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Abstract
Concrete structures made with traditional black steel reinforcement are deteriorating at an alarming pace due to corrosion effects. Many research
institutes across the globe are spending lots of resources to overcome this problem by replacing steel reinforcement with fiber reinforced polymer
(FRP) rebars because these bars are corrosion resistant. FRP rebars are a product of composite materials with raw materials made from sized fibers
and thermoset polymeric resin. The fibers can be made from various materials and glass fibers have been most dominant in the US market due to
historical developments. However, basalt fiber reinforced polymer rebars (BFRP rebars) are now becoming more popular. With a significant increase
in demand for such materials, the number of manufacturers increased notably over the past two decades. Because the production of FRP rebars
has not been standardized yet, a wide range of products with several different material characteristics and mechanical strength are now available
in the market. Due to these dissimilarities, proper standardization of material properties and an adequate definition of strength requirements have
been a challenge for researchers. To evaluate the current trends in FRP rebar production and to capture an industry profile, 23 international BFRP
manufacturers from 10 different countries were surveyed for specific material and production aspects. The survey mainly focused on production
capacities, rebar types, material properties, and strength characteristics. It was found that majority of the produced rebars have a circular cross
section with sand coat or helically wrapped surface to improve the bond-to-concrete property. BFRP rebar producers mostly manufacture their
products on demand, and all manufacturers produce the most common size # 3 rebar, while 80 % of the manufacturers also produce # 5 rebars.
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Abbreviations: Rebar: Reinforcing bars; FRP: Fiber reinforced polymer; BFRP: Basalt fiber reinforced polymer; CFRP: Carbon fiber reinforced
polymer; GFRP: Glass fiber reinforced polymer

Introduction
Traffic loads are increasing significantly, and environmental
effects are worsening day by day. Bridge infrastructure is
deteriorating at a hazardous pace, specifically in coastal areas due
to amplified chloride ingression. Major bridge infrastructure in
coastal areas are directly exposed to seawater, vulnerable to severe
corrosion of steel inside the structural components. For example, a
survey conducted by the National Bridge Inventory (NBI) showed
that, as of 2010, more than 146.000 bridges in the US are structurally
deficient or functionally obsolete. A study conducted by FDOT
District 7 between February 2003 and December 2013 in which the
current status and the required repair costs of 54 (20 steel and 34
concrete) bridges were evaluated, showed that 76% of all repair
costs would be necessary to alleviate damages due to corrosion
[1,2]. The second most reason for concrete failure in structural
components is spalling, which is caused by the increased internal
pressure in structural components due to volume expansion of steel
reinforcement during corrosion. Fiber Reinforced Polymer (FRP)

rebars are predominantly used because they are a non-corrosive
alternative [3]. Rebars made from basalt fibers were widely studied
in the former Soviet Union during the cold war period and hence,
they are now widely used in countries like Russia and Ukraine.
Manufacturers in the US preferred glass fiber research over basalt
fiber research in the early 1900s because of economical reason and
ease in production; BFRP rebar products were lacking behind other
FRP materials in the U.S.A. However, BFRP rebars are believed to
have a promising future in replacing traditional black steel [4,5],
CFRP, and GFRP [6] because of favorable properties most notably
because of its high elastic modulus. While the International Code
Council Evaluation Service (ICC-ES) has accepted FRP rebars as the
reinforcement material for concrete structures [7], the standard
specifications for BFRP rebars are not yet developed in the U.S.
Though BFRP rebars have desirable strength properties, and can
compete with other FRP rebars, the lack of standards and material
defining criteria impede the escalating increase of vying products.
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Nonetheless, due to serviceability requirements, need for
resilient structures, and economical factors, FRP manufacturers
started manufacturing BFRP rebars because they perform well and
have better strength and elastic properties in comparison to other
FRP rebars. According to a research conducted by Markets & Markets
[8], it was estimated that BFRP rebar market growth would be up
to $91 million by the year 2021. Hence, a key initiative for many
Departments of Transportation is the progressive implementation
of BFRP technology for concrete reinforcement in infrastructure
projects, and therefore, into local and national design codes. To
accomplish this goal the variety of products on the market has to
be analyzed and specific data about available products have to be
collected. In a successful effort to create a centralized database
of all known BFRP manufacturers across the globe, a survey was
conducted. Based on the manufacturers answers to the survey
questions, location of the manufacturers, production logistics,

Volume 3-Issue 2
production rates, type of raw materials used in the manufacturing
process, cross-sectional shape of rebars, and sizes are presented in
this research paper.

BFRP Rebar properties

The general production components of BFRP rebars can be seen
in Figure 1 (from left to right). Basalt fibers manufactured from
molten basaltic rocks are embedded in a polymeric resin matrix.
Mainly, fibers are known for their high tensile strength-to-weight
ratio and for corrosion resistance when they are combined with
suitable thermoset resins to form rebars. Because FRP rebars are
a composite materials, durability and strength of the final product
highly depend on the ratio of the raw material quantities used in
the production process. For example, the fiber volume is mainly
responsible for the tensile strength of the FRP rebars, while the
resin transmits the loads from fiber to fiber(Figure 1).

Figure 1: Basalt rock, fiber, and rebar.

Methodology
To study the current market trends of BFRP rebars and to
generate an industry profile, a survey was conducted with 23 BFRP
rebar manufacturers and suppliers across ten different countries.
The survey showed that all the manufacturers participated are
actively producing BFRP rebars for concrete structures based on
the demand and market requirements. Table 1 lists the contacted
manufacturers. Several other manufacturers who produce
BFRP rebars which do not meet the qualifications for structural
Table 1: Global BFRP suppliers.
Manufacturer
ID-Name

Country

RAW-No Rust Rebar Inc.

USA

NVC-Neuvokas Corp.

USA

SBS-Smarter Building System
KOD-KODIAK Fiberglass Rebar
AFT-Advanced Filament
Technologies
USB-US Basalt

PPC-Proven Performance Chemicals

State

City

Florida

Pompano Beach

USA

Rhode Island

USA

Texas

Houston

Texas

Richmond

Qubec

Thetford Mines

NRW

Pullheim

USA
USA

Michigan
Texas

USA

Gerogia

Canada

Ontario

PAL-Pultrall Inc.

Canada

ICT-Incotelogy GmbH

Germany

AKI-Armkar Inc.

applications exist across the globe. Those manufacturers were
not included in this survey1. First, all listed manufacturers
were contacted via phone call, email, or virtual meeting service,
before sending a 17-question survey that addressed the most
important aspects of production trends, rebar specifications, and
manufacturer guaranteed material properties (both physical and
mechanical). The questions also addressed raw material properties,
and chemical make-up (types of resin and fibers). Based on the
answers provided by the manufacturers, the market was analyzed,
and the results are presented below (Table 1).

Newport
Ahmeek
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Bogart

North York
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DBF-Deutsche Basalt Faser GmbH

Germany

Sachsen-Anhalt

Sangerhausen

BTL-Basalt Technologies UK
Limited

England

London

London

TBI-Technobasalt-Invest

Ukraine

RSN-Rusnano (TBM)

Russia

ASA-ASA.TEC GmbH

RAS-ReforceTech AS
GPA-Galen

ARM-Armastek
GMV-GMV

Ausrtia

Lower Austria

Norway

Buskerud

Russia

Chuvashia

Russia

Perm Krai

HGM-Huabin General Machinery
Co.,Ltd.

Results and Discussion

Moscow
Perm

Nanjing

Gansu

Lanzhou

China

Zhejiang

Hangzhou

India

Mumbai

Mumbai

Hebei

A total of 23 manufacturers and suppliers were recognized
worldwide. The first FRP rebars were found to be commercially
available in the late 1980s, when the market demand for
electromagnetic-transparent reinforcing systems increased. At
that time, the technology was developed enough to provide a
viable solution as internal reinforcement for concrete structures
[9]. The survey showed that the used raw materials, production
techniques, and production rate varies for individual manufacturer.
It was also found that the stocking logistics are different for
manufacturers across the world. Some of the manufacturers
produce and stock in large quantities and some stock in small
quantities while some manufacturers produce rebars on demand.
Production logistics and stocking logistics play an important role
while planning and implementing large scale projects or projects
with changing demands. Therefore, this is an important factor for
engineers during the planning phase of a project, because rebar
availability may be vital to the completion of large-scale projects.
Table 2: Daily production rates of each manufacturer.
Manufacturer

Cheboksary

Jiangsu

China

FIE-Flips India Engineering

Kiev

Moscow

China

GBF-GBF Basalt Fiber Co., Ltd

Røyken

Kiev

China

PNM-Phoenix New Material Co., Ltd.

Langenlois

First BFRP bar Year

Hebei

Figure 2 shows location and number of manufacturers (indicated
by circles) in each country. Table 2 lists the production rates and
logistic aspects for each manufacturer. Figure 3 represents a pie
chart that compares the different stocking logistics followed by
the manufacturers. It can be seen that 50 % of the manufacturers
stock rebars in large quantities (> 500 m or 1640 ft), while 20 % of
them stock in small quantities (< 500 m or 1640 ft), the remaining
30 % produce rebar on demand. Based on the answers provided
by the manufacturers, the physical properties and raw materials
used in the production of rebars are shown in Table 3. It can be
seen that most of the manufacturers produce rebars using epoxy
resin and circular (solid) cross section with surface enhancement
treatments. Surface enhancements help increase the friction at the
interface between concrete and rebar to improve the interlocking
effect, which improves the bond between the BFRP rebar and the
concrete. This bond strength at the interface is known as the bondto-concrete property of the rebar, and it is important because it
defines the uniformity or the composite action of the final structural
concrete element (Figures 2,3)(Tables 2,3).

Production Logistic†

Production Rate

Surface Enhancement

m/d

ft/d

No Rust Rebar Inc.

Before 1990

Stock in large quantities

4, 600

15, 000

Neuvokas Corp.

-

-

--

--

Smarter Building System

2000

Stock in large quantities

6, 000

19, 700

KODIAK Fiberglass Rebar

2014

Stock in large quantities

9, 200

30, 000

US Basalt

-

-

--

--

Advanced Filament Technologies
Proven Performance Chemicals

1998
-

Stock in large quantities
-

3, 000
--

9, 800
--

Pultrall Inc.

2010

Production on demand

8, 800

28, 800

Incotelogy GmbH

-

-

--

--

Armkar Inc.

-

-

--

--

Deutsche Basalt Faser GmbH

2017

Stock in small quantities

14, 000

45, 900

Basalt Technologies UK Limited

-

-

--

--

ASA.TEC GmbH

ReforceTech AS

Technobasalt-Invest

2012
-

2010

Production on demand
-

Stock in small quantities

960
--

16, 000
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Galen Panamerica

2001

Stock in large quantities

20, 000

65, 600

Armastek

2007

Production on demand

50, 000

164, 000

Phoenix New Material Co., Ltd.

-

-

--

--

Rusnano (TBM)

-

GMV

-

-

GBF Basalt Fiber Co., Ltd

-

-

Huabin General Machinery Co,Ltd.

-

-

Flips India Engineering

† Small quantities below 500m (1640ft.); Large quantities over 500m (1640ft.)

--

--

--

--

-

-

--

--

--

-

--

--

--

Table 3: Properties of rebar products from all manufacturers.
Manufacturer

Cross-Sectional Shape

Fiber Type

Resin Type

Surface Enhancement

Produced Diameters

RAW

Round (solid)

Basalt

Epoxy

Helical wrap & Sand
coat

#1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11

NVC

Round (solid)

Basalt

Epoxy

-

#3

SBS

KOD
AFT

USB
PPC

Round (solid)

Basalt

Epoxy / Vinyl Ester

Round (solid)

Basalt/Glass

Epoxy / Vinyl Ester

Helical wrap/rib &
Sand coat

-

Basalt

-

-

Round (solid)
-

Basalt
Basalt

Epoxy
-

Helical wrap

#1, 2, 3, 4, 5, 8

#2, 3, 4, 5, 6, 7,8

Helical wrap

#1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11

-

-

-

PAL

Round (solid)

Basalt/Glass

Epoxy

Sand coat

#2, 3, 4, 5, 6, 7, 8, 9,
10, 11

ICT

-

Basalt

-

-

-

AKI

-

DBF

Round (hollow)

BTL

-

ASA

RAS

Round (solid)
-

TBI

Round (solid)

RSN

-

GPA

Basalt
Basalt

Thermoset

Basalt

-

Basalt
Basalt

-

-

-

-

-

#1, 2, 3, 4

Epoxy

Helical wrap & Sand
coat

#1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11

Basalt

-

-

-

Basalt

-

-

-

-

Basalt

PNM
FIE

-

#1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11

Basalt/Glass

HGM

#1, 2, 3, 4, 5

#2, 3, 4, 5, 6, 8

Sand coat

Round (solid)

-

Sand coat

Helical rib
Helical rib

ARM

GBF

-

Vinyl Ester
Epoxy

Basalt/Glass

-

-

Basalt

Round (solid)

GMV

-

Basalt
Basalt
Basalt

Epoxy

-

-

-

Figure 2: BFRP manufacturer locations.
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4.
BFRP rebar sizes vary from # 1 and # 12, while the most
common sizes are # 3 and # 5. All manufacturers produce # 3
rebars whereas only 80 % of them produce # 5 rebars (at the
time of this research).
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Figure 3: Storage logistics followed by manufacturers.

Conclusion
In an effort to study the current market trends of BFRP rebars, a
survey was conducted in which 23 manufacturers from 10 different
countries answered 17 questions related to production capacities,
BFRP rebar types, material properties, and strength characteristics.
Based on the manufacturer’s responses, the following conclusions
were drawn:
1.
The majority of BFRP rebar manufacturers are located in
North America and Europe.

2.
Most of the rebar products have a circular cross section
and are sand coated with helical wraps to enhance the surface
properties for increased bond-to-concrete strength.

3.
Production rates and rebar storage differ widely between
manufacturers all over the world. This directly relates to the
availability of rebars and is an important consideration for
large-scale projects or projects with changing demands.
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