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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction

Welded wire reinforcement (WWR) is a prefabricated rein-
forcement consisting of a series of cold-worked steel wires
that are resistance-welded together in square or rectangular
grids by continuous automatic welders, and is one of the
recognized and established forms of concrete reinforcement.
United States patents covering the production of wires welded
in this method were first issued in 1901 (Richardson 2000).

Plain or deformed wires, or a combination of both, may be
used in WWR. Plain WWR bonds to concrete by mechan-
ical anchorage at each wire intersection, whereas deformed
WWR uses surface deformations plus welded intersections
for bond and anchorage. The small-diameter, closely-spaced
wires provide uniformly distributed reinforcement and
effective crack control in footings, slabs, walls, paving, and
roofs, in addition to providing shear resistance and confine-
ment in columns, beams, and girders. WWR is prohibited
in special seismic systems where the weld is required to
resist stresses in response to confinement, lateral support of
longitudinal bars, shear, or other actions in accordance with
ACI 318. A wide range of wire sizes and spacings makes it
possible to furnish more precise requirements for steel area.
The placement of WWR can result in cost savings over non-
prefabricated reinforcement. Material savings are obtainable
by specifying WWR with high yield strengths as recognized
by ACI 318 and ASTM A884/A884M, A1060/A1060M, and
A1064/A1064M.

Extensive use was made of WWR in the Empire State
Building and World Trade Center Towers in New York,
and the Marina City Towers and Standard Oil Building in
Chicago. The interstate highway system was built using
an extensive amount of WWR in the 1950s and 1960s, and
WWR continues to be used today in many transportation
structural applications.

1.2—Scope

WWR is prefabricated reinforcement consisting of high-
strength cold-worked steel wires that are resistance-welded
together in square or rectangular grids by continuous auto-
matic welders. This guide provides WWR product informa-
tion, material specifications, and design/detailing recom-
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mendations, with an overview of manufacturing, shipping,
and construction use in various applications of concrete
construction.

1.3—W and D designations

Individual wire (plain and deformed) size designations
are based on the cross-sectional area of a given wire. Gauge
numbers were used exclusively for many years but were
eliminated in the 1970s to reduce the confusion caused from
misunderstanding the specified gauge size. The prefixes W
and D are used in combination with a number. The letter W
designates a plain wire, and the letter D denotes a deformed
wire. The number following the letter gives the cross-
sectional area in hundredths of a square inch (square milli-
meter). When describing metric wire, the prefix M is added;
MW describes metric plain wire and MD metric deformed
wire. The wire spacing in metric WWR is given in milli-
meters (mm) and the cross-sectional area of the wire is in
square millimeters (mm?).

For instance, wire designation W4 (MW26) would indi-
cate a plain wire with a cross-sectional area of 0.04 in.? (26
mm?) and a D10 (MD65) wire would indicate a deformed
wire with a cross-sectional area of 0.10 in.2 (65 mm?). The
size of wires in WWR is designated in the same manner.
This system provides many advantages. Because the design
professional knows the cross-sectional area of a wire and
the spacing, the total cross-sectional area per unit width can
easily be determined. For instance, a D6 (MD39) wire on
4 in. (102 mm) centers would provide three wires per 1 ft
(305 mm) with a total cross-sectional area of 0.18 in.%/ft (381
mm?/m).

Many common wire sizes were developed to reduce peak-
season lead times and aid in overall plant efficiency. The
most readily available wire sizes along with the nominal
diameter, area, and weight per unit length are shown in Table
1.3a (plain wire) and Table 1.3b (deformed wire). Plain wire
is smooth cold-worked wire from a hot-rolled steel rod into
the size or sizes needed for processing into welded sheets.
Deformed wire can be indented or raised ribbed cold-worked
wire from a hot-rolled rod into the size or sizes needed for
processing into welded sheets. Areas of wire should be
checked with the most efficient and readily available mate-
rial from manufacturers. Other wire sizes are available and
many manufacturers are able to produce them in 0.0015 in.?
(1 mm?) increments.

1.4—Product description
Spacing and size of wire in WWR are identified by style.
The following subsections explain the orientation and defi-
nition of each part in the makeup of a WWR sheet. When the
WWR sheet is designated with uniform or fixed spacing for
quotation or order entry, it should be described as follows,
In in-Ib units:

6x 12-D20.0 x D15.0 (Grade 80) — 78 in. (+12, +6) x
20 ft (24, 12) — 263.53 Ib/sheet — 150 sheets needed
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Table 1.3a—Plain wire

Size number* Nominal diameter, in. (mm) Nominal area,! in.2 (mm?) Nominal weight (mass), Ib/ft (kg/m)
W 0.5 (MW3) 0.080 (2.03) 0.005 (3.23) 0.017 (0.025)
W 1.2 (MW3) 0.124 (3.14) 0.012 (7.74) 0.041 (0.061)
W 1.4 (MW9) 0.134 (3.39) 0.014 (9.03) 0.048 (0.071)
W2 (MW13) 0.160 (4.05) 0.020 (12.9) 0.068 (0.101)
W 2.5 (MWI16) 0.178 (4.53) 0.025 (16.1) 0.085 (0.126)
W 2.9 (MW19) 0.192 (4.88) 0.029 (18.7) 0.099 (0.147)
W 3.5 (MW23) 0.211 (5.36) 0.035 (22.6) 0.119 (0.177)
W4 (MW26) 0.226 (5.73) 0.040 (25.8) 0.136 (0.202)
W 4.5 (MW29) 0.239 (6.08) 0.045 (29.0) 0.153 (0.228)
W5 (MW32) 0.252 (6.41) 0.050 (32.3) 0.170 (0.253)
W 5.5 (MW36) 0.265 (6.72) 0.055 (35.5) 0.187 (0.278)
W 6 (MW39) 0.276 (7.02) 0.060 (38.7) 0.204 (0.304)
W 8 (MW52) 0.319 (8.11) 0.080 (51.6) 0.272 (0.405)
W 10 (MW65) 0.357 (9.06) 0.100 (64.5) 0.340 (0.506)
W11 (MW71) 0.374 (9.50) 0.110 (71.0) 0.374 (0.557)
W 12 (MW77) 0.391 (9.93) 0.120 (77.4) 0.408 (0.607)
W 14 (MW90) 0.422 (10.7) 0.140 (90.3) 0.476 (0.708)
W 16 (MD103) 0.451 (11.5) 0.160 (103) 0.544 (0.810)
W 18 (MW116) 0.479 (12.2) 0.180 (116) 0.612 (0.911)
W20 (MW129) 0.505 (12.8) 0.200 (129) 0.680 (1.01)
W22 (MW142) 0.529 (13.4) 0.220 (142) 0.748 (1.11)
W 24 (MW155) 0.533 (14.0) 0.240 (155) 0.816 (1.21)
W26 (MW168) 0.575 (14.6) 0.260 (168) 0.884 (1.32)
W28 (MW181) 0.597 (15.2) 0.280 (181) 0.952 (1.42)
W 30 (MW194) 0.618 (15.7) 0.300 (194) 1.02 (1.52)
W31 (MW200) 0.628 (16.0) 0.310 (200) 1.05 (1.57)
W 45 (MW290) 0.757 (19.2) 0.450 (290) 1.53(2.28)
*These sizes represent the most readily available sizes in the WWR industry. Other wire sizes are available and manufacturers can produce them in 0.0015
in.2 (1 mm?) increments. For sizes other than those shown, the wire size is the number of one-hundredths of a square inch (mm?) in the nominal area of the
wire cross section prefixed by the letter W (MW).
The cross-sectional area is based on the weight of the wire. The area in square inches may be calculated by dividing the unit weight per linear inch in pounds
by 0.2833, or by dividing the unit weight per linear foot of specimen in pounds by 3.4. (The area in square millimeters may be calculated by dividing the
unit weight per lineal meter by 0.00784.)

152 x 305 - MD129 x MD97 (550 MPa) — 1981 mm
(+305, +152) x 6.10 m (610, 305) — (119.53 kg/sheet) —
150 sheets needed

where

6 (152) = spacing of longitudinal wires, in. (mm)

12 (305) = spacing of transverse wires, in. (mm)

D20.0 (MD129) = type (deformed) and size of longitudinal
wires

D15.0 (MD97) = type (deformed) and size of transverse
wires

Grade 80 (550 MPa) = yield strength of specified wire
sizes—80 ksi (550 MPa)

Sheet width (plus overhangs) 78 in. (+12, +6) x sheet length
(includes overhangs) 20 ft (24,12); 1981 mm (+305, +152) x
6.10 m (610, 305) (refer to 1.4.1 through 1.4.3)

Total sheet weight (mass) = 263.53 1b (119.53 kg) (refer to
1.4.4).

Quantity ordered (usually in truckloads or portions thereof):
150 sheets needed (refer to 1.4.5).

This particular sheet is illustrated in Fig. 1.4. If a specified
yield strength is not given in a purchase order, the manu-
facturer should follow the requirements of the applicable
section of ASTM A1022/A1022M and A1064/A1064M.

For sheets with variable wire spacing or variable length,
the sheet should be described as follows.

American Concrete Institute — Copyrighted © Material — www.concrete.org
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In in.-1b units:
V x V-D20.0 x W15.0 (Grade 80)

78 in. (+12, +6) x Var. Length (24, 12)
LS=12in. OH, 1 at 8 in., 7 at 10 in., 6 in. OH
TS=24in.OH,2 at6in., 15at 12 in.,2 at 6 in., 12 in. OH
Var. Length = variable length-alternate every other wire 20 ft:

15 ft
Sheet weight = 190.17 Ib
215 sheets needed
In SI units:
V xV-MDI29 x MW97 (550 MPa)
1981 mm (+305, +152) x Var. Length (610, 305)

LS =305 mm OH, 1 at 203 mm, 7 at 254mm, 152 mm OH

TS =610 mm OH, 2 at 152 mm, 15 at 305 mm, 2 at
152mm, 305 mm DOocumMents
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Table 1.3b—Deformed wire

Nominal dimensions Deformation requirements*
Unit weight, Ib/ft Nominal diameter, Cross-sectional area,’ Perimeter, in. Minimum average height of
Wire size' (kg/m) in. (mm) in.? (mm?) (mm) deformations, in. (mm)
D1 (MD6) 0.034 (0.051) 0.113 (2.87) 0.010 (6.45) 0.354 (9.00) 0.0045 (0.114)
D2 (MD13) 0.068 (0.101) 0.160 (4.05) 0.020 (12.9) 0.501 (12.7) 0.0063 (0.160)
D3 (MD19) 0.102 (0.152) 0.195 (4.96) 0.030 (19.4) 0.614 (15.6) 0.0078 (0.198)
D4 (MD26) 0.136 (0.202) 0.226 (5.73) 0.040 (25.8) 0.709 (18.0) 0.0101 (0.257)
D5 (MD32) 0.170 (0.253) 0.252 (6.41) 0.050 (32.3) 0.793 (20.1) 0.0113 (0.287)
D6 (MD39) 0.204 (0.304) 0.276 (7.02) 0.060 (38.7) 0.868 (22.1) 0.0124 (0.315)
D7 (MD45) 0.238 (0.354) 0.299 (7.58) 0.070 (45.2) 0.938 (23.8) 0.0134 (0.304)
D8 (MD52) 0.272 (0.405) 0.319 (8.11) 0.080 (51.6) 1.00 (25.5) 0.0143 (0.363)
D9 (MD58) 0.306 (0.455) 0.339 (8.60) 0.090 (58.1) 1.06 (27.0) 0.0152 (0.386)
D10 (MD65) 0.340 (0.506) 0.357 (9.06) 0.100 (64.5) 1.12 (28.5) 0.0160 (0.406)
D11 (MD71) 0.374 (0.557) 0.374 (9.51) 0.110 (71.0) 1.18 (29.9) 0.0187 (0.475)
D12 (MD77) 0.408 (0.607) 0.391 (9.93) 0.120 (77.4) 1.23 (31.2) 0.0195 (0.495)
D13 (MD84) 0.442 (0.658) 0.407 (10.3) 0.130 (83.9) 1.28 (32.5) 0.0203 (0.516)
D14 (MD90) 0.476 (0.708) 0.422 (10.7) 0.140 (90.3) 1.33 (33.7) 0.0211 (0.536)
D15 (MD97) 0.510 (0.759) 0.437 (11.1) 0.150 (96.8) 1.37 (34.9) 0.0218 (0.554)
D16 (MD103) 0.544 (0.810) 0.451 (11.5) 0.160 (103) 1.42 (36.0) 0.0225(0.572)
D17 (MD110) 0.578 (0.860) 0.465 (11.8) 0.170 (110) 1.46 (37.1) 0.0232 (0.589)
D18 (MD116) 0.612 (0.911) 0.479 (12.2) 0.180 (116) 1.50 (38.2) 0.0239 (0.607)
D19 (MD122) 0.646 (0.961) 0.492 (12.5) 0.190 (122) 1.55(39.2) 0.0245 (0.622)
D20 (MD129) 0.680 (1.01) 0.505 (12.8) 0.200 (129) 1.59 (40.3) 0.0252 (0.604)
D21 (MD135) 0.714 (1.06) 0.517 (13.1) 0.210 (135) 1.62 (41.3) 0.0259 (0.658)
D22 (MD141) 0.748 (1.11) 0.529 (13.4) 0.220 (141) 1.66 (42.2) 0.0265 (0.673)
D23 (MD148) 0.782 (1.16) 0.541 (13.7) 0.230 (148) 1.70 (43.2) 0.0271 (0.688)
D24 (MD154) 0.816 (1.21) 0.553 (14.0) 0.240 (154) 1.74 (44.1) 0.0277 (0.704)
D25 (MD161) 0.850 (1.26) 0.564 (14.3) 0.250 (161) 1.77 (45.0) 0.0282 (0.716)
D26 (MD167) 0.884 (1.32) 0.575 (14.6) 0.260 (167) 1.81 (45.9) 0.0288 (0.732)
D27 (MD174) 0.918 (1.37) 0.586 (14.9) 0.270 (174) 1.84 (46.8) 0.0293 (0.744)
D28 (MD180) 0.952 (1.42) 0.597 (15.2) 0.280 (180) 1.88 (47.6) 0.0299 (0.759)
D29 (MD187) 0.986 (1.47) 0.608 (15.4) 0.290 (187) 1.91 (48.5) 0.0304 (0.772)
D30 (MD193) 1.02 (1.52) 0.618 (15.7) 0.300 (193) 1.94 (49.3) 0.0309 (0.785)
D31 (MD200) 1.05 (1.57) 0.628 (16.0) 0.310 (200) 1.97 (50.1) 0.0314 (0.798)
D45 (MD290) 1.53 (2.28) 0.757 (19.2) 0.450 (290) 2.38 (60.4) 0.0379 (0.961)
*The maximum deformation spacing is 0.285 in. (7.24 mm) and the minimum deformation spacing is 0.182 in. (4.62 mm) for all wire sizes.
These sizes represent the most readily available sizes in the WWR industry. Other wire sizes are available and manufacturers can produce them in 0.0015 in.? (1
mm?) increments. For sizes other than those shown, the wire size is the number of one-hundredths of a square inch (mm?) in the nominal area of the deformed
wire cross section prefixed by the letter D (MD).
¥The nominal diameter of a deformed wire is equivalent to the diameter of a plain wire having the same weight per unit length as the deformed wire.
$The cross-sectional area is based on the weight of the wire. The area in square inches may be calculated by dividing the unit weight per linear inch in pounds
by 0.2833, or by dividing the unit weight per linear foot of specimen in pounds by 3.4. (The area in square millimeters may be calculated by dividing the
unit weight per lineal meter by 0.00784.)

Var. Length = variable length-alternate every other wire
6.10 m, 4.57 m

Sheet weight = 86.26 kg/sheet

215 sheets needed

where

V = variable spacing of longitudinal wires, in. (mm), and
variable spacing of transverse wires, in. (mm)

D20 (MD129) = type (deformed) and size of longitudinal
wires

W15 (MW97) = type (plain) and size of transverse wires
Grade 80 (550 MPa) = yield strength of specified wire sizes,
80 ksi (550 MPa)

Sheet width (plus overhangs)78 in. (+12, +6) x Variable
Length (includes overhangs) (24, 12); [1981 mm (4305,
+152) x Variable Length (610, 305)] (includes overhangs)
(refer to 1.4.1 through 1.4.3).

OH = overhang

Var. Length = description of variable length longitudinal
wires (refer to 1.4.2)

Total sheet weight = 190.17 1b (86.26 kg) (refer to 1.4.4)
Quantity ordered (usually in truckloads or parts thereof) 215
sheets needed (refer to 1.4.5).

Plain wire can often be combined in a sheet style with
deformed wire, especially where main reinforcement may
be required in only one direction. Some machines can also
produce sheets with variable line wire, crosswire sizes, or
both. Check with local manufacturer for capabilities.

1.4.1 Width—Width is the center-to-center distance
between outside longitudinal wires. This dimension does not
include overhangs, as described in 1.4.3. Overall width is the
width plus the side overhangs, or the tip-to-tip dimension of
the transverse wires. The width should be specified in inches
(millimeters) as the first number on the second line of the

sheet style designation. Figure 1.4 demonstins ﬂlﬁil
the definition of width and overall width. )ﬁﬁ é nts
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LS = description of variable longitudinal spacing, in. (mm)
TS = description of variable transverse spacing, in. (mm).
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