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ABSTRACT

Keywords: reinforced concrete, corroded structural members, repair material

The reinforced concrete structure is the most common form of building components in
Taiwan due to its low cost, high durability, and easy maintenance. Taiwan is surrounded
by the sea, the climate is humid and earthquakes are frequent. Reinforced concrete
buildings have been exposed to humid environments for a long time, and many
buildings have been used for nearly 50 years. As a result, most of the components have
deteriorated or aged. Even reaching the critical stage of safety concerns. Recently, the
government has actively promoted health inspections and the renewal of old buildings.
However, in the current seismic evaluation methods of building structures, there is still
a lack of quantitative diagnosis of durability and it is impossible to evaluate the impact
of material degradation on the seismic performance of structures. In this regard, in the
research related to the diagnosis of the durability of reinforced concrete buildings
carried out by the ABRI (Architecture and Building Research Institute, Ministry of the
Interior) in 2019, it is recommended that the appropriate repair method be based on the
diagnosis. However, the implementation procedures and effectiveness of the section
restoration method have not been verified by experiments. Therefore, it is necessary for
architects, civil engineers, and structural engineers to plan reinforcement or restoration
projects by implementing this plan and integrating relevant literature suggestions to

construct practical suggestions for repairing steel corrosion sections.

For immediate strategies:

1. This study sets quantitative standards for repair materials and tests the procedures
for the implementation of the section repair method of corroded components.

2. This study suggests the method of repairing reinforced concrete members provided
for reference by the architects, civil engineers, and structural engineers association

to promote the durability diagnosis and maintenance of the building.

For long-term strategies:

1. This study has established a quantitative standard for section repair materials and

XVII



repair methods related to corroded beam components. In order to ensure the
durability of the damaged area of the component after repair, it still has the ability
to resist neutralization, chloride ion penetration and chemical erosion. It is
recommended that relevant topics can be planned in the future, and experiments

can be used to verify its effectiveness.
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Notes to Specifier

1.5.1.1

Indicate maximun live and dead loads, and any temporary redaction in
loads, to be permitted during repair and after completion of repair
program, in concert with the requirements of 2.1.1.1.

Indicate location and magnitude of mininum dead loads if needed to act
as counterweights.

1.5.2

Indicate Owner-approved work areas, and schedule requirements.

1.54.1

Indicate the demarcation line of the project location, specific Work areas,
and adjacent construction

1.8.2.1

Indicate the required certifications and experience for every repair
material, when deemed necessary and possible alternate credentials and
experience. Examples of possible field personnel include, but are not
limited to:

a) ACI Concrete Field Testing Technician - Grade I

b) ACI Adhesive Anchor Installation Inspector

¢) ACI Concrete Construction Special Inspector

d) ACI Masonry Field Testing Technician

e) CSA-Based Concrete Construction Special Inspector (Canada Only)

f) CSA-Based Concrete Field Testing Technician - Grade I (Canada Only)
g) ICRI Concrete Surface Repair Technician Grade 1

h) ICRI Concrete Slab Moisture Testing Technician-Grade 1

1) NACE Coatings Inspector Program Levels 1 through 3

j) SSPC Concrete Coating Inspector

1.8.2.2(d)

Indicate specific repair procedures that require review and approval.

1.8.2.2(¢)

Indicate submittal of component materials, repair material mixture
proportions or batch requirements, and concrete supplier's or repair
material manufacturer's quality control program

1.8.3.3(d)

Indicate frequency of sampling and whether sampling will be performed
on a random basis. As a mininum, consider specifying at least one sample
be obtained for every day of placement or 38 m.

Indicate testing requirements in accordance with critical design
performance requirements, which could include mold strength test
specimens per ASTMC31/C31M slump (ASTM C143/C143M), air
content (ASTM C231/C231M or C173 C173M), temperature (ASTM
C1061/C1061M), and density (ASTM C138/C138M), or other properties.

1.8.3.3(2)

Indicate tests required to be performed by Owner's testing agency

1.8.3.4(c)

When it is necessary or desirable to know properties of concrete at the
point of placement or at locations other than the delivery point indicate
that concrete is to be sampled at these other locations for testing See the
discussion under Optional Requirements in 6.2 2.4.

1.8.3.4(¢)

Indicate additional testing and inspections services desired for the Work, if
applicable. Refer to ACI 311.1R, ACI 311.4R. ACI 311.5R and ACI
546,3R for specific inspection items that may be appropriate.

1.8.7.2

Indicate relevant performance and other relevant requirements
appropriate for the Work

1.9.2.2

Indicate materials and provide details in conformance with ACI 562 that
address known conditions for the Work where the tolerances in ACI 117
cannot be satisfied.

Indicate that for conditions not shown or that are different from those
shown in the Contract Documents, the Architect Engineer will provide
alternate details to address those conditions.

1.10.2

Indicate repair material manufacturer's field representative qualifications

2.1.1.1

Indicate location and load requirements, and deflection limitations of
temporary shoring and bracing deemed necessary to address unsafe
structural conditions existing before contractor's mobilization on site.
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Deflection limit criteria apply to members being shored and members
supporting shoring Indicate load limitations within regions of the structure
where shoring is anticipated, to aid specialty engineer in determining the
extent of shoring beyond the immediate repair area in horizontal directions,
vertical directions, or both

Indicate limits of concrete, reinforcing removal or both beyond which
shoring will be necessary, as well as where composite action between
existing concrete to remain and repair material cannot be maintained
without shoring, load removal, or both via jacking.

Indicate requirements for construction sequence where concrete removal,
shoring and bracing installation, and application of repair materials in
certain portions of the Owner's building must be scheduled around
shutdowns of the building operations

2332

Indicate if specialty engineer inspection is required

3.1.1.2

Indicate the required surface profile(s) and acceptable cleaning techniques,
or method(s) for evaluation and acceptance criteria. Consider ICRI 310.2
and SSPC SP-13 (NACE 6) specification for surface preparation, and
guidance for surface preparation equipment that minimizes bruised
surfaces (microcracks) per ACI 364.7T. If desired, consider specifying
which equipment will be permitted

3.1.3.1

Indicate testing locations, and mumber and frequency of tests. Refer to
guidance provided in ICRI Technical Guideline No. 210.3R for
specifying tests.

3.1.3.1(a)

Indicate if pull-off strength testing is required and provide the minimum
pull-off strengths based on project conditions. See ACI 562 for guidance
on pull-off' testing requirements. If different minimum pull-off strengths
are required for different locations or repair types, designate appropriate
minimum pull off values and where they apply. Indicate a means to revise
the stated minimum pull-off strengths locally based on additional testing if
the stated values cannot be achieved. The maximum achievable pull off
strength of the prepared substrate surface is limited to the strength of the
substrate concrete, which can be determined by the testing of sound
original Concrete in accordance with ASTM C1583/C1583M and guidance
provided in ICRI Technical Guideline No. 210.3R.

3.1.3.2

Indicate if mockups are required, state specific parameters including but
not limited to locations, number of mockups, acceptance criteria,
requirements for additional mockups due to failure or for other reasons
deemed necessary by the Architect Engineer

32.14

Indicate whether high-pressure water for concrete removal by
hydrodemolition is permitted to be wed for the project, and permitted
locations.

3.2.1.5

Indicate required surface profiles

33.1.1

Indicate the required depth of removal in concert with perimeter
requirements 3.3.2.2(b).

33.2.1

Indicate any specific advance-notice requirements and any other parties
requiring notification

3333

Indicate moisture requirements, or those of repair material manufacturer
substrate moisture requirements apply.

3342

If verification of the adequacy of the prepared substrate is required,
indicate that tensile pull-off tests shall be performed at specified locations
in accordance with ASTM C1583/C1583M and guidance provided in ICRI
Technical Guideline No. 210.3R. Indicate who performs and pays for the
testing. Indicate the required pull-off strengths that must be achieved for
acceptance.

4.1.2.1(b)

Provide locations and details of construction and contraction joints.

4122

Review the submittal list and indicate in Contract Documents the items to
be submitted

42.2.6

Indicate appearance and texture required
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5142 Indicate requirements for mockups, if mockups required.
5.1.4.3 Indicate inspection and/or observation requirements and access criteria for

the Work, tailored to repair scope. Special inspections may be required by
the Architect Engineer by the applicable code.

5.2.1.1 Indicate required grades, types, and sizes of reinforcing bars.

5.2.1.2(a) For zinc-coated reinforcing bars conforming to ASTMA767/A767TM,
indicate coating class, whether galvanizing is to be performed before or
after fabrication, and indicate which bars require special finished bend
diameters (usually smaller sizes used for stints and ties).

5.2.1.2(b) Indicate ASTM specification to which epoxy-coated reinforcing bars are
to conform
5.2.1.7 Indicate sheets or rolls of plain or deformed welded wire reinforcement,

and if epoxy-coated or stainless steel welded wire reinforcement is
required. Refer to WRI Manual of Standard Practice for additional

guidance.

5.2.1.10 Indicate types of connections and location used within structure. Indicate
design criteria. Indicate if substitutions are permitted and criteria for
acceptance

531 Indicate acceptance criteria, including but not limited to, section loss. In

addition indicate evaluation requirements. Guidance for the measurement
of section loss is provided in ACI 364.14T, and evaluation of reinforcement

by ACI 562
5.3.3.5(a) indicate location and tolerance for placement of welded wire reinforcement
5.3.3.5(b) Indicate method of lapping at edges and ends of wire reinforcement
5.3.3.7 Indicate locations of splices
6.2.1.1 Indicate specific cementitious materials, or that one or a combination of
the cementitious materials given in 6.2.1.1(a) through 6.2.1.1/8) is
permitted.

Use ACI 318 and ACI 225R to determine what will be acceptable for the
project conditions. Refer to PCA Publication EB001 for additional
guidance

6.2.2.6(a) Indicate the exposure class for portions of the structure requiring concrete
resistant to sulfate attack. Refer to ACI 318 for description of exposure
classes.

6.2.2.6(b) Indicate the exposure class for portions of the structure requiring
resistance to freezing and thawing Refer to ACT 318 for additional
guidance.

6.2.2.6(c) Indicate the exposure class for portions of the structure requuring low
permeability when in contact with water. Refer to ACI 318 for
description of exposure classes

6.2.2.6(d) Indicate chloride exposure classifications for area(s) of work. Refer to
ACI 318 for additional guidance of chloride exposure classes. Refer to
ACI 201.2R and ACI 222R for additional information on the effects of
chlorides on corrosion of reinforcement

6.2.2.6(e) Indicate maximum length change, and whether modifications to the
ASTM C157/C157M procedures are permitted to reflect drying restraint
possibly experienced by concrete repair materials. Refer to U.S.
Department of Interior C.R.E.E.P. Report for guidance in modifying
ASTM C157

6.2.2.7 Indicate the specified compressive strength of concrete f for various
portions of the Work. For most structural members, the requirements of the
design will dictate the required strength. A higher compressive strength
may be required for durability considerations. For floors, the specified
compressive strength fc will generally depend upon the intended use and
expected wear unless durability considerations dictate higher strengths. If
the floor will be exposed to abrasive wear from early construction traffic,
consider requiring a minimum compressive strength at 3 days of 13 MPa
or higher. Refer to ACI 302. IR for guidance on compressive strengths to
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specify for various classes of floors.

6.2.2.8

Indicate flexural performance requirements.

6.2.29

Indicate flexural performance requirements.

7.1.2.2

Indicate the information in 7.1.2.2(a) to 7.1.2.2(g) that is to be submitted.

7.3.1.3

Indicate requirements of base and subgrade preparation for slab-on-ground

7.3.2.6

Indicate locations of construction joints.

7.3.7.6

Indicate those portions of the structure where stains, rust, efflorescence,
and surface deposits are to be removed.

8.1.2.1

Indicate which repair products require samples, and the quantity and
size(s) of samples required

8.1.2.1(a)

Review the submittal list and indicate the testing data required to be
submitted.

8.1.3

Indicate required mockups, including type, number, curing duration,
testing protocols, and criteria for acceptance. Indicate how far in advance
of the work the Architect/Engineer needs to be notified

8.1.4

Indicate required data for submission on substituted repair material(s) if
different than 8.1.2 and 8.1.2.1(a).

8.1.6.2

Indicate certification or testing/inspection requirements

Indicate criteria for acceptance, including testing requirements for
properties of fresh concrete, mortar, and grout proprietary repair
materials, such as slump (ASTM C143/C143M), slump flow (ASTM
C1611/CI6IM), air content (ASTM C231C231M) and whether cylinders
(ASTM C39/C39M) or cubes (ASTM C109/C109M) shall be prepared
and tested for compressive strength. Hardened in-place repair materials
can be tested for bond in accordance with 3.1.3.1 and other properties
using nondestructive methods. Refer to ACI 228.2 for additional
information on non-destructive testing

8.2.3.1

Indicate which types of materials are acceptable, acceptance criteria such
as from ACI 546.3R, and tolerances for repair materials, such as "net
weight (mass) shall be within 2% of the value stated by the RMM" or
another appropriate measure, like volume or yield,

Indicate if only specific repair materials permitted.

824

Indicate required performance criteria citing reference standards from
national standard bodies relevant to the project location and surface
finishes for acceptance of products and installation. Refer to ACI 546.3R
Tables 3.8.4.7, 5.7, 5.7b, 5.76, 7.5, 7.5b, and 7.5¢ for guidance on
additional requirements.

Indicate required certificates or other specified supporting information to
document material performance

83.2

Indicate minimum notification period

8.3.3.5

Indicate the type of surface finish at all repair locations for the project.

(FHR kiR 2FRES B¢ - 2018)
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1.5.2 Indicate designated tool and equipment storage areas.

1.6 Indicate if reinstallation meetings are not required, or are only required for
certain Work scopes or particular repair materials and assemblies.

Indicate alternate representatives and topics for the meeting.
Indicate alternate submittal submission schedule. Indicate specific meeting
preconstruction meeting time(s) and location(s).

1.7.3 Indicate if Contractor is required to submit a Quality Control Plan, and timing
of plan submission.

1.8.2.2 Indicate if other testing duties and responsibilities are required.

1.8.2.2(¢c) Indicate additional or alternative project site requirements specific to the repair
materials to be used.

1.8.2.2(9) Specify quality control requirements to verify conformance of repair Work

1.8.3.2 Indicate if other testing services will be provided.

1.8.3.3(e) Indicate when compressive test specimens are to be tested if other than at 28
days.

1.8.3.3(f) Indicate circumstances that justify alternate or supplementary testing and
who pays for such testing.

1.84.2 Indicate if rebound hammer or pulse velocity testing will not be permitted to
evaluate uniformity of in-place concrete. Refer to ACI 228. 1R for guidance
on these test methods.

1.8.4.3(a) Indicate if cores are required other than if concrete strength is in doubt.
Indicate alternative moisture conditioning procedures and duration to those
defined in ASTM C42/C42M. The core conditioning procedures defined in
ASTM C42/C42M are intended to minimize the effects of moisture gradients
on the measured strengths of cores.

1.8.4.3(c) Indicate alternative curing requirements for repairs to core holes.

1.8.6.1 If another basis for acceptance of concrete strength is required for accelerated
strength testing, specify the basis for acceptance

1.8.6.3 Indicate requirements for use of in-place tests, such as pullout testing or
penetration resistance (probe) testing in the event standard-cured specimens
fail to meet the strength criteria. Include procedures to develop strength
correlations. Refer to ACI 228. IR for guidance on required correlation data
and acceptable data analysis methods

1.8.7.1(a) Indicate if on-site addition of air-entraining agent is not permitted when air
content as delivered is less than required

1.8.7.1(b) Indicate when job-site adjustments in accordance with ASTM C94C94M are
not permitted

1.8.7.1(c) Indicate if maximum and minimum temperatures other than given in 6.2.2.6
are permitted. The Architect Engineer will need to decide if other limits are
acceptable without affecting performance.

1.9.2.1 Indicate tolerances different from those in ACI 117.

1.10.1 Indicate alternate approval process for missing and installing proprietary
materials
Indicate alternative repair material manufacturer field representative visit
schedule and documentation

2.1.2.1 Indicate whether submittals 2.1.2.1(a) through (d) are not required

2.2.1.1 Indicate where custom-built assemblies of lumber or other suitable materials
are permitted

2321 Indicate additional requirements necessary for creep concerns or core testing
results.

3.1.23 Indicate if submittals listed in 3.1.2.2 through 3.1.2.6 are not required to be
submitted

32.13 Indicate maximum breaker size or weight, and style of tips

322 Indicate if specific surface preparation and cleaning means and methods are
required or not permitted.

33.1.2 Indicate whether Architect Engineer or other party will perform initial
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inspection

3322

Indicate contractual remedies or allowances to address additional removals.

3.3.2.2(b)

Indicate alternative saw-cut depth.

3.3.2.3.(b)

Indicate alternate concrete removal requirements.

3.3.2.3(c)

Indicate conditions where it is allowable to remove concrete behind vertical
reinforcement in columns such as for lightly loaded or no structural columns
or if other methods such as phased repairs or supplemental restraint of bars to
prevent buckling are incorporated to facilitate such removal

33.4.1

Indicate any specific advanced notice requirements, if different than 3.3.2.1,
and indicate frequency of Architect/ Engineer reviews for conformance with
acceptance criteria or if all repair areas will be reviewed and accepted prior to
any repair materials being installed

4.1.2.1

Review the submittal list and specify the items that are not required to be
submitted

4.2.1.1

Indicate specific form-facing materials and surface finish requirements, as
defined in 7.3.3.3.

4212

Indicate where walls require form ties with a positive water barrier.
Indicate alternative break-back distance for ferrous ties
Indicate if drilled anchor bolts in existing concrete are not permitted

4.2.1.6

Indicate alternative materials or size, or both for chamfer strips.

4.2.1.1

Indicate alternative documentation or submission requirements

4223

Indicate if earth cuts will be permitted or required

4224

Indicate more stringent limitations on deflection of facing materials when
needed. Refer to ACI 347R for further guidance

42.2.5(b)

Indicate or allow alternative locations for formed repair material construction
joints when necessary to facilitate formwork removal or accelerate
construction, provided that the alternative joint locations do not adversely
affect the strength of the structure

Indicate if and where repair material construction joints must match
construction joints in the existing structure

43.1.2

Indicate if chamfer strips are not required on exterior comers of permanently
exposed surfaces.

Indicate if bevels are required on reentrant corners of repair material or on
edges of formed concrete joints

43.15

Indicate tolerance limits different than those of ACI 117.
Indicate when a more or less restrictive tolerance for an abrupt offset is
required. Refer to ACI 347R and ACI 117 for further guidance.

4325

Indicate the minimum compressive strength for removal of forms supporting
the weight of repair material if different than Refer to ACI 347R and ACI
347.2R for guidance on items to consider

Indicate if non-load-carrying form-facing material is not permitted to be
removed at an earlier age than the load carrying portion of the framework.

434.1

Indicate standards for test specimen molding and testing if other than
indicated above.

4342

Indicate if alternative methods for evaluating repair material strength for
formwork removal are permitted

4352

Indicate if Owner's quality assurance inspection is to be coordinated by
another party

5.1.2.1

Indicate if the submittals listed in 5.12.1(a) through 5.1.2.1) are not required
Indicate special notation requirements using ACI 104 as a reference guide

5.14.1

Provide specific guidance for placement of reinforcement using ACI 315 as a
reference.

5212

Indicate if coated reinforcing bars are permitted and, if so, whether coating is
to be zinc or epoxy, or zinc and epoxy dual-coated Avoid mixing galvanized
and non-galvanized reinforcement or other embedded metal that could result
in galvanic corrosion

5.2.1.2(b)

Indicate repair coating, application procedures, and coating repair approval
process.
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52.14

Indicate use of bar mats.

5.2.1.5

For beaded bars, indicate alternative type of steel for reinforcing bars:
-Carbon-steel (ASTM A615/A615M), also indicate grade and
* Low-alloy steel (ASTM A706 A706M)

52.19

Indicate types of reinforcement supports and locations used within a structure.
Reference Chapter 3 in CRSI Manual of Standard Practice.

5.2.1.11

Indicate types of connections and location used within structure. Indicate
design criteria. Indicate if substitutions are permitted and criteria for
acceptance

5.2.2.2(a)

Indicate desired requirements for welding preparation such as removal of zinc
or epoxy coating, or more stringent requirements than those in AWS D 1.4
Indicate desired requirements for chemical composition of reinforcing bars if
more stringent than ASTM specifications referenced in 5.2.1.1. Indicate
special heat treatment of welded assemblies, if required. Indicate
supplementary requirements for welding of wire to wire and welding of wire
or welded wire reinforcement to reinforcing bars or structural steel.

5333

Indicate alternative cover requirements for corrosive atmosphere, other
severe exposures, fire protection, and bundled bats or headed shear studs.
Refer to ACI 318. and ACI 562 Chapter 8

5334

Indicate if methods of support are to be different than those conforming to
CRSI RB-4.1.

5.3.3.5(a)

Indicate location and alternative tolerances for reinforcement. Specify where
welded wire reinforcement may extend through movement joints, including
saw-cut joints. Specify alternative method of lapping at edges and ends of
welded wire reinforcement. Refer to WRI Manual of Standard Practice for
additional guidance.

53.3.8

Indicate if bending or straightening reinforcing bars partially embedded in
concrete is permitted

6.2.1.2

If aggregates are to conform to a specification other than ASTM C33/C33M
or ASTM C330/C330M for grading, deleterious substances, or soundness,
specify the other requirements.

If aggregate deleteriously reactive with alkalis is permitted, the effect of the
expansion can be mitigated by limiting the total equivalent alkali content
(Na20+0.658K;0) to less than 3 kg m or by the appropriate use of
supplementary cementitious materials. Refer to Section 6.2.2.

Indicate the test for determining conformance to requirements for cleanliness,
and specify grading be performed on samples obtained from the aggregates at
the point of batching

Indicate additional requirements for aggregate such as hardness, color,
mineralogical composition, texture, or shape (crushed or gravel).

If concrete will be exposed to wetting, extended humidity, or in contact with
moist ground, indicate aggregates that do not contain materials deleteriously
reactive with alkalis in the cement; however, such aggregates may be used
with cement containing less than 0.60% alkalis such as (Na 0+0.658K,0) in
concrete mixtures containing a total alkali content less than 3 kg/m?® or with a
material such as natural pozzolan, fly ash, slag, or silica fume in an amount
shown to be effective in preventing harmful expansion due to alkali-
aggregate reaction in accordance with ASTM C1567.

6.2.1.3

Indicate if non potable water complying with ASTM C1602/1602M or if
alternative sources of water are permitted

6.2.14

Indicate the admixtures that are required or prohibited. Indicate the parts of
the Work in which cach type of admixture should or may be used

6.2.2.1

Indicate minimum test placement size and parameters

6222

Indicate slump or slump flow if it is not permissible for Contractor to select
these values.

6.2.2.3

If an aggregate size requirement differs from that specified by 6.2.2.3 (for
example, smaller sine in for smaller repair areas or concrete cover
constraints), indicate nominal maximum size of aggregate
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6.2.2.4

Indicate if concrete should be non-air-entrained or an alternative air content
is required Air entrainment should not be used in flatwork to receive a hard
steel troweled finish.

Indicate if a particular ASTM test method (ASTMC231/C231M or
C173/C173M) is required for measuring air content

It may be necessary to indicate that air content be measured at the point of
placement to account for loss of air content during pumping, if applicable.
Once the loss of air content during pumping is established, acceptance limits
at the point of discharge can be determined

6.2.2.5(a)

The temperature of concrete as placed shall not exceed these values by more
than 11°C. These minimum requirements may be terminated when
temperatures above 10°C occur during more than half of any 24-hour
duration

These requirements have been excerpted from ACI 306.1. For projects in
cold climates, such as in northern winters, or in situations where it is prudent
to require Contractor to follow specific procedures to achieve the limits of
6.2.2.5(a), the temperature limits for cold weather may be deleted and ACI
306.1 can be referred to in its entirety Options provided in ACI 306.1 must
then be exercised

6.2.2.5(b)

Indicate alternate minimum temperatures to concrete at delivery Refer to the
Optional Requirements Checklist for 7.3.2.1(c). If concrete delivered in hot
weather with a temperature higher than 35°C has been used successfully in
given climates or situations, the higher temperature may be specified in place
of the 35°C limit

6.2.2.6(a)

Indicate alternative mixture requirements for sulfate resistance.

6.2.2.6(b)

Indicate alternative mixture requirements for freezing-and-thawing resistance

6.2.2.6(c)

Indicate alternative requirements for low permeability.

6.2.2.6(d)

Indicate alternative mixture requirements for corrosion protection of
reinforcement instead of chloride-limited concrete

Refer to NRMCA Report SP-308-02 "Confusion on Chloride Limits in
Specification That Challenge the Industry for potential changes the Specifier
can make in this limit.

6.2.2.7

Concrete assigned to Exposure Class S1, S2, S3, F1, F2, F3, C2, or Pl as
defined in ACI 318, is required to meet the maximum w/cm limits given in
Table 6.2.2.6(a), Table 6.2.2.6(6), Table 6.2.2.6(c), and Table 6.2 2.6(d).

6.2.2.8

Indicate dosage of steel fibers. Consider guidance from fiber manufacturers for
required performance criteria.

6.2.2.9

Indicate dosage of macro-synthetic fibers. Consider guidance from fiber
manufacturers for required performance criteria

6.2.3.5

Indicate when field verification of concrete mixtures is required. Indicate
method for sampling at point of placement.

6.3.1.1

If concrete materials are to be measured, batched, or mixed other than in
conformance to ASTM C94/C94M, specify how these procedures are to be
accomplished.

Indicate if the ready mixed concrete production facility should be certified by
the NRMCA Program for Certification of Ready-Mixed Concrete Production
Facilities or an equivalent program. NRMCA's Certification Program is in
accordance with NRMCA Quality Control Manual

6.3.2.1

Indicate when slump adjustment by addition of water at the Project site is not
permitted.

6.3.2.2

If shorter or longer time for completion of discharge is required or permitted
specify maximum time.

7.1.2.1

Indicate submittals listed in 7.12 1.a through 7.1.2.1.f that are not required

7.2.1.1

Indicate if alternative sources of curing water are permitted. Water may be
used if it can be demonstrated to cause no harm to concrete by meeting the
requirements of ASTM C1602/C1602M.

7212

Where concrete surface is exposed to view and appearance is a factor, indicate
curing materials that will not stain or discolor concrete. If flooring materials or
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surface densifiers are to be used, indicate compatible curing materials and
procedures. Refer to ACI 302.2R

7.2.1.3

Where concrete surface is exposed to view and appearance is a factor,
indicate curing sheet materials that will not stain or discolor concrete.

7.2.1.6

Indicate alternative repair materials.

7.2.1.9

Indicate if air entrainment for hard-trowel finish concrete exposed to freezing
and thawing is permitted.

7.3.2.1(b)

Indicate minimum temperature of reinforcement before placing concrete.
Refer to ACI 306R for additional guidance.

7.3.2.1(c)

If a concrete temperature limit higher or lower than 35°C for concrete members
is required or acceptable, based on member being cast. location, relative
humidity and past experience, indicate a lower or higher limit for concrete
temperature in hot weather. Review ACI 305R for guidance on specifying a
higher temperature limit

7.3.2.5

Indicate if consolidating of concrete by methods other than vibration will be
permitted.

7.3.2.6

Indicate if bond is required at construction joints.

7.3.3.2

Specify additional mockups types, locations, and sizes.

7.3.4.2(e)

For dry-shake finishes, indicate the metallic or mineral aggregate, the final
finishing methods, and the location.
Indicate if proprietary bagged premixed materials are to be used.

7.3.4.2()

Indicate alternate aggregate distribution if uniform distribution is not
required
Indicate requirements of surface retarder

73.4.2(g)

Indicate locations of nonslip finishes. If abrasive particles other than aluminum
oxides are to be used, specify the other abrasive particles and the rate of
application.

7.3.5

Indicate where saw-cut joints are required.
Indicate alternate saw-cut depth for conventional concrete slab
Indicate alternate saw cut depth for fiber reinforced concrete slab.

7.3.6.3

The measures specified in 7.3.6.3 are for final curing of unformed concrete
surfaces, intended to provide protection against moisture loss beginning
immediately after final finishing

Indicate if a curing procedure of 7.3.65 that supplies additional water is
required

Indicate if supplying additional water is required for the entire curing period
Indicate locations requiring specific curing methods. Refer to ACI 308R for
specific curing method recommendations

7.3.6.5

Indicate if another procedure is required or if any procedures are not permitted

7.3.6.6(a)

Indicate alternative minimum curing period or criteria, if applicable. Shorter
curing periods may be permitted by Architect Engineer when strength and
durability requirements are met. For concrete surfaces that require enhanced
durability, such as high wear resistance, low permeability, or minimal
cracking, a longer curing duration could be needed than is required to meet
compressive strength criteria alone. When such enhanced properties are
required, minimum curing periods of 7 days for high-early-strength concrete,
14 days for concrete incorporating Type | or Type Il cements, and 14 to 21
days for concrete incorporating pozzolan as one of the cementitious materials
are recommended. Indicate a longer curing duration as appropriate to the
performance requirements of the concrete. Refer, to ACI 308R for additional
guidance.

7.3.6.6(b)

Indicate curing procedure is not allowed to change for entire duration of
curing period.

7.3.6.7(a)

Indicate alternative requirements for duration of thermal protection Refer to
ACI 306.1.

7.3.6.7(b)

Indicate alternative requirements for removal of thermal protection.
Requirements for rate of temperature change have been adapted from ACI
306.1.
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7.3.7.1 Indicate requirements for surface repairs that are different than in 7.3.3.

7.3.7.2 Indicate alternative ties that do not require repair.

7.3.7.3 Indicate alternative method to repair surface defects other than tie holes.

8.13 Specify other reviewers-for example, Construction Manager, Historic
Preservation Authority—that shall review and accept the mockup

8.1.3(a) Indicate additional mockups specifically for mixing, installation, and curing
of repair materials, if RMM permits mixing, installation, and curing options.
Indicate alternate acceptance criteria.

8.14 Indicate if substitutions are not permitted

8.1.5(¢c) Indicate if ice is pot permitted as mixing water source.

8.1.6.3 Indicate the alternative records to be submitted and to whom the documents
should be sent.

8.2.1 Indicate alternate requirements.

8.3.3 Indicate alternate instructions.

8.3.3.2 Indicate if mixing partial packages or containers of materials is permitted.
Indicate if any or all batching and mixing quality control requirements are not
required.

8.3.4 Specify alternative acceptance criteria.

Indicate remedial actions if repair materials do not meet acceptance criteria.

(FRKR 2R FE > 2018)
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Repair Methodology

Preliminary Comprehensive Develop Document Repair
Symptoms - -
- evaluation evaluation response plan preparation implem entation
Owner Assess Condition Assemble Eepair Prevention Protection Repatr Cost Engneer Contractor
discovers |+ problem survey repair team evaluaton evaluation evaluation docum ents analysis oversight execution
problem

Reduce Effect on
Design Structurat || Cafede funwe |4 owner | Plans/detils |
H_professionals | profeciion | || deterioration operation

Desiga
Increase
repair life

parameters

Structural Quantify Repair
concem problems | L] contractor

andpublic || Specifications H Altematives

C - Security
e | o I

Re.n se to Quality
suit field assurance
conditions

‘I andlysis safety
Methodology
Reduce Recognize
3 . changed
Aesthetic Identify Material Removal of future Review ooot g
problem urgency | | specialist Aesthetic contamimants |[| zesthetic Accessibility Alteratives Schedule s L conditions
Apolicabl d jon S and notify
materials engineer
Recommen Reduce [ antzn |
: Cerrosion Testing Project
dresponse Testins fim Enviromnental barriers | | f-“‘me requirements | | qualifications asbuilt
strateey | L Praipost environmen records
testing tal fisk —
Note: - ‘
Each of the above boxzes can have a supplemental reference ° WaIeIl Lntrusion
identif¥ing possible components of each activity. - Cracking

* Settlement
* Deterioration
* Deflection
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Category

Features

Considerations/limitations

Water-jet cutting

(uses perimeter cuts to
remove large pieces of
concrete)

a) High-pressure water jet without
abrasives

b) Applicable for making cutouts
through slabs, decks, and other thin
concrete members

c¢) Cuts irregular and curved shapes

d) Makes cutouts without overcutting
corners

e) Cuts flush with intersecting
surfaces

f) No heat, vibration, or dust is
produced

g) Handling of debris is efficient
because bulk of

concrete is removed in large pieces

a) Cutouts for removal limited to
thin sections

b) Cutting is typically slower and
more costly than diamond

blade sawing

¢) Moderate levels of noise may
be produced

d) Controlling flow of waste
water may be required

e) Additional safety precautions
are required due to the high
water pressure produced by the
system

) Does not cut reinforcing steel

Saw cutting (applicable
for making cutouts
through slabs, decks,
and other thin concrete
members)

a) Makes precision cuts

b) No vibration is produced

¢) Handling of debris is efficient
because bulk of

concrete is removed in large pieces

a) Cutouts for removal limited to
thin sections

b) Performance is affected by type
of diamonds and the
diamond-to-metal bond in blade
segments (segment selection is
based on aggregate hardness)

¢) The higher the percentage of
steel reinforcement in cuts, the
slower and more costly the cutting
d) The harder the aggregate, the
slower and more costly the

cutting

e) Controlling flow of waste water
may be required

Diamond wire cutting
(applicable for cutting
large, thick pieces of
concrete)

a) The diamond wire chain can be
any length

b) No dust or vibration is produced
¢) Large blocks of concrete can be
lifted out by a crane or other
mechanical methods

d) The cutting operation can be
efficient in any direction

a) The cutting chain must be
continuous

b) Access to drill holes through
the concrete must be available

or access around the full section
of the structure if the full

section is to be cut

c) Water must be available to the
chain

d) Controlling the flow of waste
water may be required

e) The harder the aggregate or
concrete, and the higher the
percentage of steel, the slower
and more costly the cutting

) Performance is affected by the
quality, type, and number of
diamonds as well as the diamond-
to-metal bond in the chain.

Mechanical shearing
(applicable for making
cutouts through slabs,
decks, and other thin
concrete members)

a) Steel reinforcement can be cut

b) Limited noise and vibration are
produced

¢) Handling of debris is efficient
because bulk of concrete is
removed in large pieces

a) Limited to thin sections where
an edge is available or a hole
can be made to start the cut

b) Exposed reinforcing steel is
damaged beyond reuse

¢) Remaining concrete is
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damaged

d) Extremely rugged profile is
produced at the cut edge

e) Ragged feather edges remain
after removal

Stitch drilling
(applicable for making
cutouts through
concrete members
where access to only
one face is feasible)

a) Handling of debris is more
efficient because bulk of concrete is
removed in large pieces

a) Rotary-percussion drilling is
more expedient and economical
than diamond core drilling;
however, it may result in more
damage to the concrete that
remains, especially at the point of
exit from the concrete

b) Depth of cuts is dependent on
accuracy of drilling equipment

in maintaining overlap between
holes with depth and

diameter of the boreholes drilled.
The deeper the cut, the

greater borehole diameter
required to maintain overlap
between

adjacent holes and the greater the
cost

¢) Uncut portions between
adjacent boreholes will hamper or
prevent the removal

d) Cutting reinforced concrete
increases the cutting time and
increases the cost. Aggregate
toughness for percussion drilling
and aggregate hardness for
diamond coring will affect cutting
cost and rate.

e) Personnel must wear hearing
protection due to high noise
levels.

Impacting (uses
repeated striking of the
surface with a mass to
fracture and spall the
concrete)

a) Hand-held breakers

b) Applicable for limited volumes of
concrete removal

¢) Applicable where blow energy
must be limited

d) Widely available commercially

e) Can be used in areas of limited
work space

f) Produces relatively small and
easily handled debris

a) Performance is a function of
concrete soundness and aggregate
toughness

b) Significant loss of productivity
occurs when breaking action

is other than downward

¢) Removal boundaries will likely
require saw cutting to avoid
feathered edges

d) Concrete that remains may be
damaged (micro cracking)

e) Produces high levels of noise,
dust, and vibration

Boom-mounted
breakers (appli- cable
for full-depth removal
of slabs, decks, and
other thin concrete
members and for
surface removal from
more massive concrete
structures)

a) Can be used for vertical and
overhead surfaces

b) Widely available commercially

c) Produces easily handled debris

a) Blow energy delivered to the
concrete may have to

be limited to protect the structure
being repaired and the
surrounding structures from
damage

b) Performance is a function of
concrete soundness and aggregate
toughness
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¢) Damages remaining concrete
d) Damages reinforcing steel

e) Produces feathered edges

f) Produces high level of noise
and dust

(FAL KR - 2RIRES F ¢ > 2014)
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(uses equipment that
propels an abra-size
medium at high
velocity at the
concrete to abrade the
surface)

b) Cleans reinforcing steel

€) Removes surface contamination

Category Features Considerations/limitations
Abrasive blasting- a) Efficient method for roughening | a) Dry sandblasting procedure
Sandblasting the surface and exposing produces large volumes of
(dry/wet) aggregate dust

b) Wet sandblasting is slow

Low-pressure water
blasting
(with abrasives)

a) Selectively removes defective
concrete

b) Precise control of removal process

c) Cleans reinforcing steel while
removing concrete

d) Produces minimal damage to
remaining concrete

e) Produces no heat or dust

) Abrasives enable jet to cut steel
reinforcement and hard aggregates

a) High initial investment

b) Additional protection and
safety procedures may be
required due to water pressure

c¢) Controlling flow of
contaminated waste water may
be required

Abrasive blasting-
Shot Blasting

a) Efficient method for roughening
the surface and exposing aggregate

b) Low dust emissions
c¢) Removes surface contaminants

d) Controlled depth of concrete
removal

e) Readily available commercially

a) Large units may produce high
noise levels

b) High voltage power
requirements

Chemical cleaning

a) Application of chemicals to

remove dirt and contaminants from

surface

b) Additional surface preparation
may be neces-sary to remove
cleaning chemical residue

c) Follow cleaning chemical
manufacturer's recommendations

d) Follow coating manufacturer's
instructions

a) Additional surface
preparation may be necessary

b) May not be effective in
removing all contaminants

C) May have strong chemical
odor

d) Protection of adjacent area
necessary

Acid etching

a) Effective in removing cement-
based materials

b) Increases porosity of concrete
surface

a) Protective clothing is
necessary

b) Large amounts of water
necessary

¢) May permanently stain
concrete

d) Protection of adjacent area
necessary

e) May contaminate and damage
remaining concrete surface
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Category Features Considerations/limitations
Low-pressure water a) Effectively removes surface a) Control of large amounts of
cleaning (without contaminants without chemical water
abrasives) residue

b) Removal of small amounts of
b) Minimal protection of adjacent concrete may be noticeable
areas necessary
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Description Test method Typical value Recommended | Recommended
value* test
3.2-Volume stability
Length change - ASTM C157 0.02 percent (expansion) to - Less negative than No; curing and
concrete 0.05 percent (shrinkage) (-0.05 percent) comparator
(shrinkage) reading regimens
not
representative of
field conditions
of repair mortars
and concretes.
Drying shrinkage - ASTM C596 0.05 to 0.15 percent <0.10 percent Yes
mortar*
Restrained ASTM C806 0.06 percent Refer to 3.2 Yes
expansion
3.3.2-Modulus of ASTM C469 1,000,000 to 5,500,000 psi (6.8 Refer to 3.3.3 Yes
elasticity to 38 GPa)
ASTM C 580 300,000 to 3,000,000 psi (2.1 Yes
to 21 GPa)
3.3.3-Thermal ASTM C531 0.000014/°F (0.000025/°C) Refer to 3.3.3 Yes
expansion ASTM D696 0.000014/°F (0.000025/°C) Yes
USACE CRD-C 39 0.000006/°F (0.0000108/°C) Yes
ASTM C884 Qualitative test Yes
3.3.4-Creep ASTM C512 0.000000001/psi Refer to 3.3.4 Yes
(0.000000007/KPa)
ASTM C1181 — Yes
3.3.5-Bond strength
Slant shear bond ASTM C882 | day-400 to 1000 psi (2.8 to Committee 546 No; results are
ASTM C1042 6.9 MPa) does not have a highly dependent
7 days - 1000 to 1800 psi (6.9 recommended on compressive
to 12 MPa) value for this test. strength of
28 days - 2000 to 3000 psi (14 substrate and
to 21 MPa) roughness of
bonding surface.
Direct tensile bond ASTM C1404 1 day - 70 to 150 psi (0.48 to Refer to 3.3.5 Yes
CSA A23.2-6B 1.0 MPa) Yes
ASTM C1583 7 days — 150 to 250 psi (1.0 to Yes
ICRI210.3 1.7 MPa) Yes
28 days - 250 to 300 psi (1.7 to
2.1 MPa)
Direct shear bond MDOT 1 day - 150 to 300 psi (1.0 to Committee 546 No, test
2.1 MPa) does not have a apparatus not
7 days - 300 to 400 psi (2.1 to recommended commonly
2.8 MPa) value for this test. | available and test
28 days - 400 to 600 psi (2.8 to not commonly
4.1 MPa) performed.
3.3.6-Compressive ASTM C39 28 days - 3000 to 10,000 psi Similar to Yes
strength (21 to 70 MPa) substrate
ASTM C109 28 days - 4000 to 12,000 psi Yes
(28 to 85 MPa)
3.3.7-Tensile ASTM C307 — — Yes
strength” ASTM C496 400 to 1800 psi (2.8 to 12 > 400 psi (2.8 Yes
MPa) MPa)
USACE CRD-C 164 | 200 to 600 psi (1.4 to 4.1 MPa) > 400 psi (2.8 Committee 546
MPa) does not have a
recommendation
for this test.
3.3.8-Flexural ASTM C78 28 days - 1200 psi (8.3 MPa) Committee 546 Yes
strength ASTM C293 28 days - 500 to 1200 psi (3.4 does not have a Yes
to 8.3 MPa) recommended
ASTM C348 28 days - 1500 psi (10 MPa) | Value for this test. Yes
ASTM C580 7 days - 2400 psi (17 MPa) Yes
3.6.1-Resistance to ASTM C666 28 days - 80 to 100 DF at 300 >80 DF Yes
freezing and cycles
thawing”
Scaling resistance ASTM C672 28 days - 0 to 5 visual rating at <2 Yes
50 to 300
cycles
ASTM C672 modified Committee 546 Yes

by ICRI

does not have a
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Description Test method Typical value Recommended | Recommended
value* test
320.2R recommended
value for this test.
3.6.2-Permeability
90-day ponding AASHTO T259 0.42 percent at 0.5 in. (13 mm) Committee 546 Yes
0.15 percent at 1.0 in. (25 mm) does not have a
recommended
value for this test.
ASTM C1543 NO
Rapid chloride AASHTO T277 28 days - 4000 to 5000 C 4000 C* Yes
permeability ASTM C1202 Yes
Absorption after ASTM C642 4 to 6 percent <6 percent Yes
immersion
Volume of ASTM C642 5 to 12 percent <12 percent Committee 546
permeable pore does not have a
space recommendation
for this test.
3.6.3-Alkali- ASTM C227 Refer to 3.6.3 <0.1 percent Yes
aggregate reaction ASTM C1260 Refer to 3.6.3 <0.1 percent Yes
ASTM C1293 Refer to 3.6.3 <0.1 percent Yes
ASTM C289 Refer to 3.6.3 Refer to 3.6.3 No; may not
reliably predict
aggregate
reactivity in
concrete.
ASTM C295 Refer 3.6.3 Refer to 3.6.3 Yes
3.6.5-Abrasion ASTM C779 0.004 to 0.1 in. (O.1 to 2.5 Refer to 3.6.5 Refer to 3.6.5
resistance Procedure A mm) at 30 min.
0.008 to 0.2 in. (0.2 to 5.1 mm)
at 60 min.
3.6.6-Sulfate ASTM CI012 0 to 0.2 percent <0.1 percent Yes

resistance

(FHR &R 2RBELFE 0 2014)
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Modification to basic
portland-cement
concrete

Effects on properties

Various hydraulic cements
(slag cement is discussed
separately below)

Reduce heat of hydration; reduce set time; increase early strength;
reduced drying shrinkage; expansive or shrinkage compensating;
improve sulfate resistance.

Chemical admixtures

Air-entraining

Improved workability; improved durability in freezing-and-thawing,
deicing, sulfate, and alkali-reactive environments; reduced
compressive strength

Accelerating

Accelerated set and early-strength development; increased creep and
drying shrinkage.

Water-reducing, mid-range
water-reducing

Reduce water content at least 5 percent (5 to 10 percent for mid-range);
reduced permeability; increased strength.

Water-reducing and set-
retarding

Reduce water content at least 5 percent and delay set time;reduced
permeability, increased strength.

High-range water-reducing

Reduce water content by at least 12 to 40 percent, increase slump,
decrease placing time, and increase flowability; reduced permeability;
increased strength.

Flowing concrete

Slump greater than 7-1/2 in. (190 mm) while maintaining cohesive
nature (ASTM C1017); reduced permeability.

Self-consolidating concrete

Reduced construction time and labor; improved formed surface finish;
increased strength, shrinkage, and creep; reduced permeability and
improved durability

Very high early strength

Reduced set/working time; Strategic Highway Research Program
(SHRP) SHRP-C-363 defines very high-early strength material as 2000
psi (13.8 MPa) minimum compressive strength 6 hours after mixing;
durability factor of 80 percent after 300 freezing-and-thawing cycles in
accordance with ASTM C666, Procedure A.

Extended set control

Used to stop or severely retard cement hydration process.

Shrinkage-reducing

Increased set time; reduce drying shrinkage by 30 to 50 percent; reduced
strength, thermal cracking, and slab curling; increased susceptibility
to freezing-and-thawing deterioration.

Corrosion-inhibiting

Significantly reduce rate of steel corrosion and extend time of onset of
corrosion; reduced or increased compressive strength; may
distort results of ASTM C1202 and AASHTO T277.

Lithium

May affect set/working time; minimize deleterious expansion from
alkali-silica reaction.

Permeability-reducing: For
hydrostatic conditions.

Reduced permeability, increased resistance to water penetration under
pressure;

Can affect finishing properties, consistency, compressive strength,
freezing-and-thawing resistance, and shrinkage.

Bonding

Increased bond, tensile, and flexural strength; decreased compressive
strength; latex may cause excessive entrained air; some polymers may
decompose and sofn in the presence of moisture.

Rheology- and viscosity-
modi-fying,; Anti-washout

Increased cohesiveness; reduced segregation and bleeding: used as
pumping aid, for concrete to be pumped underwater; reduced loss of
cementitious material due to washout.

Supplementary
cementitious materials

Fly ash

Reduced water demand; reduction in portland cement; increased air-
entraining admixture demand; improved workability; slower rate of
reaction, reduced permeability and alkali-aggregate reactivity;
improved sulfate resistance; discoloration of concrete.

Silica fume

Increased water demand; increased air-entraining admixture demand;
decreased workability;increased cohesiveness, reduced bleeding:
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Modification to basic
portland-cement
concrete

Effects on properties

increased plastic shrinkage cracking; darker color; increased
compressive and bond strength; increased electrical resistivity;
reduced permeability; increased resistance to alkali-silica reaction;
sulfate and chemical attack; increased abrasion resistance.

Natural pozzolans

Improved workability and finishing; reduction in portland cement;
increased cohesiveness; increased set time; reduced permeability,
increased strength at later ages; improved resistance to alkali-silica
reaction in minimum dosages; too little natural pozzolan may actually
increase detrimental effects of alkali-silica reaction; improved
resistance to sulfate attack

Slag cement

Improved workability; increased set time; reduced early rate of heat
generation; reduced strength at early ages; increased strength at later
ages;lighter in color, reduced permeability and potential expansion due
to alkali-silica reaction; improved sulfate resistance.

Polymer modifiers

Excessive amounts of entrained air unless antifoam agent is used,;
improved workability, increased set time, increased tendency for
plastic shrinkage cracking; lower compressive strength; increased
bond and tensile strength; reduced permeability, improved resistance
to freezing and thawing; may improve impact strength and abrasion
resistance.

Fiber reinforcement

Steel fibers

Reduced slump and workability; tendency for fibers to ball; increased
number of smaller-width shrinkage cracks; improved post-cracking
ductility; increased compressive, direct tension, shear and torsion,
flexural, and flexural fatigue strength; improved toughness and
resistance to flexural impact loading.

Synthetic fibers

Reduced workability; reduced average width of shrinkage cracks;
improved post-cracking ductility; improved resistance to impact,
fatigue strength, and flexural toughness.

Polymer concrete

Increased safety concerns during construction; typically less contractor
familiarity with materials and installation procedures, reduced cum
time; reduced weight; increased tensile, flexural, compressive, and bond
strengths; reduced modulus of elasticity, increased coefficient of
thermal expansion; reduced permeability; improved chemical
resistance.

Portland-cement mortar

Increased drying shrinkage; may be modified by substituting various
hydraulic cements or polymers; or including chemical mineral
admixtures, polymer modifiers, slag cement and fiber reinforcement, or
both; effects on properties are similar to these discussed to concrete

above.

(

FH AR ERRAS F ¢ 2014)
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H i wap R ’ffﬁ‘i’iﬂﬂ SLXIE 3 K ° H i wae R ’f‘fiﬂ‘i’iﬂﬂ R E R
FLAE AELHET TR LRIBPF LRI MO BRI AR
i A(A BT AB AR ERT ML HL 210 B2 R
Y2 ABMEDSE R 1{1ﬂ KRR k2 _ et s mfm}'mﬁj*éc ¥ 7] i
BERDT A ERE RRPLER BRIV G L2540 AF
TR ZEE R EE 16 B mE o RE R s 1
3-W/CvHEZEE 05 FEFKEFR I\m}gﬁ #r 2 BEF L RP
7 ¥ H % (styrene-butadiene rubber ; SBR) » H R & F 414l ok 2 1t
(S'W)a 7% » 2 k&Rjz v e W/ C W rRIEF) ]\»'}fﬁﬁ(rﬁ ’
2019) > SR E b ak o ARIR RS f‘?%'f\é‘w’r"’lwﬂ% k2 _fert Aok 3-4 47w o

T s ASTM CIS83 - p.38 56 2 385 & i 52 /) i3

AREFHART A AR S ORARRKS 20 LI BY BB
PR B PBAS RIS AHRRT A EFE
AR AE o EHAKRRED 2 fet 2R A 35977 o

2. ABHAE g
wpe T s oR R4 BHE AR AT G FHEEER (P EFARSHELAR
HEF o 2RI E ¢ 0 2008) ) ¢ 2 aER KR R BARMKLF KR
Fia 1012258 %3 ﬁ”af’/]\ | %% Th ¥ AP v ARSA L A
G KR 2 iRk Jx,ﬁl/;if{bt’ REY J\;ﬁwifeiz;.%f?l F) i
A E 16 BLEF 2 o R BRI 2 Bl s L] B g ARS K
S E W/ C ot B RS 35% 0 TR F M R B AR RI(A A oA 1A
BARLER® > ®EZ VW HE 210
# 3-6 K A HPARSR 2 et
e W/ C Unit amount(kg/ m®)
l (%) C W S FA SBR
KR F) ifc 35 926.95 32443 926.95 0.00 0.00

(FR KR AL &E)
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G S5 IR D AR 2 S R ETR AT S 1 TR

A41REFREDRLETAE

il ARE
Fed 35 & (N/ mm?){kgf/ cm?} 6.0{61} 12}
FUR 55 B (N/ mm?) {kgf/ cm?} 20.4{204} r2
EIEY 1538 1.0{10} 12 1
(N/ mm?){kgf/ cm?} LEE B 1.0{10} 12
%k E(g) 20.0 12T
w5k £ (ml/ hr) 0.5 1
£ R %1 (%) 0.15 11

(FR &R : p 2245 ¢ 1997)
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A 55 R 5 24 iﬁ:fﬁﬁiﬁ&ﬁﬁ?éﬁ%ﬁ'ﬁ A3 E

% 4- 2 FOOSPOO0 2_ 8¢ 3% R

fie vt - Hp FOOSP00-7 =
et KO 1 2 3 4 5
B+ j7 £ (kgf) |293.50 269.00 259.50 276.50 269.50
v 8 & (MPa) 6.2
fie vu -d4 Hp FOOSP00-28 =
A L 1 2 3 4 5
B+~ j7 £ (kgf) |332.75 292.50 289.75 286.50 302.75
v 8 & (MPa) 6.8

(FH kR AF g )

% 4-3 F25SP00 2_ 8¢ 3% &

fie vt a5 8 F25SP00-7 =

S 5 1 2 3 4 5
B £ (kgf) 23725 | 23675 | 23425 2275 | 238.25
Hed 5 & (MPa) 5.4

fie vt s 8 F25SP00-28 =

A 1 2 3 4 5
B+ £ (kef) 268.75 | 26575 | 25200 | 26250 | 244.25
Hed 5 & (MPa) 6.1

(FAL SR+ A5 7 KD
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# 4- 4 FOOSPO7 2_ ¢ 5% B

Eo)

=1
et
.

s

fiz b -d FOOSP0O7-7 =
Y M5 1 2 3 4 5
B~ £ (kgf) 249.75 258.75 261.50 233.00 239.00
v % & (MPa) 53
fie bb - FOOSP07-28 =
A M5 1 2 3 4 5
B~ £ (kgf) 252.75 242.75 226.00 236.25 231.25
v % & (MPa) 5.4
(FH KR A7 KR
% 4-5F25SP07 2_ 3&d %2 R
fie vt -4 Hp F25SP07-7 =
L 1 2 3 4 5
B~ 7 £ (kgf) 226.50 229.50 219.75 223.25 223.25
e 5 & (MPa) 5.1
fie vb - Hp FOOSP07-28 =%
I 5 1 2 3 4 5
B~ 7 £ (kgf) 284.50 289.50 285.50 272.00 275.25
Fed % & (MPa) 6.5

(FR kiR ~F g AT
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PEFNFEE SRRy ST

2 4-6 BRI KA BRI B R

fie vb - Hp & Tsg kR Ry BT X

EA B 1 2 3 4 5
B~ 7 £ (kgf) 257.75 273.00 231.00 245.25 222.25
e 55 & (MPa) 5.9

fe vt -d4 Hp A THE KR F) 528 %

EAY B 1 2 3 4 5
B~ 7 £ (kgf) 271.00 254.25 254.50 268.75 231.50
e 55 & (MPa) 6.1

(FHR KR 277 FER)
2 4-THRI MO RPUL Y R AR

fie vt -#2 8) i R -7 %

ERY B 1 2 3 4 5
B~ 7 £ (kgf) 887.75 866.75 746.00 710.75 810.25
3 55 & (MPa) 18.5

fie 1L -t hF AR 28 2

R B 1 2 3 4 5
B~ 7 £ (kg 782.75 922.75 912.25 650.00 945.25
3 55 & (MPa) 20.0

(FR kiR ~F g AT
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% 4- 8 FOOSP00 2. ¥ R 5 B

%}
=1
et

E 5 2t

.

fe it 428 FOOSP00-7 = fe st -8 FOOSP00-28 =
b4 FE | REA BT | PR A
FA FA e
(kg (MPa) (kgf) (MPa)

1-1 4247.00 1-1 5741.00

1-2 5149.50 1-2 5792.00

2-1 4491.75 2-1 5858.25

2-2 5185.25 2-2 5114.00

3-1 4458.75 3-1 4785.00

29.7 343

3-2 4346.50 3-2 4940.50

4-1 5618.75 4-1 5193.00

4-2 5261.75 4-2 6067.25

5-1 4887.00 5-1 5990.75

5-2 5004.25 5-2 6694.50

(FR &R A R
% 4-9 F25SP00 2 $uUR 5 B
fie vt -4 8 F25SP00-7 = fe -8 F25SP00-28 =
harmE | BB AR hamE | UBRA
Eaki R FH e
(kgf) (MPa) (kgf) (MPa)

1-1 4096.25 1-1 5032.25

1-2 3423.75 1-2 5822.50

2-1 3059.25 2-1 5894.00

2-2 4158.00 2-2 5848.00

3-1 3982.00 3-1 6363.00

23.8 35.4

3-2 3602.25 3-2 6138.75

4-1 3745.00 4-1 5700.25

4-2 414525 4-2 5628.75

5-1 4219.00 5-1 5463.25

5-2 3882.50 5-2 5730.75

(F# kil w5 2
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PESY SR SRR Y SR Yo

% 4-10 FOOSP07 2_ $ R 5 B

fie 1L -di FOOSP07-7 = fe b -4 2y FOOSP07-28 =
B EE FUR 5 B B EE FUR B R
FA FA e
(kgf) (MPa) (kgf) (MPa)

1-1 3936.00 1-1 6587.25

1-2 3757.75 1-2 6903.50

2-1 3400.75 2-1 7056.50

2-2 3612.25 2-2 6358.00

3-1 3393.00 3-1 7296.00

22.0 422

3-2 3507.75 3-2 7087.00

4-1 3892.75 4-1 6714.75

4-2 - 4-2 7143.00

5-1 3513.00 5-1 6439.50

5-2 3105.00 5-2 7158.50

(FHL KR ka7 g L)
% 4- 11 F25SP07 2. $#UR % B
fie b -2 Hp F25SP07-7 = fe b -4 Hp F25SP07-28 =
e | RRBAE S ARNER: FUR R
FHA A 5
(kgf) (MPa) (kgf) (MPa)

1-1 4310.75 1-1 6347.75

1-2 4346.50 1-2 6143.75

2-1 4698.25 2-1 6903.50

2-2 4499.50 2-2 6215.25

3-1 4502.00 3-1 6011.25

26.9 37.7

3-2 4489.25 3-2 6057.00

4-1 4206.25 4-1 5073.00

4-2 4211.50 4-2 6021.50

5-1 4318.50 5-1 5950.00

5-2 4374.50 5-2 6383.50

(FH kR 0 hFT g AET)
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2 4-12 RAcHp ki p RBW2ZFURE R

fie vb - Hp £ Tsg KRRy BT = fervt-#2d) | mofTiERER) 28 X
B RE | FURBAE BAE | RRA
E R LR
(kef) (MPa) (kgf) (MPa)
1-1 6878.00 1-1 6903.50
1-2 6704.75 1-2 8463.75
2-1 6669.00 2-1 7938.50
2-2 6648.50 2-2 8234.25
3-1 6235.50 3-1 8392.25
40.9 47.0
3-2 6602.75 3-2 7673.25
4-1 6398.75 4-1 7918.00
4-2 7061.50 4-2 7795.75
5-1 6434.50 5-1 6684.25
5-2 6781.25 5-2 7382.75
(FH %R *F= L)
24 BRI MO EPULARER
fie bt -k 3 MR T % fiz bt -y ¥ e R K28 =
BaimE | FBRRBAR BArE | FURBA
A S5 A 5
(kgf) (MPa) (kgf) (MPa)
1-1 10640.75 1-1 8224.00
1-2 9947.25 1-2 8555.50
2-1 10008.50 2-1 10278.75
2-2 10197.25 22 10579.50
3-1 10426.50 3-1 9279.50
60.7 54.2
3-2 10396.00 3-2 8815.50
4-1 8973.50 4-1 8066.00
4-2 9345.75 4-2 6619.00
5-1 9687.25 5-1 9294.75
5-2 9254.00 5-2 8239.25
(FAkip @ AF7 g K12
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G R G AR 2 4 1 AT AT S 1 R TR

% 4- 14 FOOSP0O0 2_ %k % 5% B

fie 1L -di g FOOSP00-7 = fe b -4 2y FOOSP00-28 =
_ A FE | AEERA ‘ RAFE | ALERA
FA FA
(kN) (MPa) (kN) (MPa)
1° 1.26 I 4.99
24 2.28 24 4.15
34 3.24 2.3 34 4.56 2.9
4 3.04 4 5.04
54 5.99 5% 4.99
fiz b - Hp FOOSP00-7 = ¥ % fie vt -2 FOOSP00-28 % 7%k
RijmE | AEERA AT | AEERA
FA FHA
(kN) (MPa) (kN) (MPa)
I 3.95 I 2.88
2% 3.90 24 2.76
34 4.42 2.5 34 1.96 2.8
4~ 3.53 4~ 3.15
54 4.16 54 3.27

FLRHARTBAMEAAR R 2 M6 e
O RHAEOY A AR A
ORI R M

(FHR &R 1 A ] )
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143

% 4-15F25SP00 2 3% % &
fie vt - g F25SP00-7 % fe vt - Hp F25SP00-28 =
B jrE | ARRRA BAmE | AR¥RA
R e FA e
(kN) (MPa) (kN) (MPa)
18 158 12 3.93
24 0.33 2° 3.43
32 0.90 0.8 32 1.75 1.6
4% 1.37 1 1.80
54 2.61 5% 1.89
fie Ll ds 3 F25SP00-7 % 7k fie v -8 4 F25SP00-28 = i
LAEE FINCYYi B FE IbEn R
A e FA e
(kN) (MPa) (kN) (MPa)
1% 4.58 1” 4.00
2° 431 2° 3.85
32 3.81 2.5 32 4.48 2.5
4* 3.71 4% 4.07
50 3.41 5° 3.84
1 SRRR LI 2 4R M 8 gkggg,ﬂ R 2N R
O RO S AR R
S RHMELECY B R H Rk
(TR KR A3 L)




B S5 URGRD MAR T 2 4 B R ETR AT 2 1 2R

% 4-16 FOOSP07 2_ A% 5% B

fiz b -de FOOSP07-7 = fe bt - FOOSP07-28 =
_ g | dEERA _ BAFE | SRR
FA FA e
(kN) (MPa) (kN) (MPa)
12 2.71 1¢ 5.39
24 2.22 2¢ 4.54
34 2.85 1.5 34 5.03 3.0
4~ 2.39 4~ 4.92
54 1.55 54 4.26
fie b i Hp FOOSP07-7 = i3 fie b i Hp FOOSP07-28 % 7%
B jFE | AERRA BAFE | ABERAR
FA FA e
(kN) (MPa) (kN) (MPa)
1° 4.46 - 2.22
24 4.35 24 3.07
34 4.71 2.9 34 2.67 1.6
4> 4.88 4° 2.47
54 4.69 54 2.03

FLRHARTBAMEAAR R 2 M6 e
O RHAEOY A AR A
ORI R M

(FH kiR 0 g AET)
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% 4- 17 F25SP07 2_ A% 5% R

)PCF
=1
et

\:

ot

£ % 23T

DR RBOR T IR AR M e

fie vt -2 8y F25SP07-7 % fe vt - Ep F25SP07-28 =
B jrE | ARRRA B jrE | ARRRA
R e FA e
(kN) (MPa) (kN) (MPa)
12 3.67 1” 3.94
2° 3.92 2° 3.95
32 3.08 2.3 32 4.10 2.4
4> 4.52 4° 3.45
5° 3.37 5° 4.15
fe vt - g F25SP07-7 % % fie v - g F25SP07-28 % %k
BAmE | AR¥RA B jrE | ARRRA
R e FA e
(kN) (MPa) (kN) (MPa)
1* 4.23 1° 3.25
2% 4.32 28 4.10
3% 4.39 2.6 32 3.30 2.6
4% 4.25 4° 5.45
5° 3.84 5° 4.98
FLRHARTBAMEAAR R 2 M6 e
ORI ALY AR G
A

(F %l 0 285 )
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G IR GRS AR 2 4 S A

1o At 2 1

% 4-18 & Jc4

* R

Rk ik i Y

DR A AR
DR ALY B4 TR

fie vt -4y @
BACHKERET R | et i ,
oA A #2 4y &N HR KR R
5L CEE | ARREHAR 5 T
(kN) (MPa) R “EE | ARRER
lA
4.50 - (kN) (MPa)
2 3.03 4.99
AN . 2A
3 3.76 5.03
4A : 24 3A
3.94 - 5.04 31
5 3.73 4 5.11
et -8 | A1 . 5 5.01
ORI R T X AT | fert-Ed) | @ JTEE-RIR
g | L | RRER N kR o) 28 % R
(kN) (MPa) R “FE | ARREHA
lA
2.91 - (kN) (MPa)
2 1.85 1.54
AN . 2A
3 1.90 3.57
4A : 14 3A
2.40 - 4.57 20
57 1.99 4 3.10
* %ﬁﬁﬁgigg‘&iji 54 3.10
J:4 SR+ ?;3. ’H_bi’ g e . .

(FHR &R+ Apm g BEID)
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24 19RF M EBULAZHR
fie vt -dL 2y ¥ AR -T2 fie vb &2 Hp ¥ pia ) E-28 <
B e | AR AE B E | ARERAR
Bl Bl
(kN) (MPa) (kN) (MPa)
1% 0.64 1% 0.38
2% 0.96 2% 0.00
3% 0.63 0.5 3% 0.09 0.4
4% 0.94 4% 1.14
5% 1.11 5% 1.19
FLEMAET A M ERAFR RS 2 M5 L e
O R AR5 e
O RHELERT B R ke
(FHL KR 27y B



CEEP SR S TR T £ LR

% 4-20 FOOSP00 z_ % -k £

ﬁja bl }ﬁa A
FOOSP00-7 = FOOSP00-28 =
& Hp & Hp
EL Wo w1 HoKE | ER Wo wi e
Ko (2) (2 (g) ¥ (2) (g) (g)
1 1834.5 1848.5 1 1794.8 1805.4
14.0 13.3
2 1736.4 17534 2 1827.8 1843.8
(FH LR ATy FR)
% 4-21 F25SP00 2.5 -k &
)‘ﬁa bl ﬁja A
F25SP00-7 = F25SP00-28 =
&4 Hp &4 Hp
L ) wo w1 Hokg | FH wo wi Hoks
Sn%L (2) (2) (2) K (2) (g) (2)
1 1711.6 1727.3 1 1752.3 1770.3
15.7 12.6
2 1667.2 1685.2 2 1753.6 1766.2
(FHL KRt 27 g L)
% 4-22 FOOSP07 2%k &
ﬁ_’[?:, A }ﬁ?:, bl
FOOSP07-7 = FOOSP07-28 =
& Hp & Hp
e Wo wi #HKE | R Wo Wi e
K (2 (2 (g) K (2 (2 (2
1 1778.1 1790.4 1 1794.8 1805.4
12.3 10.6
2 1669.7 1687.0 2 1827.8 1843.8

(Fseih e g fom)
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S E EHLEFEUS
% 4- 23 F25SP07 2. %k &
ﬁja bl }ﬁa A
F25SP07-7 = F25SP07-28 =
&2 4p &2 4p
EL Wo w1 HoKE | ER Wo wi e
Kt (2) (2) (g) B (2) (g) (2)
1 1804.2 1829.6 1 1668.3 1685.3
249 15.0
2 1774.6 1799.5 2 1695.3 1710.3
(FH LR ATy FR)
# 4-24 R kFm Rl Bk E
)‘ﬁa A fﬁa Ll
EATHFRIRF) ;?j%7 x BATHG KR F) :‘rf:-zg =
&2 Hp &2 4p
L Wo Wi HEE | #H Wo Wi #HRE
B (g) (2) (2) SnBE (2) (2) (2)
1 1515.3 1550.2 1 1656.7 1691.1
41.6 30.3
2 1666.7 1714.9 2 1760.5 1786.8
(F# il t hem g g2
2 4-25%F e R EkE
)‘fja bl ﬁja A
%3 ;}iﬂawﬁlﬁﬂ X ;%1 ﬁﬁawfﬁ{r-zs x
&2 4 &2 4
=L wo Wi FokE | #FH w0 wi e
®E (2) (2) (2) B (2) (2) (2)
1 1444.6 1446.0 1 1498.8 1499.8
1.4 1.2
2 1458.1 1460.2 2 1399.9 1401.3

(FH &R 0 AF g )
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TR SR S T RN Y L1 E
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12 HE
% 4-26 FOOSP00 2_*x -k &
]?_TE» [ FT?; AT
FOOSP00-7 * FOOSP00-28 *
& Hp &4 Hp
=L WO Wi sk g | #R WO Wi 2ok §
% | (ml) ml) | (mVhr) | %% | (ml) (ml) | (ml/hr)
1 546.0 611.4 1 546.0 589.8
1.2 0.9
2 556.0 604.3 2 556.0 600.9
(FH LR A7y FR)
% 4- 27 F25SP00 2_ v -k §
]‘ﬁe, Ll gja Ll
F25SP00-7 = F25SP00-28 =
&£ 4y &2 Hp
EL ! wo wi BooRE | R wo Wi BooRE
% | (m) ml) | (mUhr) | %% | (ml) (ml) | (ml/hr)
1 567.7 618.8 1 545.8 594.2
1.1 1.0
2 542.2 594.1 2 559.1 607.8
(FHL KR 2577 L)
% 4- 28 FOOSP07 2_*x -k &
]ﬁa L FTE, AT
FOOSPO7-7 % FOOSP07-28 *
&2 Hp &2 Hp
A Wo wi sk E | R Wo wi 3ok
ot (ml) (ml) (ml/ hr) | %55 (ml) (ml) (ml/ hr)
1 541.4 584.5 1 549.1 591.6
09 09
2 542.3 585.3 2 547.7 589.5
(FH# R AT )




FR 5 BT

%}
=1
et

1

% 4-29 F25SP07 2. -k &
]‘vja bLoo }ﬁa Ll
F25SP07-7 = F25SP07-28 =

& Hp &2 Hp
=t Wo w1 2ok E | R Wo wi %K #
%5 | (ml) ml) | (mUhr) | %% | (ml) (ml) | (ml/hr)

1 543.1 591.2 1 549.2 593.9

1.0 0.9
2 544.0 592.3 2 537.5 580.5

(FH LR A7y FR)

% 4-30 Rk 2 sk E
fie [ fiz LL_
Rl S %’9%%-7 x R i S /P)i’fl{f-28 %
& Hp & 4y
B Wo Wi sokE | PN Wo Wi BoRE
S5 (ml) (ml) (ml/ hr) | %% (ml) (ml) (ml/ hr)
1 491.4 544.1 1 476.8 528.0
1.1 1.1
2 481.1 5334 2 480.8 530.6
(it hm : g )
% 4-31 % § A W sk Lk
fie bbo fie bboo
3 7%‘]’5%?75]{7-7% %5 ;ﬁ—.}—s;]p;gﬁ{f_zg EY
&4 & 2y
W wo wi sk g | #H wo wi Bk g
KoL (ml) (ml) (ml/ hr) | %% (ml) (ml) (ml/ hr)
1 439.4 439.8 1 431.3 432.6
0.0 0.0
2 404.3 405.5 2 438.6 439.8

(FH &R 0 Am g )
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PEFNFEE SRRy ST

£4-32 % et B2 ER %

2 4
72 ) pE 7 = 14 = 21 = 28 %

fie vt
FOOSP00O 0.000% 0.026% 0.045% 0.050% 0.000%
F25SP00 0.000% | 0.013% 0.034% | 0.046% 0.000%
FOOSPO7 0.000% | 0.028% 0.028% | 0.035% 0.000%
F25SP07 0.000% | 0.041% 0.053% | 0.057% 0.000%
Afcs ki p | 0.000% | -0.068% | -0.076% | -0.082% | -0.075%
R MR PR 0.000% | 0.000% 0.000% | -0.001% | 0.000%

(FA % -
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(FA KR o AFT g R
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3 &35 12 (MPa)

4.5
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(FA kR 277 KI2)
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#HKE(Q)
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15%
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W47 LML ERBLES
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W 4- 8 FOOSP00 2. 7 % 28 T v 2 R BEHE &
(FH kiR 1 277 BT

W 4- 9 FOOSP0O0 2. 28 = #28F T 3ed 2 pURIEHR R ¥
(FR &R A7 EFR)
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P S T s

B 4- 10 FOOSP00 2. 7 X £ TALE R R BB Y
(FHR KR 277 FER)

W) 4- 11 FOOSPO0 2 28 = &) T 3635 B 15k & &
(FA %R 0 A5 F RTL)
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B 4- 12 FOOSP00 2. 7 = #H T AL R 2R B Y
(FHR %R 25 )

W] 4- 13 FOOSP0O0 2. 28 = f’?}’ﬁﬁﬂl THRHRERRBERRY
( FL& R j‘p If‘—l)
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P S T s

W 4- 14 F25SP00 2. 7 X #£ 8 ™ 3ed 2 JARBHR R 5
(FH kiR 1 27§ BT

W) 4- 15 F25SP00 2_ 28 X #£8 ™ Jed 2 HUR BB &
(FH kiR : A7 HR)
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4

A AT 5 T s b T D BT R i

B 4- 16 F25SP00 2. 7 % #2#f T AL 5% B A% B &
(FH KR 257 FER)

AR R B ¥ O T e TN

W 4- 17 F25SP00 2. 28 X #23F T 32 5% B F% B &
(FH kiR : A7 HR)
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P S T s

W 4- 18 F25SP00 2. 7 % (A T AR B R FHE ¥
(FH KR 257 FEm)

W] 4- 19 F25SP00 2. 28 % & T 245 R R E &
(FH &R 0 AR g )
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G R G AR 2 4 1 AT AT S 1 R TR

B 4- 20 FOOSPO07 2. 7 X #£8 ™ Hed % JRIBHR 4
(FHR &R 277 FR)

W 4- 21 FOOSPO7 2_ 28 = &£ 8 ™ 3¢ 2 FURFHR Y
(FAL %R« hF ] A
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P S T s

B 4- 22 FOOSP07 2. 7 % #£#f TAL2 5% B A% B &
(FR KR 273 FE)

W] 4- 23 FOOSP07 2. 28 X #£F T AL LB R FHKEB Y
(FHE &R 271 FR)
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W 4- 24 FOOSPO7 2. 7 % ok #48 T A% 5% R 3% B ¥
(FH KR 257 FER)

¥ 4-25 FOOSP07 2. 28 % fa% & T bR RE%R R Y
(FA R AP g F)

168



P S T s

W) 4-26 F25SP07 2. 7 X #£ 8 ™ Jed 2 JARBHR R
(FH kiR 1 27§ BT

W) 4- 27 F25SP07 2_ 28 X # ¥ ™ Jed 2 LR BB &
(FH iR 0 27 BT
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W 4-28 F25SP07 2. 7 A £ P T AL R AR BB Y
(FHR KR 27 FER)

g I 2
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W 4-29 F25SP07 2. 28 X #£H TR LR R FAB 5
(FAL kR Ap7 7 BT
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s
W 4-31 F25SP07 2. 28 % (% #F T LR R E%R R Y
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American Concrete Institute > (2006) > ACI 546.3R-06 Guide for the Selection of
Materials for the Repair of Concrete.

American Concrete Institute > (2007) » ACI 503.7-07. Specification for Crack Repair
by Epoxy Injection.

American Concrete Institute > (2013) » ACI 506.2-13. Specification for Shotcrete.

American Concrete Institute > (2014) > ACI 546R-14. Guide to Concrete Repair.

American Concrete Institute > (2018) » ACI 563-18. Specifications for Repair of
Concrete in Buildings.

American Concrete Institute > (2019) > ACI 562-19. Code Requirements for Assessment,
Repair, and Rehabilitation of Existing Concrete Structures and Commentary.
American Society for Testing and Materials » (2014) » Standard Test Method for
Restrained Expansion of Shrinkage-Compensating Concrete(ASTM C878 /

C878M).

American Society for Testing and Materials » (2016) > Standard Test Method for Time
of Setting of Concrete Mixtures by Penetration Resistance(ASTM C403 / C403M).

American Society for Testing and Materials > (2016) > Standard Test Method for Change
in Height at Early Ages of Cylindrical Specimens of Cementitious
Mixtures(ASTM C827 / C827M).

American Society for Testing and Materials » (2018) » ASTM C596. Standard Test
Method for Drying Shrinkage of Mortar Containing Hydraulic Cement(ASTM
C596).

American Society for Testing and Materials » (2020) - Standard Test Method for
Compressive Strength of Hydraulic Cement Mortars (Using 2-in. or [50-mm)]
Cube Specimens) (ASTM C109 / C109M).

American Society for Testing and Materials » (2020) > Standard Test Method for Bond
Strength of Epoxy-Resin Systems Used With Concrete By Slant Shear(ASTM
C882 / C882M).

American Society for Testing and Materials » (2020) > Standard Test Method for
Bleeding of Concrete (ASTM C232 / C232M).
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American Society for Testing and Materials > (2020) » Standard Test Method for Slump
of Hydraulic-Cement Concrete(ASTM C143 / C143M).

American Society for Testing and Materials » (2020) » tandard Test Method for Tensile
Strength of Concrete Surfaces and the Bond Strength or Tensile Strength of
Concrete Repair and Overlay Materials by Direct Tension (Pull-off Method)
(ASTM C1583/C1583M).

International Organization for Standardization > (2014) > Maintenance and repair of
concrete structures(ISO 16311).

Yu-Chuan Kao, Chien-Kuo Chiu, Takao Ueda, Yu-Jou Juan » (2018) » Experimental
Investigation on Mechanical Properties of SBR-Modified Mortar with Fly Ash for
Patch Repair Material. Journal of Advanced Concrete Technology. No.16(8)
pp-382-385.
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