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8 W. COLLEGE DR. ● SUITE C ● ARLINGTON HEIGHTS, IL 60004 

SOIL BORINGS ● SITE INVESTIGATIONS ● PAVEMENT INVESTIGATIONS ● GEOTECHNICAL ENGINEERING 

TESTING OF ● SOIL ● ASPHALT ● CONCRETE ● MORTAR ● STEEL 

 

                                                                                                                   December 7, 2022 
                                                                                                                   File No. 26934 
 
Mr. Patrick Bovill 
Lake County Forest Preserves 
19808 W. Grand Avenue 
Lake Villa, IL 60046 
 
                                                                                    Re:  Geotechnical Investigation 
                                                                                            Lakewood Forest Preserve  
                                    New Grounds Maintenance Facility 
                                   Wauconda, Illinois       
                                                                                                                                                                        
Dear Mr. Bovill: 
 
We are submitting our report for the subsurface investigation completed for the above 
referenced project in Lake County, Illinois.  
 
The investigation was requested to determine current subsurface soil and water conditions at 
select boring locations.  The findings of the field investigation and the results of laboratory 
testing are intended to assist in the planning, design and construction of proposed site 
improvements.    
 
PROPOSED IMPROVEMENTS 
 
We understand it is proposed to construct a new grounds maintenance facility building 
supported on shallow depth foundations.  The interior is expected to have at-grade slabs 
supported on prepared subgrade soils.  Improvements exterior to the building are expected to 
include storage bins, pavement areas, sidewalks and related underground improvements. 
 
SCOPE OF THE INVESTIGATION 
 
The field investigation included obtaining 11 borings at the locations requested and as indicated 
on the enclosed location sketch.  The boring locations were established in the field by the client.  
Surface elevations were estimated to the nearest 0.5 ft. using data presented on the 
topographic survey. 
 
We auger drilled the 6 building borings to depths of 20.0 feet below existing surface elevations.  
Soil samples were obtained using a split barrel sampler advanced utilizing an automatic SPT 
hammer.  The 5 pavement and storage bin area borings were drilled and sampled in a similar 
manner to depths of 10.0 feet.  Soil profiles were determined in the field and soil samples 
returned to our laboratory for additional testing including determination of moisture content.  
Cohesive soils obtained by split barrel sampling were tested further to determine dry unit weight 
and unconfined compressive strength.  
 
The results of all field determinations and laboratory testing are included in summary with this 
report.   
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RESULTS OF THE INVESTIGATION 
 
Enclosed are boring logs indicating the soil conditions encountered at each location.  Site 
surface conditions include vegetation, topsoil and fill soil conditions.  The topsoil is classified as 
dark brown to black silt/clay mixtures with traces of roots usually present. 
 
Fill soil conditions were encountered at each of the borings with the exception of boring B-11.  
Composition of the fill includes the presence of topsoil, clay/silt, silt/clay/sand, silt/clay, and 
silt/sand/gravel/clay mixtures extending to depths of 2.0 inches to 3.5 feet at these borings with 
the exception of boring B-8 where the fill extended to the bottom of the boring.  The limits of fill 
placement were not determined within the scope of this investigation.  Larger debris may also 
be present within the fill but was not encountered during the investigation.   
 
Underlying natural soil conditions include the presence of cohesive soils.  These are classified 
as very tough to very hard clay/silt mixtures with lesser portions of sand and gravel.   
 
Non-cohesive soils were also encountered as indicated at borings B-1, B-2 and B-6.  These 
include medium dense silt/clay/gravel and sand mixtures.  The non-cohesive granular soils are 
often in a saturated condition.  Cobbles and boulders were encountered within the site soils as 
noted on the boring logs, additional cobbles and boulders are expected to be present within the 
site soils at any elevation. 
 
A significant depth of fill soils were encountered extending to the bottom of boring B-8.  These 
conditions may be present in other areas of the site but were not discovered within the scope of 
this investigation. 
 
The following table summarizes depth ranges below existing grade, the magnitude of soil 
strength within these ranges and other information: 
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Boring 

Surface 
Elevation 

(feet) 

Depth Range Below 
Existing Surface 

(feet) 

Soil 
Strength 

(lbs./sq.ft.) 

Recorded Water 
Levels, W.D./A.D. 

(feet) 
 

1 848.0 1.0 to   4.0 *500 dry/dry 
  4.0 to   6.0 4,000  
  6.0 to 12.0 8,000  
  12.0 to 17.0 5,000  
     

2 848.0 0.5 to   3.0 *2,000 dry/dry 
  3.0 to 13.0 8,000  
  13.0 to 17.0 4,000  
     

3 847.5 0.5 to   4.0 3,000 dry/dry 
  4.0 to 12.0 8,000  
  12.0 to 17.0 6,000  
     

4 847.5 1.0 to   4.0 3,000 dry/dry 
  4.0 to   8.0 8,000  
  8.0 to 17.0 5,000  
     

5 848.0 1.0 to   3.5 *2,000 dry/dry 
  3.5 to   7.0 4,000  
  7.0 to 17.0 8,000  
     

6 848.0 1.5 to   4.0 3,000 16.5/dry 
  4.0 to 13.0 8,000  
  13.0 to 17.0 4,000  
     

7 847.5 0.5 to   7.0 8,000 dry/dry 
      

8 848.0 0.5 to   7.0 *2,000 dry/dry 
     

9 848.0 1.0 to   4.0 4,000 dry/dry 
  4.0 to   7.0 8,000  
     

10 847.5 2.0 to   7.0 8,000 dry/dry 
     

11 845.0 1.5 to   4.0 6,000 dry/dry 
  4.0 to   7.0 8,000  

 
   * Not recommended for support of foundations.  Deeper foundation depths 

 or foundations supported on coarse crushed stone fill may be needed 
 to reduce the magnitude of long-term total and differential settlement. 
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It is expected that foundations can be supported on undisturbed natural soils located at any 
elevation within the depth ranges indicated in the above table, except as noted at borings B-1, 
B-2, B-5 and B-8.  Above these depth ranges the soils are not considered able to support 
foundations, even at reduced design bearing values, due to long-term settlement 
considerations. 
 
SUBSURFACE WATER 
 
The boring logs and the above table indicate the depth at which subsurface water was 
encountered in the bore holes at the time of the drilling operations and during the period of 
these readings.  It is expected that fluctuations from the water levels recorded will occur over a 
period of time due to variations in rainfall, temperature, subsurface soil conditions, soil 
permeability and other factors not evident at the time of the water level measurements. 
 
BUILDING PAD  
 
The site topography and soil conditions encountered indicate a building pad should be 
constructed prior to foundation excavation. This site preparation is necessary to establish 
adequate support of floor slabs and possibly foundations depending on proposed foundation 
elevations. The procedure should include the removal of unsuitable surface conditions including 
vegetation, topsoil, fill soils, soft or unstable soils, and other deleterious conditions.  Variations 
in the depth of removal can be expected due to filled and naturally changing soil conditions.  
The soil removal should extend beyond the outside edge of the exterior foundation wall footings 
to a distance at least equal to the depth of fill that will be present beneath the footings.  The 
exposed subgrade soil should then be proof-rolled in the presence of the Soil Engineer.  Proof-
rolling is expected to reveal some areas of unstable soil, especially in areas of existing fill, 
requiring additional removal.   
 
Structural fill should be placed on the prepared subgrade and in lifts not to exceed 8.0 inches 
when uncompacted.  Each lift should exceed the minimum compaction requirement prior to 
placement of the next lift.  We recommend a minimum of 95% compaction based on the 
modified proctor test, ASTM D-1557.  If high soil moisture content prevents achieving minimum 
compaction requirements then it will be necessary to disc and aerate the soil.  Compaction 
requirements also apply to backfill placement around foundations and within trench excavations 
located below subgrade supported improvements. 
 
FOUNDATIONS 
 
Based on the results of this investigation it is our opinion that continuous and isolated footing 
foundations may be considered for support of building loads.  These foundations can be 
supported on structural fill and/or undisturbed natural soils located below all topsoil, debris, 
unsuitable fill soils, low strength soils and other unsuitable conditions which may be 
encountered.  Soil strength values and the depths at which they are expected to be encountered 
at these boring locations are indicated in the above table.  A net allowable bearing value of 
3,000 lbs./sq.ft. is available for design.  This value can be used to size foundations for support 
of structure dead and live loads.  Increased bearing values may be available at some locations 
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and elevations.  The feasibility of using a higher value is best determined after our review of 
proposed foundation details and elevations. 
 
All exterior building foundations should extend at least 42.0 inches below exposed surface 
elevations to provide adequate protection against uplift due to freezing of the supporting soils.  
Foundations for unprotected improvements should extend at least 48.0 inches below exposed 
surface elevations.  We recommend providing adequate reinforcing steel in foundation walls and 
piers to minimize the effects of long-term differential settlement. 
 
Weak soil conditions may be discovered locally at design foundation elevations and may require 
extending the foundation to a deeper elevation.  Alternately, removal of the weak soil followed 
by replacement with properly compacted coarse crushed granular fill (CA01) may be feasible.  
When removal is approved by the Soil Engineer, the removal of the weak soil should also 
extend beyond the face of footings and/or piers to a distance at least equal to the depth of fill 
that will be present beneath the footings and/or piers.  A capping layer of finer crushed granular 
fill (CA06) can be utilized to establish a working surface.   
 
FLOOR SLABS 
 
Floor slabs planned for support on the existing soil conditions are expected to undergo some 
degree of long-term settlement as the soils consolidate under loading and as they shrink due to 
desiccation.  Slabs may be considered for support on suitable natural soils or on properly placed 
and compacted fill soils.  This is feasible when the soils supporting the slabs are prepared in 
accordance with the Building Pad recommendations above.  These include the removal of 
topsoil as well as removal or aeration of underlying high moisture content soils. 
 
DEWATERING 
 
Excavations may require dewatering due to subsurface water seepage and/or surface 
precipitation.  This water can likely be removed to depths of several feet by standard sump and 
pump operations.  Soils exposed at foundation, slab or undercut elevations should not be 
permitted to become saturated.  Loss of bearing strength and stability may occur, requiring 
additional soil excavation. 
 
Fill soils, organic soils, non-cohesive soils and others can be unstable when saturated.  These 
soils tend to cave or run when submerged or disturbed.  The stability of exposed embankments 
is minimal to non-existent as confining soil pressures are removed.  Proper drainage within 
excavations is necessary at all times, particularly when excavations extend below anticipated 
water levels and below saturated soils. 
 
The contractor should be made responsible for designing and constructing stable temporary 
excavations.  Also, the contractor should shore, slope, bench or restrain the sides of the 
excavations as required to maintain stability of both the excavation sides and bottom.  In no 
case, should the slope, slope heights, or excavation depth exceed those in the local, state, and 
federal safety regulations. 
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SUBGRADE SOIL PREPARATION 
 
Subgrade soil preparation should be accomplished where needed within the building area prior 
to excavation for foundations.  The procedure in all areas of subgrade supported improvements 
should include the removal of unsuitable surface conditions including vegetation, topsoil, 
unsuitable fill soils, significant debris, weak or unstable soils, and other deleterious conditions 
which may be encountered.  Above grade areas should be cut to design subgrade elevations.  
Exposed subgrade soils should be leveled, compacted and proof-rolled in the presence of the 
Soil Engineer. 
 
Proof-rolling may reveal areas of unstable soil conditions.  Discing and aeration of high moisture 
content soils can be effective to depths of up to 1.0 foot, depending upon the equipment utilized.  
Removal of unstable soils may be necessary if high moisture content conditions extend to 
depths greater than the effective depth of discing.  If the depth of undercut appears to be 
significant, it may be economical to limit the depth of undercut to that needed to establish 
adequate support of slabs and remediate weak soil conditions at foundation elevations at the 
time of foundation construction. 
 
Soft or unstable soil conditions in pavement areas can often be bridged by use of an effective 
depth of crushed granular material.  The placement of the crushed granular bridging material, 
possibly in conjunction with the use of an appropriate geotextile fabric, should only proceed after 
review of the proof-roll conditions by the Soil Engineer.  Long-term settlement of pavement 
surfaces may occur locally as the bridged soils desiccate. 
 
Structural fill can be placed on soils prepared to the satisfaction of the Soil Engineer.  The fill 
should be placed in lifts not to exceed 8.0 inches when uncompacted.  Each lift should exceed 
minimum compaction requirements prior to placement of the next lift.  We recommend a 
minimum of 95% compaction based on the modified Proctor test, ASTM D-1557, be achieved 
within building areas.  A minimum of 90% compaction should be achieved beneath exterior 
improvements such as pavements and sidewalks.  Compaction requirements also apply to 
backfill placement around foundations and within trench excavations located below subgrade 
supported improvements. 
 
FILL SOURCES 
 
The onsite non-organic soils are generally suitable for reuse as fill.  Offsite sources may also be 
used provided they are approved in advance by the Soil Engineer.  Aeration may be necessary 
to reduce soil moisture content prior to compaction.  Soil borrowed from near the surface where 
seasonal fluctuations in soil moisture content occur may require particular attention.  The 
moisture content of fill soils should be within approximately 3.0% of optimum moisture content 
as determined by the modified Proctor test for the soils to meet or exceed minimum compaction 
requirements. 
 
CONCLUSION 
 
The information within this report is intended to provide initial information concerning subsurface 
soil and water conditions on the site.  Variations in subsurface conditions are expected to be 
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present between boring locations due to naturally changing soil conditions.  Variations are also 
expected within areas of disturbed (filled) soil conditions. 
 
Our understanding of the proposed improvements is based on limited information available to us 
at the writing of this report.  The findings of the investigation and the recommendations 
presented are not considered applicable to significant changes in the scope of the 
improvements or applicable to alternate site uses.  We recommend that proposed foundation, 
pavement and grading plans be reviewed by our office to determine if additional considerations 
are necessary to address anticipated subsurface conditions.  Obtaining additional soil borings 
may be warranted to further define the depth and limits of restrictive subsurface conditions. 
 
The soils exposed in soil undercut areas should be evaluated for suitability prior to placement of 
structural fill, as previously indicated in this report.  Soils and aggregates placed as structural fill 
should be tested as the work progresses to verify that minimum compaction requirements have 
been met.  We recommend that soil conditions encountered at foundation elevations be tested 
to verify the presence of design soil strength prior to concrete placement. 
 
If you have any questions concerning the findings or recommendations presented in this report, 
please let me know. 
 
                                                              Very truly yours, 
 
                                                              SOIL AND MATERIAL CONSULTANTS, INC. 
 
 
 
                                                              Thomas P. Johnson, P.E. 
                                                              President 
 
TPJ:ek 
Enc. 
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SECTION 03 10 00 

CONCRETE FORMWORK 

PART 1        GENERAL 

1.01 SECTION INCLUDES 

A. Design, construction and treatment of formwork and related accessories to confine and shape 
concrete to the required dimensions. 

B. Installation of embedded items such as waterstops, dovetail anchors, flashing reglets, shelf 
angles, and PVC weeps. 

C. Structural notes indicated on the drawings regarding concrete formwork shall be considered a 
part of this specification. 

1.02 RELATED WORK  

A. Pertinent Sections of Division 01. 

B. Section 03 20 00 - Concrete Reinforcement. 

C. Section 03 30 00 - Cast-in-Place Concrete. 

1.03 REFERENCES 

A. Codes and Standards: Comply with the provisions of the following codes, specifications, and 
standards except where more stringent requirements are shown or specified. Where provisions 
of the pertinent codes and standards conflict with this specification, the more stringent provision 
shall govern. 
1. ACI 117 - Specification for Tolerances for Concrete Construction and Materials. 

2. ACI 301 - Specifications for Structural Concrete. 

3. ACI 318 - Building Code Requirements for Structural Concrete. 

4. ACI 347 - Guide to Formwork for Concrete. 

5. ASTM C31 - Standard Practice for Making and Curing Concrete Test Specimens in the 
Field. 

6. ASTM C39 - Standard Test Method for Compressive Strength of Cylindrical Concrete 
Specimens. 

7. NIST - PS 1: Structural Plywood 

1.04 DESIGN REQUIREMENTS 

A. Design and engineering of formwork is the responsibility of the Contractor. Design, engineer 
and construct formwork, shoring, and bracing to conform to Contract Documents and in 
accordance with building code requirements. Formwork design shall be under direct 
supervision of a Structural engineer experienced in the design of this work and licensed in the 
State where the project is located. Design for construction loads, lateral pressure, and 
requirements of the applicable building code to conform to the required shape, line, and 
dimensions. Contractor is responsible for formwork camber calculations. 

B. Foundation concrete may be placed directly into neat excavations, provided the foundation 
trench walls are stable as determined by the Geotechnical Engineer. In such case, the 
minimum formwork indicated on the drawings is mandatory to ensure clean excavations 
immediately prior to and during the placing of concrete. 
1. When forms are omitted, provide additional 1" concrete minimum on each side of the 

minimum design profiles and dimensions shown on the drawings. 

C. Drawings show the design requirements and dimensions for structural strength, but structural 
drawings do not show all detail dimensions to fit intricate architectural and mechanical detail.  
Contractor shall construct the concrete work so that it will conform to the clearance required by 
the architectural, mechanical, and electrical design. 

D. Maximum deflection of facing materials forming concrete surfaces exposed to view shall be 
1/240 of the center-to-center span between structural members of the formwork. 

E. Carry vertical and lateral loads to the ground by a formwork system and in-place construction 
that has attained adequate strength for that purpose. Where adequate foundations for shores 
and struts cannot be secured, provide trussed supports. 
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1.05 SUBMITTALS 

A. Product Data: Submit manufacturer's product data, installation instructions and specifications 
for each of the following: 
1. Waterstop profiles 

2. Form sealer 

3. Form release agent(s), including certification that agent is compatible with finish 

4. Form ties and spreaders 

B. Shop Drawings: Prepare and submit shop drawings for formwork, including dimensional layout 
for foundations, beams, columns, piers, walls and slabs. 

C. Pour Sequence: Submit sequence of concrete operations for supported structural slab, beams, 
columns, and walls. 

D. Construction Joints: Submit layout of construction joints and details of construction joints. 

1.06 COORDINATION  

A. Coordinate with other sections of work that require attachment of components to formwork. 

B. If formwork is placed after reinforcement, resulting in insufficient concrete cover to 
reinforcement, request instructions from the Owner's Representative or Architect or Structural 
Engineer before proceeding. 

PART 2        PRODUCTS 

2.01 MATERIALS AND ACCESSORIES 

A. Formwork Accessories: Use commercially manufactured accessories for formwork accessories 
partially or completely embedded in concrete, including ties and hangers. 

B. Sealer: Clear, penetrating, synthetic resin sealer. 

C. Formwork Release Agent: Use commercially manufactured form release agents that will 
prevent formwork absorption of moisture, prevent bond with concrete, and will not stain the 
concrete surface. Reapply to cleaned forms before each reuse. Formwork release agent shall 
be compatible with paint or any other finish applied to the concrete; submit data indicating 
compatibility. 

D. Waterstops: Waterstop materials shall be non-metallic polyvinyl chloride (PVC) or thermoplastic 
elastomeric rubber (TPE-R) material. 
1. Waterstop shall be fabricated from prime virgin resin material. 

2. PVC material shall meet Corp of Engineers CRD - C572. TPE-Rubber shall meet EPA 
Title 40 CFR Section 265.193. 

3. Profile shall be 6 inches long, multi-ribbed, center bulb type with 3/16-inch minimum 
thickness. 

4. Splices shall be field welded butt splices as recommended by the manufacturer. Provide 
shop made fittings for all changes in direction and intersections, which maintain continuity 
of the waterstop profile. All splices shall provide not less than 80% tensile strength of the 
parent section. Edge welding is not permitted. 
a. Manufacturers: 

1) Greenstreak. - PVC Waterstop 

2) J.P. Specialties - Earth Shield (TPE-Rubber) Waterstop 

3) Westec Barrier Technologies - TPE-R Waterstop 
E. Form Material: 

1. No aluminum shall be allowed in the concrete work unless coated to prevent 
aluminum-concrete reaction. 

2. Concrete form materials must be used in a manner to provide the surface finish specified. 

3. Design formwork in accordance with the provisions of the building code or the following 
standards if not covered in the building code: 
a. Wood - AWC "National Design Specification". 

b. Plywood - American Plywood Association "Plywood Design Specification". 

c. Steel - AISC "Manual of Steel Construction". 

d. Aluminum - Aluminum Association "Aluminum Construction Manual" 

e. Concrete - ACI 318. 
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f. Other materials - as directed by manufacturer. 
F. Chamfer Strips: 

1. Chamfer strips shall be the size as indicated on the drawings. Provide in maximum 
possible lengths. 

G. Keyways: 
1. Provide keyways as shown on the drawings. Unless noted otherwise, keyways shall be a 

minimum of 1-1/2 inches deep and 3-1/2 inches wide. Bevel edges of keyways 10 degrees 
to facilitate stripping. 

2.02 FORM FINISHES 

A. Rough Form Finish: 
1. Concrete surfaces not exposed to view in the finished work shall have a rough-form finish. 

No form-facing material is specified for rough-form finish. 

2. Set and maintain forms so finished concrete dimensions shall conform to the tolerances. 
Rough form finish is Designated Surface Finish-1.0 from ACI 301, except that surface 
tolerance Class C is required as specified in ACI 117. 

B. Smooth Form Finish: 
1. Concrete surfaces exposed to view in the finished work or surfaces to receive finishes of 

any type (paint, textured paint, etc.) shall have a smooth form finish. Form-facing material 
shall be plywood, tempered concrete-form-grade hardboard, metal, plastic, paper, or other 
acceptable material capable of producing the desired finish. Form-facing material shall 
produce a smooth, uniform texture on the concrete. Do not use form facing material with 
raised grain, torn surfaces, worn edges, patches, dents, or other defects that might impair 
the texture of the concrete surfaces. 

2. Set and maintain forms so finished concrete dimensions shall conform to the tolerances. 
Smooth form finish is Designated Surface Finish-3.0 from ACI 301, including surface 
tolerance Class A as specified in ACI 117. 

C. Patching and repairing concrete finishes are specified under Section 03 30 00. 

2.03 FABRICATION AND MANUFACTURE 

A. Form Ties and Spreaders: Factory-fabricated, removable or snap-off metal or 
glass-fiber-reinforced plastic form ties designed to resist lateral pressure of fresh concrete on 
forms, hold inner and outer forms for vertical concrete together, and to prevent spalling of 
concrete on removal. 
1. Furnish units that will leave no corrodible metal closer than 1-1/2 inch to the plane of the 

exposed concrete surface. 

2. Furnish ties that, when removed, will leave holes not larger than 1 inch in diameter in the 
concrete surface. 

3. Furnish ties with integral water-barrier plates to walls indicated to receive dampproofing or 
waterproofing. 

4. At horizontal pour lines, locate ties not more than 6" below the pour lines. Tighten after 
concrete has set and before the next pour is made. 

5. For exposed concrete surfaces, provide form ties of removable type with permanent plugs 
and a system approved by the Architect for fixing the plugs in place. 

B. Waterstops: Fabricate pieces of premolded waterstop with a maximum practicable length to 
hold the number of end joints to a minimum. Fabricate joints in waterstops in accordance with 
the manufacturer's recommendations. 

PART 3        EXECUTION 

3.01 CONSTRUCTION OF TEMPORARY FORMWORK 

A. In accordance with ACI 301, construct formwork: 
1. Design, erect, shore, brace, and maintain formwork to support vertical, lateral, static, and 

dynamic loads, and construction loads that might be applied, until the concrete structure 
can support such loads. 

2. Obtain approval before framing openings in structural members not indicated on the 
drawings. 



Lake County Forest Preserve District | Lakewood Net Zero Maintenance Facility | WA Project #2020-008 
 

 

 Concrete Formwork 
 03 10 00 - 4 

B. Fabricate forms for easy removal without hammering or prying against concrete surfaces. 
1. Provide crush or wrecking plates where stripping may damage cast concrete surfaces. 

2. Provide top forms for inclined surfaces where slope is too steep to place concrete with 
bottom forms only. 

3. Chamfer wood inserts for forming keyways, reglets, recesses, and the like to allow wood 
to swell without spalling concrete and to ensure easy removal. 

C. Falsework: 
1. Provide positive means of adjustment (wedges or jacks) of shores and struts. Do not 

adjust formwork after concrete has taken its initial set. Brace formwork securely against 
lateral deflection and lateral instability. 

2. To maintain specified tolerances, camber formwork to compensate for anticipated 
deflections in formwork prior to hardening of concrete. Formwork camber calculations are 
the responsibility of the formwork designer. Set formwork and intermediate screed strips 
for slabs accurately to produce designated elevations and contours of the finished surface 
prior to removal of formwork. Ensure edge forms and screed strips are sufficiently strong 
to support vibrating screeds or roller pipe screeds when the finish specified requires the 
use of such equipment. 

3. When formwork is cambered, set screeds to a like camber to maintain required concrete 
thickness. 

4. Verify lines, levels, and centers before proceeding with formwork. Ensure dimensions 
agree with the drawings. 

5. Fasten form wedges in place after final adjustment of forms and prior to concrete 
placement. 

6. Anchor formwork to shores, supporting surfaces, or members to prevent upward or lateral 
movement of the formwork system during concrete placement. 

7. Securely brace and shore forms to prevent displacement and to safely support 
construction loads. 

8. Construct forms plumb and straight to conform to slopes, lines, and dimensions shown. 

9. Set edge forms, bulkheads, and intermediate screed strips for slabs to achieve required 
elevations and slopes in finished concrete surfaces. Provide and secure units to support 
screed strips; use strike-off templates or compacting-type screeds. 

10. Provide runways for moving equipment and support runways directly on formwork or 
structural member without resting on the reinforcing steel. 

D. Where end-of-work sequence requires a joint in the concrete, provide adequately designed 
additional formwork. Extend reinforcement through formwork as indicated on the drawings. 
Location of the construction joint is subject to approval by the Architect and the Structural 
Engineer. 

E. Forms for Exposed Concrete: 
1. At construction joints, lap contact surface of the form sheathing for flush surfaces exposed 

to view over the hardened concrete in the previous placement by not more than 1 inch. 
Ensure formwork is held firmly against hardened concrete to prevent offsets or loss of 
mortar at construction joints and to maintain a true surface. 

2. Provide watertight formwork when architectural exposed concrete is specified. 

3. Unless specified in the Contract Documents, construct formwork so concrete surfaces 
conform to tolerance limits. The class of surface for offset between adjacent pieces of 
formwork facing material shall be Class C, unless specified otherwise. 

4. Do not use metal cover plates for patching holes or defects in forms. 

5. Provide sharp, clean corners at intersecting plans, without visible edges or offsets. 

6. Fill all unwanted joint openings with specified joint filler and finish flush to match adjacent 
form surfaces. 

F. Construct formwork for wall openings to facilitate removal and to counteract swelling of wood 
formwork. Keep wood forms wet as necessary to prevent shrinkage. 

G. Do not use rust-stained steel form-facing material. 
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H. Provide temporary openings at the base of column and wall formwork and at other points where 
necessary to facilitate cleaning and inspection. 

I. Unless noted otherwise, all footings shall be centered under walls, piers, or columns. 

J. Provisions for Other Trades: 
1. Place sleeves, inserts, anchors, and embedded items required for adjoining work or for 

support of adjoining work prior to concrete placement. 

2. Position and support expansion joint material and other embedded items to prevent 
displacement. Fill voids in sleeves, inserts, and anchor slots temporarily with readily 
removable material to prevent entry of concrete into voids. 

K. Projecting corners of beams, walls and columns shall be formed with a 3/4-inch chamfer, 
unless noted otherwise on architectural drawings. 

L. Cleaning: 
1. Clean surfaces of formwork and embedded materials of mortar, grout, and foreign material 

before concrete is placed. 

2. Cover surfaces of formwork with acceptable formwork release agent. Apply form release 
agent before placing reinforcing steel and concrete according to manufacturer's written 
instructions. Do not allow formwork release agent to puddle in forms. Do not allow 
formwork release agent to contact reinforcing steel or hardened concrete against which 
fresh concrete is to be placed. Do not apply form release agent to concrete surfaces 
receiving special finishes or applied coverings affected by the agent. 

3. Clean and inspect formwork immediately before concrete is placed. 
M. Provide forms for concrete work adjacent to earth banks including sides of footings, except 

where footing excavation is vertical rock cut. 

N. Hand trim sides and bottom of earth forms. Remove loose soil prior to placing concrete. 

O. Install void forms in accordance with manufacturer's recommendations. Protect forms from 
moisture or crushing. 

3.02 COORDINATION 

A. Install all required pipe sleeves, cavities or slots. Notify appropriate trades in due time so they 
may furnish information and make necessary installations. Check sizes, location and alignment 
of all openings, frames and other work, which are to be built-in including electrical boxes and 
conduit. 

B. Layout the run of partitions and establish location of openings so other trades may properly 
locate their work. 

C. Core drilling concrete is not permitted unless noted otherwise or approved in writing by the 
Architect. Notify the Architect in advance of conditions not shown on the drawings. 

3.03 INSTALLATION OF EMBEDDED ITEMS 

A. Built-In Items: 
1. Confirm with Architect that all materials to be embedded are suitable for embedment in 

concrete. 

2. Build in anchors, inserts, and other devices indicated or required for various portions of 
work. 

3. Build in sleeves, thimbles, and other items furnished or set in place by other trades. 

4. Accurately position and support all embedded items prior to concrete placement. Secure 
embedded items against displacement during concrete placement operations. 

5. Fill voids with readily removable material to prevent entry of concrete into voids. 

6. Mechanical and Electrical shall provide and set required sleeves. 

7. Coordinate setting of all embedded items. 
B. Waterstops: 

1. Locate waterstops in joints where indicated on the drawings. 

2. Build in waterstops using longest unbroken lengths possible to hold the number of end 
splices to a minimum. 

3. Form splices and intersections strictly according to the manufacturer's instructions so 
waterstops are continuous and develop an effective watertight joint. 
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4. Center waterstops in joints. Take care to prevent waterstops from bending over during 
placing of concrete.  

3.04 TOLERANCES  

A. Construction formwork to maintain tolerances required by ACI 301 and ACI 117. 

3.05 REMOVAL OF FORMS 

A. When removal of formwork is based on concrete reaching a specified compressive strength, 
concrete will be presumed to have reached this strength when either of the following 
requirements has been met: 
1. Test cylinders, molded and cured under the same conditions for moisture and temperature 

as used for the concrete they represent, have reached the specified compressive strength. 

2. Concrete has been cured in accordance with the specifications for the same length of time 
as laboratory-cured cylinders, which have reached the specified strength. Determine the 
length of time concrete has been cured in the structure by the cumulative number of days 
or fractions thereof, not necessarily consecutive, during which the temperature of the air in 
contact with the concrete is above 50°F and the concrete has been damp or thoroughly 
sealed from evaporation and loss of moisture. 

B. Forms shall remain in place for the following periods of time. These periods represent 
cumulative number days or hours, not necessarily consecutive, during which the temperature of 
the air surrounding the concrete is above 50°F: 
1. Wallsand Footings: 67% specified compressive strength or minimum 24 hours. 

C. When finishing is required, remove forms as soon as removal operations will not damage 
concrete. 

D. Remove top forms on sloping surfaces of concrete as soon as removal will not allow concrete 
to sag. Perform needed repairs or treatment required at once and follow immediately with 
specified curing. 

E. Loosen wood formwork for wall openings when this can be accomplished without causing 
damage to concrete. 

F. Do not allow removal of formwork to damage the fresh concrete for columns, walls, sides of 
beams, and other parts supporting the weight of the concrete. Perform needed repair and 
treatment required on vertical surfaces at once and follow immediately with specified curing. 

3.06 FASTENER REMOVAL 

A. Remove all protruding fasteners left as a result of securing inserts to forms by Contractor 
responsible for insert. 

B. Cutting flush with surface is not acceptable. 

C. Patch exposed concrete surfaces if damaged during fastener removal process. 

3.07 REMOVING AND REUSING FORMS 

A. Clean and repair surfaces of forms to be reused in the Work. Split, frayed, delaminated, or 
otherwise damaged form-facing material will not be acceptable for exposed surfaces. Apply 
new form-release agent. 

B. When forms are reused, clean surfaces, remove fins and laitance, and tighten to close joints. 
Align and secure joints to avoid offsets. Do not use patched forms for exposed concrete 
surfaces unless approved by the Architect. 

END OF SECTION 
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SECTION 03 20 00 

CONCRETE REINFORCEMENT 

PART 1        GENERAL 

1.01 SECTION INCLUDES 

A. Fabrication and placement of reinforcing steel for concrete and all related accessories. 

B. Reinforcing steel for use in bond beams, masonry columns, and lintels is specified in Division 4 
and is not a part of the work in this section. 

C. Structural notes indicated on the drawings regarding concrete reinforcement shall be 
considered a part of this specification. 

1.02 RELATED WORK 

A. Pertinent Sections of Division 01. 

B. Section 03 10 00 - Concrete Formwork. 

C. Section 03 30 00 - Cast-in-Place Concrete. 

1.03 REFERENCES 

A. Codes and Standards: Comply with the provisions of the following codes, specifications, and 
standards, except where more stringent requirements are shown or specified. Where provisions 
of other pertinent codes and standards conflict with this specification, the more stringent 
provision shall govern. 
1. ACI 117 - Specification for Tolerances for Concrete Construction and Materials. 

2. ACI 301 - Specifications for Structural Concrete. 

3. ACI 318 - Building Code Requirements for Structural Concrete. 

4. ACI SP-066 - ACI Detailing Manual. 

5. ASTM A184 - Standard Specification for Welded Deformed Steel Bar Mats for Concrete 
Reinforcement. 

6. ASTM A370 - Standard Test Methods and Definitions for Mechanical Testing of Steel 
Products 

7. ASTM A615 - Standard Specification for Deformed and Plain Carbon-Steel Bars for 
Concrete Reinforcement. 

8. ASTM A706 - Standard Specification for Deformed and Plain Low-Allow Steel Bars for 
Concrete Reinforcement. 

9. ASTM A1064 - Standard Specification for Carbon-Steel Wire and Welded Wire 
Reinforcement, Plain and Deformed, for Concrete. 

10. AWS D1.4 - Structural Welding Code - Reinforcing Steel. 

11. Concrete Reinforcing Steel Institute (CRSI) - Manual of Standard Practice. 

1.04 SUBMITTALS 

A. Placing Drawings: Submit placing drawings showing fabrication dimensions and locations for 
placement of reinforcement and reinforcement accessories. Indicate bar sizes, spacing, 
locations, and quantities of reinforcing steel, bending and cutting diagrams, anchors, and 
supporting and spacing devices. Dowels shall be shown in placing drawings for the element 
that is to be placed first. Reinforcing steel descriptions or shop drawings shall be inch-pound 
sizes. 

B. Product Data: Submit product data sheets for all specified products. 
C. Manufacturer's Certifications: 

1. Submit mill certifications at time of delivery. 

2. Submit carbon equivalent (CE) for reinforcing bars to be welded. 
D. Splices: Submit request for splices not indicated in the Contract Documents. Request shall 

indicate locations, types, and lengths of splices for approval. 

E. Field Bending: Submit requests and procedure for field bending or straightening of 
reinforcement partially embedded in concrete not described in the Contract Documents. 

F. Reinforcement Relocation: Submit requests to adjust reinforcement spacing necessitated by 
conflicts with other reinforcement, conduits, etc. for approval. 
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G. Mechanical Connections: Submit request for the use of mechanical connections not shown on 
the project drawings. Include engineering data on proprietary connection devices for approval. 

1.05 COORDINATION 

A. Coordinate reinforcement installation with the placement of formwork and other embedded 
items such as inserts, conduit, pipe sleeves, drains, metal supports, anchor rods, etc. 

1.06 DELIVERY, STORAGE AND HANDLING 

A. Deliver reinforcement to the jobsite in bundles sorted and labeled with durable tags indicating 
bar size, length, and shop drawing mark. Bundles shall also bear testing laboratory tags 
indicating identified steel. 

B. Store elevated clear of ground and protect at all times from contamination and deterioration. 

C. Prevent bending, coating with earth, oil, or other material, or otherwise damaging the 
reinforcement. 

D. For handling coated reinforcement, use equipment having contact areas padded to avoid 
damaging the coating. Lift bundles of coated reinforcement at multiple pick points to prevent 
bar-to-bar abrasion from sags in the bundles. 

E. Do not drop or drag coated reinforcement. Take all necessary steps to minimize damage to 
coating. Damaged coatings shall be patched. 

PART 2        PRODUCTS 

2.01 MATERIALS 

A. Bar Deformations: Bars used for reinforcement shall be deformed except column spirals and 
welded wire reinforcement, which may be plain. 

B. Reinforcing Steel: Reinforcing steel shall conform to the ASTM standard and grade indicated in 
the General Notes on the drawings. 

C. Welded Wire Reinforcement: Welded wire reinforcement shall conform to the ASTM standard 
indicated in the General Notes on the drawings. 

D. Joint Dowel Bars: Plain-steel bars. Cut bars true to length with square ends and free of burrs. 

E. Bar Supports: Bolsters, chairs, spacers, and other devices for spacing, supporting, and 
fastening reinforcing bars and welded wire reinforcement in place. Manufacture bar supports 
according to CRSI's "Manual of Standard Practice" from steel wire, plastic, precast concrete, or 
fiber-reinforced concrete of greater compressive strength than concrete, and as follows: 
1. For concrete surfaces exposed to view where legs of wire bar supports contact forms, use 

CRSI Class 1 plastic-protected or CRSI Class 2 stainless-steel bar supports. 

2. Concrete cast against earth: Bars may be supported by precast concrete bricks or 
approved prefabricated wire bar supports complying with CRSI recommendations with 
footpads large enough to support the weight of the bars and construction traffic without 
being pushed into underlying grade. Precast concrete blocks shall have a minimum 
compressive strength of 6,000 psi. 

2.02 FABRICATION 

A. Fabrication Tolerances: Reinforcing steel shall be shop fabricated within tolerances according 
to ACI 117 and other applicable codes, and shall conform in size, shape, quantity, dimensions, 
etc. to the construction drawings and approved shop drawings. 

B. Bar Condition: Bars shall be free from mill scale, excessive rust, and other coatings, which 
would reduce or destroy the bond with the concrete. Wipe oil from forms before reinforcement 
is placed on or adjacent to so that oil will not be tracked over or in any way come into contact 
with the reinforcement. 

C. Bars Bending: Bars shall be bent cold, and no method of fabrication shall be used which would 
be injurious to the material. Heating of bars for bending is not permitted. 

D. Identification: After fabrication, bars shall be sorted, bundled, and tagged with metal tags 
bearing the bar mark before delivery to the jobsite. 
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E. Splicing: 
1. Continuous reinforcing in beams and grade beams shall be lapped as follows unless 

noted otherwise: 
a. Top bars: Midspan 

b. Bottom bars: Directly over support 
2. Column splice reinforcing bars shall have shop fabricated offset bends at splices. Column 

lap splices shall be 30 bar diameters unless noted otherwise. 

3. Locate reinforcing splices not indicated on drawings at point of minimum stress. Review 
location of splices with the Structural Engineer and obtain written approval prior to 
proceeding. 

F. Where beams and grade beams are simple span, top bars shall be continuous for full length 
and hooked down at each end. 

G. Reinforcing for continuous footings shall extend into spread footings a minimum of 2'-0". 

H. Bending of Epoxy-Coated Bars: Bending of epoxy coated reinforcing bars shall conform to the 
epoxy manufacturer's specified requirements. 

I. Dowels between footings and walls or columns shall be the same grade, size and spacing or 
number as the vertical reinforcing respectively, unless noted otherwise. 

PART 3        EXECUTION 

3.01 PLACING 

A. Reinforcement Relocation: When necessary to move reinforcement beyond the specified 
spacing to avoid interference with other reinforcement, or embedded items, submit resulting 
arrangement of reinforcement to Structural Engineer for approval. 

B. Reinforcement Cutting: Cutting of reinforcement which conflicts with embedded objects is not 
acceptable. 

C. Welded Wire Reinforcement: Extend welded wire reinforcement to within 1 inch of the concrete 
edge. Lap edges and ends of fabric sheets a minimum of two full mesh squares. Lace edges 
with 16-gauge tie wire. Support welded wire reinforcement during placing of concrete to assure 
required positioning in the slab. Do not place wire reinforcement on grade or metal deck and 
raise into position in freshly-placed concrete. 

D. Wire Tie Orientation: Set wire ties so ends are directed away from the concrete surface. 

E. Slab on Grade Reinforcement Placement: Place shrinkage and temperature reinforcement 1/3 
of the slab thickness from the top surface of the slabs on grade unless noted otherwise on the 
drawings. 

F. Do not cut, displace, or puncture vapor retarder. Repair damage and reseal vapor retarder 
before placing concrete. 

G. Support for Reinforcement: Unless noted otherwise, supports for reinforcement shall have 
Class 2 protection as defined in the CRSI Manual of Standard Practice. Submit data on 
supports indicating class of protection at all different locations for approval. Supports shall not 
be used as bases for runways for concrete-conveying equipment and similar construction 
loads. Do not place reinforcing bars more than 2" beyond last leg of any continuous bar 
support. 

H. Support for Bars in Concrete Cast on Ground: Bar supports for slabs on grade, grade beams, 
footings, and all other concrete cast directly onto grade shall be supported at an average 
spacing of 4 feet or less in each direction. 

I. Securing Reinforcing Bars: All bars must be placed, spaced, secured, and supported prior to 
casting concrete. Bars embedded in hardened or partially hardened concrete shall not be bent 
unless approved in writing prior to placement by the Structural Engineer. 

J. Foot Traffic: Restrict foot traffic over the slab on grade reinforcing after it has been properly 
positioned. 

K. Reinforcement at Expansion Joints: Do not continue reinforcement or other embedded metal 
items bonded to concrete through expansion joints. Dowels bonded on only one side of a joint 
and waterstops may extend through joint. 
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L. Pumping Concrete: When using a pump to place concrete, pump hose shall be supported 
directly on forms. Do not allow hose to rest on reinforcing bars if doing so could cause 
displacement of bars. 

END OF SECTION 
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SECTION 03 30 00 

CAST-IN-PLACE CONCRETE 

PART 1        GENERAL 

1.01 SECTION INCLUDES 

A. All items required for executing and completing the cast-in-place concrete work and related 
work shown on the drawings or specified herein. Work shall include installation of items 
furnished in other sections of these specifications. 

B. Concrete paving, walks, and curbs are specified in Division 3 or 32. 

C. Structural notes indicated on the drawings regarding cast-in-place concrete shall be considered 
a part of this specification. 

1.02 RELATED WORK  

A. Pertinent Sections of Division 01. 

B. Section 03 10 00 - Concrete Formwork. 

C. Section 03 20 00 - Concrete Reinforcement. 

D. Section 03 38 10 - Unbonded Post-Tensioned Concrete. 

E. Section 05 31 00 - Steel Deck. 

1.03 REFERENCES  

A. Codes and Standards: Comply with the provisions of the following codes, specifications, and 
standards, except where more stringent requirements are shown or specified. Where any 
provision of other pertinent codes and standards conflict with this specification, the more 
stringent provision shall govern. 
1. ACI 117 - Specification for Tolerances for Concrete Construction and Materials. 

2. ACI 301 - Specifications for Structural Concrete. 

3. ACI 302.1R - Guide to Concrete Floor and Slab Construction. 

4. ACI 302.2R - Guide for Concrete Slabs that Received Moisture-Sensitive Flooring 
Materials. 

5. ACI 303.1 - Standard Specification for Cast-in-Place Architectural Concrete. 

6. ACI 304R - Guide to Measuring, Mixing, Transporting, and Placing Concrete. 

7. ACI 305.1 - Specification for Hot Weather Concreting. 

8. ACI 306.1 - Guide to Cold Weather Concreting. 

9. ACI 308R - Guide to External Curing of Concrete. 

10. ACI 309R - Guide for Consolidation of Concrete. 

11. ACI 318 - Building Code Requirements for Structural Concrete. 

12. ACI 347R - Guide to Formwork for Concrete. 

13. ASTM C31 - Standard Practice for Making and Curing Concrete Test Specimens in the 
Field. 

14. ASTM C33 - Standard Specification for Concrete Aggregates. 

15. ASTM C39 - Standard Test Method for Compressive Strength of Cylindrical Concrete 
Specimens. 

16. ASTM C42 - Standard Test Method for Obtaining and Testing Drilled Cores and Sawed 
Beams of Concrete. 

17. ASTM C88 - Standard Test Method for Soundness of Aggregates by Use of Sodium 
Sulfate or Magnesium Sulfate. 

18. ASTM C94 - Standard Specification for Ready-Mixed Concrete. 

19. ASTM C131 - Standard Test Method for Resistance to Degradation of Small-Size Coarse 
Aggregate by Abrasion and Impact in the Los Angeles Machine. 

20. ASTM C138 - Standard Test Method for Density (Unit Weight), Yield, and Air Content 
(Gravimetric) of Concrete. 

21. ASTM C143 - Standard Test Method for Slump of Hydraulic Cement Concrete. 

22. ASTM C150 - Standard Specification for Portland Cement. 

23. ASTM C157 - Standard Test Method for Length Change of Hardened Hydraulic-Cement 
Mortar and Concrete 
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24. ASTM C171 - Standard Specification for Sheet Materials for Curing Concrete. 

25. ASTM C172 - Standard Practice for Sampling Freshly Mixed Concrete. 

26. ASTM C173 - Standard Test Method for Air Content of Freshly Mixed Concrete by the 
Volumetric Method. 

27. ASTM C231 - Standard Test Method for Air Content of Freshly Mixed Concrete by the 
Pressure Method. 

28. ASTM C309 - Standard Specification for Liquid Membrane-Forming Compounds for 
Curing Concrete. 

29. ASTM C494 - Standard Specification for Chemical Admixtures for Concrete. 

30. ASTM C618 - Standard Specification for Coal Fly Ash and Raw or Calcined Natural 
Pozzolan for Use in Concrete. 

31. ASTM C979 - Standard Specification for Pigments for Integrally Colored Concrete. 

32. ASTM C1017 - Standard Specification for Chemical Admixtures for Use in Producing 
Flowing Concrete. 

33. ASTM C1064 - Standard Test Method for Temperature of Freshly Mixed Hydraulic 
Cement Concrete. 

34. ASTM C1077 - Standard Practice for Agencies Testing Concrete and Concrete 
Aggregates for Use in Construction and Criteria for Testing Agency Evaluation. 

35. ASTM C1107 - Standard Specification for Packaged Dry, Hydraulic-Cement Grout 
(Nonshrink). 

36. ASTM D1751 - Standard Specification for Preformed Expansion Joint Filler for Concrete 
Paving and Structural Construction (Nonextruding and Resilient Bituminous Types). 

37. ASTM D2103 - Standard Specification for Polyethylene Film and Sheeting. 

38. ASTM E154 - Standard Test Methods for Water Vapor Retarders Used in Contact with 
Earth Under Concrete Slabs, on Walls, or as Ground Cover. 

39. ASTM E329 - Standard Specification for Agencies Engaged in Construction Inspection, 
Testing, or Special Inspection. 

40. ASTM E1155 - Standard Test Method for Determining FF Floor Flatness and FL Floor 
Levelness Numbers. 

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

42. Concrete Reinforcing Steel Institute (CRSI) - Manual of Standard Practice. 

1.04 SAMPLING AND TESTING REQUIREMENTS 

A. Maintain records verifying materials used are of the specified and accepted types and sizes and 
are in conformance with the requirements of the Contract Documents. 

B. Use of testing services will not relieve the Contractor of the responsibility to furnish materials 
and construction in full compliance with the Contract Documents. 

C. Take samples of fresh concrete at the job site for each mix design placed each day. Sampling 
and testing shall be done after the final addition and proper mixing of any water or admixtures 
that are added on site. 
1. Personnel and testing equipment shall meet the requirements of ASTM E329. 

2. Testing Frequency: Obtain one composite sample for each day's pour of each concrete 
mixture exceeding 5 cu. yd., but less than 25 cu. yd., plus one set for each additional 50 
cu. yd. or fraction thereof. 

3. Testing Frequency: Obtain at least one composite sample for each 150 cu. yd. or 5,000 
sq. ft. of surface area, whichever is less or fraction thereof of each concrete mixture 
placed each day. 
a. On a given project, if the total volume of concrete is such that the frequency of testing 

required above would provide less than five strength tests for a given class of 
concrete, tests shall be made from at least five randomly selected batches or from 
each batch if fewer than five batches are used. 

4. A strength test shall be the average of the strengths of two 6x12 inch or three 4x8 inch 
cylinders made from the same sample of concrete and tested at 28 days. 
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D. For each sample of fresh concrete, perform the following duties: 
1. Measure and record slump in accordance with ASTM C143. 

2. Measure and record temperature in accordance with ASTM C1064. 
a. Provide one test hourly when air temperature is 40°F and below and when 80°F and 

above, and one test for each composite sample. 
3. Measure and record air content by volume in accordance with either ASTM C231 or 

ASTM C173. 
a. Wet cure specimens for a period of seven (7) days (including the period of time the 

specimens are in the mold). Wet cure may be achieved through storage in a moist 
cabinet or room in accordance with ASTM C511, or through storage in lime-saturated 
water. 

b. Slump of concrete for testing shall match job requirements and need not be limited to 
the restrictions as stated in ASTM C157. 

c. Report results in accordance with ASTM C157 at 0, 7, 14 and 28 days of drying. 
4. Mold three 6x12 inch or four 4x8 inch cylinders (laboratory cylinders) in accordance with 

ASTM C31 to be laboratory-cured. Protect from moisture loss and maintain at 60°F to 
80°F for 24 to 48 hours before moving. Deliver cylinders to testing laboratory for curing 
and testing. 

5. Mold one cylinder (field cylinder) in accordance with ASTM C31 to be field-cured. Field 
cylinder shall be placed as near as possible to the in-place concrete from which it was 
taken, protected, and cured in the same manner. Deliver field-cured cylinder to testing 
laboratory, and measure and record compressive strength in accordance with ASTM C39. 
Field cylinder shall be used to determine if concrete footings, walls, or piers have reached 
the required compressive strength for steel erection to begin. 

E. Measure and record compressive strength in accordance with ASTM C39 for laboratory 
cylinders. Test one laboratory cylinder at 7 days and all other cylinders at 28 days. Acceptance 
is based on the average of the two 6x12 inch or three 4x8 inch laboratory cured 28-day tests. 
Notify Architect in the event strength levels do not meet the acceptance requirements of ACI 
318. 
1. Any additional cylinders molded for Contractor to have a compressive strength test done 

before seven days shall be at the Contractor's expense. 
F. Prepare and submit test reports to the Architect, Engineer, Contractor and Supplier. Reports 

shall be completed and furnished within 48 hours of testing. Refer to description in Submittals. 

G. When strength of field-cured cylinders is less than 85 percent of companion laboratory-cured 
cylinders, Contractor shall evaluate operations and provide corrective procedures for protecting 
and curing in-place concrete. 

H. Should the strength of any grade of concrete for any portion of work, as indicated by molded 
test cylinders, fall below the minimum 28-day compressive strength specified on the drawings, 
upon approval of the Structural Engineer, the concrete supplier shall adjust the concrete mix for 
remaining portion of construction so that the resulting concrete meets the minimum strength 
requirements. 

1.05 SUBMITTALS 

A. Concrete Materials: Submit information on concrete materials as listed below. 
1. Cementitious materials: Submit type, class, producer name, and certification not more 

than 90 days old of compliance with applicable ASTM standard. 

2. Aggregates: Submit type, pit or quarry location, producer name, gradations, specific 
gravity, water content, and certification not more than 90 days old. 

3. Admixtures: Submit product data sheet. Product data shall include: dosages and 
performance data, brand names, producers, chloride ion concentrations, and certifications 
of compliance with applicable ASTM standard. Certifications shall not be more than 90 
days old. 

4. Water: Submit name of source. 
B. Product Data: Prepare and submit product and performance data for materials and 

accessories, including patching compounds, joint systems, curing compounds, finish materials, 
and other concrete related items. 
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C. Testing Agency Qualifications: When requested, the proposed testing agencies shall submit 
data on qualifications for acceptance. 

D. Concrete Mix Design: 
1. Concrete mix design submittals shall be submitted to the Structural Engineer for review 

and approval at least 14 days prior to placing concrete. 

2. Obtain Structural Engineer approval for each mix design prior to use, including new mix 
designs required to be prepared should there be a change in materials being used. 

3. Submit concrete mixture proportions and characteristics for each concrete mix. Include 
standard deviation analysis or trial batch data with mix design. Submit historical field test 
data to demonstrate the average compressive strength for approval. Concrete mix 
proportions, materials, and handling methods for field test data or trial batches shall be the 
same as used for the work. Include the following information for each mix design: 
a. Water/cementitious materials ratio. 

b. Slump per ASTM C143 

c. Air content per ASTM C231 or ASTM C173 

d. Unit weight of concrete per ASTM C138 

e. Compressive strength at 28 days per ASTM C39 

f. Shrinkage (length change) as measured in accordance with ASTM C157 with the 
modifications included in Section 1.3. 

4. If trial batches are used, submit representative samples of each proposed ingredient to 
independent testing laboratory for use in preparation of mix design. 

5. Include alternate mix designs when characteristics of materials, project conditions, 
weather, test results, or other circumstances warrant adjustments. Indicate amounts of 
mix water to be withheld for later addition at Project site. 

6. Provide a record copy of the final mix designs and test results to the testing agency prior 
to commencement of the concrete work. 

E. Concrete Finish Shop Drawings: Submit drawings indicating type of finish to be used at each 
location. 

F. Slab-on-Grade Joint Layout: Submit drawings for proposed slab-on-grade control joint and 
construction joint layout for approval. 

G. Construction Sequence Submittal: Contractor shall submit an elevated slab construction 
sequence indicating construction joints and the pour sequence. 

H. Test Reports: Submit laboratory test reports for concrete materials, mix design, compressive 
strength, slump, air content, and temperature. Each report shall indicate date of sampling, date 
of test, mix design, and location of concrete in structure. 

I. Repair Methods: When stains, rust, efflorescence, and surface deposits must be removed, 
submit the proposed method of removal. 

J. Certificates: Submit written certification regarding the design mix from the ready-mix supplier 
and the admixture manufacturer stating all concrete and admixtures do not contain chloride 
ions in excess of concentrations specified herein. 

K. Placement Notification: Notify the Architect at least 24 hours in advance of concrete placement. 

L. Adjustments: Submit any adjustments to mixture proportions or changes in materials, suppliers, 
or sources, along with supporting documentation, during the course of the work. 

M. Cold Weather Procedure Submittal: Refer to Cold Weather Concreting article in Part 3 for more 
information. 

N. Record Documents: Accurately record actual locations of embedded utilities and components 
that are concealed from view. 

1.06 DELIVERY, STORAGE, AND HANDLING 

A. Cementitious materials: Store cementitious materials in dry weather tight buildings, bins, or 
silos that exclude contaminants. 
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B. Aggregates: Store and handle aggregate in a manner that will avoid segregation and prevent 
contamination with other materials or other sizes of aggregates. Store aggregates so as to 
drain freely. 

C. Admixtures: Protect stored admixtures against contamination, evaporation, or damage. Protect 
liquid admixtures from freezing and temperature changes, which would adversely affect their 
performance. Handle chemical admixtures in accordance with manufacturer's instructions. 

PART 2        PRODUCTS 

2.01 CONCRETE MATERIALS 

A. Portland Cement: Portland cement shall conform to ASTM C150, Type I Normal, and be a 
standard brand of Portland cement. Use one brand of cement throughout project, unless 
approved in writing by the Engineer. Cement, which conforms to ASTM C150 Type II, may be 
used if it also meets the requirements of ASTM C150 Type I. Cement used in concrete shall be 
of the same brand and type as the cement used in the concrete represented by the submitted 
field test data or used in the trial mixtures. Maintain consistent cement color throughout project 
unless directed otherwise by architectural requirements. 
1. Total replacement of Portland cement by supplementary cementitious materials in design 

mixture shall not exceed 50% (by weight). 
B. Supplementary Cementitious Materials 

1. Fly Ash: Fly ash shall conform to ASTM C618, Class C or Class F. Replacement of 
Portland cement by fly ash shall not exceed the following (percentages are by weight): 
a. Concrete Flatwork: 20 percent. 

b. Mass Concrete (more than two feet thick): 50 percent. 

c. All other concrete: 25 percent. 

d. Concrete to be placed in cold weather as defined herein: No fly ash allowed unless 
the cold weather procedure submitted has compensated for the increased setting 
time and decreased rate of strength gain due to cold weather and fly ash. 

2. Slag Cement: ASTM C989, Grade 100 or 120. 
a. Ground Granulated Blast-Furnace Slag Limit: 50% by weight of total cementitious 

materials. 

b. In mass concrete more than 2 feet thick, the usage rate may be 80% by weight of 
total cementitious materials. 

3. Combined Fly Ash and Ground Granulated Blast-Furnace Slag: 
a. Supplementary Cementitious Materials Limit: 50% with fly ash not exceeding 25% by 

weight of total cementitious materials. 

b. In mass concrete more than 2 feet thick: 80% with fly ash not exceeding 50% by 
weight of total cementitious materials. 

C. Coarse Aggregate for Normal Weight Concrete: Comply with ASTM C33. Provide coarse 
aggregate from a single source for exposed concrete. Gradations shall be similar to that 
described in the following table: 

 

COARSE AGGREGATE GRADATIONS 

SIEVE SIZE - PERCENT PASSING 

Grade No. 1-1/2" 1" 3/4" 1/2" 3/8" No. 4 No. 16 

4 
90-100 
Note 1 

20-55 0-15 --- 0-5 --- --- 

57 100 95-100 --- 25-60 0-10 0-10 --- 

67 --- 100 90-100 --- 20-55 0-10 --- 

89 --- --- --- 100 90-100 20-55 0-10 

 
1. Shall be 100 percent passing the 2" sieve. 
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FINE AGGREGATE GRADATIONS 

SIEVE SIZE - PERCENT PASSING 

Grade No. 3/8 No. 4 No. 8 No. 16 No. 50 No. 80 No. 100 

FA 100 95-100 80-100 50-85 5-30 --- 0-10 

 
D. Do not use aggregates containing deleterious substances that could cause spalling on any 

exterior exposed surface. These include, but are not limited to the following: 
1. Organic impurities. 

2. Ferrous metals. 

3. Soluble salts. 

4. Coal, lignite, or other lightweight materials. 

5. Soft particles. 

6. Clay lumps and friable particles. 

7. Cherts of less than 2.40 specific gravity. 

E. Water: Mixing water for concrete shall meet the requirements of ASTM C94. Water shall be 
clean and free from injurious amounts of acids, alkalis, organic materials, chloride ions and oils 
deleterious to concrete or reinforcing steel. 

F. Testing agency shall be given access to plants and stockpiles to obtain samples for testing for 
compliance with the Contract Documents. 

2.02 ADMIXTURES 

A. Chemical Admixtures: Provide admixtures certified by manufacturer to be compatible with other 
admixtures. Calcium chloride thiocyanates or admixtures containing intentionally added 
chlorides are not permitted. 

B. Water Reducing Admixture: Material shall comply with ASTM C494, Type A.  
1. Acceptable: 

a. BASF Corporation - MasterPozzolith Series or MasterPolyheed Series. 

b. Chemical Company - Eucon WR Series. 

c. Sika Chemical Corp. - Plastocrete 161. 

d. GRT - Polychem 400 NC. 

e. Grace Construction Products - WRDA 82. 
C. .High Range Water Reducing Admixture (superplasticizer): Material shall comply with ASTM 

C494, Type F or Type G.  
1. Acceptable: 

a. BASF Corporation - MasterRheobuild 1000 or MasterGlenium Series. 

b. Euclid Chemical Company - Eucon 37 or Plastol Series. 

c. Sika - ViscoCrete 2100. 

d. GRT - Melchem. 

e. Grace Construction Products - Mira 110. 

f. . 
D. High Range Water Reducing, Slump Retaining Admixture: Material shall comply with ASTM 

C494, Type F or Type G.  
1. Acceptable: 

a. BASF Corporation - MasterGlenium 7700. 

b. Euclid Chemical Company - Eucon 537, Eucon 1037, or Plastol Series. 

c. Sika - Sikament 686. 

d. GRT - Melchem - M. 

e. Grace Construction Products - ADVA FLEX. 
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E. Water Reducing and Retarding Admixture: Material shall comply with ASTM C494, Types B 
and D.  
1. Acceptable: 

a. BASF Corporation - MasterSet R Series or MasterSet DELVO Series. 

b. Euclid Chemical Company - Eucon Retarder Series. 

c. Sika Chemical Corporation - Plastiment. 

d. GRT - Polychem - R. 

e. Grace Construction Products - Daratard 17 or Recover. 
F. Set Accelerating Corrosion-Inhibiting Admixture: Admixture shall contain at least 30% calcium 

nitrite, while meeting the requirements of ASTM C494 as a Type C admixture.  
1. Acceptable: 

a. BASF Corporation - MasterLife CI 30. 

b. Euclid Chemical Company - Eucon CIA. 

c. Grace Construction Products - DCI. 
G. Admixtures used in concrete shall be the same brand, type, and dosage used in concrete 

represented by field test data or used in trial mixes. 

2.03 CURING PRODUCTS 

A. Moisture Retaining Cover 
1. Plastic Film: Use 6 mil polyethylene film sheet materials that meet the requirements of 

ASTM C171. 

2. White burlap-polyethylene sheet meeting ASTM C171. 

3. Reinforced curing paper complying with ASTM C171. 

4. Moisture Retaining Fabric: A naturally colored, non-woven, polypropylene fabric with a 
4-mil, non-perforated reflective (white) polyethylene coating containing stabilizers to resist 
degradation from ultraviolet light. Fabric shall exhibit low permeability and high moisture 
retention. Acceptable manufacturers and products include: 
a. PNA Construction Technologies, Inc.: Hydracure S16. 

b. PNA Construction Technologies, Inc.: Hydracure M5. 

c. Reef Industries Incorporated: Transguard 4000. 
B. Dissipating Resin Curing Compound: Clear, waterborne, membrane-forming curing compound 

complying with ASTM C309, Type 1, Class B shall be composed of hydrocarbon resins and 
dissipating agents that begin to break down upon exposure to ultraviolet light and traffic 
approximately 4 to 6 weeks after application, providing a film that is removable with standard 
degreasing agents and mechanized scrubbing actions so as to not impair the later addition of 
applied finishes. 
1. Curing compounds used on interior enclosed environments shall be a water-borne product 

and VOC compliant as required by the U.S. EPA Architectural Coating Rule. 
C. Non-dissipating Curing Compound: Clear, membrane-forming curing compound complying with 

ASTM C309, Type 1, Class B. 
1. Curing compounds used on interior enclosed environments shall be a water-borne product 

and VOC compliant as required by the U.S. EPA Architectural Coating Rule. 
D. Curing and Sealing Compound: Clear, membrane-forming curing and sealing compound 

complying with ASTM C309, Type 1, and ASTM C1315, Type 1, Class A. Compound shall dry 
to a clear finish, resist yellowing due to ultraviolet degradation and provide a long-lasting finish 
that has high resistance to chemicals, oil, grease, deicing salts, and abrasion. 
1. Curing and sealing compounds used on interior enclosed environments shall be a 

water-borne product and VOC compliant as required by the U.S. EPA Architectural 
Coating Rule. 

2.04 MISCELLANEOUS MATERIALS 

A. Dry-Pack: Mix 1 part Portland cement, 2 parts fine aggregate, and enough water to hydrate 
cement and provide a mixture that can be molded with the hands into a stable ball (a stiff mix). 
Do not mix more than the amount that can be used within 30 minutes. 

B. Expansion Joint Material: Preformed, resilient, non-extruding asphalt-impregnated fiber 
conforming to ASTM D1751. Thickness of expansion joint material shall be 1/2" unless noted 
otherwise on the drawings. 
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C. Magnesium phosphate patching cement specially designed for cold weather grouting and 
anchoring.  
1. Acceptable: 

a. BASF Corporation - MasterEmaco T545. 

b. Euclid Chemical Company - Eucospeed MP. 
D. Vapor Barrier: ASTM E 1745, Class A, not less than 15 mils thick.  

1. Acceptable: 
a. Stego Industries, LLC - Stego Wrap. 

b. W.R. Meadows, Inc. - Perminator. 

c. Raven Industries - Vapor Block. 

d. Insulation Solutions - Viper VaporCheck II. 

e. <Insert>. 

E. Penetrating Liquid Floor Treatment: Chemically reactive, waterborne solution of inorganic 
silicate or siliconate materials and proprietary components; odorless; colorless; that penetrates, 
hardens, and densifies concrete surfaces.  
1. Manufacturers and products: 

a. BASF Corporation - MasterKure HD 200WB. 

b. Conspec Marketing & Manufacturing Co., Inc. - Intraseal 

c. Curecrete Chemical Co., Inc. - Ashford Formula 

d. Dayton Superior Corporation - Day-Chem Sure Hard (J-17) 

e. Euclid Chemical Company - Eucosil 

f. L&M Construction Chemicals, Inc. - Seal Hard 

g. Vexcon Chemicals, Inc - Vexcon Starseal PS 

h. SpecChem - SpecHard 
F. Control Joint Filler: Flexible, single-component polyurethane sealant with backer rod compliant 

with ASTM C 920, Type S, Grade P, Class 25. Apply sealant per manufacturers written 
recommendations.  
1. Acceptable: 

a. Dayton Superior - Perma 230 SL. 

b. Euclid Chemical Company - Eucolastic I. 

c. BASF Corporation - MasterSeal SL 1.  

2.05 STRENGTH AND PROPERTIES 

A. Concrete Mix Designs: Refer to the drawings for specified compressive strength. Proportion 
concrete mixes according to the properties in the following table. The concrete supplier may 
produce a mix at a lower water-cement ratio to allow for adjustment of slump at the site by 
adding water. The addition of site water shall be in accordance with ASTM C94, and the total 
water-cement ratio shall not exceed the value specified below. 

 

Class 

Coarse 
Aggregate 
Gradation 

Fine 
Aggregate 
Gradation 

Range of 
Slump 

Max. 
w/c Air Content 

Other 
Requirements 

A 57 or 67 FA 1" to 4" 0.40 5% to 8%  

B 57 or 67 FA 1" to 4" 0.45 5% to 8%  

C 57 or 67 FA 1" to 4" 0.50 n/a  

D 57 or 67 FA 4" to 6" 0.50 n/a 

Use water 
reducing 
admixture to 
achieve slump 
specified 

E 4 or 57 FA 1" to 4" 0.50 n/a  
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Class 

Coarse 
Aggregate 
Gradation 

Fine 
Aggregate 
Gradation 

Range of 
Slump 

Max. 
w/c Air Content 

Other 
Requirements 

F 4 or 57 FA 5" to 8" 0.50 n/a  Use retarder 

H 89 FA 5" to 8" 0.50 n/a   

J Light-weight FA 5" max 0.5 4% to 7%  

B. Schedule of Concrete Classes: Provide concrete of the specified class according to the 
following:  
1. Footings: Class E 

2. Exterior foundation walls and piers: Class B 

3. Interior slabs on grade: Class D 

C. Slump of Superplasticized Concrete: Concrete containing high-range water reducing 
admixtures (superplasticizer) shall have 8" maximum slump, unless otherwise approved by 
Structural Engineer. 

D. Accelerators: Add non-chloride accelerator to all concrete slabs placed at air temperatures 
below 50°F only when approved in the mix design. Use of admixtures will not relax cold 
weather placement requirements. 

E. Water Reducer: Add water reducing admixture or high range water reducing admixtures 
(superplasticizers) as follows: 
1. All pumped concrete. 

2. Fiber reinforced concrete. 

3. As required for placement or workability. 

4. As required by high temperatures, low humidity, or other adverse placement conditions. 

5. Concrete with water-cementitious materials ratio below 0.50. 

F. No other admixtures shall be used unless approved by Structural Engineer. 

G. Chlorides: Admixtures or other ingredients including aggregates containing calcium chloride or 
more than 0.05% chloride ions by weight shall not be used. 

H. Workability: Concrete shall have a workability such that it will fill the forms without voids, 
honeycombs, or rock pockets with proper vibration without permitting materials to separate or 
excess water to collect on the surface. 

I. Concrete Temperatures: Minimum concrete temperature of fresh concrete varies in relation to 
average air temperature over a 24-hour period as follows: 
1. Air temperature below 0°F  Concrete temperature 70°F min. 

2. Air temperature 0°F to 30°F  Concrete temperature 65°F min. 

3. Air temperature 30°F to 50°F  Concrete temperature 50°F min. 

4. Air temperature above 50°F  No minimum temperature 

5. The maximum temperature of concrete at the time of delivery shall be 90°F. When 
concrete temperature exceeds 90°F, concrete supplier shall attempt to reduce 
temperature by shading aggregates and cement and cooling mix water. When these 
methods fail to reduce the concrete temperature below 90°F, supplier shall use ice in the 
water to reduce the concrete temperature. Use set retarding admixtures only when 
approved in the mix design. 

PART 3        EXECUTION 

3.01 PREPARATION 

A. Verify requirements for concrete cover over reinforcement. 

B. Verify anchors, seats, plates, reinforcement, and other items to be cast into concrete are 
accurately placed, positioned securely, and will not cause hardship in placing concrete. 

C. Do not place concrete until data on materials and mix designs have been approved, Architect 
has been notified, and all other affected trades have coordinated their work. 
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D. Remove snow, ice, frost, water, mud, and other foreign material from surfaces, reinforcing bars 
and embedded items against which concrete will be placed. 

E. Prepare previously placed concrete by cleaning with sandblasting, steel brush, or water blast to 
expose aggregate to minimum 1/4" amplitude. 

3.02 SLABS 

A. Slab on Grade: 
1. All interior slabs on grade shall have a polyethylene vapor retarder conforming to ASTM 

E1745. Lap all joints minimum 6" and seal edges with adhesive tape. Fit vapor retarder 
around utilities and seal with adhesive tape as required. Place, protect, and repair 
vapor-retarder sheets according to ASTM E 1643 and manufacturer's written instructions. 

2. Refer to[ drawings][ and][ Section 31 23 00] for required sub-grade preparation beneath 
slabs on grade. 

3. Where vapor retarder is not used below the slab on grade, wet sub-grade below slab prior 
to placing concrete. Subgrade shall be moist with no free water and no muddy or soft 
spots. 

4. Saw cut control joints: Cut with power saws equipped with shatterproof abrasive or 
diamond-rimmed blades. Cut joints into concrete when cutting action will not tear, abrade, 
or otherwise damage surface and before concrete develops random contraction cracks. 
Control joints shall be located along column lines, with intermediate joints spaced at a 
maximum distance indicated on the drawings, unless noted otherwise. Control joints shall 
be continuous, not staggered or offset. Slab panels shall have a maximum length to width 
ratio of 1.5 to 1. Provide additional control joints at all reentrant or isolated corners formed 
in the slab on grade. Refer to the drawings for typical control joint detailing. 

5. Provide isolation joints[ around each column,][ against grade beams,][ and][ along 
foundation walls]. Form isolation joints with 1/2" expansion joint material. Extend isolation 
joint material full width and depth of joint, terminating flush with finished concrete surface, 
unless otherwise indicated. 

6. Depress slabs as required for[ mats,][ architectural finishes,][ pits,][ and][ kitchen 
equipment]. Obtain layout and locations from Architect. 

7. Verify completion of all under slab work with mechanical and electrical trades before 
placing slabs. 

8. Slope slabs as indicated on the drawings and to provide positive drainage. Slope slab 
keeping bottom level and varying top. Maintain minimum thickness of concrete as 
indicated on the drawings. Refer to floor finishes for tolerances. 

B. All supported slabs, including slabs-on-steel decking and cast-in-place concrete slabs: 
1. Supported slabs have deflections that may cause areas of concrete to have thicknesses 

greater than indicated on the drawings. Contractor is expected to provide that volume as 
needed to finish the floor at the specified elevation. If specified floor finish tolerances are 
not achieved during the concrete floor construction[, after formwork removal], the 
Contractor shall install, at no cost to the project, a self-leveling cementitious underlayment 
[BASF Corporation - MasterTop 110 SL]<Insert>[ or approved equivalent] to correct the 
floor flatness and levelness. 

C. Embedded Items: 
1. The outside diameter of embedded conduit or pipe shall not exceed one-third of the slab 

thickness in structural slabs, including at crossovers, and shall be placed between the top 
and bottom reinforcing with a minimum 3" clear cover. Conduit or pipe running parallel to 
each other shall be spaced at least 8" apart and no more than 2 runs stacked vertically in 
the slab. Conduit or pipe shall not be embedded in any supported slab less than 6" thick. 
No embedded conduit or pipe is allowed in any concrete slab-on-steel deck. 

3.03 CONSTRUCTION JOINTS 

A. Beams: Locate construction joints for beams, joists, and girders in middle 1/3 of span, unless 
otherwise indicated on the drawings. When a beam intersects a girder at this point, the joint in 
the girder shall be offset a distance equal to or greater than twice the width of the beam. Make 
joints perpendicular to the main reinforcement. 
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B. Slabs: Where slab pour is to receive a subsequent topping or additional concrete, expose 
aggregate in top surface by brooming in two directions at right angles to each other. 

C. Reinforcing: Stop all welded wire reinforcement and/or reinforcing at construction joints in slabs 
on grade and provide dowel bars as detailed. Provide reinforcement at other construction joints 
as detailed. Roughen and thoroughly clean the surface of the concrete, remove all laitance, and 
wet the surface before placing new concrete against the joint. 

D. Wall Control Joints: Locate vertical control joints in exposed walls at a minimum uniform 
spacing not to exceed 25'-0". Coordinate joint locations with architectural drawings. 

3.04 CONCRETE PLACEMENT 

A. Place concrete as continuously as possible until placement is complete. Do not place against 
concrete that has attained initial set, except at authorized joints. If, for any reason, concrete 
pour is delayed for more than 45 minutes, bulkhead off pour at last acceptable construction 
joint. Immediately remove excess concrete and clean forms. 

B. Do not begin to place concrete during periods of rain, sleet, or snow unless adequate protection 
is provided. 

C. No concrete shall be cast onto or against sub-grades containing free water, frost, ice, or snow. 
If earth at bottom of forms has dried out, rewet so the soil is moist, but free of standing water 
and mud. 

D. Notify the Architect in advance if concrete is to be pumped. 

E. Do not place concrete until all reinforcement is in place, forms have been thoroughly cleaned 
and approval has been given. 

F. Do not accept concrete delivered to the job site more than 90 minutes after initial mixing. 

G. Concrete from its point of release to mixers, hoppers, or conveyances, shall not be permitted to 
drop more than 5 feet (10 feet for concrete containing high range water reducers). Deposit 
concrete directly into conveyances and directly from conveyances to final points of deposit. 
Sufficient transportation equipment in good working order shall be on hand before work begins. 
All conveying equipment must be clean and kept clean during concreting operations. Take 
every possible precaution to prevent segregation or loss of ingredients. 

H. Regulate rate of placement so concrete surface is kept level throughout; a minimum being 
permitted to flow from one area to another. Use tremie heads spaced at approximately 10-foot 
intervals for placing concrete in walls. Control rate of placement consistent with form design. 

I. Deposit concrete in one continuous operation until section being placed has been completed. 
For slab thicknesses greater than 12 inches, prevent excessive segregation of aggregate and 
high temperatures in accordance with ACI 304 and ACI 308. Place concrete in wall forms in 
layers not greater than 12 inches in depth, each layer being compacted by internal vibration 
before succeeding layer is placed. 

J. Place concrete as near as possible to its final position to prevent segregation or loss of 
materials. Do not use vibrators to transport concrete within forms. Consolidate concrete in 
walls, columns, beams, and slabs or joist construction thicker than 8" with internal vibrators 
(8,000 to 12,000 VPM). Slabs less than 8" thick may be consolidated with internal vibrators 
(9,000 to 13,500 VPM) or vibrating screeds supported on forms, boards, or rails, approved by 
the Structural Engineer, supplement vibration by forking or spading by hand along surfaces 
adjacent to forms and construction joints. Be sure an adequate number of operating vibrator 
units are on hand to properly consolidate quantity of concrete to be placed, including spares for 
emergency use. 
1. Vertically insert and remove handheld vibrators at constant intervals 18 to 30 inches apart. 

Vibrate concrete the maximum amount and time required for complete consolidation, 
without segregation, and release of entrapped air bubbles, but in no instance exceed 15 
seconds per square foot of exposed surface. 

K. Re-tempering of concrete shall not be permitted. Concrete that has stood more than 15 minutes 
after leaving the mixer shall be discarded. 
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L. Exercise care in placing concrete over waterproof membranes, rigid insulation, and/or 
protection boards to avoid damaging those materials. Report damage immediately, and do not 
proceed until damage is repaired. 

M. Remove loose debris from hardened surfaces of previous pours by sandblasting surfaces and 
expose clean coarse aggregate firmly embedded in cement matrix. 

N. Remove loose debris from hardened surfaces of previous pours, thoroughly wet and slush with 
a neat cement grout immediately before placing new concrete or apply bonding compound to 
surface and let dry before placing new concrete. 

O. Protect existing concrete work to be exposed to view and other finished materials from damage 
and staining resulting from concreting operations. Handle concrete carefully to avoid dripping 
and spillage. Remove spilled concrete from existing surfaces immediately. Covering sills, 
ledges, and other surfaces with protective coverings may be necessary to protect the work. 

P. Filling In: Fill in holes and openings left in concrete structures, unless otherwise indicated, after 
work of other trades is in place. Mix, place, and cure concrete, as specified, to blend with 
in-place construction. Provide other miscellaneous concrete filling indicated or required to 
complete Work. 

Q. Equipment Bases and Foundations: Provide machine and equipment bases and foundations as 
shown on drawings. Set anchor rods for machines and equipment at correct elevations, 
complying with diagrams or templates from manufacturer furnishing machines and equipment. 

R. Steel Pan Stairs: Provide concrete fill for steel pan stair treads, landings, and associated items. 
Cast-in inserts and accessories as shown on the drawings. Screed, tamp, and trowel-finish 
concrete surfaces. 

3.05 CONCRETE FINISHES AND TOLERANCES 

A. Exposed Smooth Formed Surfaces: Remove forms and perform necessary repairs and patch to 
produce surface finish-3.0 as specified in ACI 301. Apply the following to smooth-formed 
finished concrete exposed to view in the finished work. Confirm finishes with the Architect prior 
to concrete placement by submitting shop drawings indicating locations of all types of finishes. 
1. Smooth-Rubbed Finish: Not later than one day after form removal, moisten concrete 

surfaces and rub with carborundum brick or another abrasive until producing a uniform 
color and texture. Do not apply cement grout other than that created by the rubbing 
process. 

B. Related Unformed Surfaces: At tops of walls, horizontal offsets, and similar unformed surfaces 
adjacent to formed surfaces, strike off smooth and finish with a texture matching adjacent 
formed surfaces. Continue final surface treatment of formed surfaces uniformly across adjacent 
unformed surfaces, unless otherwise indicated. 

3.06 CONCRETE SLAB FINISHES AND TOLERANCES 

A. Trowel Finish: 
1. Screed concrete to an even plane, float, then power trowel the surface. 

2. Hand trowel the surface smooth and free of trowel marks. Continue hand troweling until a 
ringing sound is produced as the floor is troweled. 

3. Provide trowel finish as indicated on the drawings and at the following locations: 
a. Concrete floors exposed in finished work unless otherwise indicated. 

b. Slabs to receive curing compounds and sealers. 

c. Slabs to receive resilient flooring or carpet. 

d. Slabs to receive waterproof membranes. 
B. Fine Broom Finish: 

1. Screed concrete to an even plane, float, then power trowel the surface. Provide fine hair 
broom finish perpendicular to slope, free of loose particles, ridges, projections, voids, and 
concrete droppings. 

2. Provide fine broom finish as indicated on the drawings and at the following locations: 
a. Stoop slabs. 

b. Raised curbs and walkway areas. 

c. Slabs to receive thin set ceramic tile. 
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C. Broom Finish: 
1. Screed concrete to an even plane and then float. Immediately after concrete has received 

a floated finish, give the concrete surface a coarse transverse scored texture by drawing a 
coarse broom across the surface. 

2. Provide as indicated on the drawings and at the following locations: 
a. ADA ramp slabs. 

b. Exterior walkway slabs. 
D. Floor Finish Tolerances: Floor finish tolerances as measured in accordance with ASTM E1155, 

Standard Test Method for Determining Floor Flatness and Levelness Using the F-Number 
System (Inch Pound Units), shall be as follows: 

 

Floor Profile Quality 
Classification Minimum Flatness Number Required 

 Test Area Minimum Local F-Number 

Flatness FF Level FL Flatness FF Level FL 

Slab on Grade (Office, School) 25 20 15 12 

 
* * * * * OR * * * * * 

E. Floor Finish Tolerances: Floor finish tolerances shall be measured by placing a freestanding 
(unleveled) 10-foot straightedge anywhere on the slab and allowing it to rest upon two high 
spots within 72 hours after placement of slab and removal of shoring (if present). The gap at 
any point between the straightedge and the floor (and between the high spots) shall not 
exceed: 
1. Slab on Grade (Office, School): 1/4" 

2. Slab on Grade (General Warehouse): 3/16" 

3. Suspended Slabs (Steel frame): 1/4" 
F. Slab Drainage: Finish all concrete slabs to proper elevations to ensure that all surface moisture 

will drain freely to floor drains, and that no puddle areas exist. Contractor shall bear the cost of 
corrections to provide positive drainage. 

G. Special Tolerances for Concrete Slabs: No abrupt change in vertical elevation of 1/4" or more is 
acceptable at the interface between slabs and within areas where pedestrian traffic is expected. 

3.07 CONCRETE CURING 

A. Freshly placed concrete shall be protected from premature drying and excessively hot 
temperatures. 

B. Concrete other than high-early strength shall be maintained above 50°F and in a moist 
condition for at least the first 7 days after placement, except when special curing is used. 
Special curing procedures shall not be used without written permission from the Structural 
Engineer. 

C. High-early strength concrete shall be maintained above 50°F and in a moist condition until it 
has reached 2/3 of the specified 28-day compressive strength, but not less than 3 days unless 
special curing is used with written permission from the Structural Engineer. 

D. Formed surfaces shall be cured by leaving the formwork in place during the curing period. 

E. Protect concrete from excessive changes in temperature during the curing period and at the 
termination of the curing process. Changes in the temperature of the concrete shall be as 
uniform as possible and shall not exceed 5°F in any one hour or 50°F in any 24-hour period. 

F. Protect concrete from injury from the elements until full strength is developed. Protect from 
mechanical injury. 

G. During cold weather construction, all [footings]<Insert> shall be protected from frost penetration 
until the building is enclosed and temporary heat is provided. 

3.08 SLAB CURING 

A. Begin curing after finishing concrete, but not before free water has disappeared from concrete 
surface. Use one of the methods described below. 
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B. Moisture-Retaining-Cover Curing for Concrete Floors Not Exposed in Final Condition: Cover 
concrete surface with waterproof sheet material as soon as finishing operations are complete 
and the concrete is sufficiently hard to be undamaged by covering. The cover shall be placed 
flat on the concrete surface, avoiding wrinkles. Sprinkle concrete with water as necessary 
during application of covering. Place in widest practicable width, with sides and ends lapped at 
least 12 inches, and seal with waterproof tape or adhesive. Verify the concrete is continuously 
wet under the sheets; otherwise, add water through soaker hoses under the sheets. Weight 
down covering to prevent displacement. Immediately repair any holes or tears during the curing 
period using polyethylene sheet and waterproof tape. Curing process shall be maintained for a 
minimum of 7 days. 

C. Moisture-Retaining-Fabric Curing for Concrete Floors to Remain Exposed: Cover concrete 
surface with moisture retaining fabric as soon as finishing operations are complete and the 
concrete is sufficiently hard to be undamaged by covering. The cover shall be installed in 
accordance with the manufacturer's written recommendations, in largest practical widths. Wet 
the slab to rejection, then thoroughly wet fabric side of cover and install with poly side up. Lap 
over adjacent covers a minimum of 18". Wet all laps and outside edges to prevent displacement 
and to ensure intimate contact with concrete and adjacent covers. Rewet as necessary and 
protect covers from damage during curing process. 
1. After minimum 7-day cure, remove moisture retaining fabric in sections. 

2. A maximum of 3,500 square feet of concrete curing cover may be removed at any one 
time. At no time shall the exposed area be permitted to dry prior to completion of the floor 
scrubbing process. 

3. Using a high-powered floor scrubber capable of a minimum 80 pounds head pressure, 
and a mild citrus-based detergent that does not damage or mar the surface in any way, 
scrub the floor to remove any minerals or soluble salts that may have accumulated at the 
floor surface. Rinse area thoroughly with clean fresh water. Remove water and allow floor 
to dry. If whitening occurs during drying, repeat scrubbing process before floor dries until 
no whitening occurs during drying. 

4. All areas of the floor shall remain wet during floor scrubbing process. Expose only the 
amount of floor surface that can be cleaned before any drying occurs without exceeding 
the maximum allowable exposed area. 

D. Curing Compound: Apply uniformly in continuous operation by low pressure spray equipment or 
roller as soon as finishing operations are complete, free water on the surface has disappeared, 
and no water sheen can be seen. Follow the manufacturer's written instructions. Recoat areas 
subjected to heavy rainfall within three hours after initial application. Maintain continuity of 
coating and repair damage during curing period. Verify compatibility of the curing compound 
with paint, finishes, or toppings that require positive bond to the concrete. If curing compound is 
not compatible with paint finishes or toppings, utilize a dissipating curing compound and 
remove in accordance with the manufacturer's recommendations. 

3.09 PENETRATING LIQUID FLOOR TREATMENTS 

A. Penetrating Liquid Floor Treatment: Prepare, apply, and finish penetrating liquid floor treatment 
according to manufacturer's written instructions. 

B. Remove curing compounds, sealers, oil, dirt, laitance, and other contaminants and complete 
surface repairs in accordance with manufacturer's written instructions. 

C. Do not apply to concrete that is less than seven days old. 

D. Apply liquid until surface is saturated, scrubbing into surface until a gel forms; rewet; and repeat 
brooming or scrubbing. Rinse with water; remove excess material until surface is dry. Apply a 
second coat in a similar manner if surface is rough or porous. 

3.10 JOINT FILLING 

A. Prepare, clean, and install joint filler according to manufacturer's written instructions. 

B. Do not fill joints until construction traffic has permanently ceased. 

C. Remove dirt, debris, saw cuttings, curing compounds, and sealers from joints; leave contact 
faces of joint clean and dry. 
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3.11 APPLICATION OF FLOOR SEALER - FINISH COAT 

A. Give concrete floors, as indicated in the Room Finish Schedule and where exposed in finished 
Work, a second coat of curing and sealing compound immediately prior to Substantial 
Completion. 

B. Clean floors and apply sealer strictly according to manufacturer's instructions. Dilution and 
coverage shall be as recommended by the manufacturer. Apply sealer evenly. 

3.12 COLD WEATHER CONCRETING 

A. Definition: Cold weather shall be defined as a period when for more than three successive days 
the average daily outdoor temperature drops below 40°F. The average daily temperature is the 
average of the highest and lowest temperature during the period from midnight to midnight. 
When temperatures above 50°F occur during more than half of any 24-hour duration, the period 
shall not be regarded as cold weather. 

B. All cast-in-place concrete work occurring during cold weather shall conform to all requirements 
of ACI 306.1, "Standard Specification for Cold Weather Concreting", published by the American 
Concrete Institute, Detroit, Michigan, except as modified by the contract documents or this 
specification. 

C. Planning: The General Contractor, concrete contractor, concrete supplier, and Architect shall 
have a pre-construction conference to outline the cold weather concreting operations 
concerning the placing, finishing, curing and protection of the concrete during cold weather. 
Pre-construction conference shall occur before cold weather is expected to occur. 

D. Detailed procedure submittal: Concrete contractor shall prepare and submit for review detailed 
procedures for the production, transportation placement, protection, curing and temperature 
monitoring of concrete during cold weather. Include procedures to be implemented upon abrupt 
changes in weather conditions. Do not begin cold weather concreting until these procedures 
have been reviewed and approved. 

E. Mixing: Concrete flatwork poured in cold weather shall be proportioned to obtain a lower slump 
to minimize the amount of bleed water during finishing. All bleed water should be skimmed off 
flatwork prior to troweling. Concrete that will be exposed to cycles of freezing and thawing while 
saturated should be properly air entrained as outlined in this specification. 

F. Protection of Concrete: Cure and protect concrete against damage from freezing for a minimum 
period of 72 hours, unless approved by the Structural Engineer. The protection period may be 
reduced according to ACI 306.1 requirements. Concrete contractor shall submit a letter of 
request to reduce the protection period, by outlining the method used to achieve the reduction 
per ACI 306.1. 
1. When practical for the construction schedule, formwork shall be insulated and remain in 

place for at least the required protection period. 
G. Concrete Temperatures: The minimum temperature of concrete immediately after placement 

shall be as specified in the following table. 
 

   Mixing Temperatures 

Section 
Size 

Minimum 
temperature of 
concrete as placed 
and maintained 
during the protection 
period 

Maximum gradual 
decrease in surface 
temperature during 
any 24 hours after the 
end of the protection. 

 
Above 
30°F 

 
0 to 30°F 

 
Below 
0°F 

Less than 
12 in 

55°F 50°F 60°F 65°F 70°F 

12-36 in 50°F 40°F 55°F 60°F 65°F 

36-72 in 50°F 30°F 50°F 55°F 60°F 

Greater 
than 72 in 

50°F 20°F 45°F 50°F 55°F 
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H. Mixing Temperatures: As the ambient air temperature decreases, the concrete mixing 
temperature shall be increased to compensate for the heat lost in the period between mixing 
and placement. The concrete supplier shall use one or both of the following methods for 
increasing the concrete temperature. 
1. Heating the mixing water to a temperature necessary to offset the temperature losses 

during transport. Supplier shall not heat water to temperatures in excess of 140°F, without 
taking special precautions as outlined in ACI 306. 

2. Heating the aggregate with a circulated steam piping system. 
I. Temperature measurements: The Contractor shall be responsible for monitoring and recording 

the concrete temperatures during placement and throughout the protection period. 
1. Inspection personnel shall keep a record of the date, time, outside air temperature, 

temperature of concrete as placed, and weather conditions. 

2. Temperature of the concrete and the outside air shall be recorded at regular intervals but 
not less than twice in a 24-hour period. The record shall include temperatures at several 
points within the enclosure and on the concrete surface of sufficient frequency to 
determine a range of temperatures. 

3. Inspection agency shall submit the temperature logs to the Architect for permanent job 
records. 

3.13 HOT WEATHER PROTECTION 

A. Definition: Hot weather shall be defined as any combination of high ambient temperature, low 
relative humidity, high winds, and intense solar radiation that leads to higher than usual 
evaporation. The table below defines low relative humidity based on air temperature. For a 
given air temperature, if the relative humidity is equal to or less than the specified minimum, 
provisions for hot weather concreting shall be as follows: 

 

Air Temperature Minimum Relative Humidity 

105°F 90% 

100°F 80% 

95°F 70% 

90°F 60% 

85°F 50% 

80°F 40% 

75°F 30% 

 
B. Scheduling: When hot weather is expected, adjust concrete placement schedules to avoid 

placing or finishing during the period from noon until 3:00 pm. When possible, slab pours 
should be delayed until the building is enclosed to protect the concrete from wind and direct 
sunlight. The construction schedule shall account for 7-day moist curing period. 

C. Mixing: Concrete supplier shall adjust mix designs and admixtures to minimize slump loss. 
Concrete shall be mixed at a water-cement ratio, which is lower than the specified maximum, to 
allow for the adjustment of slump by addition of water in the field. Water reduction shall be 
accomplished without reducing initial slump by increasing dosage of a water reducing 
admixture. 

D. Preparation: Do not order concrete earlier than is required to avoid delays. Cool forms, 
subgrades and reinforcing bars with water spray from fog nozzle prior to concrete placement. 

E. Delivery: Site traffic shall be coordinated, and delivery times scheduled to minimize waiting 
times for concrete trucks. 

F. Placement: Preparations shall be made to place and consolidate the concrete at the fastest 
possible rate. Maintain a continuous flow of concrete to the job site to avoid development of 
cold joints, during placement of slabs, apply fog spray to prevent moisture loss without causing 
surplus water to stand on concrete surface. 
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G. Finishing: Finish concrete as fast as practical. Continue fogging concrete during finishing. 
Where fogging is not possible, apply sprayable moisture-retaining film between finishing 
passes. 

H. Curing: Formed concrete shall be covered with a waterproof material to retain moisture. Flat 
work shall be moisture cured as described in this specification. Moist curing shall continue for at 
least 7 days. 

3.14 FIELD QUALITY ASSURANCE 

A. Independent Testing Agency and[ Special] Inspector shall each perform their prescribed 
inspection, sampling, and testing services as described in Part 1 of this specification section. 

B. In cases where samples have not been taken or tests conducted as specified or strength of 
laboratory test cylinders for a particular portion of the structure fails to meet requirements of 
ACI 301, for evaluation of concrete strength, Structural Engineer shall have the right to order 
compressive or flexural test specimens or both be taken from the hardened concrete according 
to ASTM C42, load tests according to ACI 318, or such other tests as may be necessary to 
clearly establish the strength of the in situ concrete, and such tests shall be paid for by the 
Contractor. Where cores have been cut from the Work, Contractor shall fill voids with dry-pack 
and patch the finish to match the adjacent existing surfaces. 

3.15 REPAIR OF DEFECTIVE AREAS 

A. All repair of defective areas shall be made, with prior approval of Architect and Structural 
Engineer as to method and procedure, in accordance with Section 5 of ACI 301, except 
specified bonding compound must be used. Cosmetic repairs of minor defects in exposed 
concrete surfaces shall be in a manner acceptable to the Architect. Defective areas shall be 
deemed when: 
1. Tests on core or prism specimens fail to show specified strengths. 

2. Not formed as indicated or detailed. 

3. Not plumb or level where so indicated or required to receive subsequent work. 

4. Not true to intended grades and levels. 

5. Cut, filled, or resurfaced, unless under direction of the Structural Engineer. 

6. Debris is embedded therein. 

7. Not fully in conformance with provisions of the drawings. 

8. Damaged by hot or cold weather conditions. 

9. Mixing time exceeds 90 minutes from ready-mix plant to the time of deposit. 
B. Patch form tie holes at the following locations: 

1. Unfinished exposed concrete (not scheduled for painting, plus at board formed concrete 
finish). 

2. All other areas: Prime voids with bonding compound and fill with patching mortar. Strike 
flush without overlap, float to uniform texture to match adjacent surfaces. 

3. Exposed areas scheduled for spray texture: 
a. Remove projections and protrusions: 1/16" or larger. 

b. Remove continuous ridges 1/32" or larger. 

c. Fill voids and pin holes. 
4. Exposed areas scheduled for paint or epoxy: 

a. Remove projections, ridges, and other protrusions 1/32" or larger. 

b. Fill voids and pin holes 1/16" or larger. 
5. Exposed areas not scheduled for paint or other finishes: 

a. Remove projections, ridges and other protrusions not conforming to requirements 
specified under Section 03 10 00. 

b. Fill voids and pin holes not conforming to requirements specified under Section 03 10 
00. 

C. All structural repairs shall be made, with prior approval of the Architect/Engineer, as to method 
and procedure, using the specified epoxy adhesive and/or epoxy mortar. 
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D. Repairing Formed Surfaces: Surface defects include color and texture irregularities, cracks, 
spalls, air bubbles, honeycombs, rock pockets, fins and other projections on the surface, and 
stains and other discolorations that cannot be removed by cleaning. 
1. Immediately after form removal, cut out honeycombs, rock pockets, and voids more than 

1/2 inch in any dimension in solid concrete but not less than 1 inch in depth. Make edges 
of cuts perpendicular to concrete surface. Clean, dampen with water, and brush-coat 
holes and voids with bonding agent. Fill and compact with patching mortar before bonding 
agent has dried. Fill form-tie voids with patching mortar or cone plugs secured in place 
with bonding agent. 

2. Repair defects on surfaces exposed to view by blending white Portland cement and 
standard Portland cement so that, when dry, patching mortar will match surrounding color. 
Patch a test area at inconspicuous locations to verify mixture and color match before 
proceeding with patching. Compact mortar in place and strike off slightly higher than 
surrounding surface. 

3. Repair defects on concealed formed surfaces that affect concrete's durability and 
structural performance as determined by Architect. 

E. Repairing Unformed Surfaces: Test unformed surfaces, such as floors and slabs, for finish and 
verify surface tolerances specified for each surface. Correct low and high areas. Test surfaces 
sloped to drain for trueness of slope and smoothness; use a sloped template. 
1. Repair finished surfaces containing defects. Surface defects include spalls, popouts, 

honeycombs, rock pockets, crazing and cracks in excess of 0.01 inch wide or that 
penetrate to reinforcement or completely through unreinforced sections regardless of 
width, and other objectionable conditions. 

2. After concrete has cured at least 14 days, correct high areas by grinding. 

3. Correct localized low areas during or immediately after completing surface finishing 
operations by cutting out low areas and replacing with patching mortar. Finish repaired 
areas to blend into adjacent concrete. 

4. Correct other low areas scheduled to receive floor coverings with a repair underlayment. 
Prepare, mix, and apply repair underlayment and primer according to manufacturer's 
written instructions to produce a smooth, uniform, plane, and level surface. Feather edges 
to match adjacent floor elevations. 

5. Correct other low areas scheduled to remain exposed with a repair topping. Cut out low 
areas to ensure a minimum repair topping depth of 1/4 inch to match adjacent floor 
elevations. Prepare, mix, and apply repair topping and primer according to manufacturer's 
written instructions to produce a smooth, uniform, plane, and level surface. 

6. Repair defective areas, except random cracks and single holes 1 inch or less in diameter, 
by cutting out and replacing with fresh concrete. Remove defective areas with clean, 
square cuts and expose steel reinforcement with at least 3/4-inch clearance all around. 
Dampen concrete surfaces in contact with patching concrete and apply bonding agent. 
Mix patching concrete of same materials and mix as original concrete except without 
coarse aggregate. Place, compact, and finish to blend with adjacent finished concrete. 
Cure in same manner as adjacent concrete. 

7. Repair random cracks and single holes 1 inch or less in diameter with patching mortar. 
Groove top of cracks and cut out holes to sound concrete and clean off dust, dirt, and 
loose particles. Dampen cleaned concrete surfaces and apply bonding agent. Place 
patching mortar before bonding agent has dried. Compact patching mortar and finish to 
match adjacent concrete. Keep patched area continuously moist for at least 72 hours. 

3.16 CEMENT GROUT AND DRY-PACK 

A. Dry-Pack: Thoroughly blend dry ingredients prior to mixing with water. Forcibly pack mixture to 
completely fill voids and spaces. 

3.17 CLEANING 

A. Clean exposed concrete to remove laitance, efflorescence and stains. 

END OF SECTION 
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SECTION 06 17 53 

METAL PLATE CONNECTED WOOD TRUSSES 

PART 1        GENERAL 

1.01 SECTION INCLUDES 

A. Engineering, fabrication, and erection of metal plate connected wood trusses to withstand the 
design loads as shown on the drawings and herein specified. 

B. All fastening devices and bridging requirements related to the manufacture or erection of the 
wood trusses. 

C. Structural notes indicated on the drawings regarding metal-plate-connected wood trusses shall 
be considered part of this specification. 

1.02 RELATED WORK 

A. Pertinent Sections of Division 01. 

B. Section 04 22 00 - Reinforced Unit Masonry. 

C. Section 05 12 23 - Structural Steel. 

D. Section 06 10 00 - Rough Carpentry. 

1.03 REFERENCES 

A. Codes and Standards: Comply with the provisions of the following codes, specifications, and 
standards except where more stringent requirements are shown or specified. Where any 
provision of other pertinent codes and standards conflict with this specification, the more 
stringent provision shall govern. 
1. AFPA - American Forest & Paper Association. 

2. ANSI/TPI 1 - National Design Standard for Metal Plate Connected Wood Truss 
Construction. 

3. ASTM A653 - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process.   

4. AWC - Manual for Engineered Wood Construction. 

5. BCSI - Guide to Good Practice for Handling, Installing, Restraining & Bracing of Metal 
Plate Connected Wood Trusses. 

6. NDS - National Design Specification for Wood Construction with Commentary. 

7. NDS Supplement - National Design Specification Values for Wood Construction. 

8. SBCA - Structural Building Components Association. 

9. TPI - Truss Plate Institute. 

10. WTCA - Wood Truss Council of America. 

11. WTCA - Metal Plate Connected Wood Truss Handbook. 

1.04 QUALITY ASSURANCE 

A. Fabrication and Erection Qualifications: 
1. Engage a fabricator who participates in a recognized quality-assurance program that 

involves inspection by Western Wood Products Association (WWPA), West Coast Lumber 
Inspection Bureau (WCLIB), or National Lumber Grades Authority (NLGA); Timber 
Products Inspection, Inc.; Truss Plate Institute (TPI); or other independent inspecting and 
testing agency acceptable to authorities having jurisdiction. 

B. Design Qualifications: 
1. Engage a fabricator who uses a qualified Structural Engineer, licensed in the State where 

the trusses are to be installed, to prepare calculations, shop drawings and other structural 
data for metal-plate-connected wood trusses. 

1.05 SYSTEM PERFORMANCE REQUIREMENTS 

A. Trusses shall be designed in accordance with NDS, AFPA, TPI, WTCA and the local code of 
jurisdiction. 

B. Comply with applicable requirements and recommendations of ANSI/TPI 1, "Guide to Good 
Practice for Handling, Installing, Restraining & Bracing of Metal Plate Connected Wood 
Trusses" (BCSI), and "Metal Plate Connected Wood Truss Handbook" (WTCA). 
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C. Comply with applicable requirements of the "National Design Specification for Wood 
Construction" and it's "Supplement." 

D. Single-Source Engineering Responsibility: 
1. Provide trusses engineered by a metal-plate connector manufacturer to support 

superimposed dead and live loads indicated, with design approved and certified by a 
qualified Structural Engineer who is legally authorized to practice in the jurisdiction where 
the project is located and who is experienced in the design of metal-plate-connected wood 
trusses. 

E. Structural Performance: 
1. Design Loads: As indicated on the drawings. 

2. Maximum Deflection Under Design Loads: 
a. Roof Trusses: L/240 live load deflection and L/180 total load deflection. 

1.06 SUBMITTALS 

A. Product Data: For metal-plate connectors, metal framing anchors, bolts and fasteners. 

B. Prepare and submit truss shop drawings and structural analysis calculations signed and sealed 
by the qualified Structural Engineer registered in the State where the project is located. Shop 
drawings and calculations shall include, but not be limited to, the following: 
1. Building code used for design. 

2. Plan detailing location. 

3. Pitch, span, camber, configuration and spacing of each truss type. 

4. Lumber species, sizes, and stress grades. 

5. Metal connector plate type, size, and thickness. 

6. Number of plies. 

7. Required bearing details. 

8. Location of all joints, splices, and support locations. 

9. Design loads. 

10. Adjustments to wood member or metal connector plate design values. 

11. Maximum reactions and direction, including uplift reactions. 

12. Truss-to-truss connections or truss field assembly requirements. 

13. Deflection ratio. 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. All metal-plate-connected wood trusses shall be stored clear of the ground to prevent 
deterioration or damage due to moisture, temperature changes, contaminants, and corrosion. 

B. All items shall be transported, stored, and erected in a manner that will avoid any further 
damage or deformation. Bent or deformed items will be rejected and shall be replaced or 
repaired at the expense of the responsible party. 

C. Handling during erection shall be in accordance with recommended practices set forth in BCSI's 
"Guide to Good Practice for Handling, Installing, Restraining & Bracing of Metal Plate 
Connected Wood Trusses." 

PART 2        PRODUCTS 

2.01 MATERIALS 

A. Lumber Standards: 
1. Comply with DOC PS 20 and with applicable grading rules of inspection agencies certified 

by American Lumber Standards Committee (ALSC) Board of Review. 
B. Grade and Species: 

1. Provide dimensional lumber of any species for truss chord and web members, graded 
visually or mechanically, and capable of supporting required loads without exceeding 
allowable design values according to NDS' "National Design Specifications for Wood 
Construction" and its "Supplement." 

C. Metal Connector Plates: 
1. Fabricate connector plates from structural-quality steel sheet, zinc coated by hot-dip 

process complying with TPI 1 and ASTM A653, G60 coating designation; Designation SS 
Grade 33 and not less than 0.036-inch coated thickness. 
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2.02 FASTENERS 

A. Provide fasteners of size and type indicated that comply with requirements specified below for 
material and manufacture. Where truss members are exposed to weather or to high relative 
humidity, provide fasteners with a hot-dip zinc coating per ASTM A153 or of stainless steel, 
Type 304 or 316. 
1. Nails, Wire, Brads, and Staples: FS FF-N-105. 

2. Wood Screws: ASME B18.6.1. 

2.03 METAL FRAMING ANCHORS 

A. Provide metal framing anchors with allowable design loads, as published by manufacturer, that 
meet or exceed those indicated, of the following metal and finish: 
1. Galvanized Steel Sheet: Hot-dip, zinc-coated steel sheet complying with ASTM A653, G60 

coating designation; structural, commercial, or lock-forming quality, as standard with 
manufacturer for type of anchor indicated. 

2.04 MISCELLANEOUS MATERIAL 

A. Galvanizing Repair Paint: SSPC-Paint 20 or DOD-P-21035, with dry film containing a minimum 
of 94 percent zinc dust by weight. 

2.05 FABRICATION 

A. Assemble truss members in design configuration indicated using jigs or other means to ensure 
uniformity and accuracy of assembly with joints closely fitted to comply with the requirements of 
NDS and TPI. 

B. Fabricate wood trusses in compliance with the requirements in NDS and TPI. 

C. Connect truss members by metal connector plates located and securely embedded 
simultaneously by air or hydraulic press into both sides of wood members. 

D. Trusses shall be fabricated in a properly equipped manufacturing facility of a permanent nature. 
Trusses shall be manufactured by experienced workmen, using precision cutting, jigging, and 
pressing equipment under the requirements of NDS and TPI. 

E. Fabricate metal connector plates in sizes, configurations, thicknesses, and anchorage details 
as required to withstand design loads for types of joint designs indicated. 

PART 3        EXECUTION 

3.01 INSTALLATION 

A. Install and brace trusses according to recommendations of TPI. Space trusses as indicated; 
install plumb, square, and true to line; and securely fasten to supporting construction. 

B. Anchor trusses securely at all bearing points using metal framing anchors and fasten according 
to metal framing anchor manufacturer's fastening schedules and written instructions. 

C. Securely connect each truss ply required for forming built-up girder trusses. Anchor trusses to 
girder trusses as indicated. 

D. Install and fasten temporary and/or permanent bracing during truss erection and before 
construction loads are applied to prevent toppling. Anchor ends of permanent bracing where 
terminating at walls or beams. 

E. Install wood trusses within installation tolerances required by TPI 1. 

F. Cutting, removal, or altering of trusses is not permitted without written authorization from the 
Structural Engineer. 

G. Return wood trusses that are damaged or do not meet requirements to fabricator and replace 
with trusses that do meet requirements. 

3.02 REPAIR 

A. Repair damaged galvanized coatings on exposed surfaces with galvanized repair paint 
according to ASTM A780 and manufacturer's written instructions. 

END OF SECTION 
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SECTION 06 18 00 

GLUED-LAMINATED CONSTRUCTION 

PART 1        GENERAL 

1.01 SECTION INCLUDES  

A. Design and construction using structural glued-laminated timber. Work shall include, but not be 
limited to the following items: 
1. Framing members. 

2. Anchoring and fastening devices. 

3. Wood treatment. 
B. Dimensional lumber items associated with glued-laminated timber framing is specified in 

Division 06. 

C. Structural notes indicated on the drawings regarding glued-laminated construction shall be 
considered a part of this specification. 

1.02 RELATED WORK  

A. Pertinent Sections of Division 01. 

B. Section 06 10 00 - Rough Carpentry. 

C. Section 06 13 00 - Heavy Timber Construction. 

D. Section 06 15 00 - Wood Decking. 

1.03 REFERENCES  

A. Codes and Standards: Comply with the provisions of the following codes, specifications, and 
standards, except where more stringent requirements are shown or specified. Where any 
provision of other pertinent codes and standards conflict with this specification, the more 
stringent provision shall govern. 
1. AITC 108 - Standard for Heavy Timber Construction. 

2. AITC 109 - Standard for Preservative Treatment of Structural Glued Laminated Timber. 

3. AITC 110 - Standard Appearance Grades for Structural Glued Laminated Timber. 

4. AITC 111 - Recommended Practice for Protection of Structural Glued Laminated Timber 
During Transit, Storage and Erection. 

5. AITC 117 - Standard Specification for Structural Glued Laminated Timber of Softwood 
Species. 

6. AITC - Timber Construction Manual. 

7. ANSI A190.1 - Standard for Wood Products - Structural Glued Laminated Timber. 

8. ASTM A36 - Standard Specification for Carbon Structural Steel. 

9. ASTM A123 - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and 
Steel Products. 

10. ASTM A153 - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel 
Hardware. 

11. ASTM A307 - Standard Specification for Carbon Steel Bolts, Studs, and Threaded Rod 
60,000 PSI Tensile Strength. 

12. ASTM A563 - Standard Specification for Carbon and Alloy Steel Nuts. 

13. ASTM A575 - Standard Specification for Steel Bars, Carbon, Merchant Quality, M-Grades. 

14. ASTM A653 - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process. 

15. ASTM A1011 - Standard Specification for Steel, Sheet and Strip, Hot-Rolled, Carbon, 
Structural, High-Strength Low-Alloy, High-Strength Low-Alloy with Improved Formability, 
and Ultra-High Strength. 

16. ASTM D245 - Standard Practice for Establishing Structural Grades and Related Allowable 
Properties for Visually Graded Lumber. 

17. ASTM D3737 - Standard Practice for Establishing Allowable Properties for Structural 
Glued Laminated Timber (Glulam). 
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18. ASTM D5664 - Standard Test Method for Evaluating the Effects of Fire-Retardant 
Treatments and Elevated Temperatures on Strength Properties of Fire-Retardant Treated 
Lumber. 

19. ASTM D5933 - Standard Specification for 2 5/8-in. and 4-in. Diameter Metal Shear Plates 
for Use in Wood Construction. 

20. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building 
Materials. 

21. AWPA M4 - Standard for the Care of Preservative-Treated Wood Products. 

22. AWPA P5 - Standard for Waterborne Preservatives. 

23. AWPA P17 - Fire-Retardant Formulations. 

24. AWPA T1 - Use Category System: Processing and Treatment Standard. 

25. AWPA U1 -Use Category System: User Specification for Treated Wood. 

26. NDS - National Design Specification for Wood Construction with Commentary. 

27. NDS Supplement - National Design Specification Values for Wood Construction. 

28. NIST PS 20 - Voluntary Product Standard - American Softwood Lumber Standard. 

1.04 QUALITY ASSURANCE  

A. Manufacturer Qualifications: 
1. The glued-laminated timber manufacturer shall be an AITC or APA-EWS licensed firm 

complying with AITC A190.1. 

2. Shall have not less than five (5) years of continuous experience in manufacturing 
glued-laminated structural units. 

3. Factory mark each piece of structural glued-laminated timber with AITC Quality Mark or 
APA-EWS trademark. Place mark on surfaces that will not be exposed in the final installed 
condition. 

B. Design Qualifications: 
1. Structural Performance: Structural glued-laminated timber and connectors shall withstand 

the effects of structural loads without exceeding allowable design working stresses  
determined according to ASTM D3737 and acceptable to the Authorities Having 
Jurisdiction. 

C. Fire-Retardant-Treated Wood: Obtain each type of fire-retardant-treated wood product through 
one source from a single producer. 

1.05 SUBMITTALS 

A. Product Data: For each type of product indicated. 
1. Include data on lumber, adhesives, fabrication and protection. 

2. Include connector installation instructions. 

3. Wood treatment data as follows, including chemical treatment manufacturer's warranty 
and instructions for handling, storing, installing, and finishing treated materials: 
a. For each type of preservative-treated wood product, include certification by treating 

plant stating type of preservative solution and pressure process used, net amount of 
preservative retained, and compliance with applicable standard. 

b. For waterborne-treated products, include statement that moisture content of treated 
materials was reduced to levels indicated before shipment to the project site. 

B. Shop drawings: 
1. Show layout of structural glued-laminated timber system and full dimensions of each 

member. 
a. Indicate species and laminating combination, adhesive type, and other variables in 

required work. 

b. Include large scale details of connections. 

c. Structural analysis calculations. 
C. Samples: Provide full width and depth, 24 inches long, showing the range of variation to be 

expected in appearance of structural glued-laminated timber, including variations due to 
specified treatment.  

D. Samples: Apply specified factory finish to three sides of half-length of each sample. 
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E. Certificates of Conformance: Issued by a qualified testing and inspecting agency indicating 
structural glued-laminated timber complies with requirements in AITC A190.1. 

F. Material Certificates: For preservative-treated wood products, from manufacturer. Indicate type 
of preservatives used and net amount of preservative retained. 

G. Research / Evaluation Reports: For structural glued-laminated timber, from ICC-ES. 

1.06 DELIVERY, STORAGE, AND HANDLING 

A. Comply with provisions of AITC 111. 

B. All members shall be delivered, piled, and handled so as to protect them from warping due to 
excessive moisture or damage. Members shall be stored off the ground and individually 
wrapped using a plastic-coated paper covering with water-resistant seams. 

C. All installed exposed members shall be protected from moisture until covered with subsequent 
roofing materials or flashings. 

PART 2        PRODUCTS 

2.01 MANUFACTURERS  

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following manufacturers offering products that may be incorporated into the work, but are not 
limited to, the following: 
1. American Laminators, Oregon. 

2. Boise Cascade, LLC, Idaho. 

3. Calvert Co., Inc., Washington. 

4. Laminated Timbers, Inc., Kentucky. 

5. Sentinel Structures, Inc., Wisconsin. 

6. Timber Technologies, Wisconsin. 

2.02 STRUCTURAL GLUED-LAMINATED TIMBER 

A. General: Provide structural glued-laminated timber that complies with AITC A190.1 and AITC 
117 or research / evaluation reports acceptable to authorities having jurisdiction. 
1. Provide structural glued-laminated timber made from single species. 

2. Provide structural glued-laminated timber made from solid lumber laminations; do not use 
laminated veneer lumber. 

3. Provide structural glued-laminated timber made with wet-use adhesive complying with 
AITC A190.1. 

B. Species and Grades for Structural Glued-Laminated Timber: Provide grades needed to comply 
with "System Performance Requirements" Article section 1.5. 
1. Alaska cedar 

2. Douglas fir-larch 

3. Southern pine 

4. Any species 
C. Species and Grades for Structural Glued-Laminated Timber: Provide grades needed to comply 

with structural properties, combination symbols and beam stress classifications indicated on 
drawings. 

D. Appearance Grade: Architectural complying with AITC 110. 
1. For Premium and Architectural appearance grades, fill voids as required by AITC 110. 

2. For Premium appearance grade, use clear wood inserts, of matching grain and color, for 
filling voids and knot holes more than 1/4 inch wide. 

E. End Sealer: Manufacturer's standard, transparent, colorless wood sealer that is effective in 
retarding the transmission of moisture at cross-grain cuts and is compatible with indicated 
finish. 

F. Penetrating Sealer: Manufacturer's standard, transparent, penetrating wood sealer compatible 
with indicated finish. 

G. Preservative Treatment: Glued-laminated timber shall comply with AWPA U1. 
1. Use preservative solution without substances that may interfere with application of 

indicated finishes. 
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2. Do not incise structural glued-laminated timber or wood used to produce structural 
glued-laminated timber. 

2.03 TIMBER CONNECTORS  

A. Provide connectors as detailed on the drawings. Basis of design for metal framing anchor 
products is Simpson Strong-Tie Co. Inc. 

B. Materials: Fabricate from the following: 
1. Structural steel shapes, plates, and flat bars complying with ASTM A36. 

2. Round steel bars complying with ASTM A575, Grade M1020. 

3. Connection material shall comply with "System Performance Requirements" Article 
section 1.5 and as noted on the drawings. 

C. Bolts: Provide 3/4-inch diameter bolts complying with ASTM A307, Grade A; nuts complying 
with ASTM A563; and, where indicated, flat washers. 

D. Shear Plates: Comply with ASTM D5933. Provide [2-5/8 inch][4-inch]<Insert> diameter. 

E. Finish steel assemblies and fasteners with rust-inhibitive primer, 2-mil dry film thickness. 

F. Hot-dip galvanize steel assemblies and fasteners after fabrication to comply with ASTM A123 
or ASTM A153. 

G. Unless noted otherwise, all timber connections are to be concealed with all holes plugged. 

2.04 FABRICATION 

A. Shop fabricate for connections to greatest extent possible, including cutting to length and 
drilling bolt holes. 
1. Dress exposed surfaces as needed to remove planing and surfacing marks. 

B. Camber: Fabricate horizontal and inclined members of less than 1:1 slope with either circular or 
parabolic camber equal to 1/500 of span. 

C. Where preservative-treated members are indicated, fabricate (cut, drill, surface, and sand) 
before treatment to greatest extent possible. Where fabrication must be done after treatment, 
apply a field-treatment preservative to comply with AWPA M4. 
1. Use inorganic boron (SBX) treatment for members not in contact with the ground and 

continuously protected from liquid water. 

2. Use copper naphthenate treatment for members in contact with the ground or not 
continuously protected from liquid water. 

D. End-Cut Sealing: Immediately after end cutting each member to final length [and, after 
preservative treatment], apply a saturation coat of end sealer to ends and other cross-cut 
surfaces, keeping surfaces flood coated for not less than 10 minutes. 

E. Seal Coat: After fabricating, sanding, and end-coat sealing, apply a heavy saturation coat of 
penetrating sealer on surfaces of each unit, [except for preservative-treated wood where 
treatment included a water repellent]. 

2.05 FACTORY FINISH  

A. Wiped Stain Finish: Manufacturer's standard, dry-appearance, penetrating acrylic stain and 
sealer; oven dried and resistant to mildew and fungus. 
1. Color: As selected by Architect/Engineer from manufacturer's full range. 

B. Clear Finish: Manufacturer's standard, two-coat, clear varnish finish; resistant to mildew and 
fungus. 

PART 3        EXECUTION 

3.01 EXAMINATION  

A. Examine substrates in areas to receive structural glued-laminated timber, with installer present, 
for compliance with requirements, installation tolerances, and other conditions affecting 
performance of the work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

C. Beginning of installation means acceptance of existing conditions. 
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3.02 INSTALLATION 

A. General: Erect structural glued-laminated timber true and plumb and with uniform, close-fitting 
joints. Provide temporary bracing to maintain lines and levels until permanent supporting 
members are in place. 
1. Install structural glued-laminated timber to comply with the shop drawings. 

2. Handle and temporarily support glued-laminated timber to prevent surface damage, 
compression, and other effects that might interfere with indicated finish. 

3. Lift with padded slings and protect corners with wood blocking. 

B. Cutting: Avoid extra cutting after fabrication. Where field fitting is unavoidable, comply with 
requirements for shop fabrication. 

C. Fit structural glued-laminated timber by cutting and restoring exposed surfaces to match 
specified surfacing and finishing. 
1. Predrill for fasteners using timber connectors as templates. 

2. Finish exposed surfaces to remove planing or surfacing marks and to provide a finish 
equivalent to that produced by machine sanding with No. 120 grit sandpaper. 

3. Coat cross cuts with end sealer. 

4. Where preservative-treated members must be cut during erection, apply a field-treatment 
preservative to comply with AWPA M4. 
a. Use inorganic boron (SBX) treatment for members not in contact with the ground and 

continuously protected from liquid water. 

b. Use copper naphthenate treatment for members in contact with the ground or not 
continuously protected from liquid water. 

D. Install timber connectors as indicated. 
1. Unless otherwise indicated, install bolts with same orientation within each connection and 

in similar connections. 

2. Install bolts with orientation as indicated or, if not indicated, as directed by the 
Architect/Engineer. 

E. Where beams penetrate through exterior walls, apply waterproof sealer as recommended by 
the manufacturer. 

3.03 ADJUSTING  

A. Repair damaged surfaces  and  finishes after completing erection. Replace damaged 
structural glued-laminated timber if repairs are not approved by the Architect/Engineer. 

3.04 TOLERANCES  

A. Framing Members: 1/2 inch maximum from true position. 

3.05 PROTECTION 

A. Do not remove wrappings on individually wrapped members until they no longer serve a useful 
purpose, including protection from weather, sunlight, soiling, and damage from work of other 
trades. 
1. Coordinate wrapping removal with finishing work. Retain wrapping where it can serve as a 

painting shield. 
B. Slit underside of wrapping to prevent accumulation of moisture inside the wrapping. 

END OF SECTION 



���������	
�����
�������������������������������������������
������	���
����������� ��!�


����"���#����	

�$���� %�
�

&'()*+,-./---
0*,*&1(234',)35

423)678','329

6:-6&'()*+,*,(9;<'&

�= 
����"���#����	���>�=

?= ���������@����>�����@�=

�= A���������������">��������������=

6:-/3'92)'<3'B;*3'C',)&

�= D�������%$%%$ E�������F�@������>#����GEF�H�������I�����������=

?= D�������$%��� I��@"���#����	J�D�##���K��>��@L@������L������������M������@=

�= D�������!N��� �����������=

�= D�������!!��� O��P��@J�O�������@��P��@�K����#�������������������=

Q= D�������RR%%S QT������
������@J�
������@�KK����"���#����	���>�=


= D�������RR%�S U�������
������@J�
������@�KK����"���#����	���>�=

O= D�������RRS�� D������@���V����#�����
����"��@J�D������@��������#�����K����"��@�K
K����"���#����	���>�=

6:-W3'0'3',('&)2,<23<&

�= ��DU�%SN=X ?����A���M������%�GI��KK��>������H=

?= ��UGY�
H Y�����	�����K�������
��@��>�������Q������=

�= ��UZ�����Z�UG��DH ���"�����������������D��������L���Q��������%XL���"Q�����
G��%$H=

�= �����GOUDH O�����������U��#������D�������
��@��>�������Q������=

Q= �����Z�UG����DH ����"�>���������"�����������������D�����������%L���"Q�����=


= 
D% D���������
�	������%R=

O= �UG��
H �����K�����>#������
��@��>G��
H�������Q������=

6:-[2<C*,*&)32)*\'3'B;*3'C',)&

�= �����������"��������"]#��>M��@���@" ��L�������������@" ��L����������������K����������
�������������>#������]=

?= D�̂�������������������������������	����������������"���������������	����T#��������
>�����=

6:-_&;̀ C*))29&

�= D��D�������%S��� ��>�����������I�̂����>����K����M>�����#���������=

?= 
����������J
%= 
������>���K�������a�#����������L�����@����"������@������������K��K�����	 

K�M������������=

�= D"�#������@�J�U�������>��������L��>#�����#��K����LK�������@>��"���L�������@�������L
��������������=
%= D�����K������@�J�% %Z����"��%K���L>���>�>=
�= 
��������K��>���������̂�����M	��UZ�����Z�UG��DH�������Z�UG����DH=
S= U�����������K�������#��@��>��M��=

�= D�>#���J�D�M>��]���]��>#����KK����"#�	����L]!T%����"]����P������������@����@�������
�#���K���K����"=

Q= D�>#���J�D�M>��]���]��>#����K�������>]%����"]���@=


= �����K�����J�D�M>����M�����������K��������̂�����M	̂ �����	������������̂ �����	�������
�#��@��>�=



���������	
�����
�������������������������������������������
������	���
����������� ��!�


����"���#����	

�$���� ��
�

%&'()*+,-./+00*1+234

�5 
�6�������7����8��������9���:#��	�#������;��<��8�6�������<�"�#��������#���8������"��
����������":���:�:8���	�����8����:������=#�������5
>5 ����������#������#������"��#���8��������8�������#��<��:#�������"���::����:����8

8�6������������"���<"����"����������8�"�#������5
�5 ?��<��?�����@��#����6����	9�
�����������������"������8��:���<��8�6�������5

A5 7�����	�����8�������9
>5 ��:#�	���"��BC7�
D�������������������E�����	�����8��������������F#��<��:��

�������������"��E����:����8�������#���8������"���������9����5���E�#5��<F����5
�5 ��:#�	���"�����CGB?D�������������������E�����	�����8��������������F#��<��:��

�������������"��E����:����8�������#���8������"���������5
H5 ��:#�	���"�BC��
D�������������������E�����	�����8��������������F#��<��:��

�������������"��E����:����8�������#���8������"���������
����5�����������������5��:F����5

I5 
��������6����������8���������������<�"��������:#�������"��BF�����F�BC��?D��
�����F�BC����?D��E����:����8��<������<������#���8���5

J5 
����������<�������6������"�#������<�����E�����6	�����8�������#��<��:5
$5 
����������<�������6��������������#�����������E�����6	�����8�������#��<��:5
K5 ?�6:�������8���������#����:#�������8�������������"������8����"������������:#������

���"�#���8�����E����:����5

%&'LMN3OP*Q0

�5 ?��?�������>I��� 7�����	@�E����:����8��������������E����:����5

A5 �������"�����������5

�5 ���� �#:�	��:�����#����8�"�����5

%&'RS4,-T41/U0.N1+V4U+2SW+2S,-2V

�5 ?����8����"���#����	���:�����������X���������6���<����X��������	X���� ����������
��������=#������"����������<"�5

A5 
������8��::���������:�<�5

�5 Y�����:�����������#���������#��������:�<�����<��X����X�����8����5

Q+1.Z[Q1NS*3.0

Z&'%\-2-0W3+1Q42.1/-.4M0

�5 7�����	?�������9������:G����X���������������"��BF�����F�BC��?D�������F�B
C����?DX�������������"������5

A5 ?��8���A�����<�"�������������9�
������:��������"����<8�������:���#��#��������
��E�����6	�##����6������5

�5 B���������������B��:�9
>5 ������<�XA����X�����<�X����������������]��:
�����9�������"���#���F�#����F8��

���"�������<��̂#��#���8�������#�����8����"5
�5 ?�;��������������9�

>D ������������6���:#�����	�������>=I�������:5
�D �������8��:����6���:#�����	������>=I�������:5
HD ���6���6�������:�����:����"#�	����#������<��"���>=$����6���5
ID ���������<���:�����:����"#�	����#������<��"���>=I������<�������:��

��������6����������#��������������<#�����5
JD ��������������������:�����:����"#�	����#������<��"���>=>�������:5
$D ����=���������������:�����:����"#�	����#������<��"����=��������:5

�5 ������?����9�������"���#���F�#����F8�����"�������<��̂#��#���8�������#�����8����"5
�5 ?�;��9����"������"�������<�5

H5 B�����������
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�= ������"����F���B>�	���?��]����B�����@�GJ��E%IW@��>	���	���T?��� ����U��

B�$������>�������>����>�������T��@� ����U�	>�������$���@���$����_������������
$����DZ����R_����������?���$����DZ����O_���������>������$����DZ����G=

%= �����H�$�G>�����F����B���BDC���������������������=
M= G>���������F�N����=
L= H�$�G���F

�= ���� G�����G	���BF�
������>��	���C��	�������������>��B��	�����>>����
C�������>�������$����>����D�����������D>��	���@���D��>��	����?����������
����������	�����>>����������>���B����=

C= �����F�N����=
W= 
��$������>����>������?��	���D?��B�������	������=

�= \J	>�" E \V��������$"����Q����F�R�����$����D���C��$��#��=
E= �>>���������F�HA������$��#��$��������?���������������=
�= G>���C�����������@��������?\��$��\=
%= O��C��������F̀\\X��� �����$�?����@����$����\\D\\EKM���?\\�?���\\DB���B�B\\=

�= J���F������=
C= ������$F���� HT>�������	>�UD�������@���=

M= �������$��>����=
L= V�C��������F̀\\X��� �����$�?����\\@����$����D\\EKM���?\\�?���\\DB���B�B\\=

�= J���F������=



���������	
�����
�������������������������������������������
������	���
����������� ��!�

"��#��$

�!!��� %�
�

&' (����()�������*�+���)'
,' ()��-��(����-�������./ 0����1234�--�� �������5"����2*62�7223��-����2'
!' 0���8����$)�(����-�������.0�(1*62&!29������23��-����2'
7' 4)����$���55������*62�'%:223��-����2'
+�'4����;���"������55������.4;"�1*62�':!223��-����2'
++'0���8����$)�<�5��������23=������2*62++29������23��-����2'
+�'"��#��$���)��*6222��	$��#��$-��)��3$�����$��#��$222'

>' 22(	9�"� 22?��������$"����/����*�0�����$����3���8��$��#��'
+' �99���������*62>@������$��#��$��������)���������������2'
�' 49���8�����������5��������)22��$��22'
:' =��8��������*6222
���	��-9����5����$����2223222+A%���)222�)���2223-���-�-222'

�' (���*62�����2'
8' ������$*62��� >.9�������	9�123�������5���'

%' �������$��9����'
B' ?�8��������*6222
���	��-9����2225����$����3222+A%���)222�)���2223-���-�-222'

�' (���*62�����2'
&' (����()�������*62+���)2'
,' ()��-��(����-�������./ 0����12234�--�� �������5"����22*622�722223��-����22'
!' 0���8����$)�(����-�������.0�(1*622&!229������223��-����22'
7' 4)����$���55������*622�'%:22223��-����22'
+�'4����;���"������55������.4;"�1*622�':!22223��-����22'
++'0���8����$)�<�5��������223=������22*622++229������223��-����22'
+�'"��#��$���)��*62222��	$��#��$-��)��3$�����$��#��$2222'

CDEFGHIJKLGMLKNO

�' 22(	9�": 22�������)��?�������0�����"��#��$*
+' �99���������*�?�������$��#��$��������)���������������'
�' "����(	9�*62
���	��-9����25����$����'
:' (���*������'
%' ()�������*�+A%���)3��-����'
B' "��#��$���)��*���	$��#��$-��)��3$�����$��#��$'

CDEPGHIJKLGQRSTRMLUO

�' 22V��	�4������*�4��$����-9�����2W�4(��7��"�����43�����+� +A�3/��������234)���
�)��������52+�����2W8���������'

V' 22
��	���5���4������*�(����-9�����W�)�-���������$3�����$$��$�	9�2W�4(��7��(	9��3
"�����43������B3/����3�3���"W2���)�����4)����)����������$��52+B���B2W2�����
����������2'

�' 2222
��	����)���4������*�4��$����-9�����3�)�-���������$3����������$3���8������$22W�4(�
�7��(	9�43"�����43������B3/����3�3���"W22���)�����4)����)����������$��5
22����:B22W22���������������22'

�' 224�������4������*�4��$����-9�����W2�������2�����$W��9�8���5������--���������)��������5
9��9������W���8������$3����������$2W�4(��7��(	9�43"�����43������B3/����3�3
���"W2���)�����4)����)����������$��52+B���B2W28���������2'

>' ����5��������*
+' V�4
���9�������22*����'8��5'��-A����'
�' V�����?��22*����'8����� ��'��-A����'
:' ���������$���9�������22*����'���������$'��-A������������A����'���������$

���9�������22*����'���������$'��-A������������A����'
%' ��-������
��5��-�������������3?��22*����'-�-������'��-A����'
B' 
��������9�������22*����'9�����'��-A����'
&' (��-����--������4�������X�����9���5��$22*����'���-����������'��-A����'



���������	
�����
�������������������������������������������
������	���
����������� ��!�

"��#��$

�!!��� %�
�

&'()*++,--./0,-

�1 2�����$3�����4�2�������5���6!���7�26��������8����6�������9�2:��!;<=>����??1
����$�6�@�1A���6@�����6�B����@����@$��#��$��8���8�8<���6C	����6�@$��#��$��CC��
�>���8����ADA;���6C	6��$6�������$��#��$8��6�����>������$6��������1

31 2>����26�8�4����>����5%���;�26��������8����6�������9�2:��!;<=>����??1
�����8�8E���6���$C	���6��@�6�6��$6��@�6�$��#��$���>C	�6��������������>>��������5
���@��6����������@���1

�1 "��#��$:�>�53���3�����$������:	>�4�
��@��8��5C��	� C����5A��>������������
��8>�������6����$�������������>��������>>����C�����>>�����������������9%��E������
26��������8����6�������9���������������>�>��9C���������1

�1 "��#��$2>�����4�F�����������������G�������6�>�������$��#��$�6�������������$����9�2:�
�!;<=>����??9�����C����1

H1 "��#��$���>�4�����@�������I����������	>�1

&'(J-.K/+,LK*M0NO+.PN/.M

�1 2��2�������A<��� Q�����	F�B����8����@��������������B����8����1

31 
�������6�>R���>���������������$R@��R���6�	>��@R$����1

S*/NTU,V,+KN0.P

T'(WX,/0Y0+*N0.P.Y+.PZ0N0.P-

�1 [���@	�6���>����$�@��$��#��$�����������	��#��������6������������5��������$�6���@��
��#�5�B��������5����@@�������������1

31 [���@	�6���6�8���8�8��B�����@��������$��������������C���$>�������1

�1 [���@	�6�����@�����@$��#��$�6������������������������5@����@�C�����������6��8�	
�8>���8�������8���8���5���>���������5�����>>���@��8��$������	���������$��#��$
�	���81

�1 [���@	�6��������$C�������������@$����@��8��$8�8C���6��C�����8>������@@�������	1

H1 
���������6$��#��$�	���8���������������	�@����������@�����	����������6���C���
���������1

T'(&S/,S*/*N0.P

�1 ���������������@�������6�>>��>�����������������>���	���6��8�G�8�8�@�<6����
C�@���$��#��$1F�8���������$��6����������$6��	C���������C�������1

31 2���>�����$��#��$�6�������������������6��C��������8>���C��>��8����������1

�1 
��8����@������6�����������������������6�����B�����@��>��>�����������6�����1

T'(T0P-N*MM*N0.P\],P,/*M

�1 ?������$��#��$����8>���������6��������������������@$����5$������5�����6��$��#��$
8�������8���@��������5������8��������$�����B����8����������������5��������$�6�����
$��#��$��@����������������1

31 ?������$��#��$�����������������������6�2:��AA7E5"��� 2̂�_5���8���@�������I�
������������1

�1 ������G������$�>��������������>���8�����@$��������������>������C	$����
8���@�������1

�1 2��$����������@�	���8���6���@��8>������5����5C��5�����8�����6�������������1

H1 2��$�����������>��>����������������6��������$�@����G���������������������������1


1 
������$����@��8����������6��	�����8������$��C��������6��8�	C��6��������@
�������������>�����������6��5��������8�������6�@�������$9�����>������5@��� ��@��$5
>��������$58��������>>��$�5���1



���������	
�����
�������������������������������������������
������	���
����������� ��!�

"��#��$

�!!��� %�
�

&'()*+,-.//.-*0+12345/.6*+578-902:5.,;8-5/.6*+5<

�= �>>�������� ?@���������A��B�������"��#��C�D��$��#��$��E����E��F���G���G��@���������G�
���������E�G�H������$=

I= 
����������$H�������JAK>��������G��$�H������F����G��%���GE��F�������=

�= L���$��#��$��������$H��������>��G�$�����E�@�����>���G��EE������>���������$�������
������E����������=

�= B��������F���H�����>����G������>�����$$��#��$$�����M�@���>�������E��E�������������
�������=

&'(NO*8/2PQ./*-4R0+-30/

�= D��D�������JK��� S�����	L�T����F����E��������������T����F����=

I= "�������"��#��$>������F���E����������>������E�����������������E�G��������������E�G���
>�������=

�= ������������>���������������>������������������>��H������������=

&'(UR/8.+*+5

�= D��D�������JVKJW ���������������������$�F���������>����XE������������
��T����F����=

I= L�F����@����$��#��$F��������E��FE����G���E�����FF�������	�E����>>������������$
����������������������FF�����H	F���E��������=

�= L�F������>��F�������H����FF�������	�E���$��#��$����������������F>����=

�= �����$������������������E�����E��������������E���	�����=

?= �����$������H��G�@>�������E�������F����G��K��	�>�����������ED�H��������
��F>���������������������G$����F���E�������Y������������FF���������=

&'(Z[30-8R-*0+

�= �E���������������XF���>������G��Y\YH	����$��F���H��>��������>���>����M�����F���
G����H���H��$����E�������$���������=

I= L�F��������>����$�����G������F�$�������$������������>�����>�����������E
D�H����������F>������=

8+20O,8R-*0+



���������	
�����
�������������������������������������������
������	���
����������� ��!�

��""������#������$��


������%
��&�������

�'�()* *�

�

+,-./01232456
-07701809:9,+;<.+=09=<009/1>?9,?@9@./01

?@9.6A>,1,9@<

6B26+,-./01/1-<;C,+

�D EF����������&&������$�����������$�����������������"�����F�������������%�F�$�������%
�	&���$$�����������%�G
*D ���&������D
�D H
���� �&&����$������%HD

ID 
��&��������$H���H��������$�������J�$���������������$$�����������%�D

�D E�����%�$��������$�������J�$��"�������������������	K&LMD

�D #�"���������$��������$�������J�������������$�����	"������������������	K&LM����������D
*D 
������%�����������F���&��$��"����&���$�����"���������$��������$�������J�D�N$���F

��"�������������������J	������%�%���	O���&�������������������������������

������%����������O������������������F���J���&��������J	�P�"�������&������
�������%�����F���������Q���������"���$�����������J�������D

RD 
���F��%��"&����D


D #�"�����$����������%�D

6B2S9,<@.,C9,T;/9,7,1.+

�D U�������*V��� W�����	#�X����"����G�������������X����"�����������%��������%�%������
���������%D

ID U�������*YV*' ���������������������%�"���������&����G�L������%�$�P�����%$����
�������%���"����D

�D U�������ZZ��� ���� �� 
������������G����������"�������������%�����%���������%
��"&����$�����J������������F����$������%Q��&������"�������������� �������$������%
$�������[����"�����&����Q�����J���"����D

�D U�������Z(V�� ����\������	"���G�U��$ �������%�������	"����&&��������"��������
�����"���D

6B2]9,=,9,1-,+.@1C@9C+

�D �UE��*�'̂�*�'� U�������E������F��$����"&�������U����%�F�$L	���������"���
�������K\���%� ��D��_(�""̀ ��J�U&���"���M���*D

ID �UE��VY� U�������E������F���$��
F	�����E�����%�$a	&��"Qa	&��"
�������Q���
a	&��"������������D

�D �UE�
Y*� U�������
�������$��
��&����%��������
�������#������#��������
������%
����D

�D �UE�
*!)' U�������E������F��$����������%��������b�&��R"������#����$��������
U�J$����\���%��F	�����������"�F����������D

RD �UE�
�*Y� U�������E������F��$�������"����%#�������L�"����	����������
����
U��J�\���%������
��J����*'�D


D #
�NK#�
M #���""���������
��������$��#�"�����$#��������
�����������%���**D

6B2c+;d7/..@<+

�D 
�����������%�����F���������$��������O
����������������G�
�����F�&���$����"J�������
�$��J������Q$�����������%Q�����F�������J�����[�F����%G
*D ��������������������	K&LM��"����������"��F���D
�D ����$�������O���X�����J���̂��"&���J����	����&��������D

ID #�"��������������
����������G�����$�������O�&�J���F�����������F&��������J�����
$����"��������D
*D ����$�������O�X����$������������"���D



���������	
�����
�������������������������������������������
������	���
����������� ��!�

��""������#������$��


������%
��&�������

�'�()* ��

�

�+ ����$�������,������"����$��"&���-����	���.�	&���$$������%�&&����������"�����
&������+

/+ 0�����&�������������%��"&���������.�&���$���&��$��"������1����"����2&��$��"��-	
���������	����%��3������&������������%�%���	+

4+ ����$�������,�������������������������+
(+ 5&���"���������	6���&	�$�������	��-�������-	������%"���$����������

�����$������$�����������,�������%��$�������	+

�+ 0�����%�%���	,�#�&���6
*+ ������&�����$�����������7�������$����&�������&.���%��&.��$.��&$��+
�+ 5�""��	�$���������������������+
/+ ��������������������	8&9:������&����+
4+ ��&����$�&���$�������"��.���+
(+ #���""���������$����"���������$�������$�����	���$����+
)+ 
����������$������""�������"�����������%+
;+ <�����������$��������$�������	-	���.���3���$$������$������%�%���	+
!+ 5�-"����&����������	��=����+
'+ 5�-"����&������"����.�����-���������	��$��������������$������%+

�+ ��.�����>��������"&���-����	0���#�&���+

?+ 
������������0�����%0��.�����������$�����6�<��������������������#�&���<��������8<�#<:
��������5��-��������0�����%0��.������ @����<�����$�����+


+ ��&	�$#
�<8#�
:+

ABCDEFGHIJKGLLFMGNOP

�+ ��������������������	8&9:������%����-�&��$��"��-	������&������������%�%���	
�"&��	�����&���-	=����+

>+ ����������������%��"�	&��$��"��.��������-����������.����������������%��,����
&����������.����������%�%���	+

�+ 0�����%�%���	Q����$��������6�<���&������������%�%���	�R&�����������.��	&���$������%
�&���$���+
*+ 5�-"�����������$�R&����������������%�$�������/������&�����$�.��	&���1�����2

���.&������=����,�&���������������$��"�����+

�+ ����������������%��,�#��&����-����	#������%��<���&�������%���	0�����%6
*+ 
������������$��������&��������.������%�%���	+
�+ ���$��"�����$������$������%�������*���	�&�����������������+
/+ ������������4-���������	�������$��������%�%���	����������+
4+ ��.�������"��������&���$����"-��������������+
(+ ����$	=�����.���&���$����"-��������������.���-�����.���������.��������%

���������+

?+ 
������������0�����%0��.������Q����$��������6�<��������������������#�&���<��������8<�#<:
��������5��-��������0�����%0��.�����������$������� @����<+


+ #�"�����������%<��������Q����$��������6���"&��	�&������3��%��&��$��"��%�����$�.��	&�
�&���$������.���������2�������-	���"&��	��-	������%"���$�������2����-����&��������
�����/&��������$��������.����%�������/	����,�R&����������������%"��������"������
������%�+

ABCSTPHIUPMKVLJWMGXPVGNTYGNTHINX

�+ �������2�����2.�����2���&������&����������������������."���$�������Z����������������
����""���������+

>+ �������"����������"���$�������Z�&����%��%7�������������������������������+

�+ [��&"��������$��"$���3��%+



���������	
�����
�������������������������������������������
������	���
����������� ��!�

��""������#������$��


������%
��&�������

�'�()* +�

�

,-./012345674181679

�: ���������";������"&����������&�����<�����������������%��;���%&��$��"��=���$����
�����>!<����&������������%=����������<��)(��%����
��"����<��!(��%����
:

?: ����������������<�"����	���&�����<�����������������%��;���%&��$��"��=���$���������
>!<����&������������%=����������<��>�&������������"����<��)�&������:

@AB8CD@B64E589

C-.,FA82B1A39

�: 
���<��%��"&����G�
�����������%"���$�������H�����""�����&������=�����;��$��
����������=�����"&���;�����<��<��������$�����������%:�I��<��;������$��	
����""��������$��"$������%"���$�������=&�������&���������<�<�$�������%
�<�������������G
*: ��"���������"������� ="����� =��������� �����������"&����=��"&���;�����<$����=

$�����������%=���$�����������%��<�����=�����&�;���$;���%$���<���������<��%��
��%��:

�: ��"&�������J����%�<G�+���&��="���"�"=�$����!��	�=�<�����������������������<
�JK��*�'L�*�'����JK��>M�=�<��<�������&&��&�����:

+: 
�������G
�: �#�NON�%���������"����P�#�NO
���<��
����<G

����:����Q�"������:��"L����:
;: R:?:
�����������������
�������=I��PKN�
���<��N�%�J��"����G

����:����&������	:��"L����:
�: SJT���&�������P������?������������J��"����
����
���<G

����:��%:��"L����:
�: J�;����������G�J��J�������*)��� 
������#�U����"����:

?: ���������
������%��<�����G�
�����������%"���$�������H�����""�����&������=�����;��$��
�<�"����������&R����������&������P��� VW�:�I��<��;������$��	����""��������
$��"$������%"���$�������=&�������&����������""�����;	��<�����"���$���������
�����;��$����;���������$�����������%���$������������&������:

�: #�"�����
����������%G�J��%�� ��"���� ��	��������%��������%L������	��";���������������
;	���"���$����������������������&�������"����������%�����$$��������"���$������%
"���$�������H��"��������"���=������������<�������$���������	X&RY$����=��������;��$��
��<������$$������%���<���$���<�������"���:
*: K<�������G�����U�����$���&&��������������������������<"���$�������H�������������

������������:
�: 
�������G

�: ������������������K��<����%���=I��P��K��<�*M�G
����:�����<&��$��"�:��"L����:

;: �#�NON�%���������"����P�#�NO��#�
I�G����:����Q�"������:��"L����:
�: T�
�&&����K��<����%���PZ������?+��G����:%�&��:��"L����:
�: R:?:
�����������������
�������=I��PKN���U����"���<KN������J�����J�SG

����:����&������	:��"L����:
�: ��KI�#NKNI������������=I��P��KI�#NKN�OKV�&��#��������������%���<

��KI�#NKN�OK�����
���G����:���������:��"L����:
$: #��� W���"���&�������PKV? K�&����V�&��?������*��[J�����G

����:��������":��"L����:
%: J������&�������PJ���$������������K��������N&�Q	
��"�����J���$����J��$ 

�������%��������K�������#����$����G����:����$�������:��"L����:
<: K��"����"&��	=I��PJ�������!N&�Q�&��"��VKG����:���"��:��"L����:
�: SJT���&�������P������?�����JK��������V�&��#������G����:��%:��"L����:
�: J�;����������G\]���&��"�����]:



���������	
�����
�������������������������������������������
������	���
����������� ��!�

��""������#������$��


������%
��&�������

�'�()* +�

�

,-./0123245/678

09:;4784.2/2<=->,.2,-.-/678

�? 
���������""����������$������%�%���	?

@? 
��$��"$�������%�&�����������A���������������B
*? CD�����%�����������E�F�� %���������������G���A�D�����%$�����������%�B

�? H������E����������$�D�����%$�����������%I$����A�����I�������"�%�I��������
��&�����I�����A����$����?

E? #�"�����$�D�����%$�����������%?
�? CD�����%�����������E����A������%���&���������%�������JA��������J����&���$���B

�? ���������"&�����"���������%��&���������%"�������?
E? ������E�������$���?

K? 
����"����	�������%?
+? ����������&���"�����������LK��������A�$����*����M����$������������������A

����������*����M����$���I��������A�������������������M�����E	$������%
"���$�������?

(? N���������������A�"����	�����L����"������������"���������&���"�����������I������
��A���������������?

)? ���������	F&OG�����L����"������������"���������&���"�����������I��������A������
���������?

P? Q&���$�����"��������I�$��M�����?
!? 
���A��%I�"���A��%I����������%I����M�����?
'? R�A��&��&��������&���$���?
*�?��A�����E��������"&���E����	����?
**?
���������?

�? #�"���������B
*? ���������������������������%����������%��������Q��$����$Q��EB���������A��

���������E�$�������%��	��A����"��������L�� �����$�������������?
�? CD���������������C"��������#�������O�"����	B�N$����A������A����������������A�

������$"�������&��������������E���������&��E����$������%"���$�������I����A��
��A�����$���������������$�A�$������%L�$���I�&&�	��"�����$����������%����"�����
�A���"�"E�����������������&���$��������?

K? CD����������������	F&OGB�N$��"�����$����������%����������	����������D�������
"�������I��������������"������������M�����L�$���I�$����A������A����������������A�
�����&��������������E���������&��E�����A�$������%"���$�������I����A����A�����
$���������������$�A�$������%L��A������I�&&�	����"�����$�&���$���&���A��%��"&����
�������������&���$��������?

09:S.2T7U-=7V236</68WV=77.47U2.68W<

�? ��"&�	���A�����IQ����I���$��������%���������������""����������$#
�N
#���""���������
��������$��#�"�����$#��������
�����������%�I���&&����E����$����
�������%E���%��"����?

@? ���&����$��"����"�����������������������A�����IQ����I���$��������%�������������
�&���$���?

09:0,.2=6T68-.X4=2-868W

�? �����$������$����I��������I&����I��DI���I%�����I��&A���I����������A�����I��A�����
��"�����I$��" $��"��%�����%��"&�����I������%��"&�����I�������������I�D�������
��������I"���I"�����I�����A��"���������A��"�%A�&��������A�����E���?

@? ��������������������A���A�"�����$���������%?

09:YT76</5.2U-,7.2T6<<678/2</68W

�? �A����A�$�����������%"���$�������Z���M����"�������$�������A���A���A���$�����������
"��A�����A���&���$�������I��"&�	���A�A�"���$�������Z���M����"����?



���������	
�����
�������������������������������������������
������	���
����������� ��!�

��""������#������$��


������%
��&�������

�'�()* (�

�

+, �-����-���&���$����������$��������-�-���$�����������"��-��.��"&�	���-�-���/����"����
�$�-���������,

�, 0������������������-�10�
*!)'�����$������,

�, 
�������-����������"��2�������"�	���2���2��������$���-��&���$����10�����
"��-��.���-���"��-��������/�����$	�-�"����������������$$�������	,

3, 4��-�������-�������������5����$�����������%"���$�������6���"���.&��$��"��"����������
���������,�4��-��2������$"���$���������"���.&��$��"��"���������$�����������5����7
&�����&��*����/����$���&���8-����,


, #�&���9�#�&����-���$��"�������/�����2	�-�����"��-��,

:;<=>?@AB?CDBADC@>EAFGH>I>@J@AK@>?L

�, �-����-�$�����������%"���$�������6���/����"�������$�������-���-���-���$�����������
"��-�����-���&���$�������.��"&�	���-�-�"���$�������6���/����"����,

+, �-����-���&���$����������$��������-�-���$�����������"��-��.��"&�	���-�-���/����"����
�$�-���������,

�, 0������������������-�10�
�*M�
��������������$������,

�, 0�����%���-�����������"&�������������������&&������"�	���2���2��������$���-�
�&���$����10�����"��-��.���-������������"������������"&���2�����-��10�����
��������������/�����$	�-�"����������������$$�������	,

3, 4��-�������-�������������5����$�����������%"���$�������6���"���.&��$��"��"����������
���������,�4��-��2������$"���$���������"���.&��$��"��"���������$��	����������5�����
M(&��������������-�"����	,


, #�&���9�#�&����-���$��"�������/�����2	�-�����"��-��,

:;<NCDOCD>?>@J@AK@>?L

�, �-����-�$�����������%"���$�������6���/����"�������$�������-���-���-���$�����������
"��-�����-���&���$�������.��"&�	���-�-�"���$�������6���/����"����,

+, 0-�$�������%&�����������-��/���������$�-��������2�����10�
M*�.��&�����-���$��
�-�����������������%��6������������,
*, P����������%����������	Q&RS����&�&��.��������������-���.��������������������T��

�����,
�, 
��������������&��$����������������$����$��������.$��"��%�&�����

�&&��5�"����	*���-�����"����,�������-�&����������$���&&��5�"����	)��������.
�-����&�-����������	Q&RS����&�&�������-������.��"�����.�����"&����""�������	
���-����������"������������	Q&RS������%,

7, P���$���%����&R"�������-&��2�������&��2��U$�����"����"���$�������6�
������������,

�, 4��-�������-�������������5����$�����������%"���$�������6���"���.&��$��"��"����������
���������,�4��-��2������$"���$���������"���.&��$��"��"���������$���������	Q&RS����
�����������*�,

:;<VWBAWCBC@>X?

�, 1������������$�����������%�������Q�S$��������������/����"����,

+, ��"&�	���-����""����������$������%�%���	,

�, ��"&�	���-��/����"�����������""����������$$�����������%"���$�������,

�, 
�������"���-���$���������.%������.��&��������.������������������-����� "����%
������.�����-������%������������-&���-��%��"&����,

3, �����$����5&������������.���������������.����-��"����%������,

:;<YCIFAK>EAZX?IC?I[XHWC@>Z>D>@J@AK@>?L

�, ��"&�	���-��/����"�����������""����������$$�����������%"���$�������,



���������	
�����
�������������������������������������������
������	���
����������� ��!�

��""������#������$��


������%
��&�������

�'�()* )�

�

+,-./00123/42565789:9;2/17155835/426<

�= ��"&�	���>��?����"�����������""����������$������%"���$�������=

+,@-0854934256

�= �����&��&����$��������>A������%&�&������>������A���������%=

96;57B934256



���������	
�����
�������������������������������������������
������	���
����������� ��!�

"������#����$

�%&!'( '�
�

)*+,-./012345
,-6*+789*,-/:

978,4;:*/*876

4<04)*+,-./-/+6=>*)

�? ���#������@A���	��B����?

4<0C8*67,*>8*D=-8*E*/,)

�? F�������'&''& G�������H�$������I#����JGH�K�������L�����������?

M? F�������((��� ���� �� 
������������N�L������������������$��I#�����A����������
���O����A����������������B����� �##����A������$?

�? F�������%�P&' ��II������L������A��
������$
��#�������N�L�I�����A�Q�����$A����
�������$�@�������$@���#��#�������?

�? F�������%�P&' ��II������L������A��
������$
��#�������N������������OI�������
������������	������$�����I��������#���������?

4<058*R*8*/+*),7/>78>)

�? �F"���!P% F�������"������B��A��S$�������B��������������A
����B��"�Q����
����
�������$�����������'&JL��##��������'K?

M? �F"�T&U! F�������"������B��A����������L������
��Q�A
���� �������$F	���I�V���$
�L������W���T���$	F�������'%�@���BT��������L�������J����K?

�? �

��P( F����������B���A"���A����������L������
��Q�A
�����������$F	���I�V���$
�L������W���T���$	F��������(?

4<0X)=YE-,,76)

�? F��F�������'(��� ��I�����������L�Z����I����@A����OI�����#���������?

M? 
����������N�
�������������#���A���#�������@������O��$#B	��������#��A��I����
�B�������������[��\��@#�������@������������O��@���I��B���A������������?

�? FB�#������$�N�S���������	����A������?

�? F�I#���N�F�OI��������#������������������$��������#����������$�A�����B���#�������
��������?

T? F�������O������$�F�OI�����N�F�OI��GH������������I��������A����B������?


? ����A�������]�S�����������S�����������N�S�������̂�#�����#������������#���I��������������
��Z�����$�#��������������̂?

_? ��������F�OA����"���L�#���N�F�OI�����#	�A�B�I�������������������	J#WK������#����?

W? ����A�������]�̀ ����A�������F����I���?

S? S��������]�̀ ����A�������F����I���?

a? ���������������N�S������I����������#���������@����II�����I����������I��������@
�����$$�������B�����A���������$?

b? ��������������������N�
�����B�B�A�������$A��H����]������I�����������A#������?
'? F��F�������'&��� 
������L�Z����I����@A������������#���������?
�? TQ������#��"����N�̀������	�Z�����P#�������A���������������A���B��������#������

���������?

4<0cD=76-,d7))=87/+*

�? ����A�������̀ ����A��������N���I#��	�#������\��$��I���A�������$�#���A������#���������B
I���I�I�B���	��������I������Q#�������?

M? S��������̀ ����A��������N���I#��	�#������\��$�����������$���#���������BI���I�I�B���	����
����I������Q#�����������##�����O	���#������I���A�������?

�? "�����$�$���	̀ ����A��������N�S���#������A��I�#������\��$��#��A��I��$������$���
���#��������A�B��	#��#���A������B���������?



���������	
�����
�������������������������������������������
������	���
����������� ��!�

"������#����$

�%&!'( ��
�

)*+,-.)+/012,3

-4567*819*2,1+:+3

�; "������#����$<�
'; =����>���?=��@AB��#C�#�������������@<����;�����>���;��DE����;
�; ��������F��D#��	@AG�������>������$@<����;D�������;��DE����;
(; ��H���I���#@A"�>>B��>>==@<����;D�H���$���#;��DE����;
J; BH����������AB��##��K������������<���;�H����������;��D;
L; B�M����������<�B��B�������'&��� 
������C�N����D����;

-45-7*,:+O*P3

�; "������#����$@@?"	#�'@@<Q@@������M�����M@@?D���>������������������	����;
'; "���B�R�<��JS�J���H?��D����;
�; �����<Q@@"�M���������M	���H�����>��DD���>�������T�>�������@@;
(; ��������C������
��S<�����D�D�>�;�������E�N�D?�H�����������������������H

�B"�G&J!���

��L(;
J; B��>���
��DD�M����	=$������<�
����B"���!L%U�H�V#�������VW;
L; XK��������<���D#�	���HB�������'&''&;
&; ��S�D�DG�������������H��$�<�(Y�;����#��������������H�D����	;
Z; "�������$H�<Q@@L��RE�N	�@@;

-45[*22:33/+O:3

�; B�M>����
�����<��H���#��D�S����SA�	#�����DD�����M	>������$D�������D���>�������;

\; G�$�B���#�<Q@GDM��������D���D@?@���������������M	���H�����@;

�; ��H������<
'; ��D#���M�����HD��������M���$��H����AD�S�D�DXK�����������#���>�����B������

�'&''&;

�; ���#��"�����H�����<�C���DD�����M	���#������D���>�������A�������M���	#�;

)*+,[.:]:21,O/8

[456:]*7O8*,O/8

�; X���>	�H����M>�������>��������D���H���>������H�������������#���>���>���H���	#��>����
����������	������������#������;

\; X���>	�H���������>��������D���H���>������H���H������������#���>���>���H���	#��>
����?������� >���?�����������	������������#������;

�; X���>	�H����M>�������>����������� >������>����>��M��������H��������D#���M�����$�>
��H�����D������������M>�������>����;

�; ��D���������B�M>����B��>����<�X���>	�H����M��������������	>��>������$������������M	
������$>��D�������������������	U#̂ W;
'; "������������������HB�������%�L&';
�; KM�����������������>��������������������H����D�������DD�����M	>������$D�������

D���>������������H�����D��������D���>�������;

G; X���>	�H����N�����>���� D�����������������������������������;

[45-)+:)*+*,O/8

�; 
��#���>������M�������>���������������>>������$���������������HB�������%�L&';

[45[O83,*PP*,O/8

�; B������$���������������������������#������>��M>��������������;

\; =���������#���������������������HD���>�������T�������������;

�; \�������#��>��D��>>��������������������D���D������������������D���H;

�; ������#�����������;�
�����#����$H������������������H�����������>�������H���$�#�;



���������	
�����
�������������������������������������������
������	���
����������� ��!�

"������#����$

�%&!'( (�
�

)* ��	���#���������+����#������,���-#������������#�����������.�����,���#���������/������$
�����*


* �������-��$��0�������#������/���������1��������������������*

2* 
���	��-������#����������/������*

3* ��-������#����������/����������$�����������0���1�,��#���1�����0���1�,�-�����������
���,�����'40�������������-���$-������1�*���	��1�������0������	������/������*

5* ��-������#��������/���0����-�#�����������0������0��1/���*�"��1�������#�0/������-
��#����#*

6* "��1���#�����������	�����������������������#�����*

7* ��1#�����������������0��$�����#�,���������$�.#������$��*

89:;<=>?@A@B

�* C�1����.������-��������-�����1�$�,0��10����,/���,����������0����*

D* �������������1���#�����0����*

>@EFGH><IAF@



���������	
�����
�������������������������������������������
������	���
����������� ��!�

"#������
������$

�%%&&' &�
�

()*+,-./00112
)3+)4,-456,.+,.7

564+187).)469

1:/1()*+,-.,.*9;<)(

�= >��?���@��@�������=

A= 
�����@@���������?@�����=

�= >��@�B�
����C�#���������?�����#@����������D������?���	?�����	 ?����C��E���������
��C���������������=E

�= �����
������
����C�C�
�������$F��G�B
&= F��G�?�����	 ?����C����������C���������������HG�����������@�������C����$?�����	 

�@@����@��G�������������������?�����	?����C��=
�= F��G���������������������C��?����C��=
'= F��G��������������G�����?����C��=
I= 
��������$��J���D�K��@G�����������GJ�������@����	��J���D����@������$@�����?

�K��@G���=
L= ��� G����������?��$���?���C��$=
M= >�������������D�����N�����G���GDJ���N�D����� ��������������������DN���D�������=
O= 
�����D�������@���?�����	���������=
!= P����=
%= ���������@�@��D�����D�����������=

1:/Q4)96+)<4)R;,4)S).+(

�= >�������&M&&M T�������U�$������G@����VTU�W�������X�����������=

A= >�������LL��� �����
�J���������B�>C�@ @��G�����G�=

�= >�������%%&�' F�������
������$=

1:/2<)Y,.,+,-.(

�= ��G@�	���C�>Z��&M?�������@���������?���G��������C���������=

1:/[4)Y)4).*)(+6.<64<(

�= �>Z��&M >�������Z��G�����$	?��
����DX������������$�D���������D����@@���������
��&%=

A= �
FV�
>�W ������
�������F�����������C���������
������$>@���?��������������������
"������=

�= >>
� >
& >�������������$��&LD���C"��������X�������V��&MW=

�= >>
� >
� \���Z����������$��&!=

"= >>
� >
M ��GG������A�����������$���O=


= >>
� >
&' >��?���
��@��������?����������&!=

1:/](;̂ S,++69(

�= >��>�������&'��� ��G�����������X�K����G����D?����JG�����@���������=

A= 
����������B�
��������G@���������?@���������J�����D���C�C�?�������$��?��G�����?��
���CB
&= ����?�������_���G�D@��������G����̀��������$��GJ��D���$������@����������$��	

V�=$=a���	����G��aW=
�= �
F@��������GJ��V�=$=�
F�IOW=
'= ����� ��?���������@���?���@�����	���GV�W@����������J�������H�������������@����

�?���C�	���G=
I= ����?�������_�������������������������=
L= F?@��@�����?��J��������������������������JG�����@���������D�#@���������?

��J����������@��@����=



���������	
�����
�������������������������������������������
������	���
����������� ��!�

"#������
������$

�%%&&' ��
�

�( )�*+���,�)�-*���.���+�+��/��������/��*+���0! &1�-	&&���.������2�0�����������$
���$��3������������-��3�����.3����.��$+�������+���3���(
&( �.����.������+���3���0��-*����*+��������	�.���.���(
�( �.����.���������+���3���0��-*�����.����������.�.���������-��(
'( �����'���	�3���++�����+������0�3��������+��3��*+������*+���-	���.�����(

�( �����3�������,�4	*���3��������.��+��������3����.����*+�	���.56���*����+���3���(

"( ����3�������7�8�����������,�8��������+��������3���+��+�������+���������(


( ���������������,�)�-*��������������$3����.��.������.����$�.������.
+������1�����13����.�������0+���������.����������.����0*���������3��	�����.����
9�)�):0��������������$������������0����. �++���������0��+����3+���������3����.��
���3����0����������*+����3���.��������3����.����(

;( ��������������������,�
�����.�.�3�������$3��6����7������*�����������3+������(
&( )��)�������&<��� 
������=�>����*����03������������+���������(
�( "#���
�������
����.���������,�&$������3���.�����?3��*�.���*�+���������0�����

�.�����������(
'( ��-�����.������������.������������������.�*���3�������7���-��(

@ABCDEFGHIJFKKELFMNO

�( ����3�������P����3��������,���*+��	�+������2��$��*���3�������$�.�+��������+���3���0
���.*���*�*�.���	��������*������#+�������(

4( �++�������P����3��������,���*+��	�+������2��$��+��3��*��$�.��	+��3�����+���3���Q���.
*���*�*�.���	�����#+�����������++�����-	*���3�������Q(

@ABRSTNUVEW

�( )��)�������&X��� P�����	=�>����*����03��$��������>����*����3��*��� �+(

4( 
������+����0Q'3���Q���$-	Q'3���Q����0�����������$+����������0��#����0���3����.(

�( �������.�����������-	���.�����(

�( ���� �+*�	��*�����+����3�.�����(

@ABYZOGH[OLJ\KITLF]O\FMZ F̂MZGHM]

�( �������+��������������������������-��������������?���+���������3	����+��-����	(

4( �����������-��,�8������*���3�������7���*�0�	+��3+����0-������*�0�����*-��0-����
����0������$�0���3���+��+�������0��	��$��*�0������+��>����*����0���������$������0���
������������3��*�#��$����������$(

�( 
�������������,�)������*���*�*�*-������*+��������3X_��$����
����*�#�*�*�3%�
��$����
0����������������0�������>�����-	*���3�������7�������������(

@AB̀ aHOGZNTMZHIHTMK

�( ������++�	*���������.�����3�������*-������*+�������������������.�+����+������
*���3�������7���*+����������$��(

4( 
�����*���3�������7�����**�����+���������3��+�������$-����������0��������$������$�3
��-�������0*�����������-�������0���.�*����	�����*+���������*��������(

�( ������++�	�#������+�������3����.�������$����������0���.����������.�*����	���������
�.�.�*����	���$����>�����-	�.�+����+������*���3�������(

�( ����*�*�++��������b�*+��������3������#
�����,�_���$����
3���#������?��������>�����
��.������-	*���3�������7�������������(

"( 
��������$.���$������3!�3��������*�������*�� .��$.�����-���������3���(

WFLIcdWLTZENIK

cAB@SFMEaFNIELOLK

�( 
������+��������3����.����������	�����������	���*3��*�.���*�*���3�������?��
�#��+�����(



���������	
�����
�������������������������������������������
������	���
����������� ��!�

"#������
������$

�%%&&' '�
�

() 
�����*
&) ++++++(����,�������*����)-����,��,����)��,++)
�) (�.�
���������/�������*����)-�.�)��,0����)
') ���,���1�$��
�����++*����)���,�����$��)��,0����)
2) 

3
�����++*����)//$/�����)��,0����)
4) 5.����� ������,���,/��	++*����)�.����� ������,�)��,0����)

�) 
��,��5������*�5�,�,���6�����������/�����)

�) 5�-����������*7+���/��,�����+)

89:8;<=>?@<>AB=>=@CD@EFD>DG<H

�) 
��������
����.��*�I���	 ,�#��J��������K�������-��6���� �����	L��/����)
&) 
������/��������6����.���6���6�/��������������	J��/�-���6-���$������	���

���6��,�	���/��������.�,�$������������$J���.$���6������-���.��$/��/������J
�����/�-���6��	��$�������$6����6�����������$�)

�) 
������,���������.�������,/���-�����.�������.������.���-���������������������
�����������6�����������//��������J����,���������-	,���6�������-������������$
���6�����#/�������)

') 
���/�K��6����.��J�������.������������$/��,��������������,�����������J��� .��6
�.�����$.����.�����������$����J���.6����6����.������-��������)

2) 5�//�	���./����,���������K������	��K���������,/����������/������M�����6��,�
���$��/������������)

4) �����������J�.��J��������/������6����.�������,�����������������./����������
������-���#/������	��,���6�������M�/������������������)

() 1�������N�$������,/����O1N�P�������*���,/�	���.5�������&Q&&Q)

�) 
��,,�-����	*���,/�	���.�//����-������6�����6���-�����$�.�������������)

�) 5.����*�
�������.��.�����/���6���R�.����.���������/���6���J�.�������-���������
�����-	���.�����6��,�.�,���6�������M�6�������)

") ������*7+������������������5�.�����+)
&) �����6��,���,�,�6�.���������6�����.�	���,J��������.���������������J���.���

����������������N����)
�) "#���������������6�����$��R������,�	�.��$�����	��$�����������-	���.�����)

89:S;<=>?@T@?DU@EDV?DG=WG

�) ++
����" N
 ++"#������5��6������-�
������JX�����N�.������Y��������*�Y�������$++��������
���/��,��,����++)
&) Z����/���������������/��,��)
�) Z�/����O�P*�"#����������#R�
Y�&�J&&J&4J&&%J���&2)
') Z�/����5.���*

�) 5����*��
Y$���������2R����.���.�����������������)

89:[<\\D@@WGTU<?DG=<H@

�) ��������	���������*�
������/��,���J�������J�������$�$����J�������$����.�J������$
,��������J�������� �/,������������K�����6��6������,/�������6/���������6����)

() 
���.��$��������*�����#6�����)

�) 
�������]����������������*�����#6�����)
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]: "�?����������ÊX���#��G�����X:

>: 
���L;���<���=����?�������������������E
$: �������������������
�������J���#SO��: W�O���������XXE����:��������#<:��GY����:
�: [����S������MN�����Z��=����<������#XXE����:�����:��GY����:
R: �	����GSO��XXE����:�	����G:��GY����:
%: P���>����
���
�������XXE����:����M���#�������:��GY����:
\: 
����� D��G��XXE����:#��������G��:��GY����:
C: "�?����������ÊX���#��G�����X:
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Potable Water Supply Wells  
33 11 13 - 1 

SECTION 33 11 13 

WATER WELLS 

PART 1 GENERAL 

1.01 DESCRIPTION 

A. Work under this section includes: 

1. Installation of Water Wells and all other materials necessary to construct the 
proposed improvements.  

B. Other specification sections which may directly relate to the work in this section include, 
but are not limited to, include the following: 

1. Section 33 14 16 – Water Distribution 

1.02 QUALITY ASSURANCE 

A. Contractor Qualifications: The work described in this section requires specialized 
knowledge, experience, skills and equipment to successfully complete. The Contractor 
shall possess the full capability to execute the work as specified, including trained, 
experienced, and skilled personnel and possession or access to the required equipment. 

B. Shop Drawings: 

1. Shop Drawings, submittal requirements, procedures and schedules shall meet 
the requirements contained in Subsection 1.09 of Section 01000, General Project 
Requirements. 

C.  Substitutions and Product Options: 

1. These shall meet the requirements in Subsection 1.08.E of Section 01000, 
General Project Requirements. 

2. Provide three (3) locations and contacts for similar work of this nature.  

3.  All approved equals shall be notified with written statements of their approval. 
Manufacturers shall not bid on this project without this written notification. 

PART 2 PRODUCTS  

2.01 WELL CASINGS AND ESTIMATED DEPTH 

A. 6″ PVC Casing SDR-21 200 psi at 73 degrees Fahrenheit, ASTM D-2241 

B. Estimated Depth – To be determined by contractor for required design flow and water 
quality (Approximately 320 ft) 

2.02 PIPING, TANK, ELECTRICAL, FITTINGS AND ADAPTERS 

A. PVC Drop Pipe: 

1. 1 ¼″ diameter PVC Sch 80, 630 psi, PVC 1120 NSF ASTM D1785  

B. Submersible Pump Wire:  

1. THW 75 degree Celsius Flat Double Insolated Submersible Water Pump Cable 
600V  

D. Parts: 

1. Brass adapters with stainless steel clamps, brass nipples and brass elbows 

E. Well Cap: 
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1. Lunde/Monitor, vented/gasketed well cap according to State and County codes, 
or approved equal. 

F. Well Pressure Storage Tank: 

1. Amtrol “Well-X-Trol” WX-103, Captive Air Tank, Amtrol Brand NSF/ANSI 61, or 
approved equal 

G. Water mains (Supply pipe from well to building) 

1. Coil Plastic HDPE 200 PSI SIDR 9 ASTM 2239 SNF-PW U.P. Code AWW-C901 
PEPF4710, 1 ¼″ to building. 

H. Pitless Adapter(s) 

1. "Baker" Pitless Adapter- M18-09-12001005-001 SPS56PBWEOCO or approved 
equal 

a. Pitless well adapters in accordance with section 920.40 Subsection F of 
the Illinois Water Well and Pump Installation Contractors License Code. 

2. "Campbell" Pitless Adapter - Pitless Adapter Standard PAS-97 Certified to 
NSF/ANSI  372, or approved equal 

a. Pitless well adapters in accordance with section 920.40 Subsection F of 
the Illinois Water Well and Pump Installation Contractors License Code. 

2.03 GROUT 

A. WYO-BEN GROUT-WELL DF NSF/ANSI 60 granular, or approved equal 

2.04 WATER WELL SCREENS 

A. Approved Manufacturer: Johnson Stainless Steel Slotted, or approved equal 

B. Screen Material: Fabricated of ASTM A 666, Type 304 stainless steel tube; with slotted or 
perforated surface and designed for well-screen applications. 

B. Screen Couplings: Butt-type, stainless-steel coupling rings. 

C. Screen Fittings: Screen, with necessary fittings, closes bottom and makes tight seal 
between top of screen and well casing. 

D. Maximum Entering Velocity: 0.1 fps 

2.05 PACK MATERIAL – Depends on what slot Screen used. 

A. Coarse, uniformly graded filter sand, maximum 1/8 inch (3 mm) in diameter. 

B. Fine gravel, maximum 1/4 inch (6 mm) in diameter. 

2.06 SUBMERSIBLE WELL PUMPS 

A. Acceptable Manufacturers: Subject to compliance with requirements, provide products by 
one of the following: 

1. “Goulds” Pump Water Technology 

2. “Franklin” Motor classified UL Water Quality 

3. or approved equal 

B. Description: Submersible, well pump complying with HI 2.1-2.2 and HI 2.3; with the 
following features: 

C. Impeller Material: Plastic 
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D. Motor: Capable of continuous operation under water, with protected submersible power 
cable. 

E. Column Pipe: PVC Sch 80, 630 psi, PVC 1120 NSF ASTM D1785. 

F. Discharge Piping: Coil Plastic HDPE 200 PSI SIDR 9 ASTM 2239 SNF-PW U.P. Code 
AWW-C901 PEPF4710 

G. Capacities and Characteristics: 

1. Capacity: 51 gpm minimum. 

2. Discharge Head: 65 psi minimum. 

3. Discharge Size: 2” or as recommended by the manufacturer. 

4. Speed: 3,450 rpm or as recommended by the manufacturer. 

5. Motor Horsepower: 3 HP or as recommended by the manufacturer. 

6. Power Supply: 208V, 3-Phase 

2.07 MOTORS –  

A. General requirements for motors are specified in Division 22 Section "Common Motor 
Requirements for Plumbing Equipment." 

B. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load will 
not require motor to operate in service factor range above 1.0. 

C. Controllers, Electrical Devices, and Wiring: Electrical devices and connections are 
specified in other sections of this specification. 

2.08 WELL CONTROL PANEL 

A. Digital display on the drive. 

2.09 CHLORINATOR 

A. Contractor/Water Treatment Company to shall size chlorinator to provide the proper 
chlorination in ppm as required by local and state codes. 

PART 3 EXECUTION  

3.01 PREPARATION 

A. Neighborhood Well Data: Review operating and test analyses. 

3.02 INSTALLATION 

A. Construct well using rotary drilling method. 

B. Take samples of substrata formation at 10-foot (3-m) intervals and at changes in 
formation throughout the entire depth of each water supply well. Carefully preserve 
samples on-site in glass jars properly labeled for identification. 

C. Excavate for mud pit or provide aboveground structure, acceptable to authorities having 
jurisdiction, to allow settlement of cuttings and circulation of drill fluids back to well 
without discharging to on-site waterways. Disposal of slurry in portable pit to be sucked 
out. 

D. Enlarge pilot hole and install permanent casing, screen, and grout. Install the first section 
of casing with hardened steel driving shoe of an OD slightly larger than casing couplings 
if threaded couplings are used. 

E. Set casing and liners round, plumb, and true to line. 
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F. Join casing pipe as follows: 

1. Pre-beveled 

2. Solvent weld 

3. Mix grout per manufacturers specifications. 

4. Place grout continuously, from bottom to top surface, to ensure filling of annular 
space in one operation. Do not perform other operations in well within 72 hours 
after grouting of casing. When quick-setting cement is used, this period may be 
reduced to 24 hours. 

5. Provide permanent casing with temporary well cap. Install with top of casing 36 
inches (910 mm) above finished grade. 

6. Develop wells to maximum yield per foot (meter) of drawdown. 

7. Extract maximum practical quantity of sand, drill fluid, and other fine materials 
from water-bearing formation. 

8. Avoid settlement and disturbance of strata above water-bearing formation. 

9. Do not disturb sealing around well casings. 

10. Continue developing wells until water contains no more than 2 ppm of sand by 
weight when pumped at maximum testing rate. 

11. Install submersible well pumps according to HI 2.1-2.4 and provide access for 
periodic maintenance. The truck has to back up within 10’ for service. 

12. Before lowering the permanent pump into well, lower a dummy pump that is 
slightly longer and wider than permanent pump to determine that permanent 
pump can be installed. Correct alignment problems. 

13. Before lowering the permanent pump into well, start pump to verify correct 
rotation. 

14. Securely tighten discharge piping joints. 

15. Connect motor to submersible pump and locate near well bottom. 

16. Connect power cable while connection points are dry and undamaged. 

17. Do not damage the power cable during installation; use cable clamps that do not 
have sharp edges. 

18. Install water-sealed surface plate that will support pump and piping.(pitless 
adapter) 

3.03 CONNECTIONS 

A. Piping installation requirements are specified elsewhere in other sections of the 
specifications. Plans indicate general arrangement of piping, fittings, and specialties. 

B. Connect piping between well pump and water piping. 

C. Connect water distribution system in trench to well pipe at pitless unit. 

D. Ground equipment according to National Electrical Code (NEC) requirements. 

E. Connect wiring according to National Electrical Code (NEC) requirements. 

3.04 FIELD QUALITY CONTROL 

A. Test Preparation: Clean water supply wells of foreign substances. Swab casings using 
alkalis, if necessary, to remove foreign substances. 

B. Perform tests and inspections and prepare test reports. 
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C. Tests and Inspections: 

D. Plumbness and Alignment Testing: Comply with AWWA A100. 

Furnish samples of water-bearing formation to testing laboratory and well-screen 
manufacturer for mechanical sieve analysis. 

Prepare reports on static level of ground water, level of water for various pumping rates, 
and depth to water-bearing strata. 

E. Performance Test Preparation: Start well pump and adjust controls and pressure setting. 
Replace damaged and malfunctioning controls and equipment. 

F. Performance Testing: Conduct final pumping tests after wells have been constructed, 
cleaned, and tested for plumbness and alignment. 

G. Arrange to conduct tests, with seven days' advance notice, after the test pump and 
auxiliary equipment have been installed. Note water-level elevations referred to for each 
assigned datum in wells. 

H. Provide discharge piping to conduct water to locations where disposal will not create a 
nuisance or endanger adjacent property. Comply with requirements of authorities having 
jurisdiction. 

I. Provide and maintain equipment of adequate size and type for measuring flow of water, 
such as weir box, orifice, or water meter. 

J. Measure elevation to water level in wells. 

K. Perform two bailer or air-ejection tests to determine expected yield. Test at depths with 
sufficient quantity of water to satisfy desired yields. Done when well is drilled. 

L. Test Pump: Variable capacity test pump with capacity equal to maximum expected yields 
at pressure equal to drawdown in wells, plus losses in pump columns and discharge 
pipes. Done when pump is installed. 

M. Start and adjust test pumps and equipment to required pumping rates. 

N. Record readings of water levels in wells and pumping rates at 30-minute maximum 
intervals throughout 24-hour minimum period. 

O. Record maximum yields when drawdown is 60 inches (1500 mm) above top of suction 
screens after designated times. 

P. Operate pumping units continuously for 8 hours after maximum drawdown is reached. 

Q. Record returning water levels in wells and plot curves of well recovery rates. 

R. Remove sand, stones, and other foreign materials that may become deposited in wells 
after completing final tests. 

3.05 WATER ANALYSIS TESTING: 

A. Well drilling contractor to engage an Illinois certified and accredited testing agency to 
make bacteriological, physical, and chemical analyses of water from each finished well 
and report the results. Make analyses according to requirements of authorities having 
jurisdiction. 

B. Analyze water samples from each finished well for bacteriological, physical, and chemical 
quality and report the results. Make analyses according to requirements of authorities 
having jurisdiction. 

 

 



 
Lake County Forest Preserve District | Lakewood Net Zero Maintenance Facility | WA Project #2020-008  

 

Potable Water Supply Wells  
33 11 13 - 6 

3.06 CLEANING 

A. Disinfect water supply wells according to AWWA A100 and AWWA C654 before testing 
well pumps. The well is chlorinated after drilling and during installation of pump and tank. 

B. Follow water supply well disinfection procedures required by authorities having 
jurisdiction before testing well pumps. 

3.07 PROTECTION 

A. Water Quality Protection: Prevent well contamination, including undesirable physical and 
chemical characteristics. 

B. Ensure that mud pits will not leak or overflow into streams or wetlands. When well is 
accepted, remove mud and solids in mud pit from Project site and restore site to finished 
grade. 

C. Provide casings, seals, sterilizing agents, and other materials to eliminate contamination; 
shut off contaminated water. 

D. Exercise care to prevent breakdown or collapse of strata overlaying that from which water 
is to be drawn. 

E. Protect water supply wells to prevent tampering and introducing foreign matter. Retain 
temporary well cap until installation is complete. 

END OF SECTION 
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SECTION 33 14 16 

WATER DISTRIBUTION 

PART 1 GENERAL 

1.01 DESCRIPTION 

A. Work under this section includes: 

1. Installation of water lines, valves and access boxes. 

B. Other specification sections which may directly relate to the work in this section include, 
but are not limited to, include the following: 

1. Section 33 11 13 – Water Wells 

1.02 SUBMITTALS 

A. Shop Drawings and Product Data 

1. Submit manufacturer's certification of compliance with referenced standards. 

PART 2 PRODUCTS 

2.01 WATER LINES 

A. HDPE Potable water line tubing shall meet the requirements of ASTM D2737, AWWA 
C901 and NSF/ANSI Standards 14 and 61. Pipe dimensions shall meet Copper Tubing 
Size (CTS) standards. HDPE lines shall be equipped with a tracer wire and tracer wire 
box in accordance with the construction drawings. 

2.02 B-BOX 

A. Curb stops shall be Mueller MARK II ORISEAL Curb Valve H-15154 or approved equal, 
having inlets and outlets matching the water lines and suitable for connections to either 
copper or HDPE lines as specified on the construction drawings. 

C. Curb service box shall be Minneapolis Pattern Mueller H-10300 Series or approved equal. 

D. The curb service box shall be installed over the curb stop per the manufacturers 
specifications and held in a truly vertical position until sufficient backfill has been placed to 
ensure permanent vertical alignment of the box. The top of the box shall be adjusted and 
set flush with the established ground surface grade. 

PART 3 EXECUTION 

3.01 WATER LINES 

A. The construction of all water lines shall be Governed by the following: 

1. The "Standard Specifications for Water and Sewer Construction in Illinois", latest 
revision. 

2. The "Illinois Administrative Code, Title 77, Part 890" the "Illinois Plumbing Code", 
latest revision 

3. The "Illinois Administrative Code, Title 35, Subtitle F" "public water supplies", latest 
revision 

B. Water lines shall be installed as specified on the Plans, having a minimum 5.5-ft depth of 
cover to the top of pipe. 
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3.02  B-BOX 

A. All new curb stops and access boxes shall be installed in the location indicated on the 
Plans. 

B. The curb service box shall be installed over the curb stop per the manufacturers 
specifications and held in a truly vertical position until sufficient backfill has been placed 
to ensure permanent vertical alignment of the box.  

C. The top of the box shall be adjusted and set flush with the established ground surface 
grade. 

3.03 DISINFECTION 

A. Water lines shall be disinfected/chlorinated according to state and local requirements. 

B. Documentation of the disinfection/chlorination shall be provided to the Owner. 

END OF SECTION 


	For:
	Lake County Forest Preserve District

