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Standard Specification for
Fiber-Reinforced Concrete and Shotcrete *

This standard is issued under the fixed designation C 1116; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope* C 42/C 42M Test Method for Obtaining and Testing Drilled

1.1 This specification covers all forms of fiber-reinforced ~_Cores and Sawed Beams of Concfete _
concrete that are delivered to a purchaser with the ingredients C 78 Test Method for Flexural Strength of Concrete (Using
uniformly mixed, and that can be sampled and tested at the _Simple Beam with Third-Point Loading)
point of delivery. It does not cover the placement, consolida- C 94/C 94M Specification for Ready-Mixed Concréte
tion, curing, or protection of the fiber-reinforced concrete after € 109/C 100M  Test Method for Compressive Strength of
delivery to the purchaser. Hydraullc Cement Mortars (Using 2-in. or [50-mm] Cube

1.2 Certain sections of this specification are also applicable _Specimens) _ _ _
to fiber-reinforced concrete intended for shotcreting by the € 138/C 138M Test Method for Density (Unit Weight),
dry-mix process when sampling and testing of concrete is _Yield, and Air Content (Gravimetric) of Concréte .
possible only at the point of placement. In this case, the C 143/C 143M Test Method for Slump of Hydraulic Ce-
sections dealing with batching plant, mixing equipment, mix- _ment Concreté

ing and delivery, and measurement of workability and air C 150 Specification for Portland Cemént

1.3 This specification does not cover thin-section glass C 173/C 173M Test Method for Air Content of Freshly

fiber-reinforced concrete manufactured by the spray-up process Mixed Concrete by the Volumetric Methdd .

that is under the jurisdiction of ASTM Subcommittee C27.40. € 191 Test Method for Time of Setting of Hydraulic Ce-
1.4 The values stated in inch-pound units are to be regarded _Ment by Vicat Needfe _ _

as the standard. C 192/C 192M Practice for Making and Curing Concrete
1.5 The following precautionary statement pertains only to _Test Specimens in the Laboratéry _

the test method portion, Sections 15 and 18, of this specifica- € 231 Test Method for Air Content of Freshly Mixed

tion: This standard does not purport to address all of the safety _Concrete by the Pressure Metfiod _

concerns, if any, associated with its use. It is the responsibility C 260_Specification for Air-Entraining Admixtures for Con-

of the user of this standard to establish appropriate safety and _Creté o _ _

health practices and determine the applicability of regulatory € 330 Specification for Lightweight Aggregates for Struc-

limitations prior to use. tural Concreté _ .
C 387 Specification for Packaged, Dry, Combined Materials
2. Referenced Documents for Mortar and Concrefe
2.1 ASTM Standards: C 494/C 494M Specification for Chemical Admixtures for
A 820 Specification for Steel Fibers for Fiber-Reinforced ~Concreté o _
Concreté C 567 Test Method for Determining Density of Structural
C 31/C 31M Practice for Making and Curing Concrete Test _Lightweight Concreté _
Specimens in the Fietd C 595 Specification for Blended Hydraulic Ceménts
C 33 Specification for Concrete Aggreg&tes C 618 SpeCiﬁcation for Coal Fly Ash and Raw or Calcined
C 39/C 39M Test Method for Strength of Cylindrical Con- ~ Natural Pozzolan for Use as a Mineral Admixture in
crete Specimeris Concreté o o
C 637 Specification for Aggregates for Radiation-Shielding
Concreté

1 This specification is under the jurisdiction of ASTM Committee C09 on  C 666 Test Method for Resistance of Concrete to Rapid
Concrete and Concrete Aggregates and is the direct responsibility of Subcommittee Freezing and Thawir?g
C09.42 on Fiber-Reinforced Concrete.

Current edition approved July 10, 2003. Published September 2003. Originally
approved in 1989. Last previous edition approved in 2002 as C 1116 — 02.
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*A Summary of Changes section appears at the end of this standard.
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C 684 Test Method for Making, Accelerated Curing, andperformance of a fiber-reinforced concrete or shotcrete de-

Testing of Concrete Compression Test Specirfens pends strongly upon the susceptibility of the fibers to physical
C 685/C 685M Specification for Concrete Made by Volu- damage during the mixing or shotcreting process, their chemi-
metric Batching and Continuous MixiAg cal compatibility with the normally alkaline environment
C 887 Specification for Packaged, Dry, Combined Materialsvithin cement paste, and their resistance to service conditions
for Surface Bonding Mort&r encountered within uncracked concrete or as a consequence of
C 995 Test Method for Time of Flow of Fiber-Reinforced cracking, involving, for example, carbon dioxide, chlorides, or
Concrete Through Inverted Slump Cdne sulphates in solution with water and oxygen or ultraviolet light
C 1017/C 1017M Specification for Chemical Admixturesin the atmosphere. The magnitude of improvements in the
for Use in Producing Flowing Concréte mechanical properties of the concrete or shotcrete imparted by

C 1018 Test Method for Flexural Toughness and Firstfibers also reflects the material characteristics of the fiber type
Crack Strength of Fiber-Reinforced Concrete (Using Beanwith fibers having a high modulus of elasticity and tensile
with Third-Point Loading] strength being more effective on an equivalent volume basis

C 1077 Practice for Laboratories Testing Concrete and Corthan fibers of low modulus and strength.
crete Aggregates for Use in Construction and Criteria for 4.1.1 Type | Steel Fiber-Reinforced Concrete or Shotcrete

Laboratory Evaluatioh Contains stainless steel, alloy steel, or carbon steel fibers (see
C 1141 Specification for Admixtures for Shotcréte Note 1).
C 1240 Specification for Silica Fume for Use in Hydraulic-

Cement Concrete, Mortar, and Graut Note 1—Steel fibers are not easily damaged by the mixing or shotcret-

C 1399 Test Method for Obtaining Average Residual-ing processes and uncoated steel fibers are chemically compatible with the
h of Eiber-Reinf dc Bt normally alkaline environment within cement paste. Some coatings, such
Strength of Fiber-Reinforce . oncr . e as aluminum, may be detrimental to concrete. Carbon steel fibers will rust
D 512 Test Methods for Chloride lon in Water under conditions that cause rusting of conventional steel, for example, in
D 516 Test Methods for Sulfate lon in Waker the near-surface portion of concrete subject to carbonation.
2.2 ACI Standards and Reports:
211.1 Standard Practice for Selecting Proportions for Nor
mal and Heavyweight Concréte
211.2 Standard Practice for Selecting Proportions for Struc- Nore 2—Glass fibers in concrete or shotcrete subjected to wetting,

~ 4.1.2 Type Il Glass Fiber-Reinforced Concrete or
Shotcrete—Contains alkali-resistant glass fibers (see Note 2).

tural Lightweight Concrete humid atmosphere, or contact with moist ground have the potential to
214 Recommended Practice for Evaluation of Strength Teseact with the alkalies present in cement paste thereby weakening the
Results of Concrefe fibers. They also tend to become embrittled by hydration products

506.1R, State-of-the-Art Report on Fiber-Reinforced Shot_penetrating the fiber bundles and filling the interstitial spaces between the
crete7, individual glass filaments. Both mechanisms cause reductions in strength,
. . L . toughness, and impact resistance with age. The alkali-resistant (AR) types

506.2 Specification for Materials, Proportioning and Appli- of glass fiber developed for use with cement are more resistant to alkalies

cation of Shotcrefe than the E-glass and other types not marketed specifically for use in
506.R, Guide for Shotcretirig cement, and should be used in conjunction with established techniques for
544.3R Guide for Specifying, Mixing, Placing and Finish- suppressing the alkali-silica reaction, for example, use of a low-alkali

ing Steel Fiber-Reinforced Concréte cement or a mineral admixture, or both. However, even the use of
2.3 AASHTO Standard: AR-glass fibers does not prevent deterioration in glass fiber-reinforced

. concrete exposed to moisture for a long period of time, but only slows the
T26 Test Method for Solids Content of Wash W&ter rate at which it occurs.

3. Terminology Glass fibers can be damaged by conventional concrete mixing processes

L - . . employing coarse aggregate, but have been used in shotcrete and in other
3.1 De.f'n't'ons of Terms Specific to '_I'hIS Stan_dard' cementitious matrices such as mechanically mixed masonry mortar (see
3.1.1 fibers—slender and elongated filaments in the form of specification € 887) and thin-section glass fiber-reinforced concrete

bundles, networks, or strands of any natural or manufacturegktepared by the spray-up process (under the jurisdiction of ASTM
material that can be distributed throughout freshly mixedSubcommittee C27.40).
concrete.
3.1.2 manufacturer—the contractor, subcontractor, supplier
or producer who furnishes the fiber-reinforced concrete.
3.1.3 purchaser—the owner or representative thereof.

4.1.3 Type Il Synthetic Fiber-Reinforced Concrete or
' Shotcrete—Contains synthetic fibers for which documentary
evidence can be produced confirming their long-term resis-
tance to deterioration when in contact with the moisture and
4. Classification alkalies present in cement paste or the substances present in

4.1 This specification classifies fiber-reinforced concrete Opir—entraining and chemical admixtures (see Note 3 and 4.2).

shotcrete by the material type of the fiber incorporated. The Nore 3—Fibers composed of some polymers may deteriorate when in
contact with moisture, alkalies, or some of the ingredients of chemical
admixtures. Fibers such as polyolefins (polypropylene and polyethylene),

5
Annual Book of ASTM Standaideol 04.05. nylon, and carbon have been shown to be durable in concrete.

¢ Annual Book of ASTM Standardgol 11.01.

A . : : . .
Hi”SA\'(Aallliggesf?:om American Concrete Institute (ACI), P.O. Box 9094, Farmington 4.2 When the purchaser chooses to permit the use of fibers

8 Available from American Association of State Highway and Transportation other than those complying with the classifications in 4.1, for

Officials (AASHTO), 444 N. Capitol St., NW, Suite 249, Washington, DC 20001. example: natural fibers, metallic fibers other than steel, carbon
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fibers, and so forth, the producer shall show evidence satisfac- 6.1.4.1 Slump shall be specified when it is anticipated to be
tory to the purchaser that the type of fiber proposed for us€ in. (50 mm) or more, and time of flow shall be specified when
does not react adversely with the concrete or shotcrete matrisjump is anticipated to be less than 2 in. (50 mm). Slump or
including the constituents of any admixtures present, or witltime of flow shall not be specified for shotcrete placed by the
the surrounding environment in the cracked matrix, causinglry process.

deterioration in mechanical properties with age under the

exposure conditions anticipated in the application. Note 5—The time of flow of fiber-reinforced concrete through an

inverted slump cone, determined in accordance with Test Method C 995,
5. Basis of Purchase is a better indicator than slump (Test Method C 143/C 143M) of the
. . . . appropriate level of workability for fiber-reinforced concrete placed by
5.1 The basis of purchase for Conventlonally m_lxed fiber-yipration because such concrete can exhibit very low slump due to the
reinforced concrete shall be the cubic yard or cubic metre ofresence of fibers and still be easily consolidated. Mixtures with a time of
freshly mixed and unhardened material as discharged from thew of 8 to 15 s are readily consolidated by vibration. Consolidation
mixer. becomes more difficult with increase in time of flow, and is extremely
5.2 The volume of freshly mixed and unhardened materiaflificult even when using internal vibration if the time of flow exceeds 30
in a given batch shall be determined from the total weight of*;, MXtures with a time of flow less tie s should be evaluated in terms
L. . . . . of slump because the time of flow is too short to determine with
the batCh divided by t_he unit weight in po“”qs per cubic foc'tsati:sfactory precision, or may not be determinable because the fiber-
or kilograms per cubic metre. The total weight of the batChyeinforced concrete flows freely through the inverted cone.

shall be calculated either as the sum of the weights of all . . . ) )
materials, including water, entering the batch, or as the net 6.1.5 Air content when air-entrainment is required, based on

weight of the concrete in the batch as delivered. The unif€ @i content of samples taken at the point of discharge, or

weight shall be determined in accordance with Test Method¥/hen appropriate the point of placement, subject to the
C 138/C 138M or C 567 from the average of at least thredl€rances hereinafter specified;

measurements, each on a different Samp|e. Samp“ng shall be |n6151 Air-entrainment shall not be SpeCifiEd for shotcrete
accordance with Practice C 172. placed by the dry process.

Note 4—It should be understood that the volume of hardened concrete Note 6—In selecting the specified air content, the purchaser should
may be, or may appear to be, less than expected due to waste and spillagensider the exposure conditions to which the concrete will be subjected.
over-excavation, spreading forms, some loss of entrained air, or settlemeAir contents less than shown in Table 1 may not produce adecquate
of wet mixtures, none of which are the responsibility of the manufacturerresistance to freezing and thawing. Air contents higher than the levels

5.3 The basis of purchase for fiber-reinforced shotcrete sh h;\;\gnT:y reduce strength without contributing further to freeze-thaw
normally be the cubic yard or cubic metre. For wet-mix
shotcrete, the volume shall be calculated from the quantities 6.1.6 When structural lightweight concrete is specified, the
delivered and the unit weight. For dry-mix shotcrete, thepurchaser shall specify the unit weight as wet weight, air-dry
volume shall be calculated from the weights of constituentveight, or oven-dry weight.
ma.te”als mixed and their respective specific gravities. At the. Note 7—The unit weight of freshly mixed lightweight concrete, that is
option of the p_urchas_e_r, Where_ the surface to be s_hotcret_e_d e only unit weight determinable at the time of delivery, is always higher
plane and a uniform finished thickness of shotcrete is specifie@han the air-dry or oven-dry weight. Definitions of, and methods for

the basis of purchase shall be the square yard or square meteetermining or calculating air-dry and oven-dry weights of lightweight
) . concrete are covered in Test Method C 567.
6. Ordering Information
6.1 The purchaser shall specify the following:
6.1.1 Type of fiber-reinforced concrete or shotcrete re
quired. See Section 4.
6.1.2 Type of cement at the purchaser’s option, otherwis i
the cement shall be Type 1 meeting the requirements of 6-2 Alternative Number 1
Specification C 150; 6.2.1 When the purchaser assumes responsibility for mix-
6.1.3 Designated size, or sizes, of coarse aggregates;  ture proportioning, the following parameters shall also be
6.1.4 Slump or time of flow required at the point of delivery, specified by the purchaser:
or when appropriate the point of placement, subject to the 6.2.1.1 The cement content in pounds per cubic yard (or
tolerances hereinafter specified; kilograms per cubic metre),

6.1.7 One of the following Alternatives, 1, 2, or 3, shall be
used as the basis for determining the proportions of the
fiber-reinforced concrete or fiber-reinforced shotcrete of the
(guality required.

TABLE 1 Recommended Total Air Content for Air-Entrained Concrete AB

Total Air Content, %
Nominal Maximum Sizes of Aggregate, in. (mm)

Exposure Condition©

% (9.5) ¥, (12.5) ¥4 (19.0) 1 (25.0) 1% (37.5) 2 (50.0) 3 (75.0)
Mild 45 40 35 3.0 25 2.0 15
Moderate 6.0 55 5.0 45 45 4.0 35
Severe 75 7.0 6.0 6.0 5.5 5.0 45

A For air-entrained concrete, when specified.

B Unless exposure conditions dictate otherwise, air contents recommended above may be reduced by up to 1 % for concretes with specified compressive strength, 7,
of 5000 psi (34.5 MPa) or above.

€ For description of exposure conditions, refer to ACI 211.1, Table number 5.3.3 with attention to accompanying footnotes.
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6.2.1.2 If mineral admixtures are required, the type, andoncrete matrix, so it is recommended that the purchaser, when specifying
amounts to be used in pounds per cubic yard (or kilograms pé'qrst-crack strength, consider factors known to influence the strength of
cubic metre), or in percentages by weight of cement normal concrete such as, water-cement ratio, aggregate maximum size,

6.2.1.3 Th'e maximum allowable amount of mixing \,Nater in and the presence of chemical or mineral admixtures.
gallons per cubic yard or litres per cubic metre, including 6.3.2 Atthe request of the purchaser, the manufacturer shall,
surface moisture on the aggregates, but excluding watd¥ior to the actual delivery of concrete, furnish a statement to
absorbed by the aggregate, the purchaser giving the sources, specific gravities, sieve

6.2.1.4 If air-entraining admixtures are required, the typeanalyses, and saturated surface-dry weights of fine and coarse
name, and dosage range to be used to achieve the specified agigregates, the dry weights of cement and mineral admixtures,

content, (see 6.1.4), the type, dimensions, and weight of fibers, the quantities, types
6.2.1.5 If chemical admixtures are required, the type, name2nd names of chemical and air-entraining admixtures (if any),
and dosage range to be used, and: and the amount of mixing water per cubic yard or cubic metre

6.2.1.6 The type of fibers to be used and the amount ifhat will be used in the manufacture of each class of concrete
pounds per cubic yard (or kilograms per cubic metre), (Se@rdered by the purchaser. The manufacturer shall also furnish
Classification Section 4). evidence satisfactory to the purchaser that the materials to be

. o o ~used and the proportions selected will produce fiber-reinforced
Note 8—The dosage of air-entraining, water-reducing (including h'gh'concrete or shotcrete of the quality specified
range), accelerating, and retarding admixtures needed to satisfy the 6.4 Alternative Number 3 ’

material performance requirements varies. Therefore, dosage ranges .
should be specified to ensure that the material performance requirements 8-4-1 When the purchaser requires the manufacturer to
can be met. assume responsibility for mixture proportioning with the mini-

Note 9—The purchaser, in selecting requirements for which he asinum allowable cement content specified (see Note 9), the
sumes responsibility should give consideration to requirements for workpurchaser shall also specify the following:
ability, placeability, durability, surface texture, and density. The purchaser 6.4.1.1 Requirements for flexural toughness, parameters, or
is referred to ACI Practices 211.1 and 211.2 for selecting proportions thafirst-crack strength, or both, determined in accordance with
will result in concrete suitable for various types of structures andTeSt Method C 1018, or requirements for average residual-

conditions of exposure, and to ACI Report 544.3R for selecting concret . . .
and fiber parameters suitable for fiber-reinforced concrete. For guidan(%trength determined in accordance with Test Method C 1399,

on selecting proportions for fiber-reinforced shotcrete, the purchaser i8'; at the option of the purchaser, for flexural strength deter-
referred to ACI Reports 506.1R and 506.R and ACI Specification 506.2mined in accordance with Test Method C 78, using samples
btained at the point of discharge, or when appropriate the
.6'2'2 Atthe request of the purchaser, the manufacturer sha oint of placement. At the option of the purchaser, compressive
prior to the actual delivery of concrete, furnish a statement tQy gtk (Test Method C 39/C 39M) shall be specified when the
the purchaser giving the sources, specific gravities, sieVge, ol requirements are considered inadequate for ensuring
analyses, and saturated surface-dry weights of fine ?”d coarge quality of the matrix of the fiber-reinforced concrete.
aggregates, and the amount of mixing water per cubic yard qfjess accelerated curing and testing in accordance with the
cubic metre that will be used in the manufacture of each clasg ;. water or boiling water procedures of Test Method C 684
of concrete or_dered by the purchaser. is specified, tests shall be performed after standard moist
6.3 Alternative Number 2 , curing in accordance with Practices C 31/C 31M or C 192/
6.3.1 When the purchaser requires the manufacturer i@ 195\ at 28 days, or such other ages as are specified by the
assume full responsibility for mixture proportioning (see NOtepurchaser (see Note 10).
9), the purchaser shall also specify the following: 6.4.1.2 Minimum cement content in pounds per cubic yard
6.3.1.1 Requirements for flexural toughness parameters, br kilograms per cubic metre).
first-crack strength, or both, determined in accordance with g 4 1°3 |f admixtures are required, the type, name, and
Test Method C 1018, or requirements for average residualjosage to be used. The cement content shall not be reduced
strength determined in accordance with Test Method C 1399, hen admixtures are used.
or, at the option of the purchaser, for flexural strength deter-
mined in accordance with Test Method C 78, using samples Note _11—Alterr}a_tive Number 3 can be _distinctive and useful only if
obtained at the point of discharge, or when appropriate at thi'¢ designated minimum cement content is at about the same level that
. - . would ordinarily be required for the mechanical properties, aggregate size,
point of placement. At the option of the purChaserZ _compresswgnd workability specified. It must be an amount that will be sufficient to
strength (Test Method C 39/C 39M) shall be specified when th@,syre durability under expected service conditions, as well as satisfactory
flexural requirements are considered inadequate for ensuringirface texture and density. For additional information refer to ACI
the quality of the matrix of the fiber-reinforced concrete. Practices 211.1 and 211.2.
Unless accelerated curing and testing in accordance with the g 4 5 At the request of the purchaser, the manufacturer shall,
warm water or boiling water procedures of Test Method C 684, iy 1o the actual delivery of the concrete, furnish a statement
is specified, tests shall be performed after standard moish the purchaser giving the sources, specific gravities, sieve
curing in accordance with Practices C31/C 31M or C 192/35\yses and saturated surface-dry weights of fine and coarse
C 192M at 28 days, or such other ages as are specified by thgygregates, the dry weights of cement and mineral admixtures,
purchaser. the type, dimensions, and weight of fibers, the quantities, types

Note 10—While first-crack strength is affected by the type and amountand names of chemical and air-entraining admixtures (if any),
of fibers, it is more dependent on the characteristics of the mortar oand the amount of mixing water per cubic yard or cubic metre
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that will be used in the manufacture of each class of concreteTABLE 3 Chemical Limitations for Wash Water Used as Mixing

ordered by the purchaser. The manufacturer shall also furnish Water
evidence satisfactory to the purchaser that the materials to be Limits Test Method”
used and the proportions selected will produce fiber-reinforcedhemical requirements, maximum
concrete or shotcrete of the quality specified. concentration in mixing water, ppm
. . . Chloride as CI ppm: D 512
6.5 The proportions arrived at by Alternatives 1, 2, or 3 for ~ prestressed concrete or in bridge decks 500¢
each class of fiber-reinforced concrete or shotcrete approvedother reinforced concrete in most 1000°¢

for use in a project shall be assigned a designation to facilitate €nvironments or containing aluminum.
embedments or dissimilar metals or with

identification of each mixture delivered to the project. A gay-in-place galvanized metal forms

certified copy of the proportions of all mixtures as establisheduifate as SO,, ppm 3000 D 516
H H : Alkalies as (Na,O + 0.658 K,0), ppm 600
in Alternatives 1, 2, and 3 shall be kept on file by the Total solids, ppm 50 000 AASHTO T26
manufacturer. ,
A Other test methods that have been demonstrated to yield comparable results
) may be used.
7. Materials and Manufacture B\Vash water reused as mixing water in concrete may exceed the listed

. . e . __concentrations of chloride and sulfate if it can be shown that the concentration
7.1 In the absence of des'Qnated apphcable SpecmCam)rl%lculated in the total mixing water, including mixing water on the aggregates and

covering requirements for quality of materials, the following other sources, does not exceed the stated limits.
specifications shall govern: € For conditions allowing use of CaCl, accelerator as an admixture, the chloride

. . limitation may be waived by the purchaser.
7.1.1 Cement—Cement shall conform to Specification

C 150 or C 595.
~ 7.1.2 Aggregates-Aggregates shall conform to Specifica-  7.1.5 Fibers—Fibers shall be capable of producing fiber-
tions C 33, C 330, or C 637 consistent with the type of concreteeinforced concrete meeting the requirements of this specifi-

required. cation. Steel fibers shall conform to Specification A 820.
7.1.3 Water

7.1.3.1 The mixing water shall be clear and apparently8. Measuring Materials

clean. If it contains quantities of substances that discolor it or g 1 Except as otherwise specifically permitted by the pur-
make it smell or taste unusual or objectionable or caus@naser, cement, pozzolans, fine and coarse aggregates, mixing
suspicion, it shall not be used unless service records Qfater, and admixtures shall be measured in accordance with

concrete made with it or other information indicates that ?t iSthe applicable requirements of Specification C 94/C 94M or
not injurious to the quality of the concrete. Water of question-c gg5/C 685M.

able quality shall be subject to the acceptance criteria of Table g 5 Fibers shall be measured by weight. When approved by
2. . i the purchaser, fibers may be measured in bags, boxes, or like
7.1.3.2 Wash water from mixer washout operations may bgontainers. Such bags, boxes, or containers shall be sealed by
used as mixing water provided tests of wash water comply Withhe fiper manufacturer and shall have the weight contained
the physical tests of Table 2. Wash water shall be tested at @erein clearly marked. No fraction of an unsealed bag, box or
weekly interval for approximately 4 weeks, and thereafter at gixe container delivered unsealed, or left over from previous
monthly interval provided that no single test exceeds th‘?/vork, shall be used unless weighed.
applicable limit. Optional chemical requirements in accordance g 3 Prepackaged, dry, combined materials, including fibers,
with Table 3 may be specified by the purchaser when approsha)| comply with the packaging and marking requirements of
priate for the construction. The testing frequency for chemicakpecification C 387 and shall be accepted for use provided that
limits shall be as given above unless otherwise specified by thefier addition of water, the resulting fiber-reinforced concrete
purchaser. or shotcrete meets the performance requirements of this

Note 12—When recycled wash water is used, attention should be givegPecification.
to effects on the dosage rate and batching sequence of air-entraining and
other chemical admixtures, and a uniform amount should be used i8. Batching Plant
consecutive batches. 9.1 Batching plant used for the preparation of batch-mixed
7.1.4 Admixtures—Admixtures for conventionally mixed fiber-reinforced concrete shall comply with the applicable
fiber-reinforced concrete shall conform to Specificationsrequirements of Specification C 94/C 94M.
C 260, C 618, C 494/C 494M, C 1017/C 1017M, C 1141, or NoTe 13—A vibrating screen or other device for separating fibers may

C 1240, whichever is applicable. be required to avoid clumping of some types of fibers prior to mixing with
concrete.

TABLE 2 Acceptance Criteria for Questionable Water Suppliers 10. Mixing Equipment

Limits Test Method 10.1 Mixers or agitators for batch-mixed fiber-reinforced
Compressive strength, min % control 90 C 109/C 109M# concrete shall comply with the applicable requirements of
at 7 days 4 i
Time of set, deviation from control, h: ~ from 1.00 early to C 1914 SDECIfICB.t.IOI'l C94/C 94.M' . . .
min 1.30 later 10.2 Mixers for continuously mixed fiber-reinforced con-

A Comparisons shall be based on fixed proportions and the same volume of test cre_te shall Comply with the appllcable provisions of SDECIfI-
water compared to control mix using city water or distilled water. cation C 685/C 685M.
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11. Mixing and Delivery all tests, and use the results of the second set of tests to
11.1 Batch-mixed fiber-reinforced concrete, whether pre_establish whether or not the requirements of this specification

pared on site or at a location remote from the site, shall b&'® met. _ _

mixed and delivered to the point designated by the purchaser in 15.2 If the measured slump, time of flow, or air content fall

accordance with the applicable requirements of Specificatiofutside the limits permitted by this specification, make a check

C 94/C 94M. test immediately on another portion of the same sample. If the
11.2 Continuously mixed fiber-reinforced concrete, whetheFesults again fall outside the permitted limits, the material

prepared on site or at a location remote from the site, shall beepresented by the sample fails to meet the requirements of this

mixed and delivered to the point designated by the purchaser i#Pecification.

accordance with the applicable requirements of Specification

C 685/C 685M. 16. Tolerances in Workability
11.3 Fiber-reinforced concrete shall be free of fiber balls 16.1 Unless other tolerances are included in the project
when delivered. specifications, the following shall apply to all forms of fiber-
reinforced concrete except dry-mix shotcrete.
12. Batch Ticket Information 16.1.1 When the project specifications for slump are written
12.1 The manufacturer of the fiber-reinforced concrete shakis a “maximum” or “not to exceed” requirement:
furnish to the purchaser a delivery ticket or statement of Specified Slump
particulars on which is printed, stamped, or written, informa- If 3in. (75 mm) or less  If more than 3 in. (75 mm)
tion in one of the following two alternative formats: Plus Tolerance 0 0
12.1.1 Batch-Mixing Format—The details identified in the Minus Tolerance 1%z in. (40 mm) 2% in. (65 mm)

applicable requirements of Specification C 94/C 94M, and
details of the type, brand, and amount of fibers used. i "o " ; .
tl th t:
12.1.2 Continuous Mixing Format-The details identified as a minimum-or ot 1ess S ar_wf. dre;qwr:a::en
in the applicable requirements of Specification C 685/C 685M, 15 5 or lom o e than 15 S
and details of the type, brand, and amount of fibers used.

When the project specifications for time of flow are written

Plus Tolerance 5s 10s

13. Inspection of Materials, Production, and Delivery Minus Tolerance 0s 0s

13.1 The manufacturer shall afford the inspector all reason- T1hese folerances apply only if one addition of water is
able access, without charge, for making necessary checks germitted on the job provided such addition does not increase
the production facilities and for securing necessary samples {6 water-cement ratio above the maximum permitted by the
determine if the materials used in the fiber-reinforced concret@roject specifications.
or shotcrete comply with the requirements of this specification. Nore 14—The slump of a fiber-reinforced concrete is less than the
Inspection, sampling, and testing shall not interfere unnecesiump of an otherwise identical concrete without fibers. The magnitude of

sarily with the manufacturing and delivery operations. the difference depends strongly on the amount and type of fibers, so it is
recommended that trial mixtures representing the amount and type of
14. Sampling fibers to be used in the work be prepared and tested to ensure that the

. specified slump requirements are met. This recommendation is also
14.1 The contractor shall afford the inspector all r'3asonabl’z:itppropriate when workability is specified in terms of time of flow.

access, without charge, for the procurement of samples o i o
freshly mixed fiber-reinforced concrete or shotcrete at the time 16-1.2 When the project specifications for slump are not
of placement to determine compliance with the requirements of/fitten as a “maximum” or “not to exceed” requirement:
this specification. Tolerances for Nominal Slumps

14.2 Samples of batch-mixed fiber-reinforced concrete shall

N i . X For Specified Slump of Tolerance
be obtained in accordance with Practice C 172, except that
wet-sieving shall not be permitted. Sampling for uniformity gln 55,0 f?sfg)tanfol(;fss \ i’llein-é? m";)
. - e . 0 41n. (0] mm *=1in. mm
tests shall be in accordance with Specification C 94/C 94M. more than 4 in. (100 mm) S in. (40 mm)

14.3 Samples of continuously mixed fiber-reinforced con- . . .
crete shall be obtained in accordance with the applicable When the project specifications for time of flow are not
requirements of Specification C 685/C 685M, except that wetWrten as a “minimum® or “not less than” requirement:
sieving shall not be permitted. Sampling for uniformity tests Tolerances for Time of Flow

shall be in accordance with Specification C 685/C 685M. For Specified Time of Flow of Tolerance
8to15s *3s
15. Workability and Air Content Tests more than 15 s +55

15.1 Make tests for workability and air content at the time 16.2 Fiber-reinforced concrete shall be available within the
of placement at the option of the inspector as often as necessgpgrmissible range of slump or time of flow for a period of 30
for control checks and acceptance purposes, and always whemn starting either on arrival at the job site or after the
specimens for tests on hardened concrete are made. Whpermitted slump adjustment, whichever is later. The first and
water is added in accordance with the requirements of thitast ¥4 yd® or ¥%. m® discharged a re exempt from this
specification (see Tolerances in Workability Section16), repeatequirement. If the user is unprepared for discharge of the
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material at the job site, the manufacturer shall not be resporday fiber-reinforced concrete is mixed, at least one test shall be

sible for failure to meet slump or time of flow requirements made for each class of material.

after 30 min have elapsed beyond either the actual arrival time 19.1.3 Shotcrete-Tests shall be made for each 50°y@8

at the job site or the requested delivery time, whichever is latem?®) placed using specimens sawed or cored from the structure
or from corresponding test panels. On each day fiber-reinforced

17. Tolerance in Air Content shotcrete is prepared, at least one test shall be made for each

17.1 When air-entrainment is specified, the total air conten¢lass of material.
measured using Test Method C 173/C 173M or Test Method 19.2 The representative of the purchaser shall ascertain and

C 231 shall be within a tolerance ¢f1.5 of the specified value record the delivery-ticket number or equivalent information
in percent. and the exact location in the work at which the material

represented by each test is deposited.
18. Acceptance Testing of Hardened Fiber-Reinforced
Concrete or Shotcrete

18.1 Obtain material for the preparation of test specimens iQ/
accordance with the sampling section of this specification.

18.2 When flexural toughness parameters, or first-crac
strength, or both, or average residual-strength, are used as tn

basis for acceptance of fiber-reinforced concrete or ShOt(:rG"t‘Eiteemed defective and discarded if it shows definite evidence of

make, condition, and test sets of test specimens in accordanﬁﬁproper sampling, molding, handling, curing, or testing, and

with Test Method C 1018 or Test Method C 1399 as appropri-the mean of the property values for the remaining test
ate.

. . i hall i he t It. If h
18.3 When flexural strength is used as the basis for acce specimens shall be considered the test result. If more than one

. . Rpecimen in the set is deemed defective on this basis, the test
tance, make sets of at least three test specimens in accordar}é)gult shall be rejected

with the requirements for sampling and conditioning given in
Test Method C 1018, and test in accordance with the applicabl2l. Performance Requirements

requirements of Test Methods C 42/C42M or C78. Test 211 Unless specifically excluded by the purchaser when
specimens representing thin sections, as defined in Test Methegldering material in accordance with Alternatives Number 2 or
C 1018, or specimens representing fiber-reinforced shotcrete &f fiber-reinforced concrete or shotcrete prepared in accordance
any thickness, shall be tested as cast or placed without beingith this specification shall meet the following requirements:
turned on their sides before placement on the support system.21 2 For flexural toughness parameters defined in accor-
Acceptance shall not be based on flexural strength alone whegance with Test Method C 1018, or for average residual-
toughness is important. strength values defined in accordance with Test Method

Note 15—Test Method C 1018 provides for the determination of C 1399, the test |_'eSU|tS shall equal or exceed the specified
flexural strength when required by the purchaser. For many type-amoumalues at the applicable test age.

fiber combinations, the flexural strength is not significantly greater than
the first-crack strength.

20. Calculation of Test Results

20.1 Atest result shall be based on the mean of the property
alues for a set of hardened concrete test specimens constitut-
i(ng a test unit as defined herein or in the applicable test method.

20.2 Any individual test specimen in a set constituting a test
ﬁit, as defined herein or in the applicable test method, shall be

Note 16—A toughness requirement should not be specified when fibers
are used only to control plastic shrinkage cracking.

18.4 When compressive strength is used as part of the basi521_3 When first-crack strength, flexural strength, or com-

rg;sicxgtztﬂgsctesgggi?ﬁé:??rto;(:ci%rgoarr:ift\?\;it??ﬁg ;;e):JSIicoz;bl ressive strength are performance requirements, the test results
requirements of Practices C 31/C 31M and C 192/C 192M an gz;lll equal or exceed the specified values at the applicable test
condition and test in accordance with Test Methods C 39 21.4 When the fiber-reinforced concrete is to be exposed to
C 39M or C 42/C 42M. Acceptance shall not be based OTtycles of freezing and thawing, and the purchaser requires
compressive stre_ngth alone. : evidence of satisfactory durability, such evidence shall be
18.5 The testing Iaboratory performing acceptance teStBrovided by the manufacturer. A proven record of satisfactory
shall comply with the requirements of Practice C 1077. freeze-thaw durability for concrete with or without fibers,
19. Frequency of Tests made using the same air content, aggregates, and mixture
' proportions as the fiber-reinforced concrete specified for the
19.1 The frequency of tests on hardened fiber-reinforceqyork, shall be considered acceptable evidence when the
concrete or shotcrete shall be in accordance with the followinggncrete has been in place for at least two winters. In the
requrements: _ absence of such a record, satisfactory durability shall be
19.1.1 Batch-Mixing—Tests shall be made with a frequency gemonstrated for the fiber-reinforced concrete proposed for the
of not less than one test for each 15C°y#15 n?). Each test work by the attainment of an average durability factor of at

shall be made from a separate batch. On each day fibefeast 80 % for a set of three specimens tested according to
reinforced concrete is mixed, at least one test shall be made f@qcedure A of Test Method C 666.

each class of material. _ _

19.1.2 Continuous Mixing-Tests shall be made for each 25 22. Failure to Meet Requirements
yd® (19 n?) or fraction thereof, or whenever significant 22.1 When fiber-reinforced concrete or shotcrete fails to
changes have been made in the proportioning controls. On eaaheet the requirements of this specification, the manufacturer
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and the purchaser shall confer to determine whether agreemedn¢ determined by the panel. Its decision shall be binding,
can be reached as to what adjustment, if any shall be made. d¢icept as modified by a court decision.

agreement on a mutually satisfactory adjustment cannot be

reached by the manufacturer and the purchaser, a decision shalf. Keywords

be made by a panel of three qualified engineers, one of whom
shall be designated by the purchaser, one by the manufacturer,
and the third chosen by these two members of the panel. T
question of responsibility for the cost of such arbitration shalitoughness

23.1 accuracy; average residual-strength; certification; fi-
rs; fiber-reinforced concrete; materials for; scales; testing;

SUMMARY OF CHANGES

Committee C09 has identified the location of selected changes to the standard since the last issue (C 1116 — 02)
that impact the use of this standard.

(1) Revised 6.1.3 to provide for size of coarse aggregate
required.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

aZzmanco.com


https://azmanco.com

