INDIANA DEPARTMENT OF TRANSPORTATION

Driving Indiana’s Economic Growth

Memorandum

December 7, 2007

CONSTRUCTION MEMORANDUM
07-26

TO: District Deputy Commissioners
District Highway Operation Directors
District Construction Engineers
District Testing Engineers
District Area Engineers

Project Engineers/Supervisors M% ’
FROM: Mark A. Miller, Director
Division of Construction Management

SUBJECT: Gabions and Gabion Revet Mattresses

The Department has recently been working to resolve specification issues related to gabions and gabion
revet mattresses. Final revisions to the specifications are now in process and will be issued shortly as
Recurring Special Provisions to begin appearing in contracts in early 2008.

However, there is also a need to make interim revisions to the current special provisions in active
contracts to remove conflicting language and outdated testing requirements. These interim revisions are
dated 12-07-07 and are attached with this memorandum. The changes from the current provisions are
highlighted in the interim revisions.

Effective immediately, any active contract that includes special provisions for either gabions or gabion
revet mattress should replace those provisions with the attached revisions by Change Order. The revised
provisions will only affect those materials provided to the contract after the date of the Change Order.

Field personnel should address any questions concerning these changes to the District. The Districts
should address any questions on this subject to the Division of Construction Management.

MAM:RLH:rth

attachments
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12-312-07
616-R-102 GABION REVET MATTRESS
(Revigsed 12-07-07)

Description

This work shall consist of open mesh wire mattresses assembled,
tied, and filled with approved aggregates, and constructed in
accordance with these specifications and placed in conformance with the
lines, grades, and dimensions shown on the plans or as otherwise
directed.

Materials
The revet mattress shall be made of hexagonal triple twist mesh
with heavily galvanized steel wire.

(a} Dimensions
Wire mattress units shall be supplied as shown on the plans. All
mattress units furnished by the manufacturer shall be of uniform width

and subject to a tolerance of * 3%.

(b} Fabrication
Wire mattress units shall be fabricated in such a manner that the
base, sides, and ends can be assembled at the construction gite into a
rectangular unit of the specified size. The body of the mattress units
shall be of single unit construction. The base ends and sides shall be
formed of a single woven mesh unit. The top shall be a separate woven
unit of the same mesh and wire specification as the body.

The mattress units shall be subdivided into compartments, 2 £t
(610 mm} long, extending over their full width by the insertion of
diaphragms made of the same mesh as the rest of the mattress. The
diaphragms shall be factory secured in proper position at the base thh
a continuous spiral wire, in such manner that additional &£
at this junction is not necessary.

All perimeter edges of the mesh forming the mattress unlt shall
be securely selvedged so that the joints formed by £¥%f '
selvedges have at least the same strength as the body of the mesh

Lacing wire shall be supplied in sufficient gquantity such that
all sides, ends, and diaphragms of the body may be securely fastened as
well as the top to all sides, ends, and diaphragms. The lacing wire
shall be in accordance with the same sgpecifications as the wire
specified for the mesh.

The wire incorporated into the mesh comstituting the body of the
mattress and the lacing wire shall be made of galvanized steel wire
having a nominal diameter of 0.0866 in. (22 mm). The nominal diameter
of the mesh wire shall be 0.0866 in. {22 mm}). The nominal diameter of
the selvedge wire shall be 0.1063 in. (27 mm). A separate unit shall be
fabricated for the top which shall be of the same wire quality and
diameter as the body for its corresponding constituent parts.

The tensile strength of the wire shall be in the range of 60,000
to 80,000 psi (414 to 552 MPa). The minimum zinc coating of the wire
shall be 0.70 oz/sft (20 g/m?) of uncoated w1re face as determined by
tests conducted in accordance with & sl Speeifications—00-W-461H,
Class=3 ASTM A 90. The maximum linear dimension of the mesh opening
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shall not exceed 3 1/4 in. (86 mm) and the area of the mesh opening
shall not exceed 6 in.? (3870 mm®).

(c} Elcongation
The wire mesh shall permit elongation equivalent to a minimum of
10% of the length of the section under test without reducing the gauge
or tensile strength of individual wire.

{d} Load Test
An uncut section of the mesh of not less than 6 ft (1830 mm) long
and not less than 3 ft (920 mm) wide, after first being subjected to
the elongation test described above, shall withstand a load test of
4,000 lbs/sft (200 kN/m?) applied to an area located approximately in
the center of the section under test. The detalls of the test are as
follows.

An uncut section of mesh 6 ft (1830 mm) long, not less than 3 ft
{920 mm} wide and including all selvedge bindings shall have the ends
securely clamped for 3 ft (920 mm) along the width of the sample. When
the width of the section under test exceeds 3 £t (920 mm}), the clamps
shall be placed in the middle portion of the width and the excess width
shall be allowed to fall free on each side of the clamped section. The
sample shall then be subjected to sufficient tension to cause 10%
elongation of the sample section between the clamps as described above.
The unsupported section shall be subjected to a load applied to an area
of 1 sg ft (0.09 m®) located in the approximate center of the section
between the c¢lamps and in such a direction perpendicular to the
direction of the tensile force. The sample shall withstand, without
rupture of the wire or opening of mesh fastening, an actual load so
applied equaling or exceeding 4,000 lbs (18 kN). The ram head used in
the test shall be circular with its edges beveled or rounded to prevent
cutting of the wires.

{e) 8ingle Wire Cut
The wire mesh shall be fabricated in such manner as to be
non-raveling. This is defined as the ability of the mesh to resist
pulling apart at the twists or connections forming the mesh when a
single wire in a section of mesh is cut and the section of mesh then
subjected to the load test described above.

(£) Zinec Coating and Tensile Strength
The tests shall be conducted in accordance with
.ﬁ,.nnmﬁun,uﬁ%n-wanv7. ; fi:‘;1“_ K1 "y 5 3¥$3f:4 370,

(g) Certification
A type C certification in accordance with 916 will be required
for the revet mattress.

{h) Aggregate
The wire mesh mattress sghall be filled with clean, hard, riprap
type stone of minimum size of 75 mm (3 in.) and maximum size of 6 in.
{150 mm). Both stone measurements shall be made in the greatest
dimension.

Construction Requirements

The revet mattress bases shall be supplied folded flat, placed in
bundles. Lids shall be delivered in separate bundles. Single mattress
bagses shall be removed from the bundle, unfolded flat on the ground,
and all kinks and bends flattened.

616-R-102
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The mattress shall then be asgsembled individually, by erecting
the sides, ends, and diaphragms, ensuring that all creases are in the
correct position and the tops of all sides level, all in accordance
with the manufacturer's recommendations.

The four corners of the mattress shall be laced first, after
overlapping the mesh, followed by lacing the edges of the internal
diaphragms to the sides.

The lacing procedure shall consist of cutting a length of lacing
wire of approximately 1 1/2 times the distance to be laced. This
distance shall not exceed 5 £t (1525 mm). The wire terminal shall be
secured at the corner by loocping and twisting, then laced with
alternating single and double loops at approximately 4 to 5 in. (100 to
130 mm) intervals.

The agsembled matiresses shall be carried to the project site and
placed in their proper location. For structural integrity, all
adjoining empty mattresses shall be laced along the perimeter of theix
contact surfaces in order to obtain a monolithic structure.

The mattress units shall be filled with stone to assure good
alignment and to avoid bulging of the mesh with a minimum of woids
between stones. After the units have been filled, the 1lids shall be
placed so that they meet the sides and end of the mattresses. The lids
shall then be secured to the sides and ends with lacing wire in the
manner described above for assembling.

When a complete mattress unit cannot be installed because of
space limitation, the unit shall be cut te fit in the manner shown on
the plans.

Method of Measurement

Riprap quality stone required to fill the wire mesh cages that
form the gabion revet mattress wiil be measured by the cubic yard
{cubic meter) in accordance with the dimensions shown on the plans or
ag directed, complete in place and accepted.

Bagis of Payment

The accepted quantities of riprap quality stone, measured as set
out above, will be paid for at the contract unit price per cubic vyard
{cubic¢ meter) for gabions. The costs of all materials, labor, and
equipment necessary to complete the work including the wire mesh cages
and installation hardware for gabion revet mattresses shall be included
in the cost of this work.

616-R-102
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625-R-194 GABICNS
(Revigsed 12-07-07)
The Standard Specifications are revised as follows:

SECTION 625, BEGIN LINE 1, INSERT AS FOLLOWS:
SECTION 625 — GABIONS

625.01 Description
This work shall consist of riprap filled wire mesh cages, constructed in
accordance with 105.03,

MATERIALS

625.02 Materials
Materials shall be in accordance with the following:

All wire used in the manufacture and assembly of the mesh shall be in accordance
with or shall exceed the requirements of ASTM A 641 including Finish 5, Class 3 weight
of zinc coating.

All wire used in the manufacture and assembly of PVC coated gabions and
mattresses shall, after zinc coating, having extruded onto it a coating of polyvinyl
chioride. The coating shall be gray in color, of nominal thickness of 0.02165 in.
(0.5499 mm). The coating thickness shall not be less than 0.015 in. (0.381 mm). The
coated wire shall be capable of resisting deleterious effects of salt spray, UV rays, and
abrasion. It shall not show significant material difference in its initial characteristics
after 3000 hours of accelerated exposure m accordance wzrh ASTM B 1 ]7 ASTM
D 1499, and ASTM G 2315 2rsnd-sfier-200-cyoles in-aceordunce-with ASEM-D-1242

Galvanized wire mesh for gabions of cage thickness of 12 in. (300 mm) or greater
shall be nominal 11 gage soft temper steel made of hexagonal double twist mesh. The
wire mesh shall be nominal 12 gage with PVC coating.

Wire for mattress mesh of cage thickness up to 12 in. (300 mm) shall be nominal
13.5 gage soft tempered steel woven into a hexagonal triple twist mesh. The finish
diameter of PVC coated wire shall be nominal 0.1299 in. (3.3 mm).

Samples for testing shall include at least one sample of each component of the
mesh.

Tie and connecting wire shall be supplied for the secure fastening of all edges of
the wire mesh cages and diaphragms. Tie and connecting wire shall be nominal 13.5
gage minimum. Gabions used for vertical structures shall be filled to a depth of 12 in.
(300 mm). For end units, two connecting wires in each direction shall be tightly tied to
opposite faces of the end gabion cell. Internal compartments shall have two connecting
wires, front face to back face of the gabion, on the exposed face. Gabions shall be filled

625-R-194
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to a further depth of 12 in. (300 mm). Two connection wires shall similarly be tied at this
level. Gabions shall then be filled to the top. The gabion shall not be underfilled.

All wire used, including tie and connecting wire, shall be certified by mill test
reports showing compliance with specification requirements.

Alternate methods and fasteners for assembling baskets and interconnecting
adjacent baskets in lieu of lacing wire shall be acceptable to the gabion manufacturer,
and shall be in accordance with the requirements herein. The wire fasteners shall be
fabricated from either minimum [1 gage galvanized, hard drawn sieel wire in
accordance with ASTM A 764, Type Coating Class 3; or minimum 11 gage type 302,
stainless steel wire in accordance with ASTM A 313, Class 1. Stainless steel fasteners
shall be used with PVC coated gabions.

625.03 Mesh Openings
The maximum linear dimension of the opening shall not exceed 5 in. (125 mm).
The area of the mesh opening shall not exceed 10 sq in. (625 mut’).

625.04 Wire Mesh
 Wire mesh shall be woven so as io be non-raveling and fo have clastici

Wire mesh shall meét the strength requirements of ASTM 4 975,
The edge wire connection strength for both gabions and mattresses shall be
similar to that of the mesh.

The selvedge on each sheet of mesh for both gabions and mattresses shall be
galvanized steel wire as described above. Selvedge wire for gabions without PVC coating
shall be nominal 9 gage minimum. Selvedge wire for gabions with PVC coating shall be
nominal 10 gage minimum. Selvedge wire for matiresses with or without PVC coating
shall be nominal 12 gage minimum,

The field connection between adjacent wive baskets shall be made while the
gabions are empty. Each unit shall be adjoined along the vertical reinforced edges and
the top using alternating single and double loops at nominal spacing of 4 in. (100 mmy).

625-R~-194
2 of B




100

110

120

130

140

12-12-07

All joint materials shall develop a connection with a minimum strength of 1,400 [bs/lfi
(20 431 N/m) for galvanized gabions and 1200 lbs/lft (17 512 N/m} for PVC coated
gabions, when subjected to a pull-apart resistance test.

A type A certification in accordance with 916 for the wire mesh shall be furnished
prior to use of the materials.

625.05 Pull-Apart Resistance Test

A set of two identical rectangular gabion panels, each with a width of about 10
mesh openings along a selvedge wire, shall be jointed by means of properly installed
wire fasteners along the two selvedge wires so that each fastener confines two selvedge
wires and two mesh wires. If the fasteners are also to be used fo joint two individual
empty gabion baskets, two additional selvedge wires, which are each mechanically
wrapped with mesh wires shall be included so that each fastener confines four selvedge
wires and four mesh wires. A properly installed fastener shall be in accordance with the
requirements as follows:

(@) Each interlocking fastener shall be in a locked and closed position.

(b) Each ring fastener shall be closed. The free ends of the fastener shall
overlap a minimum of 1 in. (25 mmy).

The jointed panels shall be mounted on a loading machine with grips or clamps
such that the panels are uniformly secured along the fill width. The grips or clamps shall
be designed to transmit only tension forces. The load will then be applied at a uniform
rate of 50 lbs (225 N) per second until failure occurs. Failure will be defined as either of
the following occurrences.

() The maximum load is reached and a drop in strength is observed with
subsequent loading.

(b) An opening of greater thar 2 in. (50 mm) appears along the panel width
between two selvedge wires in a fastener confining either two or four

selvedge wires.

The strength of the jointed panels at failure shall be a minimum of 1,400 Ibs/Ifi
(20 431 N/m).

TABLE FOR MINIMUM STRENGTH TESTS FOR GABION AND MATTRESS BASKETS

PART MINIMUM STRENGTH Lb/ift (N/m)
GABIONS MATTRESSES
WITHOUT PVC WITH PVC WITH OR WITHOUT PYC
Mesh pulled parallel
to wire twist 2000 (29 188) 2000 (29 188) 2000 (29 188)
Mesh pulled
perpendicular to wire 1000 (14 594) 1000 (14 594) 1000 (14 594)
625-R-194
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Connection of selvedge
wire to mesh 1400 (20 431) 44681200 (17 512) 900 (13 135}

Gabions or mattresses shall be as shown on the plans and uniform in size.

All gabion and mattress dimensions will be subject to a tolerance limit of £ 5% of
the manufacturer’s stated sizes. However, a tolerance of + 10% will be permitted for the
height of mattresses.

A type A certification in accordance with 916 for the gabions or mattress shall be
Jurnished prior to use of the materials.

625.06 Riprap
Riprap for filling wire mesh cages shall be in accordance with the applicable
requirements of 904 except as follows:

(a) Riprap shall consist of hard, dense, sound, rough fractured stone or local
sandstone, as nearly cubical as practicable. Thin slab type stones and
flaking rock shall not be used.

(b} The sizes of riprap stone for gabions shall be 3 to 6 in. (75 to 150 mm) for
a gabion thickness of 12 in. (300 mm)} or greater, and 3 to 6 in. (75 to
150 mm) for a mattress thickness of less than 12 in. (300 mm).

625.07 Soil Anchor Stakes
Soil anchor stakes for wire mesh mattresses shall be steel and shall include the
components as follows:

(a) Steel pipe of 2 in. (50 mm) in size, either black or galvanized, in
accordance with ASTM-#4-426 ASTM A53.

(b) Structural steel angles L3 x 3 x3/8in. (L 76 x 76 x 9.5 mm) in accordance
with ASTM 4 36.

A type A certification in accordance with 916 for the soil anchor stakes shall be
Sfurnished prior to use of the materials.

CONSTRUCTION REQUIREMENTS

625.08 Construction

Gabions and mattresses shall be placed as shown on the plans. Riprap shall be
placed in close contact in the wire mesh cage units so that maximum fill is obtained. The
units may be machine filled with sufficient handwork to accomplish the requirements
herein.

625-R-194
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The vertical exposed faces of the gabions shall be hand filled with larger stones.
An effort shall be made to place the stones so as to limit basket distortion as much as
possible.

Where the length of the unit exceeds 1.5 times its horizontal width, the cage shall
be equally divided with diaphragms of the same mesh and gage as the body into cells
whose length does not exceed the horizontal width. The unit shall be furnished with the
necessary diaphragms secured in proper position on the base section such that no
additional fasteners or tie wire at such juncture will be necessary.

All perimeter edges of gabion cages shall be securely selvedged or bound such
that the joints formed by tying the selvedges have a minimum strength of 1400 lbs/lft
(20 431 N/m) for galvanized gabions, and 1200 lbs/lft (17 512 N/m) for PVC gabions.

After the foundation soils have been excavated to the width, line, and grades
specified and the Engineer determines that a suitable foundation exists for installation of
the geotextiles and subsequent construction of the gabions, the Contractor shall install
the geotextiles in accordance with 616.11. The gabions shall then be founded on the
geotextile lined bed and laid to the lines and dimensions specified or as directed.

Excavation for toewalls or cut-off walls shall be made to the neat lines shown on
the plans.

All wire mesh cage units shall be tied together each to its neighbor along all
contacting edges in ovder to form a continuous connecting structure.

625.09 Method of Measurement

This work will be measured by the cubic yard (cubic meter) of riprap required to
fill the gabions or mattresses, or as directed, in place. Geotextiles will be measured in
accordance with 616.12.

625.10 Basis of Payment

The accepted quantities of riprap measured as set out above will be paid for at
the contract unit price per cubic yard (cubic meter) for gabions. Geotextiles will be paid
Jor in accordance with 616.13.

Payment will be made under:
Pay Item Pay Unit Symbol
GGABDLOFS ....oev e ate e s n e e e et e ee et s anesa e CYD (m3)
The cost of furnishing the wire mesh cages, tie and connecting wire, selvedges,
riprap material for filling the wire mesh cages, soil anchor stakes for the wire mesh

cages, and all labor, materials, equipment, and earthwork shall be included in the cost of
the pay item.
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