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Non-Metallic Composite Reinforcing Elements for Civil Engineering Work

New reinforcing components for civil engineering work are high-strength non-metallic reinforcing elements made from composite materials.
The non-metallic reinforcing elements are produced in the form of spiral refief bars [rods] of any length made from glass or basalt fibers impregnated by chemically resistant polymer. The elements made from glass fibers are referred to as glass-reinforced plastic reinforcing elements (АСП), and those made from basalt fibers are referred to as basalt-reinforced plastic reinforcing elements (АБП).

The composite reinforcing elements have passed tests for corrosion resistance and physical and mechanical properties at the Scientific Research Institute of Concrete and Reinforced Concrete (Moscow). Based on the results of prolonged investigations the service life of building constructions with these elements is at least 100 years. 
This period derives from high chemical resistance of the reinforcing elements to all known corrosive media – high concentration gaseous atmosphere, chloride salts, anti-glaze reagents, sea-water, etc.  
Comparative Characteristics of Metallic and Composite Reinforcing Elements
Comparative characteristics of metallic and composite reinforcing elements are given in Table 1. 
Table 1
	Characteristics
	Metallic reinforcing elements, A-III class (A400C)

GOST 5781-82

	Non-metallic reinforcing elements

	Ultimate tensile strength, MPa
	б в = 390;

брасч= 360


	TU (Specs) 5769-183-40886723-2004

АСП: бв= 1 000;

брасч= 900;

АБП:  бв= 1 100;

брасч= 1 000

	
	
	TU (Specs) 5769-248-35354501-2007

АСП: бв= 1 200;

брасч= 1 100;

АБП:  бв= 1 300;

брасч= 1 200

	Elasticity modulus, MPa
	Ер= 200 000
	TU (Specs)5769-183-40886723-2004

АСП: Ер = 41 000;

АБП:  Ер = 47 000

	
	
	TU (Specs) 5769-248-35354501-2007

АСП: Ер = 55 000;

АБП:  Ер = 71 000

	Stress-strain behavior (relationship between б and E)
	         бв, MPa

390


                        14            E, %
Flow area under load 
	бв, MPa
             АБП
1 300
АСП
1 200

                        2,2              E,%

elastic linear dependence under breaking load 

	Percentage elongation, E, %
	14
	2.2

	Density, γ, g/cm3
	7.8
	1.9

	Corrosion resistance
	Corrodes with the release of rusting products
	Does not corrode

	Heat conduction 
	Heat conductive 
	Not heat conductive 

	Electrical conduction
	Electrically conductive 
	Not electrically conductive 

	Heat stability
	
	They were tested in the hot asphaltic concrete (~ 2000C), as well as during steam curing of concrete (~ 1000C). No strength loss was revealed.

	Frost resistance
	
	They were tested in climate chamber in the mode of freezing and thawing to -550С during 100 cycles. No strength loss was revealed.



Replacement of Metallic Reinforcing Elements with Non-Metallic Ones 
The concrete constructions are designed in accordance with Building Rules and Regulations 52-01-2003 «Concrete and Reinforced Concrete Constructions. Basic Provisions», as well as with «Recommendations relating to design of constructions with glass-reinforced plastic reinforcing P-16-78 (Scientific Research Institute of Concrete and Reinforced Concrete, 1978)

In the design of building constructions it is essential to assume that loads applied to reinforcing elements are equal. The replacement procedure is given in Table 2.
Table 2

	Metallic reinforcing elements, A-III class (A400C)

GOST 5781-82
	Non-metallic composite reinforcing elements АСП TU (Specs) 5769-248-35354501-2007

	6A3

Fsection = 28.3 mm2
Рdesign = 10 200 n
	5АСП
Fsection = 10,2 mm2
Рdesign = 10 200n

	8 А3

Fsection = 50.3 mm2
Рdesign= 18 100 n
	6 АСП
Fsection = 18.2 mm2
Рdesign = 18 100n

	10 А3

Fsection = 78.5 mm2
Рdesign = 28 300 n
	7АСП
Fsection = 28.3 mm2
Рdesign = 28 300 n

	12 А3

Fsection = 113.1 mm2
Рdesign = 40 720 n
	8 АСП
Fsection = 40.7 mm2
Рdesign = 40 720 n

	14 А3

Fsection = 154 mm2
Рdesign= 55 450 n
	10 АСП
Fsection = 55.5 mm2
Рdesign= 55 450 n

	16А3

Fsection = 201 mm2
Рdesign = 72 360 n
	11 АСП
Fsection = 72.4 mm2
Рdesign = 72 360 n

	18 А3

Fsection = 254 mm2
Рdesign = 91 450 n
	12 АСП
Fsection = 91.5 mm2
Рdesign = 91 450 n

	20 А3

Fsection = 314 mm2
Рdesign = 113 040 n
	13 АСП
Fsection = 113 mm2
Рdesign = 113 040 n

	22 А3

Fsection = 380 mm2
Рdesign = 136 800 n
	14 АСП
Fsection = 137 mm2
Рdesign = 136 800 n


Fsection –cross-section of reinforcing elements, mm2
Рdesign – tensile stress of reinforcing elements at design ultimate tensile strength, n

Non-metallic reinforcing elements are cheaper than the metallic ones by 10-20%.

Composite Reinforcing Fabrics
Reinforcing fabrics with various load characteristics are made of composite reinforcing bars [rods] 5-12 mm in diameter (Fig. 1).

The bars [rods] are secured by polymeric catches, as well as by black-drawn metal binding wire similar to the wire used for making metallic reinforcing fabrics.


Composite reinforcing elements 5-12 in diameter






t- mesh width
                  Fig. 1.

Glass-reinforced plastic reinforcing fabrics made of bars [rods] 5012 mm in diameter rated at 50 – 500 kN/m (5 – 50 tons/m) are given in Table 3. 
Table 3

	Tensile strength, kN/m
	Mesh size, mm

	
	5 АСП
	6 АСП
	7 АСП
	8 АСП
	10 АСП
	12 АСП

	50
	200*200
	
	
	
	
	

	100
	
	200*200
	
	
	
	

	200
	
	
	150*150
	200*200
	300*300
	

	300
	
	
	
	150*150
	200*200
	300*300

	400
	
	
	
	
	150*150
	200*200

	500
	
	
	
	
	
	150*150


Sphere of Application
1. Highway Engineering
· Manufacture of concrete pavement slabs for inter-site, by-pass and other motor roads with replacement of metallic reinforcing elements with composite reinforcing elements. 
· Reinforcing of asphaltic concrete pavement of motor roads. It helps to correct runs, prevent destruction of payment caused by its cracking and to assure the guaranteed service life of the road.
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   asphaltic concrete

1

· Making of embankments on weak soil base (marches, wet earth), passages near highways and temporary roads.

Composite reinforcing fabric of type 8-12 АСП is used.
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Fabric 1 in road base


 .       .       .        .        .        .       .
1

                  .     .        .        .         .       .        .       .          


.        .        .        .        .        .       .      .
2



Fabric 1 in road base combined with not woven material 2

3
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Fabric 1 in road base combined with not woven material 2 and fabric 3 in the middle of the road  

· Reinforcing of embankment slopes and banks of basins 
                                                                                                                                                     1
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basin (pool)




Fabric 1 is fixed to cast-in-place piles reinforced with composite elements on the slope. The construction is covered with a layer of concrete 3.

2. Industrial and Construction Engineering
· Use in concrete construction of various buildings and structures operating at temperature not higher than +1000С, and not lower than -700С. In this case, the concrete constructions may be made from heavy-weight, fine, light-weight, cellular, porous or stressing concrete. 
· Making of flexible ties in stratified brickwork.

· Repair of surfaces of damaged reinforced concrete and brick constructions. 
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