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properties, and applications of glass fiber-reinforced concrete premix.

Keywords: cement-based composites; cement boards; cement panels;
composite materials; concrete panels; ductility; durability; engineering
properties; fiber-reinforced cement-based materials; ferrocement; fibers;
flexural strength; glass fiber-reinforced concrete; glass fibers; manufac-
turing methods; mesh reinforcement; premix; toughness.

ACI Committee Reports, Guides, Manuals, Standard
Practices, and Commentaries are intended for guidance in
planning, designing, executing, and inspecting construction.
This document is intended for the use of individuals who are
competent to evaluate the significance and limitations of its
content and recommendations and who will accept
responsibility for the application of the material it contains.
The American Concrete Institute disclaims any and all
responsibility for the stated principles. The Institute shall not
be liable for any loss or damage arising therefrom.

Reference to this document shall not be made in contract
documents. If items found in this document are desired by the
Architect/Engineer to be a part of the contract documents, they
shall be restated in mandatory language for incorporation by
the Architect/Engineer.

Full document details: ACI 549.3R-09 (2017)

Surendra P. Shah
Yixin Shao

John L. Mulder

Antoine E. Naaman
Antonio Nanni A. Kumar Sharma

Nandakumar Natarajan Parviz Soroushian

Omar A. Omar’ R. Narayan Swamy
P. Paramasivam George J. Venta
D. V. Reddy Robert C. Zellers

Paul T. Sarnstrom

CONTENTS
Chapter 1—Introduction and scope, p. 2
1.1—Introduction

1.2—Scope

Chapter 2—Notation, definitions, and acronyms,
p- 2

2.1—Notation

2.2—Definitions

2.3—Acronyms

Chapter 3—Materials and mixture proportions of
glass fiber-reinforced concrete premix, p. 3
3.1—Types of premix
3.2—Typical mixture ingredients
3.3—Typical mixture proportions

Chapter 4—Properties of glass fiber-reinforced
concrete premix, p. 6

4.1—Influence of fiber content

4.2—Influence of fiber length

4.3—Influence of fiber orientation

4.4—Influence of fiber geometry

4.5—Influence of chopped fibers with reinforcing scrim

ACI 549.3R-09 was adopted and published December 2009.

Copyright © 2017, American Concrete Institute.

All rights reserved including rights of reproduction and use in any form or by any
means, including the making of copies by any photo process, or by electronic or
mechanical device, printed, written, or oral, or recording for sound or visual reproduc-

tion or for use in any knowledge or retrieval system cumenfts

writing is obtained from the copyright pro irielors.

Document Sharing Hub


http://avadocuments2026.com/doc/aci-549-3r-09-2017
http://avadocuments2026.com/doc/aci-549-3r-09-2017

2 REPORT ON GLASS FIBER-REINFORCED CONCRETE PREMIX (ACI 549.3R-09)

4.6—Influence of mixture proportions and mixture ingredients
4.7—Durability of glass fiber-reinforced concrete premix

Chapter 5—Manufacturing processes for glass
fiber-reinforced concrete premix, p. 9
5.1—Cast premix process

5.2—Spray premix process
5.3—Press-molded premix process
5.4—Pultruded premix process
5.5—Extruded premix process
5.6—Types of equipment
5.7—~Quality control considerations

Chapter 6—Applications of glass fiber-reinforced
concrete premix, p. 16
6.1—Architectural products

6.2—Industrial products

6.3—Civil engineering products

6.4—Landscaping products

6.5—Surface bonding

6.6—Stucco

6.7—Shotcrete

6.8—Glass fiber-reinforced concrete bagged products

Chapter 7—Summary, p. 22

Chapter 8—References, p. 22
8.1—Referenced standards and reports

8.2—Cited references

CHAPTER 1—INTRODUCTION AND SCOPE
1.1—Introduction
The use of glass fiber-reinforced concrete started in the

late 1960s with the development and commercialization of
alkali-resistant (AR) glass fiber. The technology spread
rapidly throughout the world because of desirable physical
properties and durability performance of products reinforced
with AR glass fibers. Glass fiber-reinforced concrete
premix, as known in the industry and presented in this report,
is a material that incorporates AR glass fibers into the slurry
during mixing and slurry preparation. In glass fiber-reinforced
concrete premix, fibers of various lengths from 0.25 to 1.5 in.
(6 to 38 mm) and in concentrations of 0.25 to 4.0% by weight
of the mixture are typically used and mixed together with the
cementitious mixture while preparing the slurry. This fiber-
reinforced slurry is then used to produce glass fiber-reinforced
concrete premix products by selecting an appropriate
manufacturing process. Glass fiber-reinforced concrete premix
products are now manufactured in more than 100 countries.
Specific property improvements obtained with glass fiber-
reinforced concrete premix include superior crack resistance
and enhanced mechanical performance that includes
improved tensile, flexural, and impact strength behavior.
Note that glass fiber-reinforced concrete premix differs from
another class of material, herein called conventional GFRC,
primarily in the method of delivering fibers into the slurry
and the amount of fiber reinforcement in the composite.
Conventional GFRC typically incorporates greater than 4%
AR glass fibers by weight and, during production, keeps the

glass fibers and slurry separate until delivering both simulta-
neously to the mold surface through a special spraying appa-
ratus (ACI 544.1R and ACI 549.2R).

Glass fiber-reinforced concrete premix is a mixture of AR
glass fiber, sand, cement, water, chemical and mineral
admixtures, and aggregate, if required. Mixture proportions
are determined by the physical property requirements of the
end product. Physical properties of glass fiber-reinforced
concrete premix, such as tensile and flexural strength, are
influenced by the fiber content, geometry, length, orienta-
tion, and the water-cementitious material ratio (w/cm) of the
mixture. The maximum amount of fiber successfully incor-
porated in the mixture is influenced by the fiber length,
strand structure and integrity, and the ability of the mixer to
efficiently disperse the fibers evenly throughout the matrix.
Introducing over 4% of glass fibers by weight of the mixture
does not significantly improve the mechanical strength of glass
fiber-reinforced concrete premix composites. Conventional
GFRC generally provides higher mechanical strength and
ductility from its ability to incorporate higher fiber content,
longer fiber lengths, superior two-dimensional fiber orienta-
tion, and lower water content. Both types of manufacturing
methods are widely used commercially, and the choice
between the two is primarily dictated by the required perfor-
mance and aesthetical characteristics of the end product and
application. The economics of manufacturing glass fiber-
reinforced concrete premix are generally superior to that of
conventional GFRC, mainly due to the lower labor costs per
unit area of manufactured premix product.

Several manufacturing processes for producing glass fiber-
reinforced concrete premix products have been developed, such
as casting, spray premix, press molding, extrusion, and pultru-
sion. Many new products have been designed and produced to
capitalize on the good performance of glass fiber-reinforced
concrete premix. Glass fiber-reinforced concrete premix mate-
rial and process technologies are commonly used for manufac-
turing precast concrete products for industrial, architectural, and
ornamental applications. Examples include: trench lid covers
for underground electrical distribution lines, modular building
panels, decorative architectural products, terra cotta replace-
ment products, and many other industrial products.

1.2—Scope

This report introduces glass fiber-reinforced concrete premix
and reviews the state of knowledge regarding selection of
materials, mixture proportions, and manufacturing methods for
producing premix products. Also highlighted is a diverse range
of glass fiber-reinforced concrete premix applications from
around the world and dry-bagged premix materials that are used
in surface bonding, stucco, and certain shotcrete applications.
The terms “glass fiber-reinforced concrete premix” and
“premix” are used interchangeably throughout this report.

CHAPTER 2—NOTATION,
DEFINITIONS, AND ACRONYMS
2.1—Notation
Vf = volume fraction of fibers

Documents
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2.2—Definitions

ACI provides a comprehensive list of definitions through
an online resource, “ACI Concrete Terminology,” http://
terminology.concrete.org. Definitions provided herein
complement that resource.

acrylic co-polymers—co-polymer  dispersions as
described in PCI MNL-128-01, Appendix F, or satisfying
ASTM C260, C494/C494M, C618, or similar specifications
in the country of use.

alkali-resistant (AR) glass fiber—an alkali-resistant
glass fiber using not less than 16% zirconia to provide alkali
resistance.

dry cure—curing without the addition of water.

filament—a single glass fiber, sometimes called a mono-
filament.

filamentizing—the dispersion of a multifilament strand
into individual filaments.

glass fiber-reinforced concrete—a product using not less
than 4% AR glass by weight of cement in the mixture.

glass fiber-reinforced concrete premix—a mixture of
chopped AR glass fiber, sand, cement, water, chemical and
mineral admixtures, and aggregate if required. The AR glass
fibers are added along with other raw materials during
mixing and slurry preparation.

glass fiber strand—a group of filaments of predeter-
mined quantity (50, 100, 200, or 400 filaments per strand)
bundled together to resist splitting (filamentizing).

high integrity—the resistance of the strand to split (separate
or filamentize); also classified as non-dispersible.

mesh (or scrim)—structured form of glass reinforcement
in which continuous strands (or yarns) are laid down to
produce a non-woven grid pattern.

roving—A number of parallel, continuous, not twisted,
glass fiber strands bundled together and wound to form a
cylindrical package.

yarn—a bundle of multiple glass fiber strands that are
twisted together.

2.3—Acronyms

AR = alkali-resistant

FRP = fiber-reinforced polymer

GFRC glass fiber-reinforced concrete
OPC = ordinary portland cement

RHPC = rapid-hardening portland cement

CHAPTER 3—MATERIALS AND MIXTURE
PROPORTIONS OF GLASS FIBER-REINFORCED
CONCRETE PREMIX

The materials and mixture proportions of glass fiber-rein-
forced concrete premix are selected to achieve the desired
mixture consistency to suit the production method used and
to develop the design mechanical properties in the
composite. Mixture ingredients should always comply with
local regulations and state-of-the-art recommendations.
When glass fiber-reinforced concrete premix products are
produced on an industrial scale, certificates of conformance
are normally obtained from the raw material suppliers for

3.1—Types of premix

The five basic categories of premix are cast premix, spray
premix, press molding, extrusion, and pultrusion. Each
manufacturing category has unique processing methods that
require variations in the typical mixture proportion. The
sand-cementitious material ratio and the w/cm typically
differ between the five categories. In the spray premix,
pumping aids are normally used to produce a mixture that is
easier to pump and spray. Press molding is another very
popular processing method that is used to produce premix
products on an industrial scale. The press molding process
uses either a dry or a wet mixture for producing premix
products. Wetter mixtures are commonly used in the press
molding process because of the need to improve flow in the
mold. In such a scenario, dewatering is used during the
pressing process to remove excess water from the mixture.
Extrusion is another forming process that consists of forcing
a highly viscous, dough-like mixture through a shaped die to
form the desired shaped product. Thin, hollow sections of
premix may easily be produced using the extrusion process.
Pultrusion, which also uses continuous reinforcement, is yet
another premix manufacturing process that is used to
produce continuous linear-shaped parts. Each manufacturing
process requires subtle changes to the mixture proportion to
facilitate processing and generate the desired physical prop-
erties. Bagged dry mixtures of premix are also commercially
manufactured for stucco, surface bonding, and shotcrete
applications.

3.2—Typical mixture ingredients

Section 3.2 describes the basic raw ingredients used for
producing premix products. Mixture ingredients reported are
used worldwide to manufacture premix products. Note that
in some countries certain chemical and mineral admixtures
are unavailable or too expensive. In such cases, the mixture
proportions are adjusted to allow product manufacturing
using the production process equipment available.

3.2.1 Cement—The most widely used cements in premix
production are ordinary portland cement (OPC), rapid-hard-
ening portland cement (RHPC), and white portland cement.
The cements should conform to the relevant local standards
and specifications, such as ASTM C150/C150M in the
United States. Fast-setting hydraulic cements are more finely
ground and develop strength more rapidly. They are used to
reduce set times and increase production rates of AR GFRC
composites (Freiderich 2001; Gartshore et al. 1991; Molloy
et al. 1994). White cement is normally used to produce deco-
rative and architectural products. Other types of cements,
such as high-alumina, sulfate-resistant, and rapid-setting
cements, are used in certain applications (Molloy and Jones
1993; Molloy and Peter 1998; ASTM C1157/C1157M;
ASTM C1600/C1600M). Premix producers ensure that the
choice of cement is appropriate for the application and
production process involved.

3.2.2 Sand—The choice of sand is an important aspect for
preparing glass fiber-reinforced concrete premix and should
conform to ASTM C144. Silica sands Hmantcs
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Table 3.1—Typical silica sand gradation

Table 3.3—Alkali-resistant glass fiber specification
(ASTM C1666/C1666M)

Mesh size Percentage passing, %
No. 30 (600 um) All Property Specification value Test method
No. 40 (425 pm) 30 Zirconia Minimum 16% by weight | < ﬂ‘ior?sf ence
No. 50 (300 um) 52 ana’ysis
3
No. 70 (212 pm) 13 Density 167.0x 19 Ib/it’ ASTM D3800
No. 100 (150 wm) 4 (2.68 £ 0.3 g/lem”)
No. 140 (106 n 145 x 107 to 246 x 10° psi ASTM D2256,
o (106 pm) Tensile strength (1.0 to 1.7 GPa) 1SO 3341, JIS R 3420
No. 200 (75 pwm) Trace
Filament 31x 10 t0 118 x 107 in. ASTM D578,
diameter (8 to 30 wm) ISO 1888, JIS R 3420
. s . . . , . ASTM D1577,
Table 3.2—Typical silica sand specification Roving tex | x10% of manufacturer’s nominal | ;¢ g9 1SR 3420
Silica content >96% Strand length -_'-(0.11(8 in. (1-’3 mm) ( Caliper—average of
- of manufacturer’s nominal 20 measurements
Moisture content <2%
Soluble salts 1% End count | +20% of manufacturer’s nominal Physical count
I Loss on ASTM D4963,
Loss on ignition <05% ignition <3% ISO 1887, JIS R 3420
Sulfate ions (maximum) 4000 ppm Minimum value after 96 =
Chloride ions (maximum) 600 ppm 1 hour in water at 176 + 2°F
Strength (80°C + 1°C)
g >36,250 psi (250 MPa) for EN 14649
retention ; .
. . . water-dispersible strands
ideal for premix production. The sand should be clean and 250,750 psi 5350 MPa) for
graded. A typical grading is shown in Table 3.1. Silica sands integral strands

are easier to pump, less abrasive on equipment, and less apt to
cause blockage than crushed sand. Table 3.2 shows the typical
specification of silica sand used for producing premix.

When sands other than silica are used, the producer should
have evidence of their suitability in the form of composite
test results for mechanical performance and durability. There
are other high-quality sands with lower silica content available
that are suitable for premix manufacture. The silica content
of these sands need not be as high as 96%. Loss on ignition
for these sands is acceptable up to 3%, provided that the
material is hard, non-crushable, non-reactive, and similar in
shape and grading to the silica sand described in Table 3.1.

3.2.3 Alkali-resistant glass fiber—The AR glass fibers
used to reinforce the premix should have a zirconia content
of at least 16% by weight (Majumdar 1970, 1985; Fyles et al.
1986; PCI MNL 128). Table 3.3 provides the specification
for AR glass fibers used in the premix. The cement solution
and concrete mortar are highly alkaline (typical pH > 12) and
chemically aggressive. E-glass fibers, which are typically
used as reinforcement in plastic products, if used in the
highly alkaline environment of cementitious materials,
rapidly deteriorate and lose strength due to the alkaline
chemical attack (Majumdar 1970).

The AR glass fibers are typically available in the form of
short, chopped strands supplied directly by a glass fiber
manufacturer. The fibers may also be chopped directly from
a continuous roving by the premix manufacturer. Alkali-
resistant glass fibers, specifically produced for use in
premix, come in the form of a high-integrity, non-dispersible
strand. The strand, composed of 50 or more filaments, resists
filamentizing (that is, splitting of individual filaments)
during the mixing process. A loss of integrity of the strand
bundle results in a loss of processability and workability of
the mixture. The fiber amount and fiber geometry (fiber

*Any party interested in performing this test should contact an AR glass fiber manu-
facturer before running it to avoid possible erroneous results.

the premix product. Physical properties of the premix may be
tailored by testing the finished product and optimizing the
addition of AR glass fibers in an iterative process.

3.2.4 Water—Clean, potable water should be used to
prepare the cementitious mixture for producing premix
products. The water should be of consistent temperature, if
possible, to control or predict the setting behavior of the
cementitious mixture.

3.2.5 Additives—Chemical and mineral additives, if available,
are preferably used for manufacturing premix products.
Standard additives, such as high-range water-reducing
admixtures, water-reducing admixtures, accelerators, acrylic
co-polymer dispersions, pozzolans, and pigments, are used in
premix to achieve specific end results. Benefits provided by
additives include increased workability without an increase in
the w/cm, improved cohesion, reduced segregation, reduced
bleeding, and retarded or accelerated setting times.

Additives are added in small measured amounts and
correct dosage rates to achieve optimal results. Calcium
chloride-based accelerators are not recommended if the
premix end product contains steel reinforcement or inserts.
When co-polymer addition or other liquid additives are used,
the water content of the additive is accounted for in the
calculation of w/cm.

3.2.6 Acrylic co-polymers—Acrylic co-polymer (also
referred to as co-polymer in the report) dispersions may be
added to the premix to eliminate wet curing (Daniel and
Pecoraro 1970; Ball 2005). Cementitious products are
normally moist cured to ensure proper hydration of the
cement. Proper curing is especially essential for thin-section
concrete products. When acrylic co-polymer dispersions are
added to the mixture at recommended d
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early stages of curing. The formation of this film significantly
reduces the surface permeability of the product and reduces
loss of water by evaporation. This ensures that sufficient
water is retained and available in the product to achieve
proper cement hydration. An additional benefit of adding
acrylic co-polymer dispersions in the premix is the improve-
ment in pumpability and workability obtained, even at low
wl/cm. Table 3.4 shows an example specification of co-
polymer dispersion for use in premix.

3.2.7 Steel reinforcement—If the use of reinforcing bar is
required for additional reinforcement, non-ferrous fiber-
reinforced polymer (FRP) should be used (ACI 440R; ACI
440.6). Also, all cast-in items, including inserts and
attachments, should be non-ferrous, cadmium-coated
galvanized steel, or stainless steel.

3.2.8 Pozzolanic materials—Metakaolin, microsilica,
pulverized fly ash, and slag cement are pozzolanic materials
that are commonly used to enhance the properties of AR
glass fiber-reinforced cement-based materials (Bentur 1989;
Marikunte et al. 1997; Purnell and Short 1998; Soukatchoff
and Ridd 1991; Soukatchoff 1999). These pozzolanic materials
work by reacting with the free lime produced during the
cement hydration process. This reaction process, known as
pozzolanic reaction, produces additional cementitious
hydration products that help further enhance strength and
durability of the premix (Molloy et al. 1993).

3.2.9 Pigments—Powder pigments or dispersions are
commonly used in the industry to produce colored premix
products. Pigments are normally iron oxide-based, and
typically conform to ASTM C979.

3.3—Typical mixture proportions

Mixture proportions presented in this report are for
informational purposes only. Producers typically develop
their own mixture proportions to accommodate their
manufacturing process and raw material availability. Table 3.5
shows typical mixture proportions used for producing cast
premix and spray premix products. Mixture proportions
presented in this report are commonly employed by premix
manufacturers worldwide. Variations in mixture proportions
from manufacturer to manufacturer are possible due to local
conditions and materials, type of manufacturing equipment
used, type of product produced, quality-control procedures
implemented, and other conditions. The selection of production
method, mixture proportion, and fiber content are generally
decided after considering the engineering design of the
product. It is possible to fix these first and then develop the
product design.

An increase in flexural and tensile strengths generally
results with an increase in fiber content. Beyond a certain
fiber content, termed herein as “optimal fiber content,”
however, a further increase in fiber addition makes little
improvement in mechanical performance (Peter 2004). The
optimal fiber content varies depending on the mixture
proportion and fiber type. The workability and
compactability of the mixture diminishes with the increase in
number of strands per unit weight of composite. Observe that
a larger strand, that is a strand with a greater number of fila-

Table 3.4—Typical co-polymer dispersion
specification

Aqueous thermoplastic

Compound type co-polymer dispersion

Polymer type Acrylic co-polymer
44 t0 55%
Milky white, creamy, free of lumps
45 to 54°F (7 to 12°C)

Ultraviolet resistance Good

Percent solids

Appearance

Minimum film formation temperature

Alkali resistance Good

Table 3.5—Typical GFRPC premix mixture
proportions

Ingredients Cast premix* Spray premix*
Cement 501b (22.7 kg) 501b (22.7 kg)
Sand 37t0501b (16.8 to 22.8 kg)|37 to 50 Ib (16.8 to 22.8 kg)
Water 151b (6.8 kg) 151b (6.8 kg)
High-range
water-reducing 8 0z (227 g) 3t050z(85t0 142 g)
admixture’
Chopped AR
glass fibers 3to41lb(1.4t01.8kg) |3.5t04.51b(1.6t02.0kg)
Co-polymer’ 51b (2.3 kg) 51b (2.3 kg)

“The batch yield of a premix made with the above mixture proportions varies
between 0.82 and 0.92 ft> (0.023 and 0.026 m3).

"Not an essential ingredient, but added to improve workability and mechanical
properties.

ments, provides a lower number of strands in the composite
for a given fiber content. Accordingly, the optimal fiber
content in the premix, to achieve satisfactory workability
and compactability, increases with an increase in the strand
size. For example, the optimal fiber content for a 100-fila-
ment strand is about 2 to 3% by weight of composite, while
the same for a 200-filament strand ranges between 3 and 4%
by weight of composite. Workability and compactability of
the material may also influence the mechanical properties of
premix composite as described later in Section 4.4.

3.3.1 Water-cementitious material ratio (w/cm)—The
wlcm is generally kept as low as possible, consistent with
obtaining the required workability for the production
process involved. The total amount of water in the mixture
(and the resulting w/cm) is also controlled by the use of high-
range water-reducing admixtures. When chemical admix-
tures are used, the water content of the admixture is typically
added to the mixture water content to obtain the total water
content for the batch. The w/cm in the premix typically
ranges from 0.30 to 0.50.

3.3.2 Acrylic co-polymer content—The acrylic polymer
content is normally expressed as ratio of the weight of co-
polymer solids to the weight of cementitious materials. To
achieve a satisfactory air cure, the acrylic co-polymer
content is typically in the range of 3 to 6%. Acrylic polymers
also have a plasticizing effect on the mixture. For certain
mixture proportions and manufacturing Bcesses, the addition

of extra water-reducing admixture m Mﬁntﬁ
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6 REPORT ON GLASS FIBER-REINFORCED CONCRETE PREMIX (ACI 549.3R-09)

CHAPTER 4—PROPERTIES OF GLASS FIBER-
REINFORCED CONCRETE PREMIX

Typical properties of glass fiber-reinforced concrete premix
are shown in Table 4.1. For glass fiber-reinforced concrete
premix, properties such as modulus of rupture, tensile
strength, impact strength, compressive strength, shear
strength, and surface and acoustic properties are influenced
by the properties of the fibers and the matrix used to produce
the composite. Chapter 4 discusses the influence of fiber
content, fiber length, fiber orientation, fiber geometry, use of
alternate reinforcements such as scrims and meshes, and
mixture ingredients on the resulting properties of premix.

4.1—Influence of fiber content

The maximum amount of fibers that may successfully be
incorporated in the mixture is influenced by the fiber length,
the strand structure and integrity, and the ability of the mixer
to efficiently disperse the fibers evenly throughout the
matrix. The mechanical properties of the composite increase
with an increase in the fiber content in the matrix. It was
found through testing, however, that introducing over 4% of
glass fibers by weight of the mixture does not significantly
improve the mechanical strength of the premix composites
(Peter 2004). At higher fiber contents, the fiber-to-fiber
interaction increases significantly, making it more difficult
to mix and place the premix material. Moreover, at higher
fiber content, the compaction and finishing of the cast mixture
becomes difficult, resulting in lower product density and
inferior mechanical properties. The fibers to produce these
data were composed of 200 monofilament strands, with each
monofilament having a diameter of 13 microns. The curves in
Fig. 4.1 demonstrate that the flexural strength of premix
composites increases with an increase in fiber content, but
reaches a maximum at around 4% fibers by weight.

Figure 4.2 shows a typical load-versus-deflection curve
for flexural testing of premix. Point B on the curve is the
yield point, also referred to as limit of proportionality (LOP)
and Point C on the curve is the ultimate strength of the
premix composite. Testing of the composite shown in Fig. 4.2
was performed according to ASTM C947.

4.2—Influence of fiber length

The length of chopped strands in commonly used commercial
premix ranges from 0.25 to 1.5 in. (6 to 38 mm). The fiber
length influences the tensile and flexural strengths of the
glass fiber-reinforced concrete premix. Flexural strength
increases with fiber length. Figure 4.1 illustrates the increase
in flexural strength obtained with an increase in fiber length
at different fiber contents. The test method used third-point
bending with a 8.86 in. (225 mm) span and test coupons 10.8 in.
(275 mm) long, 2 in. (50 mm) wide, and 0.6 in. (15 mm)
thick (NEG Report 1985).

The two curves labeled “Premix” show that the 1 in. (25 mm)
long fiber provides higher strength than the 0.5 in. (13 mm)
long fiber at any given fiber content. The curves labeled
“Spray” refer to the performance of conventional sprayed
glass fiber-reinforced concrete composites. Figure 4.1 shows
that an increase in fiber length leads to higher flexural

Table 4.1—Typical premix properties
(PCI MNL128-01)*

Properties Measured values at 28 days
Dry density 110 to 130 Ib/ft> .
(1750 to 2100 kg/m”)
Compressive strength 6000 to 9000 psi (41.4 to 62.0 MPa)
Yield' 700 to 1200 psi (4.8 to 8.3 MPa)
Flexural Ultimate strength | 1450 to 2000 psi (10.0 to 13.8 MPa)
Modulus of elasticity |1.45 to 2.9 x 10° ksi (10.0 to 20.0 GPa)
) Yield¥ 600 to 900 psi (4.1 to 6.2 MPa)
Direct - imate strength | 600 to 1000 psi (4.1 to 6.9 MPa)
Strain to failure 0.1t0 0.2%
Shear In-plane 600 to 1000 psi (4.1 to 6.9 MPa)

Coefficient of thermal expansion at
77 to 115°F (25 to 46°C)
(at 50 to 80% relative humidity)

12 x 1070 in./in./°F
(20 x 107® mm/mm/°C)

3.5 to 7 BTU/in./hr/°F
(0.5 to 0.6 W/m/°C)

“These are typical values and are not to be used for design purposes. Each manufacturer
tests its own composites and uses testing results for design purposes. Composite proper-
ties are influenced by raw materials used, mixture proportions, and production
method involved.

"The term “flexural yield (point)” is sometimes referred to as limit of proportionality
(LOP) and is defined as the elastic limit of the composite. The portion of the curve
after LOP is not a true plasticization as in the case of steel.

“The term “tensile yield (point)” is sometimes referred to as bend over point (BOP)
and is defined as the elastic limit of the composite. The portion of the curve after BOP
is not a true plasticization as in the case of steel.

Thermal conductivity
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Fig. 4.1—Influence of fiber length and content on flexural
strength (MOR) (NEG Report 1985).

strength for the composite. Longer fibers are generally more
difficult to mix and place in premix. This characteristic puts
a limit on an increase in strength that may realistically be
achieved as a result of increase in the fiber length. The curve
labeled “Scrim TD5x5” in the figure relates to a premix
composite that uses glass fiber scrim. The performance of
this type of composite is discussed in greater detail in
Section 4.5.

4.3—Influence of fiber orientation

Fiber orientation in the premix composites is significantly
influenced by the type of premix process usedto produce the
product. The manufacturing processes-that

ocuments

dimensional fiber orientation y cld reﬁg&z}%e}ﬂwarmg Hub
American Concrete Institute Copyrighted Material—www.concrete.org

Full document details: ACI 549.3R-09 (2017)


http://avadocuments2026.com/doc/aci-549-3r-09-2017
http://avadocuments2026.com/doc/aci-549-3r-09-2017

REPORT ON GLASS FIBER-REINFORCED CONCRETE PREMIX (ACI 549.3R-09) 7

LOAD P

Point A — Start point of the test
Pont B — Yield point, limit of proportionality (LOP)
Point C — Ultimate Strength

A DEFLECTION

Fig. 4.2—Typical flexural load-versus-deflection curve for
glass fiber-reinforced concrete premix.

composite mechanical strengths, whereas the processes that
lead to a more two-dimensional fiber orientation yield
relatively higher composite mechanical strengths.

Premix material is produced by mixing all basic ingredients
first and then adding the fibers near the end of the mixing
cycle. In cast premix, the material thickness is achieved with
one pour, whereas in the sprayed premix, the same result is
achieved with multiple spray passes. The cast premix leads to a
more three-dimensional fiber orientation as compared with the
sprayed premix, which has a more two-dimensional orientation
of fibers. Other manufacturing processes, such as extrusion,
also influence the fiber orientation. In the extrusion process, the
fibers tend to orient along the flowing axis of the slurry.

4.4—Influence of fiber geometry
Fiber geometry involves two features: 1) number of filaments

per strand, and 2) the filament diameter. The AR glass fiber
strand is an assemblage of multiple filaments. Filament
diameter is controlled by the glass manufacturer, and may be
varied from 13 to 20 um. During the manufacturing of glass
fibers, multiple filaments are bundled together using an organic
sizing (a bonding agent) to form a strand. Two strand configu-
rations are commonly produced: 100 and 200 filaments per
strand. It is the fiber strands, and not the individual filaments,
that become the primary reinforcing elements in premix. High
integrity of strand ensures that the individual filaments in a
strand do not separate during mixing. For a given fiber content
by weight, the 100-filament strand configuration would
provide twice the number of strands (or reinforcing elements)
compared to the 200-filament strand configuration.

Figure 4.3 illustrates the effect of one aspect of fiber
geometry on composite flexural strengths, namely, number
of filaments per strand (Peter 2004). Two types of strand are
compared: 100 and 200 filaments/strand; each containing
13 micron diameter filaments. The figure shows that for the
same fiber content by weight, the composite with 100 fila-
ments/strand has higher flexural strength than that with 200

14.0
135
5 130
s 100 Filaments/Strand
£ 125
=
o
c
g 120
=]
(2]
S 115
]
3
o 110
200 Filaments/Strand
10.5
10.0
1.5 20 25 3.0 35

Fiber Content (wt%)

Fig. 4.3—Effect of fiber geometry on flexural strength
(Peter 2004).

imately 3% fiber content by weight. With further increase in
fiber content, the composite with 100 filaments/strand
begins to exhibit increasingly poor material compaction,
leading to a decline in composite flexural strength. On the
other hand, for the composite with 200 filaments/strand,
material compaction and resulting flexural strength begins to
diminish at around 4% fiber content by weight.

Differences in filament diameter affect mostly workability
of the composite. The use of 13 micron filaments in the
strand provides a softer reinforcement, allowing it to easily
conform to mold shapes. On the other hand, the use of a
larger 20 micron filament yields a much stiffer strand. Stiffer
strands are commonly used for producing products with
simple shapes or details. The stiffer strand, however, based
on 20 micron filaments, is much easier to pump at higher
fiber contents (3 to 4% by weight) and is preferred for the
spray premix process (Section 5.2).

4.5—Influence of chopped fibers
with reinforcing scrim
Scrims, also known as mesh, are a structured form of glass

reinforcement in which continuous strands (or yarns) are laid
down to produce a grid pattern. Typically, the grid pattern is
composed of continuous strands laid in perpendicular direction.
The intersecting oriented strands of the scrim are either
woven or heat bonded. The heat-bonded construction is
relatively less expensive to produce commercially. Continuous
yarns are normally used to produce the woven structure. An
open-weave construction of scrim is necessary to allow the
cementitious matrix to pass through and achieve good scrim
embedment. Figure 4.4 illustrates two examples of scrim
constructions. Other scrim constructions are also possible.
The bidirectional construction of the scrim provides a more
directional reinforcement than the reinforcement mats
composed of random, chopped strands. The flexural
strengths of composites may be increased significantly by
incorporating scrim to the tensile face of the composite.

Table 4.2 illustrates the effect of adding scrim to the
surface of premix composites /‘,\/Iollbgaumm\t&

filaments/strand. This behavior is valid only up to approx- scrims were used in the investig ation: ()B%g%@h?@qg}gr@ Hub
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