to hydrostatic testing in accordance with applicable provisions of AWWA C600 and C605 (Latest 
Version), except as modified below. 
 
611.2.1 Flushing Completed Main Lines: 

 
(A) Flushing Plan: If required by the Contracting Agency, the Contractor shall submit a written flushing plan for review and 

approval prior to starting any flushing activities. The plan may be a written detailed narrative or a shop drawing submittal 
depending on complexity of the system or agency requirements. There may be different plans for initial flushing (debris) 
and a final flushing (high chlorine). The plan shall include and indicate all locations for the connection feed point, 
backflow protection device, measuring meter (if required), all valves and fire hydrants, all permanent or temporary air 
release points, testing/sampling riser ports, discharge outlets, proper de-chlorination procedure (for final flushing), and 
final disposal location/destination of the flushing water. The plan shall indicate the required sequential phasing to achieve 
a positive, one directional flushing action. For water lines greater than 16 inches, an engineered flushing plan shall be 
required. 
 

(B) Valve Operation: Check with the Contracting Agency for any policy regarding the operation of existing valves or other 
appurtenances. 
 

(C) Line Filling: The test section shall be slowly filled with potable water and all air shall be vented from the line. The rate 
of filling shall be as determined by the Contracting Agency, with at least 48-hour notice required before tests are 
scheduled. Measurement and documentation of the volume flow of water into and out of all lines shall be made by means 
of a pitot gage, meter supplied by the Contracting Agency, volume calculations based on design, system and conditions 
as monitored and approved by the Contracting Agency, or some other pre-approved device/set-up. 
 

(D) Preliminary (Debris) Flushing: All mains 16 inches and smaller shall be flushed using clean potable water, prior to 
chlorination, as thoroughly as possible with the water pressure and outlets available. Flushing is intended to remove only 
light debris and should not be relied upon to remove heavy material. Contractors shall exercise care and proper 
workmanship in the pipe laying operation to not allow dirt and debris to get into the pipe. Dirt, bedding materials, rocks 
or other foreign debris may cause damage to valves and fire hydrants during flushing operations. When excessive or large 
debris is witnessed exiting the outlets during flushing, the valves and fire hydrants shall be further investigated and 
inspected to verify that they are in good working order. 
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(E) Required flow and openings (either taps or hydrants) to flush pipelines is at 3.0 ft./sec (40 psi residual pressure in water 
main) * Reference AWWA C651 (Latest Version). 

 
 Recommended Outlet Size Requirements for Flushing 

Main Size Minimum Outlet Size Required  
4” thru 6”  3” 
8” 4” 
10” thru 16” 6” 
Greater than 16” Engineered Flushing Plan Required 
 
Contracting Agency has final determination of size, number of blow offs and location of flushing inlets and outlets. 

611.2.2 Hydrostatic Testing: Pressure testing may be performed before or after final backfilling. If the pipeline is properly 
and safely center-loaded, a visual inspection for leaks may be made along the pipeline, while the test section is under test 
pressure. Any visible leaks shall be repaired and a retest conducted. However, if mechanical compaction is to be used in the 
backfilling operations per AWWA C600 and C605, the pressure tests shall not be performed until final backfilling is 100% 
completed including compaction. Backfill and compaction shall be 100% complete for any restrained pipeline sections for 
the entire designated restrained distance prior to pressure testing. All pipe sections, stub laterals, fire hydrant laterals, blow-
offs, and valves encompassed in the test section shall be verified to be open, water filled and pressurized. Actual hydrostatic 
monitor testing shall not begin until the pipeline has been filled entirely with water for at least 24 hours to allow for air venting 
and absorption. 
 

(A) Pressure Testing: Unless otherwise noted in the contract documents, the minimum prescribed test pressure shall be 
at least 200 psi for lines smaller than 16 inches and 150 psi for lines 16 inches or larger, not to exceed 5 psi over the 
minimum prescribed test pressure, as measured at the lowest end of the section under test. The duration of each 
pressure test shall be at least 2 hours, during which time the test section shall not drop below the minimum prescribed 
test pressure. If the pressure in the pipe test section has not stabilized by the end of the testing period, a hydrostatic 
retest will be required. 

 
Each section of a new line between sectionalizing valves or between the last sectionalizing valve and the end of the 
project shall be tested separately as required in AWWA C600 and C605, and/or as modified in these specifications, 
except that any such section less than 500 feet in length may be tested with the adjacent section, if both sections of 
line have the same pipe class rating. No section greater than 2,640 feet in total pipe length shall be tested without 
written permission of the Engineer. 
 
Contractor shall bleed all air out of new lines being tested. After all air has been determined to have been removed 
and the pressure has stabilized and maintained constant, the line shall be determined to be ready for testing. The 
Contractor shall furnish all necessary apparatus and assistance to conduct the testing. 

 
(B) Testing Allowance / Makeup Water: If a testing allowance is permitted by the Contracting Agency, the makeup 

water volume shall be determined after the pressure test has been satisfactorily completed and all backfilling and 
compaction has been completed to top of trench. The allowance shall be defined as the maximum quantity of 
additional water necessary to be supplied into the pipe section under test to restore the ending test pressure to the 
beginning test pressure, after the pipeline has been filled with water and all air expelled. 

 
The duration of each makeup water test shall be at least 2 hours. To pass the allowance testing, the quantity of makeup 
water from the pipeline shall not exceed the makeup water quantity allowed by the following formula: 

 
A =  LD √ P 

Where      148,000 
A = testing allowance (makeup water), gallons per hour.  
L = length of pipe tested, feet 
D = nominal diameter of pipe, inches.  
P = test pressure, pounds/square inch 
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If the pipeline under test contains sections of various diameters, the testing allowance will be the sum of the computed 
allowance for each size. Should the test on any section of the pipeline require more makeup water than allowed by the 
above formula, the Contractor shall locate and repair the defective pipe, fittings, or joint until the makeup water volume 
is within the specified allowance. All repairs and re-tests, if required, shall be made at the Contractor’s expense. 

 
611.3 DISINFECTING WATER MAINS: 

611.3.1 Isolation: Unless otherwise directed by the Contracting Agency, new water mains shall be physically isolated from 
active distribution systems until initial disinfection and satisfactory bacteriological results have been completed. The means 
for protecting active distribution systems from contamination due to reverse flow shall be according to the level of protection 
required by Arizona Administrative Code (A.A.C) R18-4-215. Physical breaks or gaps in the water main line are acceptable; 
or temporary insertion of a properly sized and certified reduced pressure backflow assembly (“jumper” set-up) is also an 
acceptable method. Check with Contracting Agency for specific requirements. 
 
611.3.2 Disinfection: The method of chlorination used shall be approved by the Contracting Agency and must conform to 
NSF/ANSI 60 & 61 and the AWWA C651 (Latest Version) Standards. The Contracting Agency shall determine the number 
and locations for sample risers. The contractor is responsible for supplying equipment to properly dose the new main with a 
chlorine concentration not less than 10 parts per million (ppm). The Contracting Agency will verify the chlorine level is at 10 
ppm at time of dosing and verify that after 24 hours of high chlorine solution sitting in the pipes that the chlorine concentration 
is at 10 ppm or greater. All new valves, hydrants and other appurtenances shall be operated fully to ensure full disinfection 
from the chlorine solution. 
 
After 24-hour verification is complete, the water main shall be completely flushed of the high chlorine concentration. A 
chlorine neutralizing agent may be required during flushing discharge. Check with the Contracting Agency to confirm. 
 

(A) Methods of Applying Chlorine: One of the following methods of application of chlorine shall be used, subject to 
the approval of the Contracting Agency. 
• Liquid chlorine gas-water mixture. 
• Calcium or sodium hypochlorite and water mixture. 

 
(B) Point of Application: The preferred point of application of the chlorinating agent is at the beginning of the pipeline 

extension or any valved section of it and through a corporation stop inserted in the top of the newly laid pipe. The 
water injector for delivering the chlorine-bearing water into the pipe should be supplied from a tap or other potable 
water source on the pressure side of the gate valve controlling the flow into the pipeline extension.  
 
If using a potable water tank mounted on a vehicle or trailer to fill the new pipe the following shall apply: Vehicles 
hauling water for drinking or “potable” uses must be operated with a permit. In order to qualify for a permit, the 
vehicle must be inspected and must comply with all regulations listed in Chapter V, Section 2 of the Maricopa County 
Environmental Health Code and Title 18, Chapter 4, Section 214 of the Arizona Administrative Code. Potable water 
transportation operating permits are issued by the Maricopa County Environmental Services Department Water and 
Waste Division. Furthermore, a chlorine residual shall be obtained at the source used to fill the tank and taken again 
before the tank is emptied. A log must be kept of the chlorine residuals. A method approved by the Contracting 
Agency shall be used for verifying chlorine residuals. Minimal chlorine residuals shall not be less than 0.20 parts per 
million (ppm) (equivalent to 0.2 mg/l). 

 
(C) Rate of Application: Water from the existing distribution system or other approved potable water source of supply 

shall be controlled so the rate of flow shall not exceed 500 gpm, unless approved by the Contracting Agency, through 
a suitable measuring device into the newly laid pipeline during the application of chlorine. The rate of chlorine 
solution flow shall be in such proportion to the rate of water entering the pipe that the chlorine dose applied to the 
water entering the newly laid pipe shall produce at least 10 ppm of residual chlorine after 24 hours standing in the 
pipe. This may be expected with an application of 50 ppm, although some conditions may require more. 

 
 On lines 12 inches in diameter or less, determination of the rate of flow of water into the line to be treated may be 

made by starting with the line full of water and measuring the rate of discharge at a hydrant located at the end of the 

Revised 2022 
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pipe farthest away from the point of chlorine application. For lines larger than 12 inches in diameter, the disinfection 
operation is generally started with the line empty. 

 
(D) Retention Period: The highly chlorinated water shall be retained in the pipe long enough to destroy all non-spore-

forming bacteria. This period should be at least 24 hours and no more than 48 hours. 
 
 If the circumstances are such that less than a 24-hour retention period must be used and upon approval by the 

Contracting Agency, the chlorine concentration shall be increased to 100 ppm not to exceed 300 ppm and retained 
for at least 2 hours. Under these conditions, special care should be taken to avoid chemical attack on pipes, valves, 
hydrants and other appurtenances. 
 

(E)  Short Pipe Sections / Laterals / Stubs: For short sections of new pipelines of up to twenty feet or less in length and 
where the new line cannot be isolated for testing or installation of a temporary backflow and metering set-up is not 
possible or feasible, the following procedure may be used with Contracting Agency approval on a case-by-case basis. 
Various modifications may be necessary or required depending on specific circumstances. This does not apply to 
small diameter domestic copper water services of up to two inches. 

 
1. 100% of all new pipe materials/fittings used in the installation and tie-in from the existing main line to the 

backflow assembly on fire lines and up to the first meter, connection on domestic water lines shall be disinfected. 
Any new tie-in valves at the main line shall remain completely closed. 
 

2. All new pipe materials/fittings used in the installation and tie-in are to be disinfected by swabbing with a chlorine 
solution of at least 200 ppm using NSF/ANSI 60 & 61 approved equipment, materials and chemicals. The chlorine 
solution shall be tested by the Contracting Agency or designated representative to ensure that it meets the strength 
requirements. Inspector shall witness the swabbing procedure and document results. A new swabbing device 
should be used for each new line. 
 

3. The new lines and fittings shall remain empty and closed to the atmosphere for 24 hours to allow the high chlorine 
treatment sufficient time to disinfect. 
 

4. After the 24-hour period, with Contracting Agency supervision, the new valves shall be operated, and the ends of 
the lines shall be opened at the largest port available to allow initial flushing of the high chlorine solution. The 
Contracting Agency shall test this first flow of water to verify that at least 10 ppm of chlorine is still present. The 
line can then continue to be sufficiently flushed until the chlorine levels are below 2.0 ppm as verified by the 
Contracting Agency. 
 

5. The new lateral valves at the main tie-in shall then be closed and remain closed after flushing; the new lateral 
line shall remain charged with water and allowed to sit for an additional 24 hours. 
 

6. After 24 hours, the Contracting Agency shall check the chlorine residual levels and collect microbiological 
samples for lab testing as detailed herein.  
 

7. The new lateral valves at the main tie-in shall remain closed until the Contracting Agency receives the laboratory 
results that show a negative or “Absent” reading for both Total Coliform and E. Coli. 

 
611.3.3 Final Flushing, Sampling and Testing: Following chlorination, all treated water in the newly laid pipeline shall be 
thoroughly flushed until the replacement water throughout the new pipeline can be proved, by laboratory testing, comparable 
in quality to the water served to the public from the existing water system. Prior to sampling for laboratory testing, the residual 
chlorine throughout the length of the pipeline shall be reduced to 2.0 ppm or less per Contracting Agency allowances. Once 
the required residual chlorine level in the pipeline is achieved, bacteriological samples shall be taken as outlined below. 
 
The Contracting Agency or its authorized representative shall collect all samples for testing of the new water mains. To initiate 
the sampling and testing, the Contractor will present to the Contracting Agency or its authorized agent a written request for 
such work no later than 48 hours prior to the time when samples are to be taken. Samples shall be taken from a tap and riser 
located and installed in such a way as to prevent outside contamination. Samples shall never be taken from an unsterilized 
hose or from fire hydrants. 
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The number and types of sampling locations shall be per the flushing plan as approved or determined by the Contracting 
Agency or its authorized agent; and at a minimum, shall be as follows: 
 

 Waterlines up to but less than 150 feet in length require one sampling riser installed as near the end as possible. 
 Waterlines 150 feet to 300 feet in length, two sampling risers, one near each end of the line. 
 Waterlines 300 feet to 2,640 feet in length, a minimum of three sampling risers. In addition, dead ends on main lines 

should be represented with a sampling riser. 
 Waterlines greater than 2,640 feet in length shall require a minimum of one additional sampling riser per 1,000 feet.  

The Contractor shall install the correct type of sampling risers at the locations shown on the approved flushing plan; or as 
otherwise directed by the Contracting Agency or its authorized agent. Sampling risers must be at least 18 inches above grade 
and no more than 48 inches above grade. Sampling risers can be attached to service line curb stops, line blow-off outlets, 
tapped end-of-line caps, permanent industrial sampling stations or sampling specific taps (saddle, corp stop & riser). Sampling 
risers shall be made of rigid NSF/ANSI 60 & 61 approved piping material for potable water. The sampling riser outlet must 
be able to adjust the flow of water and shall not contain inside or outside threads. The sampling riser outlet shall be pointed 
downward perpendicular to the ground. 
 
The specific method or combination of methods, sequencing, number of required samples at each sampling location and 
minimum wait times shall be determined by the Contracting Agency or its authorized agent. Some Contracting Agencies may 
require two sample sets and require or allow different wait times before samples can be taken. For two sample sets, allow 15 
minutes between sampling times. The standard sampling methods are listed as follows: 
 

(A) One sample (or set of samples) from each sampling location taken 24 hours after flushing high chlorine and no 
water use is examined in the laboratory using the Total Coliform (TC) method. 

(B) Two samples taken on separate days from each sampling location. An additional sample (or set of samples) is 
taken after an additional 24 hours and no water use is examined in the laboratory using the Total Coliform (TC) 
method. 

(C) Standard heterotrophic plate count (HPC) test. Samples shall be taken at the same location, and time, as the Total 
Coliform samples. At a minimum, each HPC test result must be reported as less than 500 CFU/ml or at a limit 
established by the Contracting Agency. 

 
Laboratory and field analysis shall be done by methods approved by the Arizona Department of Health Services (ADHS). 
Upon completion of laboratory testing, results of all tests shall be sent by the designated laboratory to the Contracting Agency. 
Results of laboratory analysis will be interpreted by the Contracting Agency and reported back to the Contractor. Under no 
circumstances shall the Contractor contact the laboratory. If there is a need to obtain test results before the actual written 
reports are submitted, such information shall be obtained only from the Contracting Agency. All reported test results must 
show a negative or “Absent” reading for both Total Coliform and E. coli. 

 
If any sample in the initial treatment fails to pass the Total Coliform or HPC tests, all sample locations shall be resampled and 
retested at the Contractor’s expense using the duplicate disinfection procedures listed above and shall be repeated until 
satisfactory results are obtained. 
 
611.3.4 Final Connections: Any temporary air release blow-offs and test sampling risers shall be left exposed, accessible and 
protected during backfill operations until all testing is complete. After all testing has been completed and passed acceptance, 
all temporary blow-offs and sampling risers shall be properly lowered and terminated as directed by the Contracting Agency. 
 
Connections to existing pipelines or existing valves shall not be made until after all new pipe main line or specific sections 
thereof, has satisfactorily passed all required hydrostatic and disinfection tests and the Contracting Agency gives approval to 
make the final connections and put new water mainline into service. 
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611.4 SEWER LINE TESTING:  
 
Pressure testing of force mains shall be done in accordance with Section 611.2  
 
Sewers and pipelines shall be subject to acceptance testing after backfilling has been completed but prior to the placement of 
the finished surface material. 
 
The Contracting Agency reserves the right to require testing of the entire installation. Cost of repairs or corrections necessary 
to conform to the following testing requirements will be borne by the Contractor at no additional cost to the Contracting 
Agency. 
 
(A) Low Pressure Air Test: 

 
Testing will be accomplished by the means of “Low Pressure Air Testing.” Tests may be conducted by the Contractor or an 
independent testing firm. However, acceptance tests shall be made only in the presence of the Engineer. 
 
Test Procedure: 
 

(1) Before testing, the pipe shall be thoroughly cleaned. 
(2) The Contractor shall seal off the section of pipe to be tested at each manhole connection. Test plugs must be securely 

braced within the manholes. 
(3) A minimum of two connecting hoses to link the air inlet test plug with an above ground test monitoring panel must 

be provided. 
 (a) One hose is to induce air through the test plug and into the test chamber. 
 (b) The second hose is for the purpose of monitoring the test pressure from within the enclosed pipe. 
(4) UNDER NO CIRCUMSTANCES ARE WORKERS TO BE ALLOWED IN THE CONNECTING MANHOLES 

WHILE A PRESSURE TEST IS BEING CONDUCTED. 
(5) Add air slowly into the test section. After an internal pressure of 4.0 psi is obtained, allow internal air temperature 
 to stabilize. 
(6) After stabilization period, adjust the internal air pressure to 3.5 psi, disconnect the air supply and begin timing the 

test. 
(7) Refer to Table 611-1 to determine the length of time (minutes) the section under test must sustain while not losing 

in excess of 1 psi as monitored by the test gauge. If the section of line to be tested includes more than one pipe size, 
calculate the test time for each size and add the test times to arrive at the total test time for the section. 

(8) Sections so determined to have lost 1 psi or less during the test period will have passed the leakage test. Those 
sections losing in excess of 1 psi during the test period will have failed the leakage test. 

(9) Appropriate repairs must then be completed and the line retested for acceptance. 
 

TABLE 611-1 
SANITARY SEWER AIR TEST 

Minimum Test Time for Various Pipe Sizes* 
Nominal Pipe Size, in. T (time), min/100 ft. Nominal Pipe Size, in. T (time), min/100 ft. 

3 0.2 21 3.0 
4 0.3 24 3.6 
6 0.7 27 4.2 
8 1.2 30 4.8 

10 1.5 33 5.4 
12 1.8 36 6.0 
15 2.1 39 6.6 
18 2.4 42 7.3 

* The time has been established using the formulas contained in ASTM C828, Appendix. 
 
 
 

http://www.astm.org/cgi-bin/resolver.cgi?C828
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(B) Hydrostatic Test: 
 
Exfiltration Testing (water): 
 
Sanitary sewer testing by means of exfiltration should only be considered when low pressure air testing cannot be used and 
only with the approval of the Engineer. 
 
Testing Procedure: 

(1) The Contractor shall furnish all equipment for testing.  
(2) Seal off the downstream end of the line and fill with water to a minimum head of 4 feet in a stand pipe at the high 

end. 
(3) A period of at least one hour will be allowed for absorption time before making the test. 
(4) A suitable meter or method of measuring the quantity of water used is necessary. 
(5) The allowable water loss for sanitary sewers shall not exceed 0.158 gallons per hour per 100 feet of pipe per inch of 

diameter of pipe under a minimum test head of 4 feet above the top of the pipe at the upper end.  
 

(C) Deflection Test for Thermoplastic Pipe: 
 

In addition to the tests prescribed above, the Contractor shall perform a deflection test on the system as directed by the 
Engineer. Any part of the installation that shows deflection in excess of 5% of the mean inside diameter per Section 738, 
739, 740 and 745 for thermoplastic pipe, shall be evaluated and appropriate remedy shall be performed, as required by 
the Contracting Agency. 
 
After acceptance but prior to the termination of the warranty period, the Contracting Agency may test the long-term 
deflection of the sewer. If the Contracting Agency determines that the deflection has exceeded 7½% of the mean inside 
diameter, that portion of the installation shall be replaced or corrected by the Contractor at no cost to the Contracting 
Agency. 

 
(D) Closed Circuit T.V. Inspection: 

The Contracting Agency reserves the right to visually inspect the interior of the sewer line using a television camera. Any 
defects in the pipe or construction methods revealed shall be corrected by the Contractor at no additional cost to the 
Contracting Agency. 

 
611.5 SANITARY SEWER MANHOLE TESTING:  
 
Unless otherwise approved by the Engineer, all new sanitary sewer manholes installed on 27” dia. pipe and less shall be tested 
for exfiltration either by a watertightness test or by a negative air pressure (vacuum) test modified for the timeframes listed in 
Table 611-2. Exfiltration testing shall be performed in accordance with Subsection 611.3(B) and Arizona Department of 
Environmental Quality (ADEQ) Engineering Bulletin No. 11, Chapter 4, Section B. 
 
When using the watertightness test method, exfiltration loss shall not exceed 0.1 gallons per vertical foot of manhole in a 24-
hour period. 
 
Negative air pressure (vacuum) testing shall be performed in accordance with ASTM C1244, modified for the timeframes in 
Table 611-2. Testing shall be performed at the top of the manhole cone for manholes located in paved areas. Manholes outside 
paved areas shall be vacuum tested at the ring and cover.  
 
Testing shall be performed after all backfill and compaction operations are complete and prior to any interior protective coating 
applications. A negative air pressure of ten (10) inches of mercury shall be drawn on the manhole. The time shall be measured 
for the vacuum to drop from ten (10) inches to nine (9) inches of mercury. The manhole shall pass this test if the time to drop 
in mercury meets or exceeds the values in Table 611-2. 
 
 
 

Revised 2022 
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TABLE 611-2 
 MANHOLE DEPTH  MINIMUM TEST DURATION 

(SECONDS) 48-INCH 
DIAMETER MANHOLE 

MINIMUM TEST DURATION 
(SECONDS) 60-INCH 
DIAMETER MANHOLE  

10 feet or less  60 75 
Greater than 10 feet to 15 feet  75 90 
Greater than 15 feet  90 105 
 
If manhole joint compound is pulled out during the vacuum test, the manhole shall be disassembled and the joint repaired or 
replaced as necessary. The vacuum testing shall then be repeated until the manhole passes. 
 
611.6 POST INSTALLATION INSPECTION OF NEW MAINLINE STORM DRAINS:  
 
(A) Video Inspection: 
 

The Contractor shall provide the Engineer with an annotated video inspection record (either VHS or DVD format) of 
the new mainline storm drain pipeline. The video shall clearly show all joints, seals, connecting pipes, and manholes. 
This video shall be provided to the Engineer, and reviewed and approved by the Engineer prior to the Contractor being 
allowed to place the final pavement over the storm drain line.  

 
(B) Deflection Test for Thermoplastic Pipe:  
 

In addition to the tests prescribed above, the Contractor shall perform a deflection test on the system as directed by the 
Engineer. Any part of the installation, which shows deflection in excess of 5% of the mean inside diameter per Section 
738, 739, 740 and 745 for thermoplastic pipe, shall be evaluated and appropriate remedy shall be performed, as required 
by the Contracting Agency. 
 
After acceptance but prior to the termination of the warranty period, the Contracting Agency may test the long-term 
deflection of the storm drain. If the Contracting Agency determines that the deflection has exceeded 7½% of the mean 
inside diameter, that portion of the installation shall be replaced or corrected by the Contractor at no cost to the 
Contracting Agency. 

 
611.7 PAYMENT:  
 
No separate pay item shall be contained in the proposal for disinfecting water mains. This operation shall be included in the 
price bid for the water mains, installed complete in place, as specified in the proposal.  
 
The Contracting Agency will pay for the initial Sewer C.C.T.V. inspection. Any additional inspection(s) required, due to the 
failure of the initial inspection, shall be paid for by the Contractor. 
 
No separate payment will be made for this Storm Drain Video or Deflection Testing; the cost of the video and deflection 
testing shall be included in the cost of the pipe. 
 
Exfiltration testing of sanitary sewer manholes is considered incidental to the cost of furnishing and installing the manhole.  
There will be no separate measurement or payment for this testing. 
 
 

- End of Section - 
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AGGREGATE 
 

701.1 GENERAL: 
 
Coarse and fine aggregates are defined in accordance with ASTM D2487. Material property requirements for specific uses are 
provided in applicable MAG sections. 
 
Apparent specific gravity shall be at least 2.50, when tested in accordance with ASTM C127. 
 
701.2 COARSE AGGREGATE: 
 
Rock and gravel shall be clean, hard, sound, durable, uniform in quality, and free of any detrimental quantity of soft, friable, 
thin elongated, or laminated pieces, disintegrated material, organic matter, oil, alkali, or other deleterious substance. Aggregate 
sources shall include, but not be limited to alluvial deposits, terrace aggregates, quarry stone, or other suitable sources including 
recycled products that meet all material test requirements as approved by the Engineer. Aggregate classification shall be made 
by size as noted herein. 
 
701.2.1 Boulders: Particles of rock that will not pass a 12-inch square opening. 
 
701.2.2 Cobbles: Particles of rock that will pass a 12-inch square opening, but are retained on a 3-inch square opening. 
 
701.2.3 Coarse Gravel: Particles of rock that will pass a 3-inch U.S. standard sieve, but are retained on a 3/4-inch U.S. 
standard sieve. 
 
701.2.4 Fine Gravel: Particles of rock that will pass a 3/4-inch U.S. standard sieve, but are retained on a No. 4 U.S. standard 
sieve. 
 
701.3 FINE AGGREGATE (SAND): 
 
Fine aggregate (sand) shall be fine granular material produced by the crushing of rock or gravel or naturally produced by 
disintegration of rock and shall be sufficiently free of organic material, mica, loam, clay, and other deleterious substances to 
be thoroughly suitable for the purpose for which it is intended. Fine aggregates particles shall pass a No. 4 U.S. standard sieve, 
but are retained on a No. 200 U.S. standard sieve.  
 
701.4 RECLAIMED CONCRETE MATERIAL (RCM): 
 
Reclaimed concrete material (RCM) is defined as an aggregate material that is derived from the crushing, processing and 
classification of Portland cement concrete construction materials recovered, salvaged, or recycled from roadways, sidewalks, 
buildings, bridges, and other sources.  
 
In accordance with Section 7 of AASHTO M-319, RCM shall not contain more than five percent by mass of brick or concrete 
block and shall be substantially free of wood, metal, plaster, and gypsum board, RCM shall be free of all materials that fall 
under the category of solid waste or hazardous materials as defined by the state or local jurisdiction. With the approval of the 
Engineer, these respective quantities may be adjusted if the performance of the RCM is not adversely impacted. RCM may be 
used alone or uniformly blended with other approved aggregate materials to obtain the applicable performance criteria. RCM 
shall not be used in Portland Cement Concrete without the prior approval of the Engineer. 
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701.5 RECLAIMED ASPHALT PAVEMENT (RAP): 
 
Reclaimed asphalt pavement (RAP) is defined as all recovered, salvaged or recycled asphalt road waste, large particles or 
milled material that has been size-reduced, crushed and or screened appropriately, making it reusable. This material shall be of 
a consistent and relatively clean manner as to not adversely affect the final material usage. RAP may be used alone or uniformly 
blended with other approved aggregate materials to obtain the applicable performance criteria. RAP shall not be used in 
Portland Cement Concrete without the prior approval of the Engineer. 
 
701.6 SAMPLING: 
 
Sampling of aggregates shall be performed in accordance with ASTM D75.  
 

 
- End of Section -
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BASE MATERIALS 
 
702.1 GENERAL: 
 
Base materials shall be as defined in Section 701, consisting of appropriately sized coarse and fine aggregates, Reclaimed 
Concrete Material (RCM) or Reclaimed Asphalt Pavement (RAP), other inert materials, and/or aggregates that have been 
treated for plasticity index mitigation, as approved by the Engineer. These materials, whether virgin or reclaimed or a uniform 
blend of both, shall conform to the end result quality requirements of this section. 
 
When base material without further qualification is specified, the Contractor shall supply materials that meet the gradation and 
other quality requirements for Aggregate Base Course as defined in Table 702-1. When a particular classification of base 
material is specified, the Contractor may substitute materials meeting the gradation and other quality requirements for 
Aggregate Base Course for Select material, when approved by the Engineer. 
 
The Contractor shall provide the Engineer laboratory testing documentation on the source of the base material showing 
compliance to Table 702-1 at least 10 business days prior to placement except where the base materials are being obtained from 
a currently approved source from a list maintained by the appropriate Agency or as determined by the Engineer. Included in 
the documentation shall be the percentage of RCM or RAP, if applicable. 
 
RCM meeting the requirements of Section 701.4 can be utilized in base material at a maximum quantity of 50% and may be 
used in roadway applications or where otherwise specified by project plans or special provisions. 
 
RAP meeting the requirements of Section 701.5 can be utilized in base material up to 100% and may be used in roadway 
applications or where otherwise specified by Project plans or special provisions. 
 
702.1.1 Aggregate Base Course is primarily used in roadway applications or where otherwise specified by project plans or 
special provisions.  
 
702.1.2 Select Material is primarily used, as a sub base in roadways, fill and embankment applications or where otherwise 
specified by project special provisions. 
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702.2 PHYSICAL PROPERTIES: 
 
702.2.1 Base material shall meet the physical properties listed in Table 702-1. 
 

Table 702-1 
Sieve Analysis: Test Methods AASHTO T-27, T-11 

Sieve Size Accumulative Percentage Passing Sieve, by Weight 
Select Material  

Aggregate Base Course Type A Type B 
3 in. 100 - - - - 

1-1/2 in. - - 100 100 
1 in. - - - - 90 – 100 
No. 4 30 - 75 30 - 70 38 - 65 
No. 8 20 - 60 20 - 60 25 – 60 

No. 30 10 - 40 10 - 40 10 – 40 
No. 200 0 - 12 0 - 12 3 – 12 

Plasticity Index:  
Test Methods AASHTO T-89 Method A, T-90, T146 Method A  

Maximum allowable value 5 5 5 
Fractured Face, One Face:  

Test Method ARIZ 212, Percent by Weight of the Material Retained on a #4 Sieve  
Minimum required value 50 50 50 

Resistance to Degradation and Abrasion by the Los Angeles Abrasion Machine: 
Test Method AASHTO T-96, Percent Loss by Weight  

Maximum allowable value at 100 
revolutions 

10 10 10 

Maximum allowable value at 500 
revolutions 

40 40 40 

 
702.2.2: When tested for acceptance, Base material that does not meet Table 702-1 properties for gradation or PI may be 
approved at the Engineer’s discretion if the R-Value is at least 70, when determined by test method AASHTO T-190 (see Table 
310-1).  
 
 

- End of Section -
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ASPHALT CONCRETE 
 
710.1 GENERAL: 
 
Asphalt concrete shall be a mixture of asphalt cement and mineral aggregates. Mineral admixture shall be included in the 
mixture when required by the mix design or by the Engineer. Asphalt concrete shall be produced in accordance with Section 
321. 
 
The designation for asphalt concrete mixes shall be based on the nominal maximum aggregate size of the mix. The applicable 
mix designations are 3/8 inch, 1/2 inch, 3/4 inch. Each mix shall be designed using Marshall or Gyratory compaction methods.  
 
The following table (Table 710-1) displays the recommended range for lift thickness for various asphalt concrete mix 
designations found within Section 710. Please note that the minimum lift thicknesses are based on each mix designation’s 
“Nominal Aggregate Size” and the relative coarseness of its gradation. The compacted thickness of layers placed shall not 
exceed the Maximum Lift Thickness of Table 710-1 except as otherwise provided in the plans and specifications, or if approved 
in writing by the Engineer. 
 

TABLE 710-1 

RECOMMENDED LIFT THICKNESS FOR ASPHALT CONCRETE MIXES 

Asphalt Concrete Mix 
Designation (inches) 

Minimum Lift Thickness 
Marshall Mixes 

Maximum Lift Thickness 
Marshall Mixes 

Minimum Lift Thickness 
Gyratory Mixes 

Maximum Lift Thickness 
Gyratory Mixes 

3/8” 1.0 inches 2.0 inches 1.5 inches 3.0 inches 

1/2” 1.5 inches 3.0 inches 2.0 inches 3.0 inches 

3/4” 2.5 inches 4.0 inches 3.0 inches 4.0 inches 

 
710.2 MATERIAL: 
 
710.2.1 Asphalt Binder: The asphalt binder specified in this section has been developed for use in desert climate conditions. 
When used in other climates, consideration should be given to adjustments in the asphalt binder selection. The asphalt binder 
shall be Performance Grade Asphalt conforming to the requirements of Section 711 for PG 70-10, unless otherwise approved 
by the Engineer or specified differently in the plans or special provisions.  
 
710.2.2 Aggregate: Coarse and Fine aggregates shall conform to the applicable requirements of this section. Coarse mineral 
aggregate shall consist of crushed gravel, crushed rock, or other approved inert material with similar characteristics, or a 
combination thereof, conforming to the requirements of these specifications. 
 
Coarse aggregate for hot mix asphalt is material retained on or above the No. 4 sieve and Fine aggregate is material passing the 
No. 4 sieve. Aggregates shall be relatively free of deleterious materials, clay balls, and adhering films or other material that 
prevent coating with the asphalt binder. Coarse and Fine aggregates shall conform to the following requirements when tested 
in accordance with the applicable test methods. 



SECTION 710 
 

 
710-2 

Standard Specifications for   
Public Works Construction 

TABLE 710-2 
COARSE/FINE AGGREGATE REQUIREMENTS 

Characteristics Test Method Requirements 
Fractured Faces, % 
 (Coarse Aggregate Only) 

Arizona 212 85, 1 or more 
80, 2 or more 

Uncompacted Voids, % Min. AASHTO T-304, 
Method A 

45 

Flat & Elongated Pieces, % 5:1 Ratio ASTM D4791 10.0 Max. 
Sand Equivalent, %  AASHTO T-176 50 Min. 
Plasticity Index AASHTO T-90 Non-plastic 
L.A. Abrasion, % Loss  AASHTO T-96 9 max. @ 100 Rev. 

40 max. @ 500 Rev 
Combined Bulk Specific Gravity AI MS-2/SP-2 2.35-2.85 
Combined Water Absorption AI MS-2/SP-2 0-2.5% 

 
Tests on aggregates used in asphalt concrete outlined above, shall be performed on materials furnished for mix design purposes 
and composited to the mix design gradation. 
 
Blend sand (naturally occurring or crushed fines) shall be clean, hard and sound material, which will readily accept asphalt 
binder coating. The blend sand grading shall be such that, when it is mixed with the other mineral aggregates, the combined 
product shall meet the requirements of Table 710-2.  
 
The natural sand shall not exceed 20 percent for the Marshall mixes and 15 percent for the Gyratory mixes by weight of the 
total aggregate for a mix. 
 
710.2.3 Reclaimed Asphalt Pavement (RAP): When allowed by the Engineer, Reclaimed Asphalt Pavement (RAP), as 
defined in Section 701.5, may be used in asphalt concrete provided all requirements of Section 710 are met. References to use 
of RAP in Section 710 apply only if RAP is used as part of the mixture.  
 
When RAP is used in asphalt concrete, it shall be of a consistent gradation, asphalt content, and properties. When RAP is fed 
into the plant, the maximum RAP particle size shall not exceed 1 1/2 in. The percentage of asphalt in the RAP shall be 
established in the mix design. The percentage of RAP binder shall be established in the mix design. 
 
When RAP is used in base and intermediate courses, the amount of RAP aggregate and RAP binder should not exceed 30% 
contribution; Surface courses should be limited to 20% RAP aggregate and RAP binder contribution.  
 
In addition to the requirements of Section 710.3.1, the job mix formula shall indicate the percent of asphalt RAP and the percent 
and performance grade of virgin (added) asphalt binder.  
 
When less than or equal to 15% RAP binder is used by weight of total binder in the mix, the added virgin binder shall meet the 
requirements for PG 70-10 as shown in Section 711. When greater than 15% RAP is used by weight of the total binder in the 
mix, the added virgin binder will be dropped one grade for low and high temperature properties to a PG 64-16, unless testing 
indicates that the blend of the recovered RAP binder and virgin binder meets the requirements for PG 70-10 as shown in Section 
711. The virgin asphalt binder shall not be more than one standard asphalt material grades different than the specified mix 
design binder grade.  
 
710.2.4 Mineral Admixture: Mineral admixture when used as an anti-stripping agent in asphalt concrete shall conform to the 
requirements of AASHTO M-17. Mineral admixture used in asphalt concrete shall be dry hydrated lime, conforming to the 
requirements of ASTM C1097 or Portland cement conforming to ASTM C150 Type II or ASTM C595 Type IP. The amount 

http://www.astm.org/cgi-bin/resolver.cgi?D4791
http://www.astm.org/cgi-bin/resolver.cgi?C1097
http://www.astm.org/cgi-bin/resolver.cgi?C150
http://www.astm.org/cgi-bin/resolver.cgi?C595
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of hydrated lime or Portland cement used shall be determined by the mix design. The minimum mineral admixture content 
within a mix will be 1.00 percent, by weight of total aggregate. 
 
710.3 MIX DESIGN REQUIREMENTS: 
 
710.3.1 General: The mix design for asphalt concrete shall be prepared by a laboratory that is accredited through the AASHTO 
Accreditation Program (AAP) in Hot Mix Asphalt Aggregates and Hot Mix Asphalt. The laboratory shall be under the direct 
supervision of a Civil Engineer, registered by the State of Arizona, and who is listed by ADOT as a “Qualified Asphaltic 
Concrete Mix Design Engineer” within ADOT’s latest list of approved laboratories. The latest list of approved laboratories is 
available on ADOT’s web page www.azdot.gov. The date of the design shall not be older than two years from the date of 
submittal, unless supportive documentation is provided and approved by the Engineer. 
 
The mix design report shall include the following elements as a minimum. 

 
(1) The name and address of the testing organization and the person responsible for the mix design report. 

 
(2) The mix plant identification and/or location, as well as the supplier or producer name. 

 
(3) A description of all products that are incorporated in the asphalt concrete along with the sources of all products, 
including admixtures and asphalt binder, and their method of introduction. 

 
(4) The supplier and grade of asphalt binder, the source and type of mineral aggregate, and the percentage of asphalt 
binder and mineral admixture used. 
 
(5) The percentage of RAP and RAP Binder being contributed to the total mix shall be included in the mix design report. 

 
(6) The mix design report shall state whether it is Gyratory or Marshall, and the size designation.  

 
(7) The results of all testing, determinations, etc., such as: specific gravity and gradation of each component, water 
absorption, sand equivalent, loss on abrasion, fractured coarse aggregate particles, Tensile Strength Ratio (ASTM D4867), 
Marshall stability and flow, asphalt absorption, percent air voids, voids in mineral aggregate, and bulk density. Historical 
abrasion values may be supplied on existing sources. The submittal should include a plot of the gradation on the Federal 
Highway Administration’s 0.45 Power Gradation Chart, plots of the compaction curves and the results of moisture 
sensitivity testing. 

 
(8) The laboratory mixing and compaction temperature ranges for the supplier and grade of asphalt binder used within 
the mix design. 

 
(9) A specific recommendation for design asphalt binder content and any limiting conditions that may be associated with 
the use of the design, such as minimum percentages of crushed or washed fine aggregate. 

 
(10) The supplier’s product code, the laboratory Engineer’s seal (signed and dated), and the date the design was performed. 
 
(11) If a Warm Mix Technology or additive is used, the following shall be included: 

 Technology type and supporting manufacturer information; including instructions pertaining to laboratory 
mixture temperatures and curing. 

 Amount (%) of additive (technology) used in the mixture. 
 Attached copy of the ADOT approved product list, showing additive/technology 
 Minimum plant production temperature shall not fall below manufacturer’s recommendation. 
 Minimum field compaction temperature shall be identified. 
 Identify any special mixing or compaction temperatures or special methods to be used when conducting 

Quality Assurance or Quality Control testing of field collected samples. Example: if the field collected 
samples of warm mix asphalt can be treated as conventional hot asphalt mix, provide the equivalent 
conventional hot asphalt mix compaction temperature.  

http://www.azdot.gov/
http://www.astm.org/cgi-bin/resolver.cgi?D4867
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The mix design shall be submitted to the Agency or Engineer by the Contractor/Supplier for which it was developed as part of 
his project submittals. Once the mix design has been approved by the agency or Engineer, the Contractor and/or his supplier 
shall not change plants nor use additional mixing plants without prior approval of the Engineer. Any changes in the plant 
operation, the producer’s pit, the asphalt binder, including modifiers in the asphalt binder, or any other item that will cause an 
adjustment in the mix, shall be justification for a new mix design to be submitted. 
 
710.3.2 Mix Design Criteria: The mix design shall be performed by one of two methods, Marshall Mix Design or Gyratory 
Mix Design. The method shall be specified on the plans, special provisions, or by the Engineer. A minimum of 4 points will 
be used to establish the mix design results. The oven aging period for both Marshall and Gyratory mix design samples shall be 
2 hours. 
 
710.3.2.1 Marshall Mix Design: The Marshall Mix Design shall be performed in accordance with the requirements of the 
latest edition of the Asphalt Institute’s Manual, MS-2 “Mix Design Methods for Asphalt Concrete.” The mix shall use the 
compactive effort of 75 blows per side of specimen. The mix shall comply with the criteria in Table 710-3. 
 

TABLE 710-3 

MARSHALL MIX DESIGN CRITERIA 

Criteria Requirements 

3/8” Mix 1/2” Mix 3/4” Mix Designated Test 
Method 1.Voids in Mineral Aggregate: %, min 15.0 14.0 13.0 AI MS-2 

2.Effective Voids: %, Range 4.0±0.2 4.0 ±0.2 4.0 ±0.2 AI MS-2 

3.Absorbed asphalt: %, Range* 0-1.0 0-1.0 0-1.0 AI MS-2 

4.Dust to Eff. Asphalt Ratio, Range ** 0.6-1.4 0.6-1.4 0.6-1.4 AI MS-2 

5.Tensile Strength Ratio: % Min. 65 65 65 ASTM D4867 

6.Dry Tensile Strength: psi, Min. 100 100 100 ASTM D4867 

7.Stability: pounds, Minimum 2,000 2,500 2,500 AASHTO T-245 

8.Flow: 0.01-inch, Range 8-16 8-16 8-16 AASHTO T-245 

9.Mineral Aggregate Grading Limits  AASHTO T-27 

 Percent Passing with Admix 

Sieve Size 3/8 inch Mix 1/2 inch Mix 3/4 inch Mix 

1-1/4 inch    

1 inch   100 

3/4 inch  100 90 – 100 

1/2 inch 100 85 – 100 --- 

3/8 inch 90-100 62 – 85 62 – 77 

No. 8 45-60 40 – 50 35 – 47 

No. 40 10-22 10 – 20 10 – 20 

No. 200 2.0 – 10.0 2.0 – 10.0 2.0 – 8.0 

 
* Unless otherwise approved by the Engineer. 
** The ratio of the mix design composite gradation target for the No. 200 sieve, including admixture, to the effective asphalt 
content shall be within the indicated range. 
 

http://www.astm.org/cgi-bin/resolver.cgi?D4867
http://www.astm.org/cgi-bin/resolver.cgi?D4867
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710.3.2.2 Gyratory Mix Design: Gyratory Mix Designs shall be performed in accordance with the requirements of latest 
edition of the Asphalt Institute’s SP-2 manual. Mix design laboratory compacted specimens shall be prepared using a gyratory 
compactor in accordance with AASHTO T-312. 
 
The mix design shall be formulated in a manner described for volumetric mix designs in the current edition of the Asphalt 
Institute Manual SP-2, except the number of trial blend gradations necessary will be determined by the mix design laboratory. 
Duplicate gyratory samples shall be prepared at a minimum of four (4) binder contents to select the recommended binder 
content. The gyratory specimens shall be compacted to 160 gyrations. Volumetric data for the design number of gyrations, 
Ndes, and the initial number of gyrations, Nini, are then back calculated based on the bulk specific gravity, Gmb, of the Nmax 
specimens and the height data generated during the compaction process of those same specimens.  
 

TABLE 710-4 
Number of Gyrations 

Nini 8 
Ndes 100 
Nmax 160 

 
The corrected density of the specimens shall be less than 89.0 percent of maximum theoretical density at Nini. The corrected 
density of the specimens shall be less than 98.0 percent of maximum theoretical density at Nmax. The Gyratory mix shall comply 
with the criteria in Table 710-5. 
 

TABLE 710-5 
GYRATORY MIX DESIGN CRITERIA 

Criteria Requirements Designated Test 
 3/8” Mix 1/2” Mix 3/4” Mix Method  

1. Voids in Mineral Aggregate: %, Min. 15.0 14.0 13.0 AI SP-2 
2. Effective Voids: %, Range 4.0 + 0.2 4.0 + 0.2 4.0 + 0.2 AI SP-2 
3. Absorbed Asphalt: %, Range * 0 - 1.0 0 - 1.0 0 - 1.0 AI SP-2 
4. Dust to Eff. Asphalt Ratio, Range ** 0.6 – 1.4 0.6 – 1.4 0.6 – 1.4 AI SP-2 
5. Tensile Strength Ratio: %, Min. 75 75 75 ASTM D4867 
6. Dry Tensile Strength: psi, Min. 75 75 75 ASTM D4867 
7. Mineral Aggregate Grading Limits AASHTO T-27 

 Percent Passing with Admix 
Sieve Size 3/8 inch Mix 1/2 inch Mix 3/4 inch Mix 

1 inch   100 
3/4 inch  100 90-100 
1/2 inch 100 90-100 43-89 
3/8 inch 90-100 53-89 - 

No. 8 32-47 29-40 24-36 
No. 40 2-24 3-20 3-18 
No. 200 2.0-8.0 2.0-7.5 2.0-6.5 

 
* Unless otherwise approved by the Engineer. 
** The ratio of the mix design composite gradation target for the No. 200 sieve, including admixture, to the effective asphalt 
content shall be within the indicated range. 

http://www.astm.org/cgi-bin/resolver.cgi?D4867
http://www.astm.org/cgi-bin/resolver.cgi?D4867
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710.3.2.3 Moisture Sensitivity Testing: Moisture sensitivity testing will be performed in accordance with ASTM D4867 for 
both Marshall and Gyratory mix designs, without the freeze/thaw cycles. The minimum required Tensile Strength Ratio is 
indicated in the tables above. 
 

- End of Section - 
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PAVING ASPHALT 
 
711.1 GENERAL: 
 
The asphalt shall be produced from crude asphalt petroleum or a mixture of refined liquid asphalt and refined solid asphalt. It 
shall be free from admixture with any residues obtained by the artificial distillation of coal, coal tar, or paraffin oil and shall be 
homogeneous and free from water.  
 
Polymer modified asphalt cement shall be produced from crude asphalt petroleum and a polymer or blend of polymers mixed 
to produce a homogeneous material free from water. 
 
Asphalt shall not be heated during the process of its manufacture, storage, or during construction so as to cause injury as 
evidence by the formation of carbonized particles. 
 
711.2 TESTING REQUIREMENTS: 
 
Paving asphalt shall be classified by the Performance Grading System and shall conform to the requirements set forth in Table 
711-1 and AASHTO M-320 with the PAV temperature changes noted in the table. On all grades, flash point temperature 
AASHTO T-48: minimum 230 °C and mass loss, maximum 1.00 percent. 
 

TABLE 711-1 
PERFORMANCE GRADING SYSTEM 

 PG 58-22 PG 64-16 PG 70-10 PG 76-16 
Original Asphalt 
Viscosity, AASHTO T-316 (Note 1) 
Max. 3 Pa-s, Test Temp, °C 

135 135 135 135 

Dynamic Shear AASHTO T-315 (Note 2) 
G*/Sin δ, Min., 1.0 kPa 
Test Temp. @ 10 rad/s, °C  

58 64 70 76 

Tests Using Rolling Thin Film Oven Residue (AASHTO T-240) 
Mass Loss, Maximum % 1.0 1.0 1.0 1.0 
Dynamic Shear AASHTO T-315 
G*/Sin δ, Min., 2.20 kPa  
Test Temp. @ 10 rad/s, °C 

58 64 70 76 

Tests Using Pressure Aging Vessel Residue (AASHTO R-28) 
PAV Aging Temperature, °C (AASHTO 

R-28) 100 100 110 110 

Dynamic Shear AASHTO T-315 
G*·Sin δ, Max., 5000 kPa 
Test Temp. @ 10 rad/s, °C 

22 28 34 34 

Creep Stiffness, AASHTO T-313 (Note 3) 
S, Maximum, 300.0 Mpa 
m-value, Minimum, 0.300 
Test Temp. @ 60s, °C 

-12 -6 0 -6 

Direct Tension, AASHTO T-314 (Note 3) 
Failure Strain, Minimum 1.0% 
Test Temp. @ 1.0 mm/min. °C 

-12 -6 0 -6 

 
NOTES: 

(1) This requirement may be waived at the discretion of the specifying agency if the supplier warrants that the asphalt 
binder can be adequately pumped and mixed at temperatures that meet all applicable safety standards. 
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(2) For quality control of unmodified asphalt cement production, measurement of the viscosity of the original asphalt 
cement may be substituted for dynamic shear measurements of G*/sin (d) at test temperatures when the asphalt is a 
Newtonian fluid. Any suitable standard means of viscosity measurement may be used, including capillary or 
rotational viscometer (AASHTO T-210 or AASHTO T-202). 

 
(3) If the creep stiffness is below 300 MPa, the direct tension test is not required. If the creep stiffness is between 300 
and 600 MPa, the direct tension failure strain requirement can be used in lieu of the creep stiffness requirement. 
Direct tension test is recommended for polymer modified asphalt binders. The m-value requirement must be satisfied 
in all cases. 

 
Polymer modified paving asphalt shall be classified by the Performance Grading System and shall conform to the requirements 
set forth in Table 711-2 and AASHTO M-320 with the PAV temperature changes noted in the table. On all Grades Flash Point 
Temperature AASHTO T-48: Minimum 230 °C and Mass Loss, Maximum 1.00 percent. P is for Polymer and TR is for Tire 
Rubber. 
 

TABLE 711-2 
PERFORMANCE GRADING SYSTEM 

 PG 64-
28P PG-76-22P 

PG76-22TR 
Type 1 

(Note 4) 

PG76-22TR 
Type 2 

(Note 4) 
Viscosity, AASHTO T-316 (Note 1) 
Max. 3 Pa-s, Test Temp, °C 135 135 135 135 

Dynamic Shear, AASHTO T-315 (Note 2) 
G*/Sin δ, Min., 1.0 kPa 
Test Temp. @ 10 rad/s, °C  

64 76 76 76 

Elastic recovery, ASTM D6084  
Procedure “B” @ 10°C 65 65 65 55 

Phase Angle, Max 75 75 75 75 
Separation test, Texas 540 % Max 4 4 4 4 
Solubility in Trichloroethylene, ASTM D2042 
or n-propyl bromide, ASTM D7553 % 
Minimum  

– – 97.5 – 

Tests Using Rolling Thin Film Oven Residue (AASHTO T-240) 
Mass Loss, Maximum % 1.0 1.0 1.0 1.0 
Dynamic Shear, AASHTO T-315 
G*/sin δ, Min., 2.20 kPa 
Test Temp. @ 10 rad/s, °C 

64 76 76 76 

Tests Using Pressure Aging Vessel Residue (AASHTO R-28) 
PAV Aging Temperature, °C (AASHTO R-28) 100 110 110 110 
Dynamic Shear, AASHTO T-315 
G*sin δ, Max., 5000 kPa 
Test Temp. @ 10 rad/s, °C 

22 31 31 31 

Mass Loss, AASHTO T-240 Weight % Max 1.0 1.0 1.0 1.0 
Creep Stiffness, AASHTO T-313 
S, Maximum, 300 Mpa 
m-value, Minimum, 0.300 
Test Temp. @ 60s, °C 

-18 -12 -12 -12 

Direct Tension, AASHTO T-314 (Note 3) 
Failure Strain, Minimum 1.0% 
Test Temp. @ 1.0 mm/min. °C 

-18 -12 -12 -12 

 
NOTES: (continued on next page.) 

http://www.astm.org/cgi-bin/resolver.cgi?D6084
http://www.astm.org/cgi-bin/resolver.cgi?D2042
http://www.astm.org/cgi-bin/resolver.cgi?D7553
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(1) This requirement may be waived at the discretion of the specifying agency if the supplier warrants that the 
asphalt binder can be adequately pumped and mixed at temperatures that meet all applicable safety standards. 
 
(2) For quality control of unmodified asphalt cement production, measurement of the viscosity of the original asphalt 
cement may be substituted for dynamic shear measurements of G*/Sin δ, at test temperatures when the asphalt is a 
Newtonian fluid. Any suitable standard means of viscosity measurement may be used, including capillary or rotational 
viscometer (AASHTO T-210 or AASHTO T-202). 

 
(3) If the creep stiffness is below 300 MPa, the direct tension test is not required. If the creep stiffness is between 
300 and 600 MPa, the direct tension failure strain requirement can be used in lieu of the creep stiffness requirement. 
Direct tension test is recommended for polymer modified asphalt binders. The m-value requirement must be satisfied 
in all cases. 

 
(4) “TR” binders shall have 9% to 11% reclaimed tire rubber and enough virgin polymer to meet all performance 
grade criteria specified. The blend percentages shall be listed on the Certificate of Compliance by the manufacturer. 
Type 1 shall meet solubility limits. 

 
711.3 TEST REPORT AND CERTIFICATION: 
 
Test reports and certifications shall be provided to the Engineer when requested by the Engineer. At the time of delivery of 
each shipment of asphalt, the supplier supplying the material shall deliver to the purchaser a certified copy of the test report 
which shall indicate the name of the refinery and supplier, type and grade of asphalt delivered, date and point of delivery, 
quantity delivered, delivery ticket number, purchase order number, and results of the above specified tests. The test report shall 
be signed by an authorized representative of the supplier certifying that the product delivered conforms to the specifications 
for the type and grade indicated. 
 
Until the certified test reports and samples of the material have been checked by the Engineer, that material will be only 
tentatively accepted by the Contracting Agency. Final acceptance will be dependent upon the determination of the Engineer 
that the material involved fulfills the requirements prescribed. The certified test reports and the testing required in connection 
with the reports shall be at no additional cost to the Contracting Agency. 
 
711.4 TEMPERATURES: 
 
Paving asphalt shall be heated in such a manner that steam or hot oils will not be introduced directly into the paving asphalt 
during heating. 
 
711.5 CONVERSION OF QUANTITIES: 
 
When pay quantities of paving asphalt are determined from volumetric measurements, the volumetric measurement at any 
temperature shall be reduced to the volume the material would occupy at 60 degrees F. in accordance with ASTM D1250. In 
converting volume to weight, the computations shall be based on Table 711-3.  
 

TABLE 711-3 
 ASPHALT CEMENT QUANTITY CONVERSION 

Grade of Material Gals. Per Ton of 60 °F. Lbs. Per Gal at 60 °F. 
PG 58-22 236 8.47 
PG 64-16 235 8.51 
PG 70-10 235 8.51 

PG 64-28P 236 8.47 
PG 76-22P,TR 236 8.47 

PG 76-16 233 8.58 
 

- End of Section - 
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PORTLAND CEMENT CONCRETE  
 
725.1 GENERAL: 
 
Portland cement concrete shall be composed of cementitious materials, fine and coarse aggregates, water, and, if specified or 
allowed, certain chemical admixtures and additives. 
 

TABLE 725-1 
CONCRETE CLASSES - MINIMUM REQUIREMENTS 

Class of Concrete Minimum Cementitious Materials 
Content (lbs. per cubic yard) 

Minimum Compressive Strength * at 28 
Days (psi) 

AA 600 4000 
A 520 3000 
B 470 2500 
C 420 2000 

* In accordance with Section 725.8 
 
725.2 CEMENTITIOUS MATERIALS: 
 
Hydraulic cement shall consist of either Portland cement or Portland pozzolan cement. 
 
Portland cement shall conform to the requirements of ASTM C150 for Type II, III, or V, and shall not contain more than 0.60 
percent total equivalent alkalis. 
 
Portland Pozzolan Cement shall conform to the requirements of ASTM C595 for blended hydraulic cement with moderate 
sulfate resistance, Type IP (MS), when no other specific type is specified. 
 
Supplementary Cementitious Materials (SCM) shall not be used as an additional cementitious materials replacement in concrete 
in combination with Portland Pozzolan Cement without prior approval by the Engineer.  
 
Cementitious materials shall be sampled and tested as prescribed in the applicable ASTM specifications. Upon request, the 
Contractor shall obtain and deliver to the Engineer a Certification of Analysis or Certificate of Compliance conforming to the 
requirements of Section 106.2 signed by the material manufacturer, identifying the cementitious material and stating that the 
cementitious material delivered to the batching site has been tested in accordance with the cited specifications and complies 
with the cited specifications. The cost of furnishing tested cementitious materials shall be considered as included in the contract 
price and no additional allowance will be made therefore. 
 
When suitable facilities, as recommended by the Concrete Plant Manufacturer’s Bureau, and approved by the Engineer, are 
available for handling and weighing bulk cementitious materials, such facilities shall be used. Otherwise, the cementitious 
material shall be delivered in original unopened sacks that bear the name or brand of the manufacturer. The type of cementitious 
material, and the weight contained in each sack shall be plainly marked thereon.  
 
Cementitious materials shall be stored in such manner as to permit ready access for the purpose of inspection and identification, 
and so as to be suitably protected against damage by contamination or moisture. Should any lot of bulk cementitious material 
be delivered to the site show evidence of contamination, the Engineer may require that such lot be removed from the site.  
 
725.2.1 Supplementary Cementitious Materials (Pozzolans): Supplementary Cementitious Materials to be used in concrete 
or furnished under this specification shall conform to the appropriate ASTM requirements as follows: 
 
Fly ash or natural pozzolan  ASTM C618 and C311 
Silica Fume   ASTM C1240 
 
 

Revised 2021 

http://www.astm.org/cgi-bin/resolver.cgi?C150
http://www.astm.org/cgi-bin/resolver.cgi?C595
http://www.astm.org/cgi-bin/resolver.cgi?C618
http://www.astm.org/cgi-bin/resolver.cgi?C311
http://www.astm.org/cgi-bin/resolver.cgi?C1240


SECTION 725 
 

 
725-2 

Standard Specifications for   
Public Works Construction 

Up to 25 percent by weight of the Table 725-1 minimum cementitious materials requirements may be an approved fly ash or 
natural pozzolan. Additional pozzolanic material in excess of the minimum Table 725-1 requirements may be incorporated into 
a concrete mix design to achieve enhanced performance, upon approval of the Engineer. 
 
Upon request, the Contractor shall obtain and deliver to the Engineer a Certification of Analysis or Certification of Compliance 
signed by the pozzolan supplier identifying the pozzolanic material and stating the pozzolan delivered to the batching site 
complies with the appropriate specifications. The cost of furnishing tested pozzolan shall be considered as included in the 
contract price and no additional allowance will be made therefore. 
 
Pozzolanic materials shall be handled and stored in the same manner as other cementitious materials. When facilities for 
handling a bulk pozzolan are not available, the pozzolan shall be delivered in original unopened sacks bearing the name and 
brand of the supplier, the type and source of the pozzolan, and the weight contained in each sack plainly marked thereon. 
 
725.3 AGGREGATES:  
 
Coarse and fine aggregate shall conform to the applicable requirements of ASTM C33. Coarse aggregate grading requirements 
shall conform to the appropriate rock size designation in the Grading Requirements for Coarse Aggregate, Table 2. Fine 
aggregate grading requirements shall conform to the Fine Aggregate Grading section. 
 
The average value of three successive sand equivalent samples shall not be less than 70 when tested in accordance with ASTM 
D2419. No individual sample shall have a sand equivalent less than 65. 
 
The loss by abrasion in the Los Angeles Abrasion Machine, determined as prescribed in ASTM C131, shall not exceed 10 
percent, by weight, after 100 revolutions nor 40 percent after 500 revolutions. 
 
Prior to the delivery of the aggregates and whenever required during concrete production, the Contractor shall make stockpiles 
available to the Engineer for testing. All required samples shall be furnished at the expense of the Contractor, and the cost of 
sampling and testing shall be at the expense of the Contracting Agency.  
 
Reclaimed Concrete Materials (RCM) and Reclaimed Asphalt Pavement (RAP) as defined in Section 701 shall not be used in 
Portland Cement Concrete without the prior approval of the Engineer. 
 
725.4 WATER: 
 
The water used for mixing concrete shall be potable or shall meet the requirements of ASTM C1602, when tested by a qualified 
independent testing laboratory.  
 
725.5 ADMIXTURES AND ADDITIVES: 
 
Admixtures or additives of any type, except as otherwise specified, shall not be used unless identified in the approved mix 
design or authorized by the Engineer. 
 
Water reducing admixtures incorporated into the approved concrete mix design shall meet the requirements of ASTM C494 
for the appropriate type. 
 
Air entraining admixtures incorporated into the approved concrete mix design shall meet the requirements of ASTM C260.  
 
Pigments incorporated into the approved concrete mix design for integrally colored concrete shall meet the requirements of 
ASTM C979.  
 
Fibers incorporated into the approved concrete mix shall meet the requirements of ASTM C1116. 
 
Any admixtures used shall be included in the price for that item. 
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725.6 MIX DESIGN PROPORTIONING: 
 
A concrete mix design carrying the producer’s designated mix number for each type of concrete being furnished under these 
specifications shall be submitted to the Engineer every two years for approval. Each design shall utilize the proper proportioning 
of ingredients to produce a concrete mix that is homogeneous and sufficiently workable to provide a consistent and durable 
concrete product that meets the specified compressive strength and other properties as required by the application.  
 
A concrete mix design submittal shall include the mix identification number and the applicable proportions, weights, and 
quantities of individual materials incorporated into the mix including the size and source of concrete aggregates, the type and 
source of cement and fly ash or SCM, and the brand and designation of chemical admixtures or other additives. 
 
In the event there is a modification to the mix design proportions: 
 
(A) Modifications that do not require a new mix design submittal/approval: 
 

(1) Modifications, which do not result in batch, target weights for the fine aggregate or combined coarse aggregates 
changing by more than 5 percent from the original approved mix design. 

(2) Modifications to the percentage of coarse aggregate fractions that do not change the total coarse aggregate volume. 
(3) Modifications to dosages of chemical or air-entraining admixtures, within the manufacturer’s recommendations. 
(4) The incorporation or elimination of chemical admixtures, which are listed on the mix design to effect a change in the 

time-of-set (retarders or accelerators). 
 
(B) Modifications that require a new mix design submittal/approval and may require performance verification: 
 

(1) Modification to the class of concrete per Table 725-1. 
(2) Modification to the type/class/source of cement, fly ash, natural pozzolan, or silica fume. 
(3) Modification to the percentage of fly ash, natural pozzolan, or silica fume. 
(4) Modification to a coarse aggregate size designation. 
(5) Modification of the type of chemical admixture, or the incorporation or elimination, of an air-entraining admixture. 
(6) Modification of coarse or fine aggregate source. 

 
725.7 MIXING: 
 
All proportioning/batching/mixing equipment shall comply with the standards of the Concrete Plant Manufacturer’s Bureau 
and the certification requirements of the Arizona Rock Products Association or National Ready Mixed Concrete Association. 
The proportioning shall consist of combining the specified sizes of aggregates with cementitious materials, 
admixtures/additives, and water as herein provided. No method which may cause the segregation or degradation of materials, 
shall be used. 
 
Weighing and metering devices used for the purpose of proportioning materials shall fulfill requirements as to accuracy and 
tolerance prescribed by the Weights and Measures Division of the State of Arizona and shall be sealed and certified in 
accordance with the procedures established by this agency. This certification shall not be over 12 months old and shall be 
renewed whenever required by the Engineer. When portable plants are set up at a new or temporary location, the scales and 
scale assembly shall be inspected and certificate issued regardless of the date when the scales were last tested. The Engineer 
may require the Contractor to run a quick scale check at any time with certified weights furnished by the Contractor and order 
the scale recertified if necessary. 
 
Any admixture/additive shall be measured accurately by mechanical means into each batch by equipment or in a method pre-
approved by the Engineer. 
  
The equipment for measuring and supplying the water in the mixer shall be so constructed and arranged that the amount of 
water to be added to the mixture can be measured, in gallons or by weight. The amount of water shall be varied in accordance 
with the percentage of free moisture in the material and the requirements of the workability of the aggregate. Machine mixing 
will be required in all cases unless pre-approved by the Engineer. Regardless of the method employed, mixing shall be 
commenced as soon as possible after the cementitious material is placed in contact with the aggregates or water. All concrete 
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mixers shall be of such design and construction, and so operated, as to provide a thoroughly and properly mixed concrete in 
which the ingredients are uniformly distributed. 
 
725.7.1 Paving and Stationary Mixers: Paving and stationary mixers shall comply with the standards of the Concrete Plant 
Manufacturer’s Bureau and the certification requirements of the Arizona Rock Products Association or the National Ready 
Mixed Concrete Association. Mixers shall be maintained in proper and serviceable working condition, and any part or portion 
thereof that is out of order, or becomes worn to such extent as to detrimentally affect the quality of mixing, shall be promptly 
repaired or replaced. 
 
The proper proportions of aggregate, cementitious materials, admixtures/additives and water for each batch of concrete shall 
be placed in the mixer, and shall be mixed for a period of not less than 50 seconds after all such materials are in the drum. 
 
The rotating speed at which the mixer shall be operated shall conform to that recommended by the manufacturer. 
 
The total volume of materials mixed in any one batch shall neither exceed the water level capacity of the mixer nor the 
manufacturer’s catalog rated capacity of the mixer. 
 
725.7.2 Transit Mixers: Transit mixers shall meet the requirements of the Truck Mixer Manufacturer’s Bureau and the 
certification requirements of the Arizona Rock Products Association or the National Ready Mixed Concrete Association. Ready 
mix concrete and shall comply with ASTM C94 except as herein specified. 
 
Each mixer and agitator shall have attached thereto in a prominent place a metal plate or plates, installed by the manufacturer, 
on which is plainly marked the capacity of the drum in terms of the volume of mixed concrete and the speed of rotation for the 
agitating and mixing speeds of the mixing drum or blades. 
 
Each mixer shall have an identification number painted on the truck in such a location that it can be easily read from the 
batching platform. 
 
The total volume of materials introduced into the mixer for mixing purposes shall not exceed the manufacturer’s guaranteed 
mixing capacity. If the concrete so mixed does not meet the uniformity requirements of this section, the amount of materials 
charged into the mixer shall be reduced. 
 
The rotation speed at which the mixer shall be operated shall conform to that recommended by the manufacturer. 
 
Each batch of concrete placed in the mixer shall be mixed for not less than 70 nor more than 100 revolutions of the drum or 
blades, at the speed designated by the manufacturer of the equipment as mixing speed. Additional mixing shall be at the 
agitating speed designated by the manufacturer of the equipment. The revolving of the drum shall be continuous until the 
concrete is completely emptied from the drum. Before any portion of the materials for any batch of concrete is placed therein, 
the drum of the mixer shall be completely emptied of the previously mixed batch. 
 
At the time of delivery to the job site, the Engineer shall be provided with a legible delivery ticket that shall contain the 
following information: 
 

 Date and Truck Number. 
 Name of the Supplier. 
 Name of the Contractor. 
 Specific designation of job (name and location). 
 Number of cubic yards in the batch. 
 Time the transit mixer is loaded. 
 Amount of water added at the job site at request of receiver, and his signature or initials. 
 Suppliers’ mix design code number. 
 Type and amount of admixture or additive that is not already included in the approved mix design, if any. 
 Serial number of the ticket. 
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Additional water may be added on the jobsite in accordance with ASTM C94 Tolerances in Slump section to adjust slump 
providing the slump after such water addition does not exceed the maximum allowed by these specifications in Section 725.9  
 
(A) (1) and that water so added is mixed into the batch for a minimum of 30 additional revolutions at mixing speed. Loss of 
cement mortar during discharge, which in the opinion of the Engineer would be of sufficient amount to affect the homogeneity 
of the concrete, shall be cause for rejection of the load. The Contractor shall be responsible for all concrete to which water is 
added at the job site. 
 
725.7.3 Job Mixed Concrete: All job mixed materials and procedures shall be pre-approved by the Engineer. A prepackaged 
commercial product shall be used for job mixed concrete placement in accordance with the manufacturer’s recommended 
procedure. 
 
In lieu of the use of a prepackaged commercial product, individual ingredients for concrete placement shall be prepared in a 
watertight container of suitable volume in batches not to exceed 1/3 cubic yard each. Proportioning of batches shall be in 
accordance with the applicable required mix design in Table 725-1 and Section 725.6. All mixing shall be done prior to 
placement in the forms and in accordance with the following procedure: 
 
(A) Mixing shall be done in a mechanical batch mixer of approved type. 
(B) The mixer shall be rotated at a speed recommended by the manufacturer. 
(C) Mixing shall continue for at least 1-1/2 minutes after all materials are in the mixer, unless a shorter time is shown to be 

satisfactory by the mixing uniformity tests of ASTM C94. 
(D) Materials handling, batching, and mixing shall conform to the applicable provisions of ASTM C94. 
(E) Suitable records shall be kept to identify the number of batches, proportions of materials used, and time and date of mixing 

and placement along with the approximate location in the structure.  
 
725.7.4 Dry Batched Unmixed Concrete: All dry batched unmixed concrete materials and procedures shall be pre-approved 
by the Engineer. An accurate batch weight shall be provided to record the quantities of cementitious materials, aggregate, 
admixtures/additives, and water batched into the containers. The date of batching, the container number and the batching 
certificate number shall be recorded at the time of batching. Copies of the batch weight records shall be submitted to the 
Engineer upon request. 
 
All dry batched unmixed concrete delivered to the job site shall be stored in containers so constructed that the cement cannot 
comingle with the water and aggregate within the container. Any admixture/additive added in powder form shall be added to 
the cement; if added in liquid form, it shall be added to the water. 
 
The contents of the container shall be discharged into a mixer at the job site. Following discharge of the first container into the 
mixer, the mixer shall be operated at mixing speeds during the discharge of the remaining containers. After the contents of the 
last container have been discharged into the mixer, the concrete shall be mixed as specified in this specification for transit 
mixers, and drum or turbine type mixers. 
 
Any spillage of cementitious materials, aggregate, water or admixtures/additives during the filling, transporting, or the 
discharging of the container, shall be cause for rejection of the container or the contents of the mixer if any portion of the 
rejected container is discharged into the mixer. 
 
725.7.5 Volumetric Batching and Continuous Mixing Concrete and Equipment: Volumetric-batching and continuous-
mixing concrete and equipment may be utilized upon approval of the Engineer for job site concreting applications. Material 
handling, procedures, and operations shall be in accordance with ACI 304.6R, Guide for the use of Volumetric-Measuring and 
Continuous-Mixing Concrete Equipment and all concrete produced and all test performed shall be in accordance with ASTM 
C685, Standard Specification for Concrete Made by Volumetric Batching and Continuous Mixing. All equipment shall meet 
the requirements of the Volumetric Mixer Standards of the Volumetric Mixer Manufacturers Bureau and shall have a suitable 
copyrighted rating plate furnished by the Bureau and attached to the volumetric mixing equipment.  
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725.8 TESTS AND TEST METHODS: 
 
725.8.1 Field Sampling and Tests: Concrete shall be sampled in accordance with ASTM C172 for determination of 
temperature, slump, unit weight and yield (when required) and air content (when required) as well as for fabrication of test 
cylinders for compressive strength determination at 28 days. Samples shall be of sufficient size to perform all the required tests 
and fabricate the necessary test cylinders but in no case less than 1 cubic foot. Concrete shall be sampled during discharge of 
the middle portion of the batch. At the discretion of the Engineer, a sample may be obtained at the beginning of the discharge 
if the properties of the concrete do not appear to be within the specification limits for slump or temperature. 
 
All sampling and testing shall be done by a certified technician meeting the requirements of the ACI Concrete Field Testing 
Technician, Grade I or equivalent. 
 
Temperature of the concrete mixture shall be determined in accordance with ASTM C1064.  
 
Slump of the concrete mixture shall be determined in accordance with ASTM C143.  
 
Air content of the concrete mixture (when required) shall be determined in accordance with ASTM C231 or C173, whichever 
is applicable.  
 
Unit weight and yield of the concrete mixture (when required) shall be determined in accordance with ASTM C138.  
 
All compressive strength test specimens shall be made, cured, handled, protected, and transported in accordance with the 
requirements of ASTM C31. The contractor shall provide and maintain for the sole use of the testing laboratory/technician 
adequate facilities for safe storage and proper curing of concrete test cylinders on the project site including sufficient access on 
weekends and holidays to allow the timely pick-up of cylinders specimens. Any and all deviations from the standard procedure 
of any test method shall be promptly identified and corrected. Any deviations shall be clearly noted by the testing laboratory 
on all written reports. Testing results obtained from non-standard testing procedures shall be considered invalid and discarded 
by Engineer. 
 
Sampling and testing performed for concrete acceptance will be at the expense of the Contracting Agency. Sampling and testing 
for the Contractor’s purposes of quality control or other needs shall be at the Contractor’s expense. 
 
725.8.2 Concrete Cylinder Test: A cylinder strength test shall be the average of the strengths of at least two 6 inch by 12 inch 
cylinders or at least two 4 inch by 8 inch cylinders made from the same sample of concrete and tested at 28 days. An adequate 
number of cylinder specimens shall be made for each 50 cubic yards or not less than each half-day’s placement of each class 
of concrete. All specimens will be tested in a laboratory approved by the Engineer in accordance with ASTM C39 for concrete 
acceptance. Should an individual cylinder show evidence of improper sampling, molding, curing, or testing, the results shall 
be discarded and the compressive strength shall be the result of the average of the remaining cylinder(s). Additional cylinder 
specimens may be made and tested at other ages to obtain additional compressive strength information and shall not be 
considered as acceptance tests. Cylinder testing performed for concrete acceptance will be at the expense of the Contracting 
Agency. Cylinder testing for the Contractor’s purposes of quality control or other needs shall be at the Contractor’s expense. 
  
725.8.3 Additional Concrete Testing: If the 28-day strength test does not meet the compressive strength requirements, 
additional concrete testing may be performed to further evaluate the concrete in question for purposes of acceptability or 
payment. This may involve testing of additional cylinders at later ages, (for example - hold cylinders at 56 days or more), or 
core testing to determine in-place concrete strengths. This additional testing and all coring repairs shall be pre-approved by the 
Engineer and at the expense of the Contractor. If core testing is performed, at least three representative cores shall be obtained, 
conditioned and tested in accordance with ASTM C42 from each concrete member or area of concrete to be tested at locations 
designated by the Engineer. Cores damaged subsequent to or during removal shall be rejected and additional core samples 
taken. Cores shall be obtained and delivered to a laboratory acceptable to the Engineer in time to allow complete strength 
testing within 48 days of original concrete placement. The Contractor may elect to have a representative present during 
sampling and testing. A core strength test shall be the average of the results of the three cores. Should an individual core show 
evidence of improper sampling, curing, or testing, the results shall be discarded and the compressive strength shall be the result 
of the average of the remaining core(s). Results of the core strength testing shall replace the results of the cylinder strength test 
for that sample. 
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725.9 ACCEPTANCE:  
 
(A) Plastic Concrete Properties: 
 

(1) The slump of the concrete shall meet the requirements of ASTM C94 Tolerances in Slump section. When the approved 
mix design or project specification requirements for slump are a “maximum” or “not to exceed”, the following tolerances 
apply: 

 
  Specified slump:   If 3” or less  If more than 3” 
  Plus tolerance    0 inch  0 inch 
  Minus tolerance   1 1/2 inch  2 1/2 inch 
 

When the approved mix design or project specification requirements for slump are not written as a “maximum” or “not to 
exceed,” the following tolerances apply: 

 
  For design slump of:   Tolerance 
  2 inch and less   +/- 1/2 inch  
  More than 2 through 4 inch  +/- 1 inch 
  More than 4 inch   +/- 1 1/2 inch 
 

(2) Limit the maximum allowable temperature of the concrete mixture immediately before placement to 95°F unless 
otherwise specified or unless a higher allowable temperature is pre-approved by the Engineer. At the discretion of the 
Engineer, recommended practices in ACI 305, Specification for Hot Weather Concreting, can provide good reference 
information and may be used to modify maximum allowable concrete temperature and acceptance. 

 
Per ACI 306, Specification for Cold Weather Concreting, when the atmospheric temperature at the time of placing concrete 
is above 30°F the temperature of the concrete, as placed, shall not be less than 60°F. When the atmospheric temperature at 
the time of placing concrete is between 0°F and 30°F the temperature of the concrete, as placed, shall not be less than 65°F. 

 
(3) Air entrained concrete shall meet the requirements of ASTM C94 Air-Entrained Concrete section. The air content of 
air-entrained concrete when sampled from the transportation unit at the point of discharge shall be within the approved 
mix design tolerance or +/- 1.5 % of the specified value. When a representative sample taken prior to discharge shows an 
air content below the specified level by more than the allowable tolerance, additional air entraining admixture shall be 
added to the concrete mix to achieve the desired air content level, followed by a minimum of 30 revolutions at mixing 
speed. 

 
(4) Per ASTM C94 Mixing and Delivery section, discharge of the concrete shall be completed within 1 1/2 hours (90 
minutes) after the introduction of the mixing water to the cementitious materials or the introduction of the cementitious 
materials to the aggregates. The Engineer may allow the continuation of concrete placement after the 1 1/2 hours (90 
minutes) time limit has been reached if the concrete is of such slump or workability that it can be placed without the 
addition of water to the batch. The 1 1/2 hours (90 minutes) time limit may also be waived if the mix design incorporates 
a hydration stabilizing admixture at the sufficient dosage to slow down hydration in order to permit additional 
transit/placement time. The dosage and associated additional time shall be noted on the delivery ticket. The additional 
discharge time shall not exceed the maximum additional time based on the dosage noted on the approved mix design or 
delivery ticket. It is the Contractor’s responsibility to obtain approval for additional discharge time from the Engineer prior 
to concrete placement. 

 
Any concrete failing to meet the tolerances for plastic concrete properties in 725.9 (A) (1) through (4) shall be reviewed by the 
Engineer and is subject to rejection. 
 
(B) Hardened Concrete Properties – Compressive Strength: 
 
Compressive strength of concrete shall be determined on the basis of cylinder strength tests obtained in accordance with Section 
725.8.2 and shall be acceptable if the tests meet or exceed the minimum specified strength. When the validity of cylinder 
strength tests are suspect, the strength of concrete in question shall be determined in accordance with Section 725.8.3. 
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When compressive strength test results are less than the specified minimum, an Engineering Analysis to determine the impact 
of the strength reduction may be required by the Engineer prior to the decision to accept or reject the concrete. The Engineering 
Analysis will be at the Contractor’s expense. Any concrete that is rejected by the Engineer shall be removed and replaced by 
the Contractor at the Contractor’s expense. 
 
When concrete is accepted by the Engineer on the basis of test results of less than 100% of the required minimum compressive 
strength, an adjustment in the concrete unit price may be made for the quantity of concrete represented by such strength tests 
in accordance with Table 725-2. 
 

TABLE 725-2 

Adjustment in Concrete Unit Price Based on Strength Deficiency 

Class AA and Class A Class B and Class C 

Percent of Specified Minimum 
28-day Compressive Strength 

Attained (Nearest 1%) 

Percent of Concrete 
Unit Price Allowed 

Percent of Specified Minimum 
28-day Compressive Strength 

Attained (Nearest 1%) 

Percent of Concrete 
Unit Price Allowed 

100% or greater 100 100% or greater 100 

98-99 90 95-99 95 

96-97 85 90-94 90 

95 80 85-89 85 

 
- End of Section - 


