SECTION 032020
REINFORCING STEEL

1. DESCRIPTION

This specification shall govern the furnishing and placing of reinforcing steel, deformed and
smooth, of the size and quantity designated on the plans and in accordance with these
specifications.

2. MATERIALS

Unless otherwise designated on the plans, all bar reinforcement shall be deformed, and shall
conform to ASTM Designation: A 615, Grades 60 or 75, and shall be open hearth, basic oxygen, or
electric furnace new billet steel.

Large diameter new billet steel (Nos. 14 and 18), Grade 75, will be permitted for straight bars only.

Where bending of bar sizes No. 14 or No. 18 of Grade 60 is required, bend testing shall be
performed on representative specimens as described for smaller bars in the applicable ASTM
Specification. The required bend shall be 90 degrees around a pin having a diameter of 10 times
the nominal diameter of the bar.

Spiral reinforcement shall be smooth (not deformed) bars or wire of the minimum diameter shown
on the plans, and shall be made by one or more of the following processes: open hearth, basic
oxygen, or electric furnace. Bars shall be rolled from billets reduced from ingots and shall comply
with ASTM Designation: A 306, Grade 65 minimum (references to ASTM Designation: A 29 is
voided). Dimensional tolerances shall be in accordance with ASTM Designation: A 615, or ASTM
Designation: A 615, Grade 60, except for deformations. Wire shall be cold-drawn from rods that
have been hot-rolled from billets and shall comply with ASTM Designation: A 185.

In cases where the provisions of this specification are in conflict with the provisions of the ASTM
Designation to which reference is made, the provisions of this specification shall govern.

Report of chemical analysis showing the percentages of carbon, manganese, phosphorus and
sulphur will be required for all reinforcing steel when it is to be welded.
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The nominal size and area and the theoretical weight of reinforcing steel bars covered by this
specification are as follows:

Nominal Weight per
Bar Size Diameter Nominal Area Linear Foot
Number In. Sq. In. Pounds
2 0.250 0.05 0.167
3 0.375 0.11 0.376
4 0.500 0.20 0.668
5 0.625 0.31 1.043
6 0.750 0.44 1.502
7 0.875 0.60 2.044
8 1.000 0.79 2.670
9 1.128 1.00 3.400
10 1.270 1.27 4.303
11 1.410 1.56 5.313
14 1.693 2.25 7.6
18 2.257 4.00 13.60

Smooth round bars shall be designated by size number through No. 4. Smooth bars larger than No.
4 shall be designated by diameter in inches.

When wire is ordered by gauge numbers, the following relation between gauge number and
diameter, in inches, shall apply unless otherwise specified:

Equivalent Equivalent
Gauge Diameter Gauge Diameter
Number Inches Number Inches

0 0.3065 8 0.1620
1 0.2830 9 0.1483
2 0.2625 10 0.1350
3 0.2437 11 0.1205
4 0.2253 12 0.1055
5 0.2070 13 0.0915
6 0.1920 14 0.0800
7 0.1770
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3. BENDING

The reinforcement shall be bent cold, true to the shapes indicated on the plans. Bending shall
preferably be done in the shop. Irregularities in bending shall be cause for rejection.

Unless otherwise shown on the plans, the inside diameter of bar bends, in terms of the nominal bar
diameter (d), shall be as follows:

Bends of 90 degrees and greater in stirrups, ties and other secondary bars that enclose
another bar in the bend:

Grade 60
#3, #4, #5 4d
#0, #7, #8 5d

All bends in main bars and in secondary bars not covered above:

Grade 60 Grade 75
#3 thru #8 6d --
#9, #10 ad --
#11 8d 8d
#14, #18 10d --
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4. TOLERANCES

Fabricating tolerances for bars shall be within 3 percent of specified or as follows:
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5. STORING

Steel reinforcement shall be stored above the surface of the ground upon platforms, skids or other
supports, and shall be protected as far as practicable from mechanical injury and surface
deterioration caused by exposure to conditions producing rust. When placed in the work,
reinforcement shall be free from dirt, paint, grease, oil, or other foreign materials. Reinforcement
shall be free from injurious defects such as cracks and laminations. Rust, surface seams, surface
irregularities or mill scale will not be cause for rejection, provided the minimum dimensions, cross-
sectional area and tensile properties of a hand wire crushed specimen meets the physical
requirements for size and grade of steel specified.

6. SPLICES

No splicing of bars, except when provided on the plans or specified herein, will be permitted
without written approval of the Engineer.

Splices will not be permitted in main reinforcement at points of maximum stress. When permitted
in main bars, splices in adjacent bars shall be staggered a minimum of two splice lengths.
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TABLE 1
Minimum Lap Requirements

Lap Uncoated Coated
Lap in inches > 40d 60d
Where: d = bar diameter in inches

Welding of reinforcing bars may be used only where shown on the plans or as permitted herein. All
welding operations, processes, equipment, materials, workmanship and inspection shall conform to
the requirements of the drawings and industry standards. All splices shall be of such dimension and
character as to develop the full strength of bar being spliced.

End preparation for butt welding reinforcing bars shall be done in the field. Delivered bars shall be
of sufficient length to permit this practice.

For box culvert extensions with less than one foot of fill, the existing longitudinal bars shall have a
20-diameter lap with the new bars. For box culvert extensions with more than one foot of fill, a
minimum of 6 inches lap will be required.

Unless otherwise shown on the plans, dowel bars transferring tensile stresses shall have a minimum
embedment equal to the minimum lap requirements shown in Table 1. Shear transfer dowels shall
have a minimum embedment of 12 inches.

7. PLACING

Reinforcement shall be placed as near as possible in the position shown on the plans. Unless
otherwise shown on the plans, dimensions shown for reinforcement are to the centers of the bars.
In the plane of the steel parallel to the nearest surface of concrete, bars shall not vary from plan
placement by more than one-twelfth of the spacing between bars. In the plane of the steel
perpendicular to the nearest surface of concrete, bars shall not vary from plan placement by more
than one-quarter inch. Cover of concrete to the nearest surface of steel shall meet the above
requirements but shall never be less than one inch or as otherwise shown on the plans.

Vertical stirrups shall always pass around the main tension members and be attached securely
thereto. The reinforcing steel shall be spaced its required distance from the form surface by means
of approved galvanized metal spacers, metal spacers with plastic coated tips, stainless steel spacers,
plastic spacers, or approved pre-cast mortar or concrete blocks. For approval of plastic spacers on
the project, representative samples of the plastic shall show no visible indications of deterioration
after immersion in a 5 percent solution of sodium hydroxide for 120 hours.

All reinforcing steel shall be tied at all intersections, except that where spacing is less than one foot
in each direction, alternate intersections only need be tied.

Before any concrete is placed, all mortar shall be cleaned from the reinforcement. Precast mortar or
concrete blocks to be used for holding steel in position adjacent to formed surfaces shall be cast in
molds meeting the approval of the Engineer and shall be cured by covering with wet burlap or
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cotton mats for a period of 72 hours.

The blocks shall be cast in the form of a frustum of a cone or pyramid with the smaller face placed
against the forms.

A suitable tie wire shall be provided in each block, to be used for anchoring to the steel. Except in
unusual cases, and when specifically otherwise authorized by the Engineer, the size of the surface to
be placed adjacent to the forms shall not exceed two and one-half inches square or the equivalent
thereof in cases where circular or rectangular areas are provided. Blocks shall be cast accurately to
the thickness required, and the surface to be placed adjacent to the forms shall be a true plane free
of surface imperfections.

Reinforcement shall be supported and tied in such manner that a sufficiently rigid case of steel is
provided. If the cage is not adequately supported to resist settlement or floating upward of the steel,
overturning of truss bars or movement in any direction during concrete placement, permission to
continue concrete placement will be withheld until corrective measures are taken. Sufficient
measurements shall be made during concrete placement to insure compliance with the first
paragraph of Article 7 of this specification.

Mats of wire fabric shall overlap each other sufficiently to maintain a uniform strength and shall be
fastened securely at the ends and edges.

No concrete shall be deposited until the Engineer has inspected the placement of the reinforcing
steel and given permission to proceed.

8. MEASUREMENT AND PAYMENT

Unless otherwise specified on the Bid Form, reinforcing steel is considered subsidiary to the
various items shown in the Bid Form and shall not be measured and paid for as a separate item.
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