REINFORCING STEEL ITEM 440

CITY OF SAN ANGELO
ITEM 440
REINFORCING STEEL

440.1. DESCRIPTION.

This Item shall govern for the furnishing and placing of deformed and smooth reinforcing steel, of
the sizes and details shown on the Plans and in accordance with this Item. All reinforcing steel to
be epoxy coated will be designated on the Plans. Epoxy coating of reinforcing steel shall be in
accordance with “Epoxy Coating of Reinforcing Steel” of this Item.

440.2. MATERIALS.

Unless otherwise shown on the Plans or specified herein, the reinforcing steel shall be Grade 60 and
all bar reinforcement shall be deformed, conforming to one of the following:

(1) ASTM AG615, Grades 40 or 60, open hearth, basic oxygen, or electric furnace new billet steel.
(2) ASTM A617, Grades 40 or 60, axle-steel.

(3) ASTM A616, Grade 60, rail steel will be permitted in concrete pavement only. ASTM A616 bars
shall be furnished as straight bars only and bending is prohibited. Bend tests will not be required.

(4) ASTM A706, Grade 60, weldable reinforcing steel.
(5) Smooth Bars. Smooth bars for concrete pavement shall have a minimum yield strength of 60 ksi.

All other smooth bars, larger than No. 4, may be steel conforming to the above or may be furnished
in any steel that meets the physical requirements of ASTM A36.

(6) Spiral reinforcement shall be either smooth or deformed bars, or wire, of the minimum size or
gage shown on the Plans, or as specified herein.

Bars for spiral reinforcement shall comply with ASTM A675, Grade 80 (reference to ASTM A29 is
voided) A615 or A617, Grade 40, unless otherwise shown on the Plans. Smooth wire shall comply
with ASTM A82 and deformed wire shall comply with ASTM A496.

In cases where the provisions of the Item are in conflict with the provisions of the ASTM
Specification, the provisions of this Item shall govern.

Reinforcing steel to be structurally welded shall comply with ASTM A706 or shall have a carbon
equivalency (C.E.) of not more than 0.55%. A report of chemical analysis, showing the percentages
of all elements necessary to establish the carbon equivalency, will be required for all reinforcing steel
that is to be structurally welded. The above requirements do not pertain to miscellaneous welds on
reinforcing steel as defined in Item 448, “Structural Field Welding”.
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Carbon equivalency will be calculated using the following formula:

CE. =%C + %MN + %Cu + %Ni + %Cr - %Mo - %V
6 40 20 10 50 10

The nominal size, area and weight of reinforcing steel bars covered by this specification are as
follows:

Bar Size Nominal Nominal Area | Weight Per
Number Diameter In. Sq. In. Linear Foot
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 7.65
18 2.257 4.00 13.60

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

(7) Wire for fabric reinforcement shall conform to ASTM A82 or A496. Wire fabric shall conform
to ASTM A185 or A497.

When wire is ordered by size numbers, the following relation between size number, diameter in inches

and area shall apply unless otherwise specified. Where deformed wire is required, the size number
shall be preceded by “D”, and for smooth wire the prefix shall be “W”.
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Size Nominal Nominal Area
Number DAMETER IN. Sq. In.
31 0.628 0.310
30 0.618 0.300
28 0.597 0.280
26 0.575 0.260
24 0.553 0.240
22 0.529 0.220
20 0.505 0.200
18 0.479 0.180
16 0.451 0.160
14 0.422 0.140
12 0.391 0.120
10 0.357 0.100
8 0.319 0.080
7 0.299 0.070
6 0.276 0.060
55 0.265 0.055
5 0.252 0.050
4.5 0.239 0.045
4 0.226 0.040
3.5 0.211 0.035
3 0.195 0.030
2.5 0.178 0.025
2 0.160 0.020
1.5 0.138 0.015
1.2 0.124 0.012
1 0.113 0.010
0.5 0.080 0.005

Note: Fractional sizes between the sizes listed above are also available and acceptable for use.
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Welded wire fabric will be designated as shown in the following example:

6 x 12 - W16 x WS8; indicated six (6) inch longitudinal wire spacing and 12 inch transverse
wire spacing with smooth Number 16 wire longitudinally and smooth Number 8 wire
transversely.

(8) Epoxy Coating. The epoxy coating material and the material used for the repair of the coating
shall comply with the TXDOT Departmental Materials Specification D-9-8130, “Epoxy Powder
Coating For Reinforcing Steel”. Copies of the Departmental Materials Specifications are available
from the TxDOT, Division of Materials and Tests, 125 East 11th Street, Austin, Texas 78701-2483.
An eight-ounce sample of epoxy powder and manufacturer’s certifications will be required for each
lot of epoxy powder used to coat materials for City projects.

440.3. BENDING.

The reinforcement shall be bent cold, true to the shapes shown on the Plans. Fabrication shall
preferably be done in the shop. Field fabrication, if permitted, shall be done with equipment
approved by the City. Misfabricated, damaged or broken bars shall be rejected and replaced at the
Contractor’s expense. Damaged or broken bars imbedded in a previous concrete placement may
be repaired with the approval of the City.

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° and greater in stirrups, ties and other secondary bars that enclose another bar in the bend
shall be:

#3, #4, #5 4d

#6, #7, #8 6d

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

#3 thru #8 6d
#9, #10,#11  8d
#14, #18 10d

Where bending of Grade 60 bars, sizes No. 14 or No. 18 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 ten (10) times the nominal
diameter of the bar.
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ITEM 440
440.4. TOLERANCES

Fabricating tolerances for bars, from Plan dimensions, shall not be greater than shown in Figure 1.
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440.5. STORING.

Steel reinforcement shall be stored above the surface of the ground upon platforms, skids, or other
supports and shall be protected from damage and deterioration as approved by the City. When placed
in the work, reinforcement shall be free from dirt, paint, grease, oil, or other foreign materials.
Reinforcement shall be free from defects such as cracks and laminations. Rust, surface seams, surface
irregularities or mill scales will not be cause for rejection, provided the minimum cross-sectional area
of a hand wire brushed specimen meets the requirements for the size of steel specified.

440.6. SPLICES.

Splicing of bars, lap spliced or welded, shall be as shown on the Plans or specified herein. Additional
splices will require written approval of the City.

Splices not provided for on the Plans will be permitted in slabs 15 inches or less in thickness, columns,
walls and parapets, but will not be included for measurement, subject to the following:

Unless otherwise approved by the City, splices will not be permitted in bars 30 feet or less in Plan
length. For bars exceeding 30 feet in Plan length, the distance center to center of splices shall not
be less than 30 feet minus one splice length, with no more than one individual bar length less than
ten (10) feet. The specified concrete cover and proper spacing shall be maintained at such splices
and the lap spliced bars placed in contact and securely tied together.

TABLE 1
MINIMUM LAP REQUIREMENTS FOR BAR SIZES THROUGH NO. 11
LAP LENGTH
SIZE
UNCOATED COATED

No. 3 1’-0” 1’-6”
No. 4 1°6” 2°-3”
No. 5 1’-10” 2°-9”
No. 6 2’-3” 3-4”
No. 7 3’-0” 4°-6”
No. 8 3°-9” 5°-7
No. 9 4-8” 7-0”
No. 10 5-7 8-4”
No. 11 6’-7” 9°-10”

Spiral steel shall be lapped a minimum of one turn.
Bar sizes No. 14 and No. 18 may not be lapped.
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Welded splices shall conform to the requirements of the Plans and TxDOT Item 448, “Structural
Field Welding”. End preparation for butt welding reinforcing bars shall be done in the field.
Delivered bars shall be of sufficient length to permit weld preparation.

Welded wire fabric shall be spliced using a lap length that will include the overlap of a minimum of
two (2) cross wires plus two (2) inches on each sheet or roll. Splices using bars, which develop
equivalent strength and lapped in accordance with Table 1 will be permitted.

For box culvert extensions with less than one (1) foot of fill, the existing longitudinal bars shall have
a lap with the new bars as shown in Table 1. For extensions with more than one (1) foot of fill, a
minimum of six-inch lap will be required.

440.6. MECHANICAL COUPLERS.

(1) General. When shown on the Plans, mechanical splices may be made in the reinforcing steel
bars using one of the following types:

Sleeve-Filler Type
Sleeve-Threaded Type
Sleeve-Swaged Type
Sleeve-Wedge Type

A pre-qualified manufacturer shall produce all couplers furnished by the Contractor. Pre-qualification
shall be in accordance with TXDOT Departmental Material Specification D-9-4510. Sleeve-wedge
type couplers will not be permitted on coated reinforcing.

(2) Project Samples. For purposes of sampling couplers for use on an individual project, a lot of
couplers shall be defined as 500 couplers, or fraction thereof, for each size and type. Prior to use on
the project, three (3) test specimens shall be assembled using couplers selected at random from each
lot received on the project. All test specimens shall be assembled from materials consigned to the
project and shall be assembled in the presence of the City. A test specimen shall consist of a coupler
connecting two (2) 21 inch, or longer, bars using the same splice materials, position, equipment and
procedures to be used to make splices in the work. The assembled test specimens shall be submitted
to the Division of Materials and Tests for testing. Each lot of couplers shall be identified with tags or
markings identifying the lot from which the samples were taken.

(3) Testing. Project samples will be tested to 125% of specified yield strength and for total slip
requirements. When a test representing a lot of couplers fails to meet the requirements, four (4)
additional couplers from that lot will be tested. If all four (4) tests meet the requirements, the lot will
be accepted for use in the work. If any of the four (4) tests fail to meet the requirements, that lot of
couplers will be rejected and not used in the work.

(4) Construction Methods. All coupling devices shall be installed in accordance with the
manufacturer’s recommendations. Protection of threaded male or female connections shall be
provided and the threaded connections shall be clean when making the connection. Damaged threads
shall not be repaired.
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(5) Alternate Equivalent Strength. Alternate equivalent strength arrangements to be accomplished
by substituting larger bar sizes, or more bars, will be considered if approved by the City, in writing,
prior to the fabrication of the systems.

440.7. PLACING.

Unless otherwise shown on the Plans, dimensions shown for reinforcement are to be the centers of
the bars. Reinforcement shall be placed as near as possible in the position shown on the Plans. 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 (1/12) 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 1/4-inch.
Cover of concrete to the nearest surface of steel shall meet the above requirements but shall never be
less than one (1) inch.

For bridge slabs, the clear cover tolerance for the top mat of reinforcement shall be -0, + 1/2 inch.

The reinforcement shall be accurately located in the forms, and firmly held in place, before and during
concrete placement, by means of bar supports, adequate in strength and number in order to prevent
displacement and to keep the steel at the proper distance from the forms. Bars shall be supported by
standard bar supports with plastic tips, plastic bar supports approved by the City or precast mortar or
concrete blocks when supports are in contact with removable or stay-in-place forms. Bright basic bar
supports may be used to support reinforcing steel placed in slap overlays on concrete panels or on
existing concrete slabs. Bar supports in contact with soil or subgrade shall be as approved by the City.

For bar supports with plastic tips, the plastic protection shall have a minimum thickness of 3/32 of an
inch and extend upward on the wire to a point at least one-half (1/2) inch above the formwork.

All accessories such as tie wires, bar chairs, supports or clips used with epoxy coated reinforcement
shall be of steel, fully coated with epoxy or plastic. Plastic supports approved by the City may also
be used with epoxy coated reinforcement.

Mortar or concrete blocks shall be cast to uniform dimensions with adequate bearing area. A suitable
tie wire shall be provided in each block for anchoring to the steel. The blocks shall be accurately cast
to the thickness required in molds approved by the City. The surface placed adjacent to the form shall
be a true Plane, free of surface imperfections. The blocks shall be cured by covering with wet burlap
or mats for a period of 72 hours. Mortar for blocks shall contain approximately one (1) part Portland
Cement to three (3) parts sand. Concrete for blocks shall contain nine (9) sacks of Portland Cement
per cubic yard of concrete.

Individual bar supports shall be placed in rows at four (4) foot maximum spacing in each direction.
Continuous type bar supports shall be placed at four (4) feet maximum spacing. Continuous bar
supports will be required when permanent metal deck forms are used.

Individual bar supports shall be placed in rows at four-foot maximum spacing in each direction.
Continuous type bar supports shall be placed at four (4) feet maximum spacing. Continuous bar
supports will be required when permanent metal deck forms are used.
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The exposure of the ends of longitudinals, stirrups and spacers used to position the reinforcement in
concrete pipe and precast box culverts or sewers shall not be cause for rejection.

Reinforcing steel for bridge slabs, top slabs or direct traffic culverts and the top slabs of prestressed
box beams shall be tied at all intersections except that where the spacing is less than one (1) foot in
each direction, alternate intersections only need to be tied. For reinforcing steel cages for other
structural members, the steel shall be tied at a sufficient number of intersections to provide a rigid
cage of steel. Mats of wire fabric shall be fastened securely at the ends and edges.

Before concrete placement, all mortar, mud, dirt, etc., shall be cleaned from the reinforcement.
Concrete shall not be placed until authorized by the City.

If the reinforcement is not adequately supported or tied to resist settlement, floating upward,
overturning of truss bars, or movement in any direction during concrete placement, concrete
placement will be halted until corrective measures are taken.

440.8. EPOXY COATING OF REINFORCING STEEL.

(1) General. When shown on the Plans, coating with epoxy of reinforcing bars, plain wire, deformed
wire or welded wire fabric to be used as reinforcement for concrete shall conform to the requirements
herein.

(2) Surface Preparation. The reinforcing steel shall be free of surface contaminants such as oil,
grease or paint when received at the manufacturer’s Plant and prior to cleaning and coating. The
surface of steel to be coated shall be cleaned by abrasive blast cleaning. All traces of grit and dust
from the blast cleaning shall be removed prior to coating. Other methods of cleaning may be
submitted to the City for approval.

(3) Application of Coating. The applicator shall notify the City at least 30 days before the date of
production. The coating shall be applied as recommended by the manufacturer of the coating
material.

The coating shall be applied to the cleaned surface as soon as possible after cleaning and before
oxidation of the surface discernible to the unaided eye occurs. The coating shall be a smooth uniform
coat and shall have a thickness of from 7 to 12 mils, after curing. The thickness of the coating shall
be measured using magnetic thickness testing gages in accordance with Test Method Tex-728-I.

The coating film shall be fully cured. Sufficient checks shall be made to assure that each coated
production lot is supplied in a fully cured condition.

(4) Continuity of Coating. The applicator shall check the coating for continuity after curing. The
coating shall be free from holes, voids, cracks, contamination and damaged areas discernible to the
unaided eye.

For reinforcing bars a 67-1/2 volt D.C. in-line holiday detector, such as Tinker and Rasor Model M-
1 or approved equivalent, shall be used to check the coating for holidays. There shall be no more than
two (2) holidays (pinholes not visually discernible) in any linear foot of a coated reinforcing bar.
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Holiday checks to determine acceptability of wire or welded wire fabric shall be made at the
manufacturer’s Plant with a 67-1/2 volt D.C. in-line holiday detector. For wire, there shall not be
more than an average of two (2) holidays per linear foot of wire. For welded wire fabric, there shall
not be more than an average of four (4) holidays per linear foot of wire in welded wire fabric when
the wire spacings are four (4) inches or more, or six (6) holidays per linear foot of wire when the
spacings are less than four (4) inches. Uncoated areas at cut ends shall not be counted, nor shall sharp
edges (weld spurs) at intersections be counted as holidays. When measuring the number of holidays,
at least one-half (1/2) inch of wire must be included on each side of the intersections being checked.

(5) Repair of Coating. Material for repair of the coating shall comply with the requirements in
“Epoxy Coating” of this Item. Repairs shall be made in accordance with procedures recommended
by the manufacturer of the epoxy coating powder. Areas to be patched shall receive at least the same
coating thickness as required for the original coating.

All visible damage to the coating shall be repaired.

Sawed and sheared ends, cuts, breaks and/or other damage shall be repaired promptly before
additional oxidation occurs. Areas to be repaired shall be clean and free from surface contaminants.
Repairs shall be made in the shop or in the field as required.

The acceptable amount of patched area at the applicator shall not exceed one-quarter (1/4) inch total
length in any linear foot.

(6) Sampling and Testing. Sampling and testing of coated reinforcement shall be in accordance
with Test Method Tex-739-1.

(7) Identification and Documentation. Identification of all reinforcing shall be maintained
throughout the coating and fabrication process and until delivery to the project site.

For all production of coated reinforcing steel to be used on City projects, the manufacturer shall
furnish to the City two copies of a written certification that the coated reinforcing steel meets the
requirements of this specification and two copies of the manufacturer’s control tests.

(8) Handling. All systems for handling coated reinforcement shall have padded contact areas.
Bundling bands shall be padded or suitable banding shall be used to prevent damage to the coating.
Bundles of coated reinforcement shall be lifted with a strong back, spreader bar, multiple supports, or
a platform bridge. The bundled reinforcement shall be transported with care and stored on protective
cribbing. The coated reinforcement shall not be dropped or dragged.

(9) Construction Methods. Flame cutting will not be permitted on coated reinforcement. Saw or
shear cutting will be permitted with permission of the City. Cut ends shall be coated as specified in
“Repair of Coating” of this Item.

Welding or mechanical coupling of coated reinforcing steel will not be permitted except where
specifically shown on the Plans. The epoxy coating shall be completely removed a minimum of six
(6) inches beyond the weld limits prior to welding and two (2) inches beyond the limits of the coupler
prior to assembly. After welding or coupling, the steel shall be cleaned of all oil, grease, moisture,
dirt, welding contamination (slag and/or acid residue) and rust to a near white finish. The existing
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epoxy shall be checked for damage. Any damaged or loose epoxy shall be removed back to sound
epoxy coating.

After proper cleaning, the splice area shall be coated with epoxy repair material to a thickness of 7 to
12 mils. A second application of repair material shall be applied to the bar and coupler interfaces to
insure complete sealing of the joint.

440.9. MEASUREMENT AND PAYMENT.

Except as specified below, the work performed, materials furnished, and all labor, tools, equipment
and incidentals necessary to complete the work under this Item will not be measured or paid for
directly, but will be considered subsidiary to the various bid items of the contract.

The quantities of reinforcing steel shown on the Plans are estimates and are for the Contractor’s
information.

Compensation for adjustment of reinforcing steel quantities will be as follows:

(1) When the reinforcing steel quantity for a complete structure element has been erroneously
included in or omitted from the quantities shown on the Plans, the quantity for that element will be
added or deducted for payment. A complete structure element will be the smallest portion of a total
structure for which a corresponding quantity of concrete is included on the Plans. Additional payment
or reduction in payment for quantities revised in this manner will be made accordingly, in accordance
with TXDOT Item 4.3.

(2) When the Plan quantity for reinforcing steel for a complete structure element is in error by five
(5) percent or more, a recalculation will be made and payment will be increased or reduced
accordingly in accordance with contract documents..

(3) When quantities for reinforcing steel are revised by a change in design, the change in quantities
will be calculated. Additional payment or reduction in payment for quantities revised in this manner
will be made accordingly, in accordance with contract documents.

The party to the contract requesting the adjustment shall present to the other one (1) copy of the
description and location, together with calculations of the quantity for the structure element involved.
When this quantity is certified correct by the City, it will become the basis for additional or reduced
payment.
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