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54  WATERPROOFING
[bookmark: _Toc288311347][bookmark: _Toc289936164][bookmark: _Toc360610312]54-1  GENERAL
[bookmark: _Toc289936165][bookmark: _Toc289936166]54-1.01  GENERAL
Section 54 includes specifications related to waterproofing.
54-1.02  MATERIALS
Not Used
54-1.03  CONSTRUCTION
Not Used
54-1.04  PAYMENT
Not Used
54-2  ASPHALT MEMBRANE WATERPROOFING AND DAMPPROOFING
[bookmark: _Toc289936167]54-2.01  GENERAL
Section 54-2 includes specifications for applying asphalt membrane waterproofing  and dampproofing.
Asphalt membrane waterproofing consists of a coating of primer and a firmly bonded membrane composed of 2 layers of saturated glass fabric and 3 moppings of waterproofing asphalt.
Dampproofing consists of a coating of primer and 2 moppings of waterproofing asphalt.
[bookmark: _Toc289936168]54-2.02  MATERIALS
Waterproofing asphalt must comply with ASTM D449, Type I for below ground and Type II for above ground.
The primer must comply with ASTM D41/D41M.
Treated glass fabric must comply with ASTM D1668, Type I.
[bookmark: _Toc289936169]54-2.03  CONSTRUCTION
[bookmark: _Toc289936170]54-2.03A  General
The surface to be waterproofed must be smooth and free from holes and projections that could puncture or damage the membrane.
The surface to be waterproofed or dampproofed must be dry and thoroughly cleaned of dust and loose materials.
Do not apply the primer or asphalt in wet weather or at ambient temperatures below 65 degrees F.
Apply the primer to the surface and allow it to dry before applying the 1st coat of asphalt.
Apply the waterproofing asphalt at a temperature of 300-350 degrees F.
For waterproofing on steel column casings, apply the asphalt membrane waterproofing to the painted undercoat of the casings.
For a backfilled surface, you may use preformed membrane waterproofing as an alternative to asphalt membrane waterproofing.
[bookmark: _Toc289936171]54-2.03B  Waterproofing
After priming the surface, apply the waterproofing as follows:
1.	Starting at the lowest point, mop the waterproofing asphalt thoroughly onto the primed surface.
2.	Roll a strip of fabric 1/2 the width of the fabric roll onto the hot asphalt immediately and press into place, eliminating all air bubbles and obtaining close conformity with the surface.
3.	Mop hot asphalt onto this strip and an adjacent section of the surface of a width equal to slightly greater than 1/2 the width of the fabric being used. Roll a full width of the fabric into this hot asphalt, completely covering the first strip. Press into place in the same way as for the 1st strip.
4.	Mop the 2nd strip and an adjacent section of the surface with hot asphalt. Shingle a 3rd strip of fabric on such that it laps the 1st strip by at least 2 inches.
5.	Continue this process until the entire surface is covered, with each strip of fabric lapping at least 2 inches over the second to last strip.
6.	Mop the entire surface with hot asphalt. Ensure a thorough seal and firm bond at all fabric laps.

Regulate the work such that at the end of the work day, the final mopping of asphalt has been applied to all the fabric in place.
The exposed surfaces of the membrane waterproofing applied to steel column casings must be of uniform height above ground, without unsightly bulges, depressions, or other imperfections.
Do not apply the asphalt membrane waterproofing to a surface until you are prepared to place the backfill within a short enough time such that the waterproofing is not damaged as a result of exposure. Remove and replace waterproofing membrane that loses bond with the surface.
[bookmark: _Toc289936172]54-2.03C  Dampproofing
Apply dampproofing using the following procedure:
1.	Prime the surface to be dampproofed.
2.	Thoroughly mop the surface with waterproofing asphalt.
3.	After the 1st mopping of asphalt has set sufficiently, mop the entire surface with a 2nd coat of hot asphalt.
4.	Ensure that there are no skips in the coatings and that all surfaces are thoroughly covered.

[bookmark: _Toc289936173]54-2.04  PAYMENT
Not Used
[bookmark: _Toc289936174]54-3  PREFORMED MEMBRANE WATERPROOFING
[bookmark: _Toc289936175]54-3.01  GENERAL
[bookmark: _Toc289936176]54-3.01A  Summary
Section 54-3 includes specifications for applying preformed membrane waterproofing to surfaces that are to be backfilled.
[bookmark: _Toc289936177]54-3.01B  Definitions
Not Used
[bookmark: _Toc289936178]54-3.01C  Submittals
Submit a certificate of compliance for the preformed membrane sheet. Include the following:
1.	Type of preformed membrane sheet
2.	Conditioner or primer application rates

[bookmark: _Toc267646505][bookmark: _Toc289936179]54-3.01D  Quality Assurance
Reserved
[bookmark: _Toc289936180]54-3.02  MATERIALS
Preformed membrane waterproofing must consist of:
1.	Adhesive
2.	Conditioner or primer applied to a prepared surface
3.	Preformed membrane sheet of rubberized asphalt or polymer-modified bitumen
4.	Mastic or tape for sealing the edges of the sheet
5.	Protective covering over the sheet held by an adhesive

The preformed membrane sheet must be permanently applied to a polyethylene film or reinforced with one of the following:
1.	Polypropylene mesh fabric
2.	Polyester/polypropylene fabric
3.	Fiberglass mesh fabric

The total thickness of the membrane sheet and polyethylene film or fabric reinforcement must be at least 60 mils.
The membrane sheet must comply with the requirements shown in the following table:
	Membrane Sheet Quality Characteristic Requirements

	Quality characteristic
	Test method
	Requirement

	
	
	Polyethylene film
	Fabric reinforced

	Breaking strengtha (lb/in, min)
	ASTM D882b
	20c
	20c

	Percent elongation at break,d (min)
	ASTM D882b
	150c
	25c

	Pliability
	ASTM D146/D146Me
	No cracks
	No cracks

	Rubberized asphalt softening point (° F, min)
	AASHTO T 53
	165
	165

	Polymer-modified bitumen softening point (° F, min)
	AASHTO T 53
	210
	210

	aBreaking factor in machine direction
bMethod A, average 5 samples
cAt 73.4 ± 3.6 degrees F
dMachine direction
e180-degree bend over a 1-inch mandrel at 10 degrees F



Adhesive, conditioner, primer, mastic, and sealing tape must be manufactured for use with the membrane sheet material used.
The protective covering must be hardboard at least 1/8 inch thick or another material that furnishes equivalent protection.
[bookmark: _Toc289936181]54-3.03  CONSTRUCTION
Apply adhesive, conditioner, primer, mastic, and sealing tape under the manufacturer's instructions.
Backfill material and equipment must not cut, scratch, depress, or cause any other damage to the preformed membrane.
Thoroughly clean dirt, dust, loose or unsound concrete, and other extraneous material from the surface to receive the waterproofing. The surface must be free from fins, sharp edges, and protrusions that could puncture or damage the membrane. Round outside corners and chamfer inside corners to be covered.
The surface must be dry when applying components of the waterproofing.
Do not apply the preformed membrane waterproofing to a surface until you are prepared to place the protective covering and backfill within a short enough time such that the membrane is not damaged by workers, equipment, exposure to weathering, or any other cause. Repair or replace damaged membrane or protective covering.
Flash all projections, such as pipes, conduits, and sleeves, passing through the preformed membrane waterproofing with prefabricated or field-fabricated boots, fitted coverings, or other devices as necessary to provide watertight construction.
Thoroughly mix and continuously agitate the conditioner or primer during application. Allow the conditioner, primer, or adhesive to dry to a tack-free condition before placing membrane sheets.
Recoat the surface if the membrane sheet is not placed over the primer, conditioner, or adhesive within the time recommended by the manufacturer.
Do not apply preformed membrane sheets in wet or foggy weather or when the ambient temperature is below 40 degrees F.
Place the preformed membrane material starting at the bottom and lap by a minimum of 6 inches at splices and at repairs to holes or tears.
After placing the membrane, apply a trowelled bead of manufacturer-recommended mastic or sealing tape to the exposed edges of the membrane sheets.
The surface of the preformed membrane must be free from dirt and other extraneous material before placing the protective covering.
Place the protective covering on a coating of adhesive. Apply the adhesive at a rate sufficient to hold the protective covering in position until backfilled.
[bookmark: _Toc289936182]54-3.04  PAYMENT
Not Used
[bookmark: _Toc289936183]54-4  WATERPROOFING AND COVER
[bookmark: _Toc289936184]54-4.01  GENERAL
Section 54-4 includes specifications for applying membrane waterproofing and protective cover to deck surfaces of railroad underpasses.
Furnish and apply the waterproofing and cover under the AREMA Manual for Railway Engineering.
[bookmark: _Toc289936185]54-4.02  MATERIALS
[bookmark: _Toc289936186]54-4.02A  General
Reserved
[bookmark: _Toc289936187]54-4.02B  Membrane
The waterproofing membrane must consist of butyl rubber secured with an authorized adhesive.
You may substitute ethylene propylene diene monomer (EPDM) for the butyl rubber if it complies with the specifications for butyl rubber.
Comply with the AREMA Manual for Railway Engineering, chapter 8, part 29, for:
1.	Butyl rubber membrane
2.	Adhesive
3.	Splicing cement
4.	Butyl gum splicing tape
5.	Antibonding paper
6.	Fibered aluminum roof coating

The butyl rubber membrane must be at least 0.060 inch thick.
[bookmark: _Toc289936188]54-4.02C  Protective Cover
The protective cover must comply with the AREMA Manual for Railway Engineering, chapter 8, part 29, and must consist of 2 layers of asphaltic panels applied with adhesive and sealing compound to a total thickness of at least 3/4 inch.
Sealing compound for joints and edges must be compatible with:
1.	Membrane
2.	Adhesive used to fasten the membrane to the deck
3.	Splicing cement
4.	Protective cover panels

The individual panels must be at least 3/8 inch thick.
The installed panels must be at least 4 by 8 feet except as cut for closures.
Ship and store the panels on smooth, flat surfaces.
If the panels are shipped with an inert material between the sheets to prevent sticking, remove the inert material before installation.
[bookmark: _Toc289936189]54-4.03  CONSTRUCTION
[bookmark: _Toc289936190]54-4.03A  General
Do not apply the membrane waterproofing until you are prepared to place the protective cover within a short enough time such that the membrane is not damaged by workers, equipment, exposure to weathering, or any other cause. Repair or replace damaged membrane.
Sweep or air blow the concrete surfaces to receive the seal to clean them of dirt, dust, gravel, loose concrete particles, and other extraneous materials. Remove projections and fill depressions that could damage the membrane.
The horizontal surfaces of the finished waterproofing must be free from depressions and pockets. The membrane must be carefully turned into drainage fittings. Take special care to make the waterproofing effective at the following locations:
1.	Along the sides and ends of girders
2.	At stiffeners, gussets, expansion joints, offsets in ballast retainers, and other discontinuities

For retainer-buffers and headers, use no. 1 structural grade Douglas fir timbers pressure treated under AWPA U1, Use Category UC4B, Commodity Specification A, except do not use chromated copper arsenate. For the anchor bolt assemblies associated with retainer-buffers and headers, use commercial-quality, hot-dip galvanized steel bolts, plates, and sheet metal.
[bookmark: _Toc289936191]54-4.03B  Butyl Membrane Waterproofing
The surface to be waterproofed must be dry at the time of membrane application.
Do not apply the membrane when the atmospheric temperature is below 34 degrees F.
Apply the membrane using the following procedure:
1.	Position and draw the membrane sheets tight without stretching.
2.	Roll 1/2 of the membrane uniformly in a direction away from the starting edge or subsequent splice.
3.	Apply the adhesive to the exposed deck area with a squeegee at a rate of at least 1 gallon per 100 square feet of deck surface.
4.	Allow the adhesive to dry to a tack-free condition.
5.	Unroll and press the membrane firmly and uniformly in place, avoiding trapping of air.
6.	Repeat the same procedure for the remaining 1/2 of the membrane sheet, avoiding wrinkles and buckles. Position each succeeding sheet to fit the previously installed sheet and splice the sheets.

Membrane splices must be tongue-and-groove type as shown in figure 8-29-3, no. 3, of the AREMA Manual for Railway Engineering, chapter 8, part 29.
Splice the membrane sheets using the following procedure:
1.	Clean all seam, lap, and splice areas with heptane, hexane, toluene, trichloroethylene, or white gasoline using a clean cloth, mop, or similar synthetic cleaning device.
2.	Spread splicing cement continuously on the seam, lap, and splice areas at a uniform rate of at least 1 gallon per 75 square feet based on both mating surfaces.
3.	After the cement has dried to a tack-free condition, apply the butyl gum splicing tape to the cemented area of the membrane, extending the tape to at least 1/8 inch beyond the edges of the splice and lap areas.
4.	Roll or press the tape firmly into place to obtain full contact, avoiding bridging and wrinkles.
5.	Reinforce corner splices with 2 continuous layers of rubber membrane over 1 layer of butyl tape.

Flash all projections, such as pipes, conduits, and sleeves, passing through the membrane waterproofing with prefabricated or field-fabricated boots, fitted coverings, or other devices as necessary to provide watertight construction. Use butyl gum tape between layers of rubber membrane.
Patch holes in the membrane sheeting under the manufacturer's instructions with a minimum overlap of 4 inches.
Before laying the membrane across a transverse expansion joint in the bridge deck, lay and center on the joint a 12-inch-wide, galvanized, 22-gage steel sheet covered by an 18-inch-wide strip of antibond paper.
[bookmark: _Toc289936192]54-4.03C  Asphaltic Protective Cover
Before placing the protective cover:
1.	Thoroughly clean the surface of the applied membrane of dirt, dust, loose or unsound concrete, and other extraneous material
2.	At transverse expansion joints in the bridge deck, lay and center on the joint above the membrane a 12-inch-wide, galvanized, 22-gage steel sheet covered by an 18-inch-wide strip of antibond paper

Lay the panels with 2 superimposed layers. Offset the joints in the 2nd layer from the joints in the 1st layer by approximately 1/2 the width of the panel.
Lay the panels in an adhesive coating using the following procedure:
1.	Apply the adhesive with a squeegee at a rate of at least 1 gallon per 100 square feet of deck surface.
2.	As you lay successive panels, thoroughly coat the edges and ends of adjacent panels already laid with a sealing compound.
3.	Lay the panels tightly against those previously laid such that the sealing compound completely fills the joints and squeezes out at the top.
4.	After all of the panels have been laid, fill any voids between the panels with sealing compound.

Where an edge or protrusion of asphaltic panels is exposed to prolonged sunlight, coat the area with fibered aluminum roof coating.
[bookmark: _Toc289936193]54-4.04  PAYMENT
The payment quantity for waterproofing and cover is the area determined from the dimensions shown, along the slope, including the area of timber retainers and headers.
[bookmark: _Toc289936194]54-5  DECK SEAL
[bookmark: _Toc289936195]54-5.01  GENERAL
[bookmark: _Toc289936196]54-5.01A  Summary
Section 54-5 includes specifications for applying a deck seal.
The deck seal must consist of a preformed membrane seal system.
[bookmark: _Toc289936197]54-5.01B  Definitions
Reserved
[bookmark: _Toc289936198]54-5.01C  Submittals
Submit a certificate of compliance for the preformed membrane sheet. Include the type of sheet and the conditioner or primer application rates.
[bookmark: _Toc289936199]54-5.01D  Quality Assurance
Reserved
[bookmark: _Toc289936200]54-5.02  MATERIALS
The preformed membrane seal system must consist of:
1.	Primer or conditioner applied to a prepared concrete surface
2.	Preformed membrane sheet of rubberized asphalt or polymer-modified bitumen
3.	Mastic for binding and sealing the edges of the sheet to the barrier or curb face

The preformed membrane sheet must be reinforced with one of the following:
1.	Polypropylene mesh
2.	Polyester/polypropylene fabric 
3.	Fiberglass mesh

The total thickness of the membrane sheet and polyethylene film or fabric reinforcement must be at least 65 mils.
The membrane sheet must comply with the values shown in the following table:
	Deck Seal Membrane Sheet Quality Characteristic Requirements

	Quality characteristic
	Test method
	Requirement 

	Breaking strengtha (lb/in, min)
	ASTM D882b
	50c

	Percent elongation at breakd (min)
	ASTM D882b
	15c

	Pliability
	ASTM D146/D146Me
	No cracks

	Rubberized asphalt softening point (°F, min)
	AASHTO T 53
	165

	Polymer-modified bitumen softening point (°F, min)
	AASHTO T 53
	210

	aBreaking factor in machine direction
bMethod A, average 5 samples
cAt 73.4 ± 3.6 degrees F
dMachine direction
e180-degree bend over a 1-inch mandrel at 10 degrees F



Primer, conditioner, and mastic must be manufactured for use with the preformed membrane sheet material used.
[bookmark: _Toc289936201]54-5.03  CONSTRUCTION
Before applying the deck seal:
1.	Where a slurry leveling course is shown, apply the slurry leveling course.
2.	Sweep or air blow the concrete surfaces to receive the seal to clean them of dirt, dust, gravel, loose concrete particles, and other extraneous materials. You may leave concrete curing compound on the surface.
3.	Remove sharp protrusions from the surface that could puncture the membrane.
4.	Round or chamfer sharp corners to be covered. Use portland cement concrete or mortar to make chamfers or to fill the void beneath railing bumper rails.

Before applying the primer or conditioner, tape or adhere oil-resistant construction paper mask to deck areas that are to be covered by expansion dams. Place the membrane seal continuously across the paper masks, except cut the mask and the preformed sheet at or near the expansion joint if requested.
The surfaces must be dry and the temperature of the deck and of the materials must be at least 50 degrees F when the membrane seal is applied, except the rubberized asphalt material may be applied when the temperature is at least 25 degrees F.
Apply primer, conditioner, and mastic under the manufacturer's instructions.
Apply the primer or conditioner to the entire area to be sealed, except where a slurry leveling course has been applied. Where a slurry leveling course has been applied, apply a prime coat consisting of an RS1 grade asphaltic emulsion spread at a rate of 1 gallon per 100 sq yd of surface covered.
Thoroughly mix and continuously agitate the primer and conditioner during application.
Allow the primer to dry to a tack-free condition before placing membrane sheets.
Recoat the surface if the membrane sheet is not placed over the primer or conditioner within the time recommended by the manufacturer.
Apply the preformed membrane sheet to the primed or conditioned surface either by hand methods or by mechanical applicators.
Place the membrane sheets using the following procedure to achieve a shingling effect in the direction that water will drain:
1.	Place a minimum 12-inch-wide membrane strip along the juncture of the deck and the base of the barrier curb face at the low side of the deck with the sheet extending up the face 3 inches.
2.	Starting at the gutter line, lay sheets longitudinally, side lapped with adjacent sheets by at least 3 inches and end lapped by at least 6 inches.
3.	If the deck has a reversing superelevation, place a minimum 12-inch-wide strip at the juncture of the deck and the base of the barrier or curb at the high side of the deck extending up the face 3 inches.
4.	Roll the membrane sheets with hand rollers or other apparatus as necessary to develop a firm and uniform bond with the primed or conditioned concrete surface, minimizing wrinkles and air bubbles.
5.	Patch tears, cuts, or narrow overlaps using an adhesive as follows:
5.1.	Place sections of a membrane sheet over the defective area such that the patch extends at least 6 inches beyond the defect.
5.2.	For modified bitumen sheets with a permanent polyester film, use a propane torch to melt the polyester film on the section to be patched. Place the patch over the heated surface and roll or press it firmly onto the surface.

At open joints and deck bleeder pipes, cut and turn the membrane sheet into the joint or bleeder while laying the membrane sheet.
If the membrane sheet is manufactured with a release film, remove the film from the contact area of the lap joint or splice before making the joint or splice. Do not remove the film from the remainder of the membrane sheet until immediately before placing the HMA.
Apply a bead of mastic at the following locations:
1.	Along the exposed edge of the membrane sheet that extends up the barrier or curb face
2.	If the deck has a reversing superelevation, along the edge in the high side gutter after installing the sheets

Do not allow traffic on the seal until HMA is placed over it.
[bookmark: _Toc289936202]54-5.04  PAYMENT
The payment quantity for deck seal is the area covered, determined from the dimensions shown, with no deduction for masked areas.
[bookmark: _Toc289936203]54-6  SLURRY LEVELING COURSE
[bookmark: _Toc289936204]54-6.01  GENERAL
Section 54-6 includes specifications for applying a slurry leveling course on rough-surfaced, deteriorated bridge decks.
[bookmark: _Toc289936205]54-6.02  MATERIALS
The slurry leveling course must consist of a mixture of 2 parts of undiluted asphaltic emulsion mixed with 3 parts by volume of aggregate.
The asphaltic emulsion must be commercial-quality Grade QS1h or CQS1h.
The aggregate must be a commercial-quality sand that passes a no. 30 sieve.
[bookmark: _Toc289936206]54-6.03  CONSTRUCTION
Mix the slurry seal in a continuous pugmill mixer. The mixer must produce a uniform and homogeneous mixture.
You may blend additional water into the slurry to improve mixing and spreading properties if the added water plus the surface moisture on the aggregate does not exceed 20 percent by volume of the undiluted emulsion.
Protect surfaces of the bridge and other improvements that are not to receive slurry leveling course from spatter and stains.
Spread the slurry on water-dampened but puddle-free concrete surfaces with a squeegee or broom of suitable stiffness. Apply the slurry at a rate sufficient to fill local depressions in the deck without filling over high deck areas. Mask or cover open joints, drains, access openings, and sliding surfaces during the application of slurry.
[bookmark: _Toc289936207]54-6.04  PAYMENT
The payment quantity for slurry leveling course is the volume of undiluted asphaltic emulsion used to produce the slurry, not including any additional water blended into the slurry.
54-7  SILANE WATERPROOFING TREATMENT
Reserved
54-8–54-10  RESERVED
