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Disclaimer

The opinions, findings, and conclusions expressed in this publication are those of the author, who is responsible
for the facts and accuracy of the presented data. The contents do not necessarily reflect the views or policies
of the Florida Department of Transportation. This report does not constitute a standard, specification, or

regulation.



Unit Conversion to SI Units

Approximate conversion to SI units

Symbol When you know Multiply by  To find Symbol
Length
in. inches 25.4 millimeters mm
ft feet 0.305 meters m
yd yards 0.914 meters m
mi miles 1.61 kilometers km
Area
in? square inches 645.2 square millimeters mm?
ft2 square feet 0.093 square meters m?
yd? square yard 0.836 square meters m?
ac acres 0.405 hectares ha
mi? square miles 2.59 square kilometers  km?
Volume
fl oz fluid ounces 29.57 milliliters mL
gal gallons 3.785 liters L
ft3 cubic feet 0.028 cubic meters m3
yd? cubic yards 0.765 cubic meters m?
Mass
0z ounces 28.35 grams g
b pounds 0.454 kilograms kg
T short tons (2000 1b)  0.907 megagrams Mg
Temperature
°F Fahrenheit 5(F—32)  Celsius °C
Illumination
fc foot-candles 10.76 lux Ix
fl foot-Lamberts 3.426 C*’fﬂ# r‘;—%
Stress/Pressure
Ibf poundforce 4.45 newtons N
i%f (or psi) 7;3:&1;??551 6.89 kilopascals kPa

ii



Unit Conversion to Imperial Units

Approximate conversion to imperial units

Symbol  When you know Multiply by  To find Symbol
Length
mm millimeters 0.039 inches in.
m meters 3.28 feet ft
m meters 1.09 yards yd
km kilometers 0.621 miles mi
Area
mm? square millimeters  0.0016 square inches in?
m? square meters 10.764 square feet ft2
m? square meters 1.195 square yards yd?
ha hectares 2.47 acres ac
km? square kilometers  0.386 square miles mi?
Volume
mL milliliters 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m?3 cubic meters 35.314 cubic feet ft3
m?> cubic meters 1.307 cubic yards yd?
Mass
g grams 0.035 ounces 0z
kg kilograms 2.202 pounds b
Mg megagrams 1.103 short tons (2000 1b) T
Temperature
°C Celsius 2C +32 Fahrenheit °F
Illumination
Ix lux 0.0929 foot-candles fc
7%‘12 C*“r‘n# 0.2919 foot-Lamberts fl
Stress/Pressure
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 % ilr%f (or psi)
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Executive Summary

Florida is a coastal state with bridge infrastructure exposed to aggressive environments through direct and
indirect contact with saline solutions. Due to this exposure, conventional black steel reinforcement that
is traditionally used for bridges is corroding prematurely, resulting in early structural deterioration which
in-turn may cause huge financial and personal losses. In a successful effort to overcome such corrosion and
deteriorating effects, reinforcing bars (rebars) made from fiber reinforced polymers (FRP) were developed.
FRP rebars are composite materials, in which fibers, resin, and sizing (interface material between fibers and
resin) are the main constituent materials. Different fiber types are used to produce such rebars, and the
most common type in the US is glass fiber. In the former Soviet Bloc, continuous fibers made from basalt
rock were favored and since the collapse of the Union of Soviet Socialist Republics (USSR), previously pro-
prietary /military technologies have been made public and continuous basalt fibers (CBF) have entered the
world market as a viable alternative to glass fibers. CBF are now used to produce basalt fiber reinforced
polymers (BFRP) in rebar applications and these rebars are now imported or produced in the North America.
Various types of BFRP rebars with dissimilar sizes, physical and strength properties, are currently produced
to be used for civil engineering construction. In this project, representative and commonly available BFRP
rebars were tested to evaluate various physical properties (cross-sectional properties, fiber content, and mois-
ture absorption properties) and different strength characteristics (horizontal and transverse shear, tensile
strength, elastic modulus, and bond-to-concrete properties) according to ASTM standards, in an effort to
develop basalt specific acceptance criteria for FDOT Specifications Section 932, which governs the use of
non-metallic auxiliary materials for civil engineering construction.

BFRP rebars from three different manufacturers, two different production lots, and two commonly used
rebar sizes (#3 and #5) were included in this study. The obtained results were used to evaluate the per-
formance of each rebar type in a relativistic comparison to existing benchmark values for virgin glass FRP
(GFRP) rebars — without the consideration of accelerated ageing. The fiber content test proved that all
tested samples had consistent and nearly identical results with acceptable performance. Moisture absorption
property of the rebars varied significantly based on the manufacturers, type of raw materials used, and the
production techniques. Tensile strength, transverse shear strength, and horizontal shear strength measure-
ments were consistent for all rebar types and the recorded values surpassed the strengths generally reported
for GFRP rebars. The bond-to-concrete strength of the tested BFRP rebars were not significantly different
from bond-to-concrete strength commonly reported for GFRP rebars because similar surface enhancement
techniques are used for either rebar type. Long term (300 and 600 day) accelerated ageing tests using a
range of pH and saline solutions at 60 °C, were conducted on rebars and constituent components. Results
from these test indicated significant degradation of the tensile properties of the BFRP rebar under combined
high alkalinity and saline conditions. These results need to be further investigated to refine the degradation
model under more representative conditions for BFRP rebars embedded in concrete and submerged in seawa-
ter. Based on the obtained results it was noted that the tested BFRP rebars surpassed the strength related

acceptance criteria for GFRP rebars. While the manufacturer reported properties varied and each rebar

vi



type performed different, the tested BFRP rebars were generally stronger (higher performance) than GFRP
rebars. Ultimately, it was found that BFRP rebars are a suitable and viable alternative for construction in
Florida and that those materials should be considered for FDOT Specification 932.
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