FLEXIGUM WATERPROOFING MATERIAL
APPLICATION MANUAL
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1. General Description of  FLEXIGUM


FLEXIGUM, is the last generation of waterproofing bituminous emulsions modified with latex.
The material is anionic bituminous emulsion modified with polychloroprene latex. The emulsion is a dispersed system comprised of two mutually insoluble fluids (bitumen and water), one dispersed phase, bitumen, being distributed within other one (water) in the form of tiny particles of 5 to 10 μm covered with a thin layer of fatty-acid emulsifier, which ensures stability of such system. Introduction of modifier, polychloroprene rubber, significantly improves strength and elasticity of the material.


FLEXIGUM shall be applied with an «airless»| spraying machine. Spraying is performed through supply of two components, bituminous emulsion and coagulant, via two loops comprising a system of flexible high-pressure hoses. The hoses are connected to a two-nozzle sprayer. Due to special form of nozzles the components mix in the air with immediate coagulation of emulsion (breaking-down of emulsifier coating), and hitting the substrate particles of bitumen and latex create a membrane. Following separation of water the material acquires physical and mechanical properties of high quality seamless sealing.

Long service life of the material results from the following:

- bitumen-latex emulsion is manufactured on the basis of liquid emulsifier using production process providing for obtaining bitumen micelles which are comparable in size with latex particles, and this determines uniform structure and stable characteristics of the material;

- latex of synthetic rubber was utilized which is readily compatible with bitumen;
- quantity of bitumen as compared to latex provides for high elasticity of membrane and distribution of stresses in the membrane caused by external forces. FLEXIGUM membrane is effective for protection of concrete against biogenous sulfuric corrosion (average concentration of hydrogen sulfide at which the coating provides for reliable protection of concrete for more than 10 years equals to 21 mg/m³).
FLEXIGUM membrane is resistant to static exposure to aggressive media (25% aqueous solution of sulfuric acid, mixture of 3-5% hydrofluoric acid and 7-10% nitric acid, and 25 % solution of sodium hydroxide; and relatively resistant to  exposure to 25 % hydrochloric acid).

FLEXIGUM membrane is also resistant to static exposure» to the following aggressive media (5% sodium nitrate solution,  5% aqueous solution of hydrogen sulfide, and 2% aqueous solution of lime chloride).
FLEXIGUM is certified according to the following requirements:

- international standards of quality management ISO 9001 of 06.08.03, № IL- 29288;

- conformity certificates.
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Bitumen emulsion FLEXIGUM is supplied by Bitum Ukraine Ltd., Kyiv, 14/1 Dovzhenko St., Suite # 39. 

Tel. +380 44 502 02 41/42/43/44, fax +380 44 502-0240
1.1. Main advantages of  FLEXIGUM


stability – uniformity of application of disperced material in the form of uniform membrane;

elasticity – the material reinforced with latex gaines high elasticity with elongation of more than 1000%;
         technological efficiency– possibility of application to unprepared surface of any gometric  form or configuration 

mobility – equipped with hoses of up to 150 м allows to work at remote sites and places difficult to reach;
high efficiency – a team of three persons applies the sealing on th surface of up to 1200 m², thickness of 4 mm for 8 h;

safety – non-toxic, applied without heating, environmentally safe.
1.2. Physical and mechanical properties of FLEXIGUM membrane
	\Parameter
	Unit
	Measure

	Density of euulsion, at 0 ºС
Conventional strength, at break
Elongation in air
Flexibility at low temperature
Water absorption during 24 h, by mass, not more
Watertightness
Loss in volume following immersion in water for 168 h, at 50 ºС
Heat resistance, not lower
Adhesion to substrate.


	kg/m3

МПа

%

ºС

%
МПа

%

ºС

МПа
	1100

0,89

1890

- 30

0,6
0,25

4,7

95

0,85
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      1.3. Fields of application
FLEXIGUM membrane is intended for waterproofing of  underground and above ground structures of industrial and civil construction  and transport  structures, in particular:

- waterproofing and protection against corrosion of elements of civil and industrial structures and buildings;

- waterproofing of transport structures, including running and station tunnels of metro, road and railway tunnels, retaining walls, underground passages; 

- waterproofing of waste water tunnels, protection of waste water systems against sulfuric acid corrosion of wastage tunnels;

- waterproofing and protection against corrosion  of reinforced concrete and metal reservoirs intended for industrial and civil construction;

- waterproofing of crossings of utilities.

2. Design Guidelines

2.1. Design of waterproofing of parts of buildings and structures shall be considered at the stage of technical design and development of working drawings.


2.2. At technical design stage the purpose of waterproofing and main requirements shall be determined, type of waterproofing selected, extent and cost of work estimated.
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2.3. At the stage of development of working drawings the type of waterproofing shall be confirmed, level of waterproofing, complexity of works, design of waterproofing system shall be developed with detailed elaboration of  reinforcements, joining, sealing of deformation joints, utility crossings, protection of waterproofing membrane.


2.4. Selection of waterproofing membrane shall be made on the basis of:

- type and specifics of building or structure;

- depth of foundation;

- soil;

- level of underground water and hydrostatic head;

- aggressiveness of water;

- influence of microorganixms;

- crack resistance of underground structure envelope;

- extent of temperature, shrinkage and strain deformations;

- additional operation loads;

- rate of danger of operation;

- special loads and effects.

            2.5. Selection of type and design of waterproofing using FLEXIGUM membrane shall be performed considering that,

The waterproofing shall be:


- continuous and complete along the contour of the sealed part of the building;


- watertight along entire waterproofed surface;


- water, bio and chemically resistant;


- high and low temperature resistant and elastic within service time and intended temperature range;


- provide for reliable operation during prolonged exposure to water, soil, deformations in concrete and operational stress;

- retain integrity when cracks are developed on sealed surface with width allowed by design norms;


- shall be free of components which can cause corrosion of concrete or rebars.

         2.6. Waterproofing of underground parts of buildings and structures at small depth (up to 30 m) with bitumen mastique FLEXIGUM shall be “paint” or “plaster” type.


2.7. Paint-type waterproofing shall be provided for protection against capillary and no-pressure ingress of water to underground structures.

         2.8. Paint-type waterproofing membrane shall have thickness of at least 2,0mm (±0,15mm) for the surfaces with  no water head and the depth of up to 10 m, and thickness of  at least 4 mm (±0,3mm) for the depth of up to 20 m.

        2.9. Reinforcement of paint-type FLEXIGUM membrane at joints of assembled elements and in places where deformations are possible shall be performed with strips of sheet waterproofing materials.

2.10. Plaster-type waterproofing shall be used for the majority of structures of underground parts of the buildings.


2.11. Plaster-type waterproofing shall be provided for  the surfaces which undergo water head and shall have the thickness of at least 4mm (±0,3mm) at depth up to 10 m and 6mm (±0,45mm) at the depth of up to 20m.


2.12. Reinforcement of plaster-type membrane at joints of assembled elements of basement walls shall be made of  strips of sheet waterproofing materials.

3. Design of waterproofing for industrial and civil construction
Design of waterproofing with bitumen mastique FLEXIGUM for buildings and structures at small depths (up to 30m) shall provide that waterproofing:


- shall be continuous over all surfaces in contact with soil and continue over the ground level an least for 300mm, for external waterproofing;


- shall be continuous over all surfaces of underground space, and over vertical walls through entire height overlapping horizontal membrane;

            - shall be continuous over all surfaces in contact with process fluids through entire height to maximum expected level plus 500mm, or over entire height of the structure.

Design of waterproofing coating at flat surfaces of the structure shall comprise a sliding layer between waterproofing membrane and higher layers. Such layer can be formed by laying two layers of geotextile, an additional layer of polyethylene film, glass fiber sheet.

FLEXIGUM membrane shall be protected against mechanical damage with the following:


- for external waterproofing, a layer of geotextile, flat or dimpled polymer membrane, glass fiber;


- for internal waterproofing (when water head is negative), pressure wall of concrete, cement mortar, brick.
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3.5. Roof waterproofing
Waterproofing of roofs on industrial and civil structures with FLEXIGUM membrane shall be performed in the following order:

Non-operated roof:

- laуing of vapour-barrier film;

- laуing of  polystyrene foam sheets (heat insulation); 

- laying of PVC film;

- laying of sloped reinforced concrete layer;

- priming;

- application of FLEXIGUM;

- laying of protective layer of MULTIGUM mastique or other material (as designed).

ATTENTION: FLEXIGUM membrane is not resistant to ultraviolet emission, therefore protection  layer is mandatory.
Operated roof:

- laying of sloped reinforced concrete;

- priming;

- application of FLEXIGUM;

- laying of geotextile layer (separation layer);

- laying of dimpled membrane (drainage layer);
- laying of geotextile (filtration layer); 
- laying of polystyrene foam sheets (heat insulation);

- laying of PVC film;

- laying of protective reinforced concrete layer;

- coating as designed.
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It is necessary to reinforce waterproofing layer at joints of waterproofing membrane to parapets, weather vanes, water discharge pipes, valleys, skylights and other parts of roof,. As a rule, reinforcement is implemented with rolled waterproofing material.

If it is necessary to seal joints between vertical and horizontal surfaces, a coving shall be provided, which ensures smooth transition of waterproofing layer from one surface to another. In addition, the coving ensures larger adhesion area between substrate and sheet material used as reinforcement.

ATTENTION: More detailed information is presented in “Recommendations on Design of Waterproofing of Buildings and Structures with Novel Bitumen-Latex Mastique, FLEXIGUM (document # 412.00.000 KP).
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4. Design of Waterproofing for Support Walls and Underground Passages 

          In tunnels built in open ditch or within enclosing sheeting a continuous FLEXIGUM waterproofing layer (thickness min. 4mm ±0.3mm) and wall drainage with discharge of water into drainage duct shall be provided.  

Design of FLEXIGUM waterproofing for such structures at small depths (up to 30m) shall be based on the following:


- for external waterproofing, shall be continuous over all surfaces in contact with soil and extending over soil level at least 300mm, 

- shall be continuous over all surfaces of the underground structure, and on vertical walls shall go through entire height of the wall overlapping with horizontal layer;


- shall be continuous over all surfaces in contact with process fluid up to soil level plus 500mm, or over entire height of the structure.

Design of waterproofing layer for operated flat surfaces shall include a sliding layer between waterproofing membrane and protective layer. Sliding layer can be provided in the form of additional geotextile layer, PE film. glass fiber sheet.

         When waterproofing the surfaces with positive water pressure, it is necessary before backfilling to provide for protective structure which can be in the form of protective wall using flat drainage (geotextile and dimpled membrane), etc..
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5. Waterproofing procedure 

5.1. Organization of work

Prior to waterproofing of underground structures with FLEXIGUM mastique the following measures shall be taken:
- all general construction works shall be completed at the site;


- the site shall be equipped with all necessary waterproofing materials;


- discharge or lowering level of underground water shall be ensured;

- the measures to ensure dry surface of substrate shall be taken;

- reliability of water discharge system checked;

- it is checked that slope of horizontal surface complies with design; 


- measures were taken to discharge technological water from the surface being waterproofed;

          - strength, inclination, sagging of protection wall of ditch is checked;


- protective movable shed installed to perform work at unfavorable weather conditions;


- measures were taken to prevent walking of workers and driving of vehicles on waterproofed horizontal surface; 

- strength of surface was checked (at least 80% of design figure), fixing and stability of carrying and enclosing structures;


- the plant for airless spraying of bitumen emulsion prepared to operate;


- site workers were instructed on safety measures and waterproofing operators were trained and instructed on the procedure of waterproofing with FLEXIGUM mastique.

Waterproofing shall be performed at the temperatures not lower than +5 оС. At the temperatures lower than +5 оС the works shall be carried out under cover of a movable sheds with blower heaters. In the shed it is necessary to ensure air temperature at least 10оС.

5.2. Requirements to substrate

The specifics of waterproofing with bitumen emulsion FLEXIGUM is its high adhesion to primed substrate – at least 0,6 MPa. Due to this, leveling of substrate with cement mortar is not needed. It was found, that the best waterproofing effect is achieved when waterproofing layer is applied to the base underground structure as leveling layers in the course of operation break off the base damaging the waterproofing layer.

Requirements to concrete surface:

- the surface shall be cleaned of construction waste, dirt and dust  with compressed air from compressor or with industrial vacuum cleaner; 
- it is necessary to remove irregularities in the form of sharp parts of concrete, oil from casing, as well as laitance;

- cracks shall be filled with cement mortar;

- at the beginning of waterproofing procedure substrate shall be dry (water content of the concrete shall not exceed 15%, by weight).
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5.3. Specifics of Waterproofing


Waterproofing procedure shall comprise minimum number of steps. To ensure high quality of waterproofing the procedure shall be performed on larger areas. It is not recommended to perform waterproofing by separate sections (less than 10% of total area). 

Waterproofing at one site by different subcontractors or with different materials is not recommended.


Waterproofing of underground structures with FLEXIGUM mastique usually is performed in three steps;

1st step – waterproofing of foundation base;

          2nd step - waterproofing of vertical walls;


3rd step - waterproofing of horizontal slabs (cover of underground part of the building).



When waterproofing horizontal base surfaces with FLEXIGUM, measures shall be taken to remove process water from the surface.


The thickness of the dry membrane can be:

 
2mm (±0,15mm); 4mm (±0,3mm); 6mm (±0,45mm).

Required application rate of FLEXIGUM depending on the thickness of the dry membrane is as follows, per sq.m:

1) Primer



            - 0,82kg;


2) FLEXIGUM membrane», 2mm       - 3,50kg;


3) FLEXIGUM membrane, 4mm         - 7,00kg.

          4) FLEXIGUM membrane, 6mm         - 10,50kg.

When applying the material to uneven surface, possible excessive consumption of the emulsion shall be considered. Excessive consumption is caused by difference in area of flat and uneven surface. This shall be considered when developing cost estimate of FLEXIGUM rate of application. 


Coagulant is an aqueous solution of technical grade calcium chloride in relation of 6:1 (water to CaCI2).

          Relation of coagulant solution to FLEXIGUM emulsion is 1 to 8/10.

Application of waterproofing material shall be started from the furthest from spraying plant location and operator shall move to the plant. During application assistant operator shall carry the hoses taking care so as not to damage newly applied waterproofing membrane.

          To remove process water released from emulsion, spraying shall be started from lowest part and continued to higher parts of the site. On vertical surfaces spraying shall be started from the bottom and continued up.


When spraying the waterproofing material it is necessary to adhere to the following:

- distance from sprayer nozzle to the surface shall be kept a least 600mm; 

- sprayer shall be moved with the speed of 20 to 25 m/min; 

- membrane shall be applied in parallel movements, keeping  angle between nozzle direction and the surface being sealed  40 to 60 degrees.
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         5.4. Storage and Transportation

FLEXIGUM mastique is an aqueous bitumen emulsion modified with latex. This leads to certain limitations to storage and transportation of the material which shall not be exposed to low temperatures.


Storage temperature shall be in the range of + 5 to + 40 ºС.


FLEXIGUM is supplied in metal barrels and transported in containers.
         6. Labor Safety

        Waterproofing of underground and above-ground structures with FLEXIGUM bitumen emulsion shall be carried out in compliance with requirements of local labor safety rules in construction.


Only operators who passed medical examination, trained in secure work practices and having the appropriate certificate are allowed to perform the works.

   Safety of operators is ensured through compliance to construction norms, correct sequence of operations, adequate operation of spraying plant..


Operators shall wear uniform, shoes, and means to protecteyes and respiratory ways.


It is not allowed to carry out waterproofing works during rainy conditions, fog, and wind speed in excess of 15 m/s.


Welding and open fire works within 10 m of applied FLEXIGUM membrane are not allowed.

        7. Quality Control, Acceptance of Work

To ensure high quality of waterproofing with FLEXIGUM mastique, the following measures shall be taken:


- high quality waterproofing materials shall be used, which are certified and allowed for application (emulsion storage period shall not expire, emulsion shall not be exposed to low temperatures);

- substrate shall be carefully prepared to application of waterproofing material;

          - designed thickness of тthe waterproofing layer shall be followed;

          - later installation and construction works, as well as movement of mechanisms shall be organized in such a manner, that waterproofing layer is not damaged.

           Acceptance of waterproofing layer and its  reinforcement shall be done before upper layers are made. The quality of waterproofing elements and adherence to design and Operations Manual shall be checked.


Thickness of the waterproofing membrane can be checked through:

· estimate of application rate per unit area of waterproofed surface;

- measuring with measuring probe;
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In case it is detected that the thickness of membrane is less then designed, design thickness shall be reached through additional spraying of waterproofing material.
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