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BEER

PHILIPPINE NATIONAL STANDARD

PNS ASTM C90:2019
With Amendment 1:2019
(ASTM Published 2016)
ICS 91.100.30

7 4 ) B U EFEYE

PNS ASTM C90 : 2019
EEHV 1:2019

(ASTM %17 2016)
ICS 91.100.30

Standard Specification for Loadbearing Concrete Masonry Units

Mt /1 BE = 7V — MR = FORR HERAE

National Foreword
This Philippine National Standard PNS ASTM
C90:2019, Standard Specification for Loadbearing
Concrete Masonry Units, was recommended for
adoption by the Bureau of Philippine Standards
Technical Committee on Concrete, Reinforced Concrete
and Pre-Stressed Concrete (BPS/TC 5) and was
approved for adoption as Philippine National Standard

by the Bureau of Philippine Standards

The adoption of this standard includes Amendment
1:2019, which modifies ASTM C90-16a to include

additional requirements for compliance and marking.

PNS ASTM (C90:2019 Standard Specification for
Loadbearing Concrete Masonry Units, PNS ASTM
C129:2019 Standard Specification for Nonloadbearing

Concrete  Masonry Units and PNS ASTM

EDOFEZMRE

ZOT7AVE L EFIEYE PNS ASTM C90:2019, it /18 =
V=M =y FOREHERIAE L, 27—k $ifias
2Y—hBLOF LA Z a2 —RBPS / TC 5) 2+
274U AEHE SR AT & BRI KO BRI eSS L, T 4Y
ErERERICE D7 AV EFHEHEL L TORM KRS
EJ0

ZORMORAIIT, EFEEE—F 7 OBMEf %
G570 ASTM C90-16a #ZEE L/-EIE 1:2019 v
FhEd,

PNS ASTM C90:2019 it 1B =7V —MAfE ==y D
HEYER A . PNS ASTM C129:2019 JEili S BE = 70—k
M= hOEHER . B30 PNS ASTM C140 /

C140M:2019 =7V —MiEffr =y B LU BH 2= D
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C140/C140M:2019 Standard Test Methods for
Sampling and Testing Concrete Masonry Units and

Related Units cancels and replace PNS 16:1984.

This Philippine National Standard is derived from

ASTM  (C90-16a, Standard  Specification  for

Loadbearing Concrete Masonry Units, Copyright
ASTM International, 100 Barr Harbor Drive West
PA 19428,

Conshohocken, USA. Reprinted by

permission of ASTM International

Published by the Bureau of Philippine Standards

November 2019

All rights reserved. Unless otherwise specified, no part
of this publication may be reproduced or utilized in any

form or by any means, electronic or mechanical,

including photocopying and microfilm, without
permission in writing from the publisher
Philippine National Standard PNS ASTM C90:2019

Amendment 1: 2019

Standard Specification for Loadbearing Concrete

Masonry Units

Clause/Subclause

Amendment

7.FInish and Appearance Add the following clause;
7.4 At a minimum, Individual units shall be marked

as "Loadbearing."

9.Compliance Add the following clause:

9.2 The manufacturer shall issue a certificate signed

by the owner or its authorized representative, for every

delivery, attesting that every finished product complies
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with the following minimum requirements under PNS
ASTM C90:2019
a. Density

b. Water Absorption

c. Compression Strength

d. Dimensions
This international standard was developed in
accordance with internationally recognized principles
on standardization established in the Decision on
Principles for the Development of International
Standards, Guides and Recommendations issued by

the World Organization

Technical Barriers to Trade (TBT) committee.

Designation: C90-16a

Standard Specification for Loadbearing Concrete
Masonry Units !

This standard is issued under the fixed designation
C90; the number immediately following the
designation indicates the year of original adoption or,
in the case of last revision. A number in parentheses
the year of last reapproval. A superscript epsilon (e)
indicates an editorial change since the last revision or
reapproval.

This standard has been approved for use by agencies of

the U.S Department of Defense.

1. Scope *

1.1 This specification covers hollow and solid (see 5.3
and 5.4) concrete masonry units made from hydraulic
cement, water, and mineral aggregates with or without
the inclusion of other materials. There are three classes
of concrete masonry units: Normal Weight, Medium
Weight, and Lightweight. These units are suitable for

both loadbearing and nonloadbearing applications.
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1.2 Concrete masonry units covered by this
specification are made from lightweight or normal
weight aggregates, or both.
Note 1 —The requirements of this specification have
been researched, evaluate, and established for over a
century, resulting in the physical properties and
attributes defined here. These requirements are
uniquely and solely applicable to concrete masonry
units manufactured on equipment using low or zero
slump concrete and the constituent materials defined
herein. Many performance attributes of concrete
masonry units are in directly accounted for, or
inherently reflected within, the requirements of this
specification without direct measurement, assessment,
or evaluation.
Applying the requirements of this specification to
products that may be similar in appearance, use, or
nature to those covered by this specification may not
address all pertinent physical properties necessary to
ensure performance or serviceability of the resulting
construction in real-world applications under typical
exposure environments.
Products manufactured using alternative materials,
manufacturing methods, or curing processes not
covered by this specification should not be evaluated
solely using the requirements in this specification;
however, developers of new products can consider the
property requirements of this specification as a
beginning benchmark for unit performance. It is
reasonable to test new products for system
performance as well as unit performance.

1.3 The text of this specification references notes and
footnotes which provide explanatory material. These
notes and footnotes (excluding those in tables and

figures) shall not be considered as requirements of the

standard.
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1.4 The values stated in inch-pound units are to be
regarded as standard. The values given in parentheses
are mathematical conversions to SI units that are
provided for information only and are not considered
standard.

Note 2 — When particular features are desired such
as surface textures for appearance or bond, finish,
color, or particular such as

properties density

classification, higher compressive strength, fire

resistance, thermal performance or acoustical

performance, these features should be specified
separately by the purchaser. Suppliers should be
consulted as to the availability of units having the

desired features,

2. Referenced Documents
2.1 ASTM Standards; 2
C33/C33M Specification for Concrete Aggregates
C140/C140M Test Methods for Sampling and

Testing Concrete Masonry Units and Related
Units
C150/C150M; Specification for Portland Cement
C331/C331M;  Specification for Lightweight
Aggregates for Concrete Masonry Units
C426; Test Method for Linear Drying Shrinkage of
Concrete Masonry Units
C595/C595M; Specification for Blended Hydraulic
Cements
C618; Specification for Coal Fly Ash and Raw or
Calcined Natural Pozzolan for Use in Concrete
C979/C979M; Specification for Pigments for
Integrally Colored Concrete.

C989/C989M; Specification for Slag Cement for Use

in Concrete and Mortars.

C1157/C1157M  Performance

Specification for

Hydraulic Cement.
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C1232 Terminology of Masonry.

C1240 Specification for Silica Fume Used in
Cementitious Mixtures.

C1314 Test Method for Compressive Strength of
Masonry Prisms.

E519/E519M Test Method for Diagonal Tension
(Shear) in Masonry Assemblages.

E72 Test Methods of Conducting Strength Tests of

Panels for Building Construction.

3. Terminology

3.1 Terminology defined in Terminology C1232 shall
apply for this specification.
1 This specification is under the jurisdiction of ASTM
Committee C15 on Manufactured Masonry Units and
is the direct responsibility of Subcommittee C15.03 on
Concrete Masonry Units and Related Units.
Current edition approved Dec. 15, 2016. Published
January 2017. Originally approved in 1931, Last
previous edition approved in 2016 as C90-15.
DOI:10.1520/C0090-16A.
2 For referenced ASTM standards, visit the ASTM
website, www.astm.org, or contact ASTM Customer
Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s
Document Summary page on the ASTM website.

*A Summary of Changes section appears at the end of

this standard

4. Materials

4.1 Cementitious Materials—Materials  shall

conform to the following applicable specifications:
4.1.1 Portland Cement—Specification C150/C 150M.
4.1.2 Modified Portland Cement—Portland cement

conforming to Specification C150/C 150M, modified as

follows:
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(1) Limestone—If calcium carbonate is added to
the cement, the CaCO, content shall not be less than
85 %.

(2) Limitation on Insoluble Residue—1.5 %.

(3) Limitation on Air Content of Mortar—Volume
percent, 22 % max.

(4) Limitation on Loss on Ignition—7 %,

4.1.3 Blended Hydraulic Cements—Specification
C595/C595M,

4.1.4Hydraulic Cement—Specification
C1157/C11S7M.

4.1.5 Pozzolans—Specification C618.

4.1.6 Blast Furnace Slag Cement—Specification
C989/C989M.

4.1.7 Silica Fume—Specification C1240.

4.2 Aggregates—Aggregates shall conform to the

following specifications, except for the grading
requirements: 4

4.2.1 Normal Weight Aggregates—Specification
C33/C33M,

4.2.2 Lightweight Aggregates—Specification
C331/C331M
Note 3—The grading requirements of Specifications
C33/C33 and C331/C33IM may not be suitable for
concrete masonry production. Because of this,
producers are allowed to modify to meet their needs
and the requirements of this specification.

4.3 Pigments for Integrally Colored Concrete—
Specification C979/C979M.

4.4 Other Constituents—Air-entraining agents,
integral water repellents, and other constituents shall
be previously established as suitable for use in concrete
masonry units and shall conform to applicable ASTM

standards or shall be shown by test or experience not

to be detrimental to the durability of the concrete
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masonry units or any material customarily used in

masonry construction.

5. Physical Requirements

5.1 At the time of delivery to the purchaser, units
shall conform to the physical requirements prescribed
in Table 1 and Table 2. All units shall be sound and free
of cracks or other defects that interfere with the proper
placement of the unit or significantly impair the
strength or permanence of the construction. Minor
cracks, incidental to the usual method of manufacture
or minor chipping resulting from customary methods of
handling in shipment and delivery, are not grounds for
rejection.

Note 4—Higher compressive strengths than those
listed in Table 2 may be specified where required by
design. Consult with suppliers to determine
availability of units of higher compressive strength.
Note 5—Oven-dry densities of concrete masonry units
generally fall within the range of 85 to 145 Ibf/ft3 (1360
to 2320 kg/m’). Because available densities will vary,
suppliers should be consulted before specifying project
requirements.

5.1.1 When higher compressive strengths than those
listed in Table 2 are specified, the tested average net
area compressive strength of three units shall equal or
exceed the specified compressive strength, and the
tested individual unit net area compressive strength of
all three units shall exceed 90 % of the specified
compressive strength. Compressive strength shall be
tested in accordance with 8.2.

5.2 At the time of delivery to the purchaser, the
average linear shrinkage of the three units tested shall
not exceed 0.065% when tested in accordance with 8.3.

Note6; The purchaser is the public body or authority,

association, corporation, partnership, or individual
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entering into a contract or agreement to purchase or
install, or both, concrete masonry units. The time of
delivery to the purchaser is FOB plant when the
purchaser or the purchaser’s agent transports the
concrete masonry units, or at the time unloaded at the
worksite if the manufacturer or the manufacturer’s
agent transports the concrete masonry units.

5.3 Hollow Units;

5.3.1 Face shell thickness (Ifs) and web thickness (Iw)
shall conform to the requirements prescribed in Table
1.

Note 7; Web thickness (Iw) not conforming to the
requirements prescribed in Table 1 may be approved,
provided equivalent structural capability has been
established when tested in accordance with the
applicable provisions of Test Methods E72, C1314,
E519/E519M, or other applicable tests and appropriate
design criteria developed is in accordance with

applicable building codes.

5.4 Solid Units:

5.4.1 The net cross-sectional area of solid units in
every plane parallel to the bearing surface shall be not
less than 75 % of the gross cross-sectional area
measured in the same plane.

5.5 End Flanges:

5.5.1 For units having end flanges, the thickness of
each flange shall not be less than the minimum face
shell thickness.

Note 8 —Flanges beveled at the ends for mortarless
head joint applications that will be filled with grout are
exempt from this requirement. Flanges which are
specially shaped for mortarless head joint applications
which have been shown by testing or field experience
to provide equivalent performance are exempt from

this requirement.
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Table 1 Minimum Face Shells and Web Requirements.A

F1 RINT2 ARz VT 2T OB A

Nominal Face shell | Webs

Width (W) | Thickness

of Units, in. | (tfs), min, Web Normalized

(mm) in. (mm) BC Thickness C | Web  Area
(tw), min, | (Anw), min,
in. (mm) in.2/ft2

(mm2m? D

3(76.2) and | 3/4 (19) 3/4 (19) 6.5 (45,140)

4 (10.2)

6 (152) 1(25) 3/4 (19) 6.5 (45,140)

8 (203) and | 1 1/4(32) 3/4 (19) 6.5 (45,140)

greater

2= bhDN | T2 AV = 77

FRIEW), in. | VD I/NE | o7 O | B Ly =7

(mm) & tfs), | E& C (tw), | & /N m Bl
min, in. | in (mm) (Anw),
(mm) BC in.%/ft?

(mm?m2) P

3(76.2) and | 3/4(19) 3/4 (19) 6.5 (45,140)

4(10.2)

6 (152) 1(25) 3/4 (19) 6.5 (45,140)

8(203) LAE | 11/4(32) 3/4 (19) 6.5 (45,140)

A Average of measurements on a minimum of 3 units

when measured as described in Test Methods
C140/C140M.

B When this standard is used for units having split
surfaces, a maximum of 10 % of the split surface is
permitted to have thickness less than those shown, but
not less than 3/4 in. (19.1 mm). When the units are to
be solid grouted, the 10 % limit does not apply and
Footnote C establishes a thickness requirement for the
entire face shell.

C When the units are to be solid grouted, minimum face
shell and web thickness shall be not less than 5/8 in.
(16 mm).

D Minimum normalized web area does not apply to the
portion of the unit to be filled with grout. The length of
that portion shall be deducted from the overall length
of the unit for the calculation of the minimum web
cross-sectional area.

Table 2  Strength,

Absorption, and Density

Classification Requirements 4

A RBEJ77E C140 / C140M CTHtBASN CWODIDIICHIES

NIZEA . /b 38 2=y O RITED K,

B ZoOHKNEIA B O =y NI IShA S E . #R
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2. 3/4 A>F (19.1 mm) L EOESZFFOZE, 2=y bR
BFEINDGEE . 10%OHIBIT#EAES T, ik C 137
ARV VAR L TORIOENEEDET,

C 2=y MR THLGA B/NDT A A 2V ET =

T DRI 5/8 A2 F (16 mm) LL ETRIFITRVERA,

D f/NESULY =7 FIIE, 2=y b7 TN TS hD

HoylxEHESnEYA, FOMHORSIE, F/hv="7
WSO FH R OTDIC 2=y MO R RPLELS I ET

F 2 R WIR, RO EE DS HEE M A

Densit | Oven- Maximum Minimum  Net
y Dry Water area
Classif | Density Absorption, Compressive
ication | of 1b/ft3 (kg/m3) Strength, 1b/in?
Concrete (Mpa)
,  Ib/ft3
(kg/m3)
Average Aver | Indivi Averag | Indivi
of 3 | age dual e of 3 | dual

%= WAL R, | ReORWAKR, Tb/ftd | B/ Wi e
B | b (kg/m?) a0, Tbfin? (Mpa)
5 (kg/m?)
B
3O |30 | 1D | 3 @D | 1{ED
% Fy it Sy fitt
[ 105 18 20 2000 1800
it (1680) L. | (288) (320) (13.8) (12.4)
.
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Units of 3 | Units Units Units
Unit
)
Light | Less 18 20 2000 1800
weight | than 105 | (288 | (320) (13.8) (12.4)
(1680) )
Mediu | 105 to | 15 17 2000 1800
m less than | (240 | (272) (13.8) (12.4)
Weigh | 125 )
t (1680-
2000)
Norma | 125 13 15 2000 1800
1 (2000) or | (208 | (240) (13.8) (12.4)
Weigh more )
t

A Compressive strength, absorption, and density
determined in accordance with 8.2.
6. Permissible Variations in Dimensions

6.1 Standard Units—For standard units, no overall
dimension (width, height, and length) shall differ by
more than+1/8 in. (3.2 mm) from the specified
dimensions.

6.2 Particular Feature Units— For particular feature
units, dimensions shall be in accordance with the
following:

6.2.1 For molded face units. no overall dimension
(width, height, and length) shall differ by more than
+1/8 in. (3.2 mm) from the specified standard
dimension. Dimensions of molded features shall be
within £1/16 in, (1.6 mm) of the specified standard
dimensions and shall be within +1/16 in. (1.6 mm) of
the specified placement of the molded feature,

Note 9—Molded features include, but are not limited
to: ribs, scores, hex-shapes, and patterns.

6.2.2 For split-faced units, all non-split overall
dimensions shall differ by not more than +1/8 in.
(3.2mm ) from the specified standard dimensions.

6.2.3 For slump units, no overall height dimension
shall differ by more than +1/8 in.(3.2mm ) from the
specified standard dimension.

Note 10 - On faces that are split or slumped, overall

e 105 LL k| 15 17 2000 1800
& 125 A il | (240) (272) (13.8) (12.4)
7 (1680-

2000)
i 125 13 15 2000 1800
i (2000) L. | (208) (240) (13.8) (12.4)
ki +
s

A B2t CIIES NI EMEREE , WU, IL O BE,

6. HEDFFELEH)
6.1 M =y h—EHE D = DA | RO T (IR,
B, BLOEX) X, fESNTEE£1/8 1 F (3.2

mm) ZHB 2 TR0 ERA,

6.2 FFEDT A —F ya=yh—FFEDT 4 —F ya=vh

DE e HEFU T/ TR ERHVET,

6.2.1 BB E =y bOHE, RIEOHE I, @S, B
OEE) A8, FRESN M k£l 1 8 125 (3.2 mm) LA
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dimensions will vary. Consult with suppliers to
determine achievable dimensional tolerances for

products including these features.

7. Finish and Appearance

7.1 No more than 5 % of the units in the shipment
shall exhibit one or more of the characteristics
described in 7.1.1 through 7.1.4 and 7.2.

7.1.1 Units with dimensions not meeting the
requirements of 6.1.

7.1.2 Units with finished face(s) containing chips
larger than 1 in. (25.4 mm) in any direction.

7.1.3 Units with finished face(s) containing cracks
wider than 0.02 in. (0.5 mm) and longer than 25% of
the nominal height of the unit.

7.1.4 Units that are broken.

Note 11— Units specified to have particular features or
finishes, such as split-face and tumbled units, should
not be evaluated for conformance of such features to the
requirements of 7.1.2.

7.2 Where units are to be used in exposed wall
construction, the face or faces that are to be exposed
shall not show chips or cracks, not otherwise permitted
in 7.1.2 and 7.1.3, of other imperfections when viewed
from a distance of not less than 20 ft (6.0 m) under
diffused lighting.

7.3 The color and texture of units shall be specified
by the purchaser. The finished surfaces that will be
exposed in place shall conform to an approved sample,
consisting of not less than four units, representing the
range of texture and color permitted.

Note 12 — Concrete masonry units are produced using
a wide variety of natural aggregates and other
materials. As such, slight variations inherent from
natural materials should be expected. Since specifying

units and approving samples can take place several
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months prior to production of actual units for a project.
Slight variations in appearance from the approval

sample are to be expected.

8. Sampling and Testing

8.1 The purchaser or authorized representative shall
be accorded proper facilities to inspect and sample the
units at the place of manufacture from the lots ready
for delivery.

8.2 Compressive strength, absorption, density, and
dimensional tolerances shall be based on tests of
concrete masonry units of any configuration or
dimension made with the same materials, concrete mix
design, manufacturing process, and curing method,
conducted in accordance with Test Methods

C140/C140M and not more than 12 months prior to

delivery.

9. Compliance

9.1 If a sample fails to conform to the specified
requirements, the manufacturer shall be permitted to
remove units from the shipment. A new sample shall
be selected by the purchaser from remaining units from
the shipment with a similar configuration and
dimension and tested. If the second sample meets the
specified requirements, the remaining portion of the
shipment represented by the sample meets the
specified requirements. If the second sample fails to
meet the specified requirements, the remaining portion
of the shipment represented by the sample fails to meet
the specified requirements,
Note 13— Unless otherwise specified in the purchase
order, the cost of tests is typically bore as follows: (1) if
the results of the tests show that the units do not
conform to the requirements of this specification, the

cost is typically borne by the seller; (2) if the results of
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the tests show that the wunits conform to the
specification requirements, the cost is typically borne

by the purchaser.

10. Keywords

10.1 absorption; compressive strength; concrete
masonry units; equivalent web thickness; face shell;
flange; lightweight; linear

drying  shrinkage;

loadbearing; medium weight; normal weight; webs

APPENDIXES

(Nonmandatory Information)

X1. WATER PENETRATION RESISTANCE

XI.1 Exterior walls are often subjected to moisture
penetration from one or more sources. For example,
basement walls may be exposed to water from
saturated soil. Above-grade exterior walls are usually
exposed to wind-driven rain. To prevent water
penetration, proper detailing, construction, flashing,
and drainage should be provided. Proper water
penetration resistant treatments should be applied to
the walls. While it is not within the scope of
Specification C90 to include information on resistance
to water penetration, such information and guidelines

are available from other organizations.

X2 crack control

X2.1 Restrained or differential movement in building
elements and building materials can result in cracking.
Some common causes of movement are; loads created
by wind, soil pressure, seismic forces, or other external
sources; settlement of foundations; or volume changes
in materials. For example, volume changes in concrete
masonry units can be caused by moisture gain and loss,

thermal expansion and contraction, and carbonation.
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To limit and control cracking due to these and other
causes, proper design, detailing, construction, and
materials are necessary. Specification C90 provides a
maximum limitation on the total linear drying
shrinkage potential of the units, but it is not within the
scope of this specification to address other design,
detailing, construction, or material recommendations.
This type of information and related guidelines for

crack control are available from other organizations.

Summary of changes

Committee C15 has identified the location of selected
changes to this standard since the last issue (C90 —
16) that may impact the use of this standard.
(December 15, 2016)

(1) Testing frequency in Section 8 was modified to be

based on time of delivery.

Committee C15 has identified the location of selected
changes to this standard since the last issue (C90 —
15) that may impact the use of this standard. (July 1,
2016)

(1) Modified 5.1.1, 5.2, and Table 2 to clarify
determining of compliance for physical properties.

(2) Modified 4.2 and added Note 3 to clarify

requirements for aggregate gradations.

Committee C15 has identified the location of selected
changes to this standard since the last issue (C90 —
14) that may impact the use of this standard.
(December 15, 2015)

(1) Revised 1.1 to remove numerals preceding density

classifications.
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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@asim.org (e-mail); or through the
ASTM website (www.astm.org). Permission rights to
photocopy the standard may also be secured from the
Copyright Clearance Center, 222 Rosewood Drive,
MA 01923, Tel: (978)

Danvers, 646-2600;

http://www.copyright.com/
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National Foreword
This Philippine National Standard PNS ASTM
C129:2019 Standard Specification for Nonloadbearing
Concrete Masonry Units, was recommended for
adoption by the Bureau of Philippine Standards
Technical Committee on Concrete, Reinforced Concrete
and PreStressed Concrete (BPS/TC 5) and was
approved for adoption as Philippine National Standard

by the Bureau of Philippine Standards.

The adoption of this standard includes Amendment
1:2019, which modifies ASTM C129-17 to include

additional requirements for compliance and marking.

PNS ASTM (C90:2019 Standard Specification for
Loadbearing Concrete Masonry Units, PNS ASTM

C129:2019 Standard Specification for Nonloadbearing
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Concrete Masonry Units and PNS ASTM

C140/C140M:2019 Standard Test Methods for
Sampling and Testing Concrete Masonry Units and

Related Units cancels and replaces PNS 16:1984.

This Philippine National Standard is derived from
ASTM C129 — 17, Standard Specification for
Nonloadbearing Concrete Masonry Units, Copyright
ASTM International, 100 Barr Harbor Drive West
PA 19428,

Conshohocken, USA. Reprinted by

permission of ASTM International.

Published by the Bureau of Philippine Standards

November 2019

All rights reserved. Unless otherwise specified, no part
of this publication may be reproduced or utilized in any

form or by any means, electronic or mechanical,

including photocopying and microfilm, without
permission in writing from the publisher
Philippine National Standard PNS ASTM C90:2019

Amendment 1: 2019
Standard Specification for Nonloadbearing Concrete
Masonry Units
Clause/Subclause Amendment
8.4 Nonloadbearing concrete masonry units shall be
clearly marked in a manner to preclude their use as

load bearing units. Labeling is not necessary if units

also comply with all requirements of Specification C90.

Amendment

Delete entire clause and replace with the following:
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8.4 At a minimum, individual units shall be marked as
“Nonloadbearing.”
10.Compliance Add the following
clause:
10.2 The manufacturer shall issue a certificate signed
by the owner or its authorized representative, for every
delivery, attesting that every finished product complies
with the following minimum requirements under PNS
ASTM C90:2019

a. Density

b. Water Absorption

c. Compression Strength

d. Dimensions
This international standard was developed in
accordance with internationally recognized principles
on standardization established in the Decision on
Principles for the Development of International
Standards, Guides and Recommendations issued by

the World Trade Organization Technical Barriers to

Trade (TBT) Committee.

Designation: C129 - 17

Standard Specification for Nonloadbearing Concrete
Masonry Units !

This standard is issued under the fixed designation
C129; 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 epsilon (¢) indicates an
editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of

the U.S. Department of Defense.
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1. Scope*

1.1 This specification covers hollow and solid
nonloadbearing concrete masonry units made from
Portland cement, water, and mineral aggregates with
or without the inclusion of other materials. These units
are intended for use in nonloadbearing partitions, but
under certain conditions they may be suitable for use
in nonloadbearing exterior walls above grade where
effectively protected from the weather.

1.2 The text of this standard references notes and
footnotes that provide explanatory material. These
notes and footnotes (excluding those in tables and
figures) shall not be considered as requirements of the
standard.

1.3 The values stated in inch-pound units are to be
regarded as standard. The values given in parentheses
are mathematical conversions to SI units that are
provided for information only and are not considered

standard. :

Note 1—Concrete masonry units covered by this
specification are made from lightweight or normal

weight aggregates, or both.

Note 2—When particular features are desired, such as
density classification, surface texture for appearance or
bond, finish, color, fire resistance, insulation, acoustical
properties, or other special features, such properties
should be specified separately by the purchaser.
However, suppliers should be consulted as to the

availability of units having the desired features.

1.4 This international standard was developed in
accordance with internationally recognized principles
on standardization established in the Decision on

Principles for the Development of International
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Standards, Guides and Recommendations issued by
the World Trade Organization Technical Barriers to

Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards: 2

C33 Specification for Concrete Aggregates

C90 Specification for Loadbearing Concrete
Masonry Units

C140 Test Methods for Sampling and Testing
Concrete Masonry. Units and Related Units

C150 Specification for Portland Cement

C207 Specification for Hydrated Lime for Masonry
Purposes,

C331 Specification for Lightweight Aggregates for
Concrete Masonry Units

C426 Test Method for Linear Drying Shrinkage of
Concrete Masonry Units

C595 Specification for Blended Hydraulic Cements

C618 Specification for Coal Fly Ash and Raw or
Calcined Natural Pozzolan for Use in Concrete

C989 Specification for Slag Cement for Use in
Concrete and Mortars

C1157 Performance, Specification for Hydraulic
Cement

C1232 Terminology of Masonry

3. Terminology
3.1 Terminology defined in Terminology C1232 shall

apply for this specification.

4. Classification

4.1 Nonloadbearing concrete masonry units
manufactured in accordance with this specification
shall conform to one of three density classifications

prescribed in Table 1.
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5. Materials and Manufacture

5.1 Cementitious Materials—Materials shall
conform to the following applicable specifications:

5.1.1 Portland Cement—Specification C150.

5.1.2 Blended Hydraulic Cements—Specification
C595.

5.1.3 Hydraulic Cement—Specification C1157.

5.1.4 Hydrated Lime, Type S—Specification C207.

5.1.5 Ground Granulated Blast Furnace Slag—
Specification C989.

5.1.6 Pozzolans—Specification C618.

5.2 Aggregates—Aggregates shall conform to the

following ASTM specifications, except that grading

requirements shall not necessarily apply:

5.2.1 Normal Weight Aggregates—Specification C33.

5.2.2 Lightweight Aggregates—Specification C331.

TABLE 1 Density Classification® Requirements

5 i

5.1 EANRIRE—MEHT. LT D% 3 DB UL
TOHLERHVET,

5.1.1 R/VET U REACR—Hi& C150.

5.1.2 IR G /KA AL+ — HiA% C595.

5.1.3 KM AL~ —#Hk C1157.

5.1.4 KFIAIR, #A47 S—Hik& C207.

5.1.5 STz @i AZ 7 — Hiks C989.

5.1.6 "' T — ik C618.
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5.2.1 @ H B4 — HiFE C33.

5.2.2 B E-H# — #lfk C331.

1 EEKSY A OBSREIH

Density Oven-Dry Density of Concrete, HEX Sy MR E, 1o/t (kg/m3) 3 2=y D
Classification 1b/ft3 (kg/m3) Average of 3 Units

Lightweight Less than 105 (1680) (5378 K 105 (1680)

Medium weight 105 to less than 125 (1680 to 2000) i 105 LAE 125 (1680 to 2000) il
Normal Weight 125 (2000) or more 308 T 125 (2000) LI E

A Consult manufacturers for available densities

5.3 Other Constituents—Air-entraining agents,
coloring pigments, integral water repellents, finely
ground silica, and other constituents, shall be
previously established as suitable for use in concrete
masonry and shall conform to applicable ASTM
standards or shall be shown by test or experience not
to be detrimental to the durability of the concrete

masonry units or any material customarily used in

masonry construction.

A FIAATREZR B I OWEA— I — B NG <72
S

5.3 TOMMOMRLE R — 72 GUATAI, 25 R, — (R
A IR D1 BEOZE OMORERLEHRIL, 2227
— MRS COMEAICHET 2 OL L CHATNCHLS I,
A&ns ASTM HUSIZHEIL 27 RBRE/ITRBRIZ L -
TRENDLOELET, 27— M=y b E2 I3
R T A SO B O AN A E Tho IR
FH A,

133




6. Physical Requirements

6.1 At the time of delivery to the purchaser, units

shall conform to the strength requirements prescribed
in Table 2. All units shall be sound and free of cracks or
other defects that interfere with the proper placement
of the units or significantly impair the strength or
permanence of the construction. Minor cracks
incidental to the usual method of manufacture or minor
chipping resulting from customary methods of
handling in shipment and delivery are not grounds for
rejection.
Note 3—The purchaser is the public body or authority,
association, corporation, partnership, or individual
entering into a contract or agreement to purchase or
install, or both, concrete masonry units. The time of
delivery to the purchaser is FOB plant when the
purchaser or purchaser's agent transports the concrete
masonry units, or at the time unloaded at the worksite
if the manufacturer or manufacturer's agent transports
the concrete masonry units.

6.2 At the time of delivery to the purchaser, the total
linear drying shrinkage of units shall not exceed
0.065%.

6.3 Solid Units—The net cross-sectional area of solid
units, in every plane parallel to the bearing surface,

shall be not less than 75 % of the gross cross-sectional

area measured in the same plane,

7. Dimensions and Permissible Variations

7.1 Minimum face shell thickness shall be not less
than 1/2 in. (13 mm).

7.2 No overall dimension (width, height, and length)
shall differ by more than + 1/8 in. (3.2 mm) from the
specified standard dimensions.

Note 4—Standard dimensions of units are the

6. R B

6.1 EAE ~OELEIFIC, 2=y MIR 2 ([THESH TV
DHREE B ICHEILL TOD MR B ET, TR TH2=vh
. AT, 2=y O YR B E A BT D FIITRESS
AR OMEREE LB BRRZ OO KA I2Nb DL
LET, BH ORGE SR RET 20 &30, kL
OV R (2 43 U 23 5 0 BB 5 ER ISR IR B /&7 R T
I ESOBBIZITRVEE A,

I 3—MEAZ LIE, 2 7Y — M2 =y M A E X
RIET D, HDONNIEDOW T EATHD DR EIITEE
fiti Sy SHUBEBIETZ TN R R AL ==ty
FIAHEADZL T, MEAF E2ITWEAEZ ORBLE A=
) — MG =y Mk T DX, s kT £
RS EF OMRBANR L 7)) — MARTE 2 =y Mok 5
DA BB THBEALSN DL E | HEAE ~DELERF I
FOB (free on board(##iA % £TC) 77 b T,

6.2 i AFE ~OBELERFT, ==y MOMIE RGO 5 5
1% 0.065% %A TITRVEEA,

6.3 Yy R2=y =TV T —T 2 AT EF T2 T
DI IIT DY Yy N 2=y b IEBRE AL, [ Uk T
RESNTFRBTHRED T5% L ETRIFIUTRnER A,

T HESFIRSh DN —Yay

7.1 BT = AR =V, 12 A2F (18 mm) PLET
ASDR eV AN

7.2 REROFEE, HE BLOES) E BEShZHE
Ke~PiEE£1/8 AT (3.2 mm) P52 D ThoTidis
DEH A,
14— 2=y OB HE, A= —fREDOTETYT, ®
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manufacturer's designated dimensions. Nominal
dimensions of modular size units are equal to the
standard dimensions plus the thickness of one mortar
joint. Nominal dimensions of nonmodular size units
usually exceed the standard dimensions by 1/8 to 1/4
in. (3.2 to 6.4 mm).

TABLE 2 Strength Requirements

Vad—P AR 2=y "ONFER, B HEIC 1 S0E
NENT oAV NDESEINZT-HOICELLRDET, T
Vad—P AR 2=y "NONHEX, @ R TEE 18

~1/4 A>F(3.2~6.4 mm) B2 T,

# 2 BMEDIRSEAF

Compressive Strength
(average net area)
min, psi (MPa)

600 (4.14)

500 (3.45)

Average of 3 units

Individual unit

8. Finish and Appearance

8.1 No more than 5 % of the units in the shipment
shall exhibit one or more of the characteristics
described in 8.1.1 through 8.1.4 and 8.2.

8.1.1 Units with dimensions not meeting the
requirements of 7.2.

8.1.2 Units with finished face(s) containing chips
larger than 1 in. (25.4 mm) in any direction.

8.1.3 Units with finished face(s) containing cracks
wider than 0.02 in. (0.5 mm) and longer than 25 % of
the nominal height of the unit.

8.1.4 Units that are broken.

Note 5—Units specified to have particular features or
finishes, such as split-face and tumbled units, should
not be evaluated for conformance of such features to the
requirements of 8.1.2.

8.2 Where units are to be used in exposed wall
construction, the face or faces that are to be exposed
shall not show chips or cracks, except as permitted in
8.1.2 and 8.1.3, or other imperfections when viewed
from a distance of not less than 20 ft (6.1 m) under
diffused lighting.

8.3 The color and texture of the units shall be
specified by the purchaser. The finished surfaces that

will be exposed in place shall conform to an approved

JEAE
CEEIRYERM A& LTC)
Hx/IN, psi (MPa)

3 2=y D 600 (4.14)
1 D=k 500 (3.45)
8.4t LiF E41ME

8.1 BMND =D 5%LL T, 8.1.1 725 8.1.4 BL
O 8.2 ICREHEN TS 1 DL EORMEERTHDELE
kR

8.1.1 7.2 DEMAEIHI-SIRVFED=wh,

812 fEEDHMIZ 1 A F (25.4 mm) IV KREWF v
EE et B AR o=k,

8.1.3 {1 LiF @AY 0.02 A2F (0.5 mm) KYJEL, =vh

DAFREED 25% I KREWABREE 2=k,

8.1.4 N TWAHL=vh,
5= ATV 2 —ARH T N =y Mok | FEEDOHRE
Foldt BT ER IR ESN 2=y T, 8.1.2 D%
H~DZD IS REREDE A PEIZ OV TRHiS L p ~& T
HVEE A,

8.2 =y M EEME O SN DS E. 8.1.2L8.1.3
THFAISN DAL RE, BT DmEICRIT RN
WZ&, FIITILHRIA T C 20 74— (6.1 m) BL R iERf
BRI EZIMMD KA,

8.3 2=y rOBLEKITMAZE PIRET 2bDLLET,
FTE DT #E T 21 BT, FRSNDT VAT v
COFMHEZRT, 4 2=y L TR SNSRI
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sample consisting of not less than four units,
representing the range of texture and color permitted,
Note 6—Concrete masonry units are produced using a
wide variety of natural aggregates and other materials.
As such, slight variations inherent from natural
materials should be expected. Since specifying units
and approving samples can take place several months
prior to production of actual units for a project, slight
variations in appearance from the approved sample are
to be expected.

8.4 Nonloadbearing concrete masonry units shall be
clearly marked in a manner to preclude their use as
load bearing units. Labeling is not necessary if units

also comply with all requirements of Specification C90.

9. Methods of Sampling and Testing

9.1 The purchaser or authorized representative shall
be accorded proper facilities to inspect and sample the
units at the place of manufacture from the lots ready
for delivery.

9.2 Compressive strength, absorption, density, and
dimensional tolerances shall be based on tests of
concrete masonry units of any configuration or
dimensions made with the same materials, concrete
mix design, manufacturing process, and curing
method, conducted in accordance with Test Methods
C140 and not more than 12 months prior to delivery.

9.3 Total linear drying shrinkage shall be based on
tests of concrete masonry units made with the same
materials, concrete mix design, manufacturing process,
and curing method, conducted in accordance with Test

Method C426 and not more than 24 months prior to

delivery.

10. Compliance

10.1 If a sample fails to conform to the specified

TIAZERST DV ERHYET,

I 66— 7)— MG =y NE, SESF R RREM B L
QDO B EE L ClESNET, 07w, KIRE
MIZEA DD TIREBNRTFRINET, 2=y OEEL
P T NOEKRIE, TRV 2 MO FERRO =y MO BIEOH
MARNATOND RN H DT | GBI T e
IO T DB TS ILET,

8.4 M D=L 7Y —MifEL=y M, M /1=y
L COMERZ YRR 5 515 TR — 7Sz udizn
720, = bAHIRE C90 DT RN TOEIFITHIERLL TV D

B 7oA IEARET T,

9. YTV T LR D STk

9.1 BEAL FIIKGRINIAENITIE, G0y
FMPORGESR T Ca=y MRERS IO 7 I 735720
DI ENRFZAF A F-Z DI TNDLDELET,

9.2 [EAEMRE . WL, # . BLOHEFAE AL, BiED
12 22 HLWNIZEER 715 C140 / C140M (29> T, [MUAF
B G RGN MiETm A, BLORAFETIELNE
BORRELIT-HEOa 7Y — M2 = PO RERIZ I
DEET,

9.3 MBI RCABIHR L. WART 24 7 H BARIZERER 5 1k
C426 (Zit>C, [MUAEL ERRGT WiET v BLO
#AFETESN oy 7) — MRS = b RBRIC 5L
SNebDTRIFTRVEE A,

10,3857 F1H

10.1 B FABRESN-EHEISEA LW E, ik
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requirements, the manufacturer shall be permitted to
remove units from the shipment. A new sample shall
be selected by the purchaser from remaining units from
the shipment with a similar configuration and
dimension and tested at the expense of the
manufacturer. If the second sample meets the specified
requirements, the remaining portion of the shipment
represented by the sample meets the specified
requirements. If the second sample fails to meet the
specified requirements, the remaining portion of the
shipment represented by the sample fails to meet the
specified requirements.

Note 7—Unless otherwise specified in the purchase
order, the cost of tests is typically borne as follows: if
the results of the tests show that the units do not
conform to the requirements of this specification, the
cost is typically borne by the seller. If the results of the
tests show that the units conform to the specification

requirements, the cost is typically borne by the

purchaser.

11. Keywords
11.1 concrete masonry units; face shell; flange; linear

drying;shrinkage; nonloadbearing

SUMMARY OF CHANGES
Committee C15 has identified the location of selected
changes to this standard since the last issue (C129-14a)
that may impact the use of this standard. (June 1,

2017)

(1) Modified 8.4 to exempt units complying with
SpecificationC90 from C129 labeling requirements.
(2) Modified Section testing frequency in 9 to be based

on time of delivery.
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HLUET,
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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@asim.org (e-mail); or through the
ASTM website (www.astm.org). Permission rights to
photocopy the standard may also be secured from the
Copyright Clearance Center, 222 Rosewood Drive,
MA 01923, Tel: (978)

Danvers, 646-2600;

http://www.copyright.com/
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BEZH 3
C140/C140M — 20a Standard Test Methods for Sampling and Testing Concrete
Masonry Units and Related Units1

C140/C140M —20a 2> 7 J — M2 = F B L
BEaz=y OV 7Y U ITBLIOERBRO- DD
e R v 1

This standard is issued under the fixed designation C140/C140M; 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 epsilon (") indicates an editorial change since the last
revision or reapproval.

This standard has been approved for use by agencies of the U.S. Department of Defense.
ZOFIT, BEEHE C140 / C140M THEITINET, FEEDEEOEFIL. ZAITERHAIH
TAE ETITYGET DE B IR R ICBETSNFE LR UET, BIMNOEFIL, KB ICHERIN
TR LET, LAEXFOATonr ( 7)ik B OBGETEITHARLUBRORE LOEE

FRLET,
ZOFAKITL. KEERHRRAE ORI XA EKBEN TOET,
1. Scope* 1. i

1.1 These test methods provide various testing

procedures commonly used for evaluating
characteristics of concrete masonry units and related
concrete units. Methods are provided for sampling,
measurement of dimensions, compressive strength,
absorption, unit weight (density), moisture content,
flexural load, and ballast weight. Not all methods are
appli-cable to all unit types, however.

1.2 Specific testing and reporting procedures are
included in annexes to these test methods for the
following specific unit types:

Annex A1—Concrete masonry units

(Specifications C90, C129)

Annex A2—Concrete and calcium silicate brick

1.1 ZhHoRBRAFER, 27— M=y b IO
B9 520 7)) — b= hORFEE T3 5720 1 — k)
IHEMSN DS ES MR FIRL R ET, 7V
7 SHEOWRE ., FEMETREE , Wk, BT E R () | &K
2, W E, BLOANTANEROFEMEHRINTOE
o 1272, TRTOFERT R TCO2=y MATIZH AT
ZHDITTIEHVEE A,

1.2 FFEORBRBLOHE FIEL, ROFFED 2=
AT DZNSDORER T EDOHERICE TN TOET,

8k Al—= 7Y — M=o b
(B4 €90, C129)
ok A2—a 7V — B RO AREA L2 AR
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(Specifications C55, C73, C1634)

Annex  A3—Segmental retaining wall  units
(Specification C1372)

Annex A4—Concrete interlocking paving units
(Specification C936/C936M)

Annex A5—Concrete grid paving units (Specification
C1319)

Annex A6—Concrete roof pavers

(Specification C1491)

Annex A7T—Dry-cast articulating concrete block
(Specification D6684)

Annex A8—Segmental Concrete Paving Slabs
Specification C1782/C1782M)

1.3 The test procedures included in these test methods
are also applicable to other types of units not
referenced in these test methods, but specific testing
and reporting requirements for those units are not
included.

1.4 These test methods include the following sections:
Scope
Referenced Documents
Terminology
Significance and Use
Sampling
Measurement of Dimensions
Compressive Strength

Absorption

Calculations

(Bi#s C55, C73, C1634)

Bt A3—t& 7 AL NERE = s (B C1372)

Mt Ad—ar ) —hAo X —myF o it =k
(H#E C936 / C936M)

@ As—=a 7V —h Uy Rzt = (Hi C1319)

Bt s A6—=2 7Y — NEAR G

(Bt C1491)

R E AT-R 7y AN iR ar 7 —h T ay s
(Hi% D6684)

fték A8—&J A har /) —MNfEAT T

(Hiks C1782/ C1782M)

1.3 ZThEDORBITIEICE ENLMBRFIRIL, Zhboi
BOE TSRS TW AWML XA T D=y NI H T
TETN, INHO A=y FOKFE DB LU E ZERE
EENTOERA,

1.4 ZNHORBRFIEIE, ROBNEENET,
A
FR3E
B A 1

1 These test methods are under the jurisdiction of
ASTM Committee C15 on Manufactured Masonry
Units and are the direct responsibility of Subcommittee
C15.03 on Concrete Masonry Units and Related Units.

Current edition approved June 1, 2020. Published
June 2020. Originally approved in 1938. Last previous
edition approved in 2020 as C140/C140M — 20. DOI:

10.1520/C0140_C0140M-20A.
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Report

Keywords

Annexes—Test Procedures

Concrete Masonry Units

Concrete and Calcium Silicate Brick
Segmental Retaining Wall Units
Concrete Interlocking Paving Units
Concrete Grid Paving Units

Concrete Roof Pavers

Dry-Cast Articulating Concrete Block
Segmental Concrete Paving Slabs
Worksheet and Test Report for Concrete Masonry
Units

NOTE 1—The testing laboratory performing these test
methods should be evaluated in accordance with
Practice C1093.

1.5 The text of this test method references notes and
footnotes that provide explanatory material. These
notes and footnotes (excluding those in tables and
figures) shall not be considered as requirements of the
standard.

1.6 The values stated in either SI units or inch-pound
units are to be regarded separately as standard. The
values stated in each system may not be exact
equivalents; therefore, each system shall be used
independently of the other. Combining values from the
two systems may result in non-conformance with the
standard.

1.7 This standard does not purport to address all of
the safety concerns, if any, associated with its use. It is
the responsibility of the user of this standard to
establish health, and

appro-priate safety,

environmental practices and deter-mine the

applicability of regulatory limitations prior to use.
1.8 This international standard was developed in

accordance with internationally recognized principles

WiEE
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LET,

1.6 SI HALEZIIA L TR NEALOWF N TRl
NTOHIEIL, TNk L RigShET, £ HAR TR
SN TODER, BRICAEF TIIRWEERHVET, L
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T 2 DOHNROMEEAAEDEDHE HK IS
TRDAIREMED DV ET,

1.7 oI, ZOMEMNICHEET LT X TDRE Lo
BRI AT 2R BRI CVEY A, ZOHB O —W
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on standardization established in the Decision on
Principles for the Development of International
Standards, Guides and Recommendations issued by
the World Trade Organization Technical Barriers to
Trade (TBT) Committee.
2. Referenced Documents
2.1 ASTM Standards:2
C55 Specification for Concrete Building Brick
C73 Specification for Calcium Silicate Brick (Sand-
Lime-Brick)
C90 Specification for Loadbearing Concrete Masonry
Units
C129 Specification for Nonloadbearing Concrete
Masonry Units
C143/C143M Test Method for Slump of Hydraulic-
Cement Concrete
C936/C936M  Specification for Solid Concrete
Interlocking Paving Units
C1093 Practice for Accreditation of Testing Agencies
for Masonry
C1232 Terminology for Masonry
C1319 Specification for Concrete Grid Paving Units
C1372 Specification for Dry-Cast Segmental
Retaining Wall Units
C1491 Specification for Concrete Roof Pavers
C1552 Practice for Capping Concrete Masonry Units,
Related Units and Masonry Prisms for Compression
Testing
C1634 Specification for Concrete Facing Brick
C1716/C1716M Specification for Compression Testing
Machine Requirements for Concrete Masonry Units,
Related Units, and Prisms
C1782/C1782M Specification for Segmental Concrete
Paving Slabs
D1056 Specification for Flexible Cellular Materials

Sponge or Expanded Rubber

LRI OBARIZ BT 2 AN B3 DR E CTHESL ST B
(LI 2 EBEMICER O LN RANCHE > TR SN E
L7z,
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2.1 ASTM itk :2
C55 A 7Y —MEFH LA DD
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D6684 Specification for Materials and Manufacture of

Articulating Concrete Block (ACB) Systems

E4 Practices for Force Verification of Testing

Machines

E6 Terminology Relating to Methods of Mechanical

Testing

2.2 Other Documents:

SP 960-12 NIST Recommended Practice Guide —

Stopwatch and Timer Calibration3
3. Terminology

3.1 Terminology defined in Terminologies C1232 and
E6 shall apply for these test methods.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 lot, n—any number of concrete masonry units or
related units, designated by the producer, of any
configuration or dimension manufactured by the
producer using the same materials, concrete mix
design, manufacturing process, and curing method.
4. Significance and Use

4.1 These test methods provide general testing
requirements for application to a broad range of
concrete products. Those general testing requirements
are included in the body of this standard.
NOTE 2—Consult manufacturer, supplier, product
specifications, or other resources for more specific
measurement or testing guidelines for those products

not addressed with the annex of this standard.
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4.2 These test methods provide specific testing

requirements in two distinct sections, the
requirements applicable to all units covered by these
test methods and those applicable to the specific unit
types. The requirements applicable to all units are
included in the body of these test methods and those
applicable to the specific unit types are included within

the annexes.

5. Sampling

5.1 Selection of Test Specimens:

5.1.1 For purposes of testing, full-sized units shall be
selected by the purchaser or authorized representative.
The selected specimens shall be of similar
configuration and dimensions. Specimens shall be
representative of the whole lot of units from which they
are selected.

5.2 Number of Specimens:

5.2.1 Unless specified otherwise in the applicable
annex, a set of units shall consist of six full-size units.

5.3 Remove loose material from the specimens
(including the cores) prior to determining the received
weight.

NOTE 3—An abrasive stone or wire brush is typically
used to remove loose material.

5.4 Identification—Mark each specimen so that it may
be identified at any time. Markings shall cover not
more than 5 % of the surface area of the specimen.

5.5 Received Weight—Prior to performing tests, weigh
each specimen after sampling and marking, and record
as w: (received weight). Record time and place w: was
measured.

NOTE 4—Received weights often have direct
relationships with other unit properties and are

therefore a useful method of evaluating results or for

sorting purposes. It is good laboratory practice to
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separate sampled units for strength and absorption
testing by received weight, such that the averages of
the subsets of specimens are similar and
representative of the sampled units. Received weight
may also be useful in evaluating inconsistency in test
results or unit production issues. The weight of a
concrete masonry unit and related unit changes with
time and exposure conditions, primarily as a result of
the moisture within the unit. Therefore, to understand
the context of a received weight value, it is also
important to understand the point in time and the
frame of reference when that weight was determined.
“Time and place” should not refer to when and where
the unit was sampled but when and where the received
weights were determined. In addition to date and time
references, it is also important to know if those weights
were determined after units reached equilibrium with
lab environment, or before units were shipped, or after
delivery to the job site, and so forth. Moisture content
is not a physical property requirement of concrete
masonry units, therefore field measurement of received

weight is not necessary (unless specifically specified for

a particular job).

6. Measurement of Dimensions

6.1 Apparatus:

6.1.1 Measurement Devices—Devices wused to
measure specimen dimensions shall have divisions not
greater than 0.1 in. [2.5mm] when the dimension is to
be reported to the nearest 0.1 in. [2.5mm] and not
greater than 0.01 in.[0.25mm] when the dimension is
to be reported to the nearest 0.01 in. [0.25mm)].

6.1.2 Measuring devices shall be readable and
accurate to the division required to be reported.

Accuracy shall be verified at least once annually.

Verification record shall include date of verification,
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person or agency performing verification, identification
of reference standard used, test points used during
verification, and readings at test points.

6.2 Specimens—Three full-size units shall be selected
for measurement of dimensions.

6.3 Measurements—Measure specimens in
accordance with the applicable annex of this standard.
For those products not covered by the annexes of this
standard, measure overall dimensions (width, height,
length) in at least two locations on opposite sides of the
specimen to the nearest division required to be
reported. Document location of each measurement on a
sketch or photograph of the specimen.

NOTE 5—Specimens used for measurement of
dimensions may be used in other tests.

NOTE 6—Calipers, micrometers, and steel scales and

dividers of the appropriate accuracy and readability

have been shown to be adequate for these
measurements.

7. Compressive Strength

7.1 Test Apparatus—The compressive strength
testing machine shall conform to Specification

C1716/C1716M.

NOTE 7—Previous versions of this standard have
contained specific requirements for compressive
strength test machines. These requirements have been
replaced with reference to Specification
C1716/C1716M.

7.2 Test Specimens:

7.2.1 Unless specified otherwise in the applicable
annex, test three specimens in compression.

7.2.2 Unless specified otherwise in the applicable
annex, specimens shall be full-sized units except when
the units cannot be tested full-size due to specimen

configuration or testing machine requirements. In
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these cases, reduce the specimen size in accordance
with Annex Al.

7.2.3 After delivery to the laboratory, store
compression specimens (unstacked and separated by
not less than 0.5 in.[13mm)] on all sides) continuously
in air at a temperature of 75+ 15°F [24+8°C] and a
relative humidity of less than 80 % for not less than 48
h. Alternatively, if compression results are required
sooner, store units unstacked in the same environment
described above with a current of air from an electric
fan passing over them for a period of not less than 4 h.
Continue passing air over the specimens until two
successive weightings at intervals of 2 h show an
increment of loss not greater than 0.2 % of the
previously determined weight of the specimen and
until no moisture or dampness is visible on any surface
of the unit. Specimens shall not be subjected to oven-
drying.

NOTE 8—In this test method, net area (other than
certain solid units, see 9.5) is determined from
specimens other than those subjected to compression
testing. The compressive strength method is based on
the assumption that units used for determining net
volume (absorption specimens) have the same net
volume as units used for compression testing. Sampled
split face units, which have irregular surfaces, should
be divided at the time they are sampled from the lot,
such that the absorption test specimens have a net
volume that is visually representative and a weight
that is representative of the compression test
specimens.

7.2.4 Where saw-cutting of test specimens is allowed
or required by the standard or applicable annex,
sawing shall be performed in an accurate, competent

manner, subjecting the specimen to as little saw

vibration as possible. Use a diamond saw blade of
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proper hardness. Following cutting, residue from the
cutting operation shall be removed prior to continuing
testing (see Note 9). If the specimen is wetted during
sawing, allow the specimen to dry to equilibrium with
laboratory air conditions before testing, using the
procedures outlined in 7.2.3.

NOTE 9—For specimens cut with a wet saw, rinsing
with clean water is typically sufficient for removing
cutting residue. For specimens cut with a dry saw,
brushing with a soft-bristle brush is typically sufficient
for removing cutting residue.

7.2.5 If compression test specimens have been saw-cut
from full-sized units and the net area of the
compression test specimens cannot be determined by
9.5.1, saw-cut an additional three units to the
dimensions and configuration of the three compression
test specimens. The average net area for the saw-cut
compression specimens shall be taken as the average
net area of the additional three saw-cut units
calculated as required in 9.5. Calculated net volumes of
saw-cut specimens shall not be used in calculating
equivalent thickness.

7.3 Capping—Cap test specimens in accordance with
Practice C1552.

7.4 Compression Testing Procedure:

7.4.1 Position of Specimens—Test specimens with the
centroid of their bearing surfaces aligned vertically
with the center of thrust of the spherically seated steel
bearing block of the testing machine (Note 10). Except
for special units intended for use with their cores in a
horizontal direction, test all hollow concrete masonry
units with their cores in a vertical direction. Test
masonry units that are 100 % solid and special hollow
units intended for use with their hollow cores in a
horizontal direction in the same direction as in service.

Prior to testing each unit, ensure that the upper platen
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moves freely within its spherical seat to attain uniform
seating during testing.

NOTE 10—For those masonry units that are
symmetrical about an axis, the location of that axis can
be determined geometrically by dividing the dimension
perpendicular to that axis (but in the same plane) by
two. For those masonry units that are nonsymmetrical
about an axis, the location of that axis can be
determined by balancing the masonry unit on a knife
edge or a metal rod placed parallel to that axis. If a
metal rod is used, the rod shall be straight, cylindrical
(able to roll freely on a flat surface), have a diameter of
not less than 0.25 in. [6 mm] and not more than 0.75
in. [19 mm], and its length shall be sufficient to extend
past each end of the specimen when placed upon it. The
metal rod shall be placed on a smooth, flat, level
surface. Once determined, the centroidal axis shall be
marked on the end of the unit using a pencil or marker
having a marking width of not greater than 0.05 in. [1.5
mm]. A tamping rod used for consolidation of concrete
and grout for slump tests performed in accordance with
Test Method C143/C143M is often used as a balancing
rod.

7.4.2 Moisture Condition of Specimens—At the time
the specimens are tested, they shall be free of visible
moisture or dampness.

7.4.3 Speed of Testing—Apply the load (up to one half
of the expected maximum load) at any convenient rate,
after which adjust the controls of the machine as
required to give a uniform rate of travel of the moving
head such that the remaining load is applied in not less
than 1 nor more than 2 min. The results of the first
specimen shall not be discarded so long as the actual
loading time for the second half of the actual load is
greater than 30 s.

NOTE 11—The allowance for a loading rate outside of
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1 to 2 min for the first specimen acknowledges that the
expected load may be different than the actual
maximum load. The load rate for the remaining two
specimens should be adjusted based on the first
specimen results.

7.4.4 Maximum Load—Record

the maximum

compressive load in pounds [newtons] as Pmax.

8. Absorption

8.1 Apparatus—Unless specified otherwise in the
appropriate annex, the following equipment shall be
used:

8.1.1 Balance—A balance readable and accurate to
0.1 % of the weight of the smallest specimen tested.
Balances shall be calibrated in accordance with
Practice C1093.

8.1.2 Oven—A ventilated oven of appropriate size
capable of maintaining a uniform temperature of 230 =
9°F [110+5°C]. Ovens shall be verified in accordance
with Practice C1093.

8.1.3 Timer—A timer readable and accurate to 1
second. Timers shall be verified in accordance with
Practice C1093.(See Note 12.)

NOTE 12—Recommended procedures for verifying
timers can be found in NIST Special Publication 960-
12 (2009): NIST Recommended Practice Guide—
Stopwatch and Timer Calibrations.

8.2 Test Specimens:

8.2.1 Unless specified otherwise in the applicable
annex, test three specimens in absorption.

8.2.2 Unless specified otherwise in the applicable
annex, tests shall be performed on full-sized units or
specimens saw-cut from full-sized units. Calculated
values for absorption and density of reduced-size
specimens shall be considered

absorption as

representative of the whole unit.
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8.2.2.1 When test specimens are saw-cut from full-
sized units, the test specimen shall have an initial
weight after cutting of no less than 20 % of the initial
received weight of the full-sized unit.

NOTE 13—When performing absorption tests on
reduced-sized specimens, it is preferable to have a test
specimen that is as large as practically possible and can
be accommodated by laboratory equipment. This helps
to reduce any location-specific variability from the
absorption results.

8.3 Procedure:

8.3.1 Immerse the test specimens in water at a
temperature of 60 to 80°F [15 to 27°C] for 24 to 28 h
such that the top surfaces of the specimens are at least
6 in. [150 mm] below the surface of the water.
Specimens shall be separated from each other and from
the bottom of the immersion tank by at least 0.125 in.
[3 mml], using wire mesh, grating, or other spacers. The
spacer shall not cover more than 10 % of the area of the
face that is in direct contact with the spacer (see Note
14).

NOTE 14—The intent of the requirement for spacer
contact with the specimen surface is to limit the
possibility of reduced absorption of water due to
blockage by the spacer. In order to determine
compliance, only the area of the surface of the specimen
in contact with the spacer should be considered. For
example, when a spacer is used between the bottom of
the specimen and the bottom of the tank, only the area
of the bottom of the unit should be used to determine
the 10 % limit (not the surface area of the entire
specimen).

8.3.2 Weigh the specimens while suspended by a
metal wire and completely submerged in water and
record wi (immersed weight).

8.3.3 Remove the specimens from water and allow to
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drain by placing them on a 0.375-in. [10-mm] or coarser
wire mesh. While the specimen is draining and before
weighing, remove visible surface water with a damp
cloth. Weigh specimens 60+ 5s following removal from
water. Record as ws (saturated weight).

8.3.4 Subsequent to saturation, dry all specimens in a
ventilated oven at 230+ 9°F [110 = 5°C] for not less
than 24 h and until two successive weighings at
intervals of 2 h show an increment of loss not greater
than 0.2 % of the last previously determined weight of
the specimen. Record weight of dried specimens as wa

(oven-dry weight).

9. Calculations

9.1 Absorption—Calculate absorption as follows:

Absorption, Ib/ft3 = [(ws wa/(ws - w)]x62.4 (1)

[Absorption , kg/m3 = [(ws- wa)/(ws - wi)] X 1000]

Absorption, % = [(ws wa)/ wa]Xx 100
where:
ws = saturated weight of specimen, 1b [kgl,
wi = immersed weight of specimen, 1b [kgl, and
wa = oven-dry weight of specimen, 1b [kg].

9.2 Moisture Content—Calculate the moisture
content of the unit at the time it is sampled (when w is
measured) as follows:

Moisture Content, % of total absorption =

(Wi~ wa)/ (ws- wa)lx100 @)
where:
w: = received weight of unit, Ib [kgl,
wa= oven-dry weight of unit, 1b [kgl, and
ws = saturated weight of unit, 1b [kgl.

NOTE 15—When determining the moisture content of

a unit or set of units, the value determined is a measure

of the water content of a unit based upon the received

weight of the unit w:,. Thus, the moisture content

calculation above is only applicable to the unit
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moisture content at the time the received weight, wr, is
obtained.

9.3 Density—Calculate oven-dry density as follows:

Density (D), Ib/ft? = [wa/ (ws - wi) ] x 62.4 3

[Density (D),kg/ m3 = [wa/ (ws - wi) ] x1000]
where:
wa = oven-dry weight of specimen, 1b [kg],
ws = saturated weight of specimen, 1b [kgl, and
wi= immersed weight of specimen, 1b [kg].

9.4 Net Volume—Calculate net volume as follows:

Net Volume(Vy),ft3 = wa/D = (ws -wi) /62.4  (4)

[Net Volume(Vy),cm3 = wa/D = (ws -wi) /103
where:

Vi = net volume of specimen, ft3 [cm3],

wa = oven-dry weight of specimen, 1b [kg],

D = oven-dry density of specimen, 1b/ft3 [kg /m?],
ws = saturated weight of specimen, 1b [kgl, and
wi = immersed weight of specimen, 1b [kg].

9.5 Average Net Area—Calculate net area as follows:

Average Net Area (Ay), in.2=(Voux 1728)/H  (5)

[Average Net Area(An),mm? = (V,x 103) /H]
where:

Vi = net volume of specimen, ft3 [cm3],
A, = average net area of specimen, in.2 [mm?], and
H = average height of specimen, in. [mm].

NOTE 16—In SI units, net volume is calculated in
terms of cubic centimeters to be consistent with the
reporting requirements of this standard. Net area,
however, is calculated in terms of square millimeters in
order to facilitate calculation of compressive strength
in MPa which is defined as N/mm?2.

9.5.1 Except for irregularly shaped specimens, such as
those with split surfaces, calculate the net area of

coupons and those specimens whose net cross-sectional

area in every plane parallel to the bearing surface is

equal to the gross cross-sectional area measured in the

9.3 BE-ROINA—T UGB EEFELET,
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9.5 P IEBREFAE—IR O I IEMR AR R L ET,
(5)

Db kgl BEW

1b [kgl

SEHIIE B FE(AL), in.2 =(Vax 1728)/H

[ E MR FE (AL, mm? = (Vax 103) /H]
7272l
Vi =iBR RO EBRAFE, ft2 [ems3],
A =3BRIROSEHTERARE, in.2 [mm2], BEO
H =i KD FE &S, A2 F [mm]

£ 16—ST HAZ T, IEWRARIE, 2O O@E B EL
=BT HIDNL B F ANV TR ELSNET, L,
EWRAEREIL, N/ mm2 ELCEESND MPa CO LA
DEREERG T D101, EHIA—ML TR RSN E

ER

9.5.1 B L DT HRABTARO KGR A K ME
IS P77~ O P COTERBTER . L Vil
TESIU I B I 5 L — K BB DR IR K
DISITHELET:

153




same plane, as follows:

Net Area (A, in.2 [mm?2] = L XW (6)

where:

A, = net area of coupon or specimen, in.2 [mm?],

L = average length of coupon or specimen, in. [mm], and
W = average width of coupon or specimen, in. [mml].

9.6 Gross Area—Calculate gross area of each
specimen as follows:

Gross Area(Ap), in.2 [mm?2|= LxW )
where:

A = gross area of specimen, in.2 [mm?],
L = average length of specimen, in. [mm], and
W = average width of specimen, in. [mm)].

9.6.1 The gross cross-sectional area of a specimen is
the total area of a section perpendicular to the direction
of the load, including areas within cells and reentrant
spaces, unless these spaces are to be occupied in the
masonry by portions of adjacent masonry.

9.7 Compressive Strength:

9.7.1 Net Area Compressive Strength—Calculate the
net area compressive strength of the specimen as
follows:

Net Area Compressive Strength, psi [MPal] = Pumax/An
®

where:

Prmax = maximum compressive load, 1b [N], and
An, avg = average of the net area values determined for
each of the three absorption specimens, in.2 [mm?].
9.7.2 Gross Area Compressive Strength—Calculate
the gross area compressive strength of the specimen as
follows:
Gross Area Compressive Strength, psi [MPa] = Pmax/Ag
9
where:

Prmax = maximum compressive load, 1b [N], and

Ag avg = average of the gross area values determined for

EBEEFE(An), in.2 [mm?2] = L xW (6)
72750
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each of the three specimens, in.2 [mm?].

10. Report

10.1 For the purpose of reporting test results, all
observed or calculated values shall be rounded using
the following procedure:

10.1.1 When the digit immediately after the last place
to be retained is less than 5, retain unchanged the digit
in the last place retained.

10.1.2 When the digit immediately after the last place
to be retained is greater than or equal to 5, increase by
1 the digit in the last place retained.

NOTE 17—As an example, density results are
required to be reported to the nearest 0.1 lb/ft3 [1
kg/m3lin 10.3.7. For inch-pound units, a calculated
value of 130.8= 1b/ft3 should be reported as 130.9 1b/ft3.
For ST units, a calculated value of 2095.85 kg/m3 should
be reported as 2096 kg /ms3.

10.2 A complete report shall include the following
general information:

10.2.1 Name and address of the testing laboratory,

10.2.2 Identification of the report and the date of
issue,

10.2.3 Name and address of the client or the
identification of the project,

10.2.4 Description and identification of the test
sample,

10.2.5 Date of receipt of the test sample,

10.2.6 Date(s) of test performance,

10.2.7 Identification of the standard test method used,
including edition, and a notation of any known
deviation from the test method,

10.2.8 Name of the person(s) accepting technical
responsibility for the test report,

10.2.9 Age of test specimens, if known,

10.2.10 Identification of any test results obtained from
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another laboratory, and

10.2.11 A photograph, sketch, or description of the
configuration of the unit.

10.3 Unless specified otherwise in the applicable
annex, a complete report shall include the following
test results for the tests performed:

10.3.1 The average width, height and length to the
nearest 0.1 in. [2.5 mm] separately for each specimen
and as the average for the three specimens tested.

10.3.2 The net area to the nearest 0.1 in.2 [50 mm?|
separately for each specimen and as the average for the
three specimens tested.

10.3.3 The maximum load separately for each
specimen and as the average for the three specimens
tested. Record the load as indicated to the nearest 10 1b
[50 NI or the minimum resolution of the test machine
as used during testing, whichever is greater.

10.3.4 The net area compressive strength to the
nearest 10 psi [0.1 MPa] separately for each specimen
and as the average for the three specimens tested.

10.3.5 The immersed, saturated, and oven dry weights
(wi, ws, and wa) to the nearest 0.1 1b [0.05 kg] separately
for each specimen and as the average for the three
specimens tested.

10.3.6 The absorption to the nearest 0.1 1b/ft3 [1 kg/m3]
separately for each specimen and as the average for the
three specimens tested.

10.3.7 The density to the nearest 0.1 1b/ft3 [1 kg/m3]
separately for each specimen and as the average for the
three specimens tested.

10.3.8 When required, the received weight (w:) to the
nearest 0.1 1b [0.05 kg] and the moisture content to the
nearest 0.1 % separately for each specimen and as the
average for the three specimens tested. The time when

the moisture content is determined (when w: is

measured) shall also be reported.
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10.3.9 The size and configuration of the specimens
tested for compressive strength and absorption.

10.4 Provide a summary report that includes the
information necessary to determine compliance with
the applicable product specification for the properties
evaluated.

10.5 A complete report shall also include the other
reporting requirements from the applicable annex.

NOTE 18—This summary report can be included as
part of the test report or provided separately as a cover
letter. See Appendix X1 for an example of a test report

with summary section for concrete masonry units.

11. Keywords

11.1 absorption; compressive strength; concrete
masonry units; density; equivalent thickness; face
shell; moisture content; roof paver; web area; webs; web

thickness

ANNEXES

(Mandatory Information)

Al. TEST PROCEDURES FOR CONCRETE
MASONRY UNITS
A1.1 Scope

A1.1.1 This annex includes testing requirements that
are particular for concrete masonry units that are
manufactured for compliance with the following unit
specifications: C90, C129.

Al.2 Measurement

A1.2.1 For each unit, measure and record the following
to the nearest division required to be reported (see Fig.
ALD):

(1) Width (W) at mid-length across the top and bottom
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bearing surfaces. Average the two recorded values to
determine the width of the specimen.

(2) Height (H) at mid-length on each face. Average the
two recorded values to determine the height of the
specimen.

(3) Length (L) at mid-height on each face. Average the
two recorded values to determine the length of the
specimen.

A1.2.2 For each wunit, measure the face shell
thicknesses (tfs) at the thinnest point 0.50 in. [13 mm]
down from the top surface of the unit as manufactured
(typically the bottom surface of the unit as laid) and
record to the nearest division required to be reported.
Disregard grooves, scores, and similar details in the
face shell thickness measurements.

A1.2.3 For each unit, when the thinnest point of
opposite face shells differ in thickness by less than
0.125 in. [3 mml, calculate the minimum face shell
thickness by averaging the recorded measurements.
When the thinnest points differ by more than 0.125 in.
[3 mml], the minimum face shell thickness shall be
taken as the smaller of the two recorded measure-
ments.

A1.2.4 For each unit, measure the web thickness (tw)at
the minimum thickness of each web to the nearest 0.01
in.[0.25 mm].

A1.2.5 For each unit, determine the minimum web area
using one of the following methods:

A1.2.5.1 For units with rectangular webs, measure the
web height (th) at the minimum height of each web to
the nearest 0.1 in. [2.5 mm]. For each unit, calculate
the minimum web area for each web (Aw) by
multiplying the minimum web thickness (tw) and
minimum web height (th) for measured web
dimensions of 0.75 in. [19 mm] or greater. For each

unit, calculate the total minimum web area (Aw) by

2 OOfEAEH LT, BRI DIEARELET,
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summing the web area (Ay) of each web.

A1.2.5.2 For units with webs that are not rectangular,
disregard portions of the web that have a thickness of
less than 0.75 in. [19 mm]. Make necessary
measurements to determine the web area of each web
at the minimum area based on the configuration of the
web (see Note A1.2). For each unit, calculate the total
minimum web area (Awt) by summing the web area

(Aw) of each web.

Width (measured at mid-length on top and bottom surface)

Height (measured at mid-length on this face
and opposite face)

Length (measured at mid-height on
this face and opposite face)

FIG.

Al.1  Diagram  Showing Location of

Measurements for CMU*

NOTE A1.1—Webs with minimum heights over their
entire length or thickness over their entire height of
less than 0.75 in. [19 mm] do not typically contribute to
the unit’s structural stability. Such webs should not be
included in the minimum web area calculation. When
a web has a portion that is less than 0.75 in. [19 mm]
in thickness, the web area should be determined based
only on the portions of the web that are larger than 0.75
in. [19 mm] in thickness. See Fig. A1.2 and Fig. A1.3.

NOTE A1.2—It can be difficult on some units to access
the minimum web area. If necessary, the unit can be
saw-cut along the length at the minimum web area to
facilitate measurements. Fig. A1.3 shows an example
of a non-rectangular web, where the upper portion
would be discarded from the measurement because it
is less than 0.75 in. [19 mm] in thickness, and the lower
portion would be used to determine web area because

it is greater than 0.75 in. [19 mm)] in thickness.
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NOTE 1—If tw is less than 0.75 in. [19 mm] over the
entire height of the web, disregard entire area of that
web when determining minimum web area.

FIG. A1.2 Example of Web with Irregular Cross-
section—Plan View

Top of Web

Disregard

T

Bottom of Web

NOTE 1—Web Area =tw * h

FIG. A1.3 Example of Irregular Web Area
Calculation—Section View

A1.3 Compressive Strength Testing

A1.3.1 Test Specimens—Specimens shall be full-sized
units unless full-size units cannot be tested due to
specimen  configuration or testing machine
requirements. When necessary, modify specimens as
required in A1.3.1.1 through A1.3.1.3.

A1.3.1.1 Unsupported projections having a length
greater than the thickness of the projection shall be
removed by saw-cutting. For units with recessed webs,
the face shell projecting above the web shall be
removed by saw-cutting to provide a full bearing

surface over the net cross section of the unit. Where the
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resulting unit height would be reduced by more than
one-third of the original unit height, the unit shall be
coupon tested in accordance with A1.3.1.3.

A1.3.1.2 When compression testing full-sized units that
are too large for the test machine’s bearing block and
platens or are beyond the load capacity of the test
machine, saw-cut the units to properly size them to
conform to the capabilities of the testing machine. The
resulting specimen shall have no face shell projections
or irregular webs and shall be fully enclosed in a four-
sided cell or cells. The compressive strength of the
segment shall be considered to be the compressive
strength of the whole unit.

A1.3.1.3 When compression testing units of unusual
size and shape where a suitable reduced-size specimen
in accordance with A1.3.1.2 cannot be obtained, (see
Note A1.3 and Note A1.4), the specimens shall be saw-
cut to remove any face shell projections. The resulting
specimen shall be a cell or cells containing four sides
that will ensure a 100 % bearing surface. Where saw-
cutting will not result in an enclosed four-sided unit,
the specimen shall be a coupon cut from a face shell of
each unit. The coupon shall be cut from the unit such
that the coupon height dimension is in the same
direction as the unit’'s height dimension. The
compressive strength of the coupon shall be the net
area compressive strength of the whole unit. The
coupon size shall conform with the following:

(1) Targeted coupon width shall be equal to the face
shell thickness and shall not be less than 0.75 in. [19
mml].

(2) Targeted aspect ratio (height divided by width,
Hs/Ws) of 2.0 before capping.

(3) Targeted length to width ratio (Ls/Ws) of 4.0.

(4) Actual coupon dimensions shall not differ by more

than 0.12 in. [3 mm] from targeted dimensions.
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(5) Coupons shall be solid and not contain voids.
A1.3.1.4 If a coupon complying with to A1.3.1.3 is used
for compressive strength testing, measure the coupons
in accor-dance with A1.3.2.

A1.3.2 Coupon Measurement—Coupon measurements
shall be performed to the nearest 0.01 in. [0.25 mm]
using a measurement device readable and accurate to
0.01 in. [0.25 mm]. Measurements shall be taken as
follows:

A1.3.2.1 Width—Measure and record the width of the
cou-pon (Ws) across the top and bottom surfaces at
mid-length. Average the two recorded values to
determine the width of the coupon.

A1.3.2.2 Height—Measure and record the height of the
coupon (Hs) at mid-length on each face. Average the
two recorded values to determine the height of the
coupon.

A1.3.2.3 Length—Measure and record the length of the
coupon (Ls) at mid-height of each face. Average the two
recorded values to determine the length of the coupon
NOTE A1.3—Examples of units having unusual size or
shape include, but are not limited to, bond beam units,
open end units, and pilaster units.

NOTE A1l.4—A full-size unit should be tested if
feasible. If that is not feasible, then a reduced-size unit
should be tested. If it is not feasible to test a full-size or

reduced-size unit, then a coupon should be tested.

A1.3.3 Testing—Cap and test specimens in accordance
with 7.3 and 7.4.

A1.4 Absorption Testing

A1.4.1 Apparatus—Absorption testing apparatus shall
comply with 8.1.

A1.4.2 Test Specimens—Specimens shall be full-size or
reduced-size specimens in accordance with 8.2 except

as modified in A1.4.2.1.
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A1.4.2.1 Tests shall be performed on full-size units
when test results are to be used to determine moisture
content in accordance with 9.2 or equivalent thickness
in accordance with A1.5.3.

Al1.4.3 Testing—Perform absorption tests in
accordance with 8.3.

Al.5 Calculations

A1.5.1 Calculate absorption, moisture content, density,
average net area, and net area compressive strength in
accordance with Section 9.

Al1.5.2 Normalized Web Area—Calculate the
normalized web area (Aws) of each unit by dividing the
total minimum web area (Aw) by the nominal length

and height of the unit as follows:

Awt
Agn(in2 ft2)= ———
(Lo xHo)

x144 (A1.1)

where:
Awn=normalized web area, in.2/ft2 [mm2/m2],

Awt total minimum web area, in.2 [mm2] (see

A1.2.5), Ln = nominal length of unit, in. [mm], and

Hn = nominal height of unit, in. [mm].

NOTE A1.5—Minimum web area does not apply to the
portion of the unit to be filled with grout. The portion
of the unit to be filled with grout should be deducted
from the calculation of the normalized web area.
A1.5.3 Equivalent Thickness—Equivalent thickness
for concrete masonry is defined as the average
thickness of solid material in the unit and is calculated
as follows:

Te, in. =(Va / (LxH)) x 1728 (A1.2)
[Te ,mm=(V,/(LxH) ]

where:

Te = equivalent thickness, in. [mml],

V. = average net volume of full-size units, ft3 [mm?] (see

9.5),
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L = average length of full-size units, in. [mm] (see
A1.2.1),and

H = average height of full-size units, in. [mm] (see
Al1.2.1).

A1.5.3.1 Equivalent thickness shall only be calculated
and reported for full-size concrete masonry units.

A1.5.4 Percent Solid—Calculate the percent solid as

fol-lows:

Inch-pound units: _ _
(Vi x 1728)

Percent solid, (%)= ————| %100 (A1.3)
(L xW xH)

SI units: _ ~
(Va x1000)

Percent solid, (%)= ——— | x100 (A1.4)
(L xW xH)

where:

Vi = net volume of specimen, ft3 [cm3] (see 9.5),

L =average length of specimen, in. [mm] (see A1.2.1),

W=average width of specimen, in. [mm] (see A1.2.1),
and

H = average height of specimen, in. [mm] (see A1.2.1).
NOTE A1.6—This calculation determines the
percentage of concrete in the gross volume of the unit.
It is a useful reference value, but it is not a requirement
of unit specifications. This value is not comparable to
the definition of a solid unit in C90 and C129, which
refers to the net cross-sectional area of every plane
parallel to the bearing surface relative to the gross
cross-sectional area of the same plane.

A1.5.5 Maximum Variation from Specified Dimensions:
A1.5.5.1 Determine the variation from each specified
dimension by calculating the average width, height,
and length of each specimen and comparing each
average to the respective specified dimension, resulting

in three variation results for each unit and nine results

for a set of units. Determine the maximum variation
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for the set by identifying the maximum of the nine
values.

A1.5.5.2 Specified dimensions shall be obtained from
the unit manufacturer.

A1.6 Report

A1.6.1 Test reports shall include all of the information
in Sections 10.2, 10.3, and the following:

A1.6.1.1 The minimum face shell thickness to the
nearest 0.01 in. [0.25 mm] separately for each specimen
and as the average for the three specimens tested.
A1.6.1.2 The minimum web thickness to the nearest
0.01 in.[0.25 mm] separately for each specimen and as
the average for the three specimens tested.

A1.6.1.3 The normalized web area to the nearest 0.1
in.2/ft2 [500 mm?m? as the average for the three
specimens tested.

A1.6.1.4 The equivalent thickness to the nearest 0.1 in.
[2.5 mm] as the average for the three specimens tested.
A1.6.1.5 The percent solid results to the nearest
0.1 %separately for each specimen and as the average
for the three specimens tested.

A1.6.1.6 Maximum variation from specified dimensions
to the nearest 0.1 in. [2.5 mm] for the set of specimens
tested.

A1.6.1.7 The gross area to the nearest 0.1 in.2 [50 mm?]
separately for each specimen and as the average for the
three specimens tested.

A1.6.1.8 The gross area compressive strength to the
nearest 10 psi [0.1 MPa] separately for each specimen
and as the average for the three specimens tested.
A1.6.1.9 The net volume to the nearest 0.01 ft3 [250
cm?] separately for each specimen and as the average

for the three specimens tested.

A2. TEST PROCEDURES FOR CONCRETE AND

CALCIUM SILICATE BRICK
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A3. TEST PROCEDURES FOR SEGMENTAL
RETAINING WALL UNITS
A4. TEST PROCEDURES FOR CONCRETE

INTERLOCKING PAVING UNITS

A5. TEST PROCEDURES FOR CONCRETE GRID
PAVING UNITS

A6. TEST PROCEDURES FOR CONCRETE ROOF
PAVERS

A7. TEST PROCEDURES FOR DRY CAST
ARTICULATING CONCRETE BLOCK

A8. TEST PROCEDURES FOR SEGMENTAL

CONCRETE PAVING SLABS

APPENDIXES

(Nonmandatory Information)

X1. WORKSHEET AND TEST REPORT FOR
CONCRETE MASONRY UNITS
X2. TEST REPORT FOR CONCRETE

INTERLOCKING PAVING UNITS
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BEZEE 4
Designation: C426 — 16
Standard Test Method for
Linear Drying Shrinkage of Concrete Masonry Units!

C426—16 =7 VU — M = v b ORI E
DIEAETRER 715 !

This standard is issued under the fixed designation C426; 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 epsilon (¢) indicates an editorial change since the last revision or
reapproval.

This standard has been approved for use by agencies of the U.S. Department of Defense.
ZOBKEIL, BEEAFF C426 TRITSNTWEY, HHRERDOEFIL, BIIERHASNIE, £
TIIBET DB/ A TR R ICHETS NI FEERRLE T, BN ORFIL, KR ICHABINFE
RLET, LftEATFomr (o)id, EOUETEITHARUBEORE LOEELRLET,
ZOBBIT, KEEPHAE OBBEICISERPI ARSI TOET,

1. Scope*

1.1 This test method covers a routine standardized
procedure for determining the linear drying shrinkage
of concrete masonry units or related concrete units
under specified accelerated drying conditions.

1.2 The text of this test method references notes and
footnotes that provide explanatory material. These
notes and footnotes (excluding those in tables and
figures) shall not be considered as requirements of the
standard.

1.3 The values stated in inch-pound units are to be
regarded as standard. The values given in parentheses
are mathematical conversions to SI units that are
provided for information only and are not considered
standard.

1.4 This standard does not purport to address all of

the safety concerns, if any, associated with its use. It is

1.pH*

1.1 ZORBRIF IR, fRES NI AR IE RS T o=y
V=M =y NERIERE T 530 7 — b=y hO#
T HARIAE 2 T T 5720 DR E- TR S FIRE
GATOET,

1.2 ZORBRGIEORL, HHE AR AT 55 Rk
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HOEER) 1, HAEOEMLITRASHARVEDELET,
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o, BRI RS ST AL ~DREINZR IS BT,

1.4 ZOBKIL, TOMAICE#ETE T ToL e LD
WG KTLT 5222 B L CWVER A, ZOBKKOMHEHE
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the responsibility of the user of this standard to
establish appropriate safety and health practices and
determine the applicability of regulatory limitations

prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

C490 Practice for Use of Apparatus for the
Determination of Length Change of Hardened Cement
Paste, Mortar, and Concrete

C1093 Practice for Accreditation of Testing Agencies
for Masonry

C1232 Terminology of Masonry

2.2 ANSI Standard:

B94.11M—1993 Twist Drills?

1 This test method is under the jurisdiction of ASTM
Committee C15 on Manufactured Masonry Units and
is the direct responsibility of Subcommittee C15.03 on
Concrete Masonry Units and Related Units.

Current edition approved June 1, 2016. Published
July 2016. Originally approved in 1958. Last previous
edition approved in 2015 as C426 — 15¢1. DOI:
10.1520/C0426-16.

2 For referenced ASTM standards, visit the ASTM
website, www.astm.org, or contact ASTM Customer
Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s
Document Summary page on the ASTM website.

3 Available from American National Standards
Institute (ANSI), 25 W. 43rd St., 4th Floor, New York,

NY 10036, http://www.ansi.org.

3. Terminology
3.1 Terminology defined in Terminology C1232 shall

apply for this test method.

13 E G e AT A S L R AR ) ER o5
FFTREMEZ W 2R DV ET,
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ZALZRE T DI b ORE DM BT HIEAT

C1093 A=YV —I B 2R DB E I B T D18
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2.2 ANSI #if%
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C0426-16,

2 BRI TVD ASTM B2 DV Tid, ASTM Web 4
A (www.astm.org) (27 7 E A9 570y, ASTM H AZ~—
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ASTM BUE DER T v 7 DRI 22— MMEHIT OV TR,
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LTLIEENY,

3 American National Standards Institute (ANSD) , 25
W. 43rd St.. 4th Floor, New York, NY 10036, http:

/l'www.ansi.org O AT TEXET,
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3.2 Definitions of Terms Specific to This Standard:
3.2.1 linear drying shrinkage, n—in this test method,
the change in linear dimension of the test specimen due
to drying from a saturated condition to an equilibrium
weight and length under specified accelerated drying

conditions.

4. Significance and Use

4.1 This test method is intended to evaluate the
drying shrinkage characteristics of a given unit. The
results of this laboratory method are considered in
determining concrete masonry crack control
provisions.
NOTE 1—The testing laboratory performing this test
method should be evaluated in accordance with

Practice C1093.

5. Apparatus

5.1 Strain Gauge—The instruments for measuring
linear drying shrinkage shall be so designed as to
permit or provide the conditions described in 5.1.1
through 5.1.5.
NOTE 2—Strain gauges may be obtained with various
gauge lengths. The 10-in. (254-mm) gauge length is
recommended for use with regular concrete masonry
units, however, particular sizes of products may
require other lengths. The length of the shrinkage
specimen shall not be less than required for a minimum
gauge length (distance between gauge plugs) of 6 in.
(152.4 mm).

5.1.1 A means of positive contact with the specimen
that will ensure reproducible measurements of length.

5.1.2 Means for precise measurement, consisting of a
dial micrometer or other measuring device graduated
to read in 0.0001-in. (0.0025-mm) units, and accurate

within 0.0001 in.(0.0025 mm) in any 0.0010-in. (0.025-

3.2 ZOHUKIZE A OHFEDE S :
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TEEDOZAIL, FEESIVARERL IS T O E
FORSITRDETORMARENSEIRTER T 25HDTH
2.

4. F B
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mm) range, and within 0.0002 in. (0.0050-mm) in any
0.0100-in. (0.254-mm) range.

5.1.3 Sufficient range to allow for small variations in

the gauge lengths.
NOTE 3—If the shrinkage reference points are set
carefully to position, a dial micrometer with a travel of
0.2 or 0.3 in. (5.1 or 7.6 mm) provides ample range in
the instrument.

5.1.4 Means for checking the strain gauge at regular

intervals against a standard reference bar. The
standard reference bar shall be protected from air
currents by placing it inside a wooden box which
should be closed except when the strain gauge is being
checked against it.
NOTE 4—A standard reference bar shall be furnished
by the manufacturer of the instrument. A standard bar
of ordinary steel is satisfactory, but corrections must be
made for variations in its length due to temperature
changes. When a more nearly constant datum is
desired, Invar is preferable because of its low
coefficient of thermal expansion.

5.1.5 Convenient and rapid measurement of
specimens.

5.2 Comparator—When desirable to measure
specimens end to end, a comparator conforming to the
requirements of Practice C490 may be used as an
alternative to the strain gauge for measuring linear
drying shrinkage.

5.3 Gauge Plugs—The gauge plugs shall be made
from metal that is resistant to corrosion. Plugs for use
with strain gauges shall be 38 to 12 in. (9.5 to 12.7 mm)
in diameter and 12 + 18 (12.7 + 3.2 mm) in thickness.
Plugs for use with the comparator shall consist of 1/4-
in. (6.4-mm) diameter stainless steel gauge studs

shown in Practice C490.

5.4 Drying Oven—The oven shall be reasonably
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airtight and provide the features described in 5.4.1
through 5.4.4.

NOTE 5—One suggested oven construction is shown in
Fig. 1.

5.4.1 A minimum storage capacity of three whole test
specimens and a clearance of 1 in. (25.4 mm) on all
sides of each test specimen.

5.4.2 A constant, uniform temperature of 122 + 2°F
(50 + 0.9°C) throughout the insulated cabinet attained

by means of an electrical heat source (Note 6).

Elec. Heaters or Lamps (Note 1)
Insulation optional (Note 2)
Heat Baffle

Outer Cover.
V2" Pie Supports / - oote
L
7- E{ 7 L~ 17 Angle
)_—ﬁ /Im\evcmev
=

5 Fan

DETAIL 5/16" Shaft Extension

o8 5/16" 1. Sleeve Coupling
1/30 H.P. Shaded-Pole, end
Z _n:t stud-mounted Motor

Heat Baffle

|~ Provide:
30/12 x 36/12 x 42/12 x 25 = 660in?

of Tray Area for CaCl,
sait solution.

FRONT Sioe
NOTE 1—Provide access to heaters.
NOTE 2—Insulating fill is recommended in cabinets having outer covers
of sheet metal
NOTE 3—The following materials are required:
Description
5-in. (127-mm) fan assembly, as shown
1/30-hp (25-W) shaded-pole, fan-cooled, stud-mounted electric motor
1-in. (25.4-mm) angle, steel or aluminum
Outer cover, 12-in. (12.7-mm) plywood or equivalent, faced with sheet
metal or other material to provide a positive vapor barrier
Inner cover, 3/8-in. (9.5-mm) asbestos board or equivalent
1 Heat baffle, 25 by 34-in. (635 by 864-mm), sheet metal
12-in. iron pipe
100-W porcelain light fixtures
500-W thermostat
24 x 30 x 112-in. (610 x 762 x 38-mm) tray, borosilicate glass or
equivalent
8-in. (203-mm) hinges and hasp
FIG. 1 Drying Oven Suitable for Determining Drying
Shrinkage of Concrete Block

NOTE 6—Direct heating of test specimens with the
combustion products of gas or other carbonaceous fuels

is not satisfactory due to the presence of carbon dioxide
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and water and their possible effect on the drying
characteristics of portland cement products.

5.4.3 A means of drying specimens to a condition of
equilibrium with a relative humidity of 17+2% (Note 7).

5.4.3.1 Calcium chloride (CaCly), if used for this
purpose, shall be in flake form. Suitable dishes or trays
shall be provided to give an exposed solution area of
not less than 25 in.2 for each cubic foot (5800 cm? for
each m?) of oven volume. Dishes or trays shall contain
sufficient solid calcium chloride so that the crystals will
be exposed above the surface of the solution throughout
the test. The calcium chloride solution shall be
thoroughly stirred every 24 h, and more often if
necessary, to prevent the formation of lumps and
crusting over.

NOTE 7—The air immediately above a saturated
solution of calcium chloride (CaCly) at 122°F (50°C) is
approximately 17 %.

5.4.4 Moderate circulation of air within the oven,
over and around all test specimens and the drying
agent.

5.5 Cooling Chamber—An airtight enclosure of
sufficient capacity for cooling a minimum of three
whole specimens to a temperature of 73.4+2°F
(23£1.1°C).

5.6 Immersion Tank—A suitable container for
completely immersing three whole test specimens in
water maintained at 73.4 + 2°F (23 + 1.1°C).

5.7 Balance or Scale—The balance shall be sensitive
to within 0.1 % of the weight of the smallest specimen

tested.

6. Test Specimens
6.1 General:
6.1.1 Specimens shall comply with the requirements

of 6.1.2 through 6.1.5 and the applicable requirements
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for the type of specimen in 6.2 or 6.3.

6.1.2 A minimum of three specimens shall be tested.

6.1.3 Test specimens shall be representative of the lot
from which they are selected. Specimens shall be free
of visible cracks or other structural defects, and shall
not be exposed to external heat sources.

6.1.4 Specimens shall have a minimum height of 3 in.
(76.2 mm), and a minimum thickness of at least 0.75
in. (19 mm). The length of specimens shall conform to
6.1.4.10r6.1.4.2.

6.1.4.1 For full size units with a length of at least 12
in.(304.8 mm), use a test specimen with a minimum
length of 12 in. (304.8 mm) and a gauge length of 10 in.
(254 mm).

1st Cut

.
‘ s Kl
“' : gpd;\«\"—“’/”/

—
-

Optional
2nd Cut

:P--"

FIG. 2 View of Sawed Block Showing a Suggested
Sequence of Cuts and Location of Half-Face Shell

Specimens

6.1.4.2 For full size units with a length of less than
12 in.(304.8 mm), do one of the following: (1) use a test
specimen with a minimum length of 7.5 in. (190.5 mm)
and a gauge length of 6 in. (152.4 mm), or (2) butt two
test specimens of approximately the same thickness
together and join with an epoxy resin cement to form
a thin joint between units, and use a gauge length of 10
in. (254 mm). (See Note 8.)
NOTE 8—In tests of short units such as concrete brick

by this method, use of a 10-in. (254-mm) Whittemore
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strain gauge is reported to be feasible when two units
are butted together and joined using an epoxy resin
cement to form a thin joint between the units. The
abutting ends of the units should be ground to ensure
intimate contact and a thin joint; these precautions are
necessary to ensure the thinnest joints practicable and
thereby avoid abnormal shrinkage indications. Some
laboratories have obtained satisfactory results using a
10-in. Whittemore strain gauge on specimens joined
with unfilled epoxy cements.

6.1.5 When specimens are saw-cut from larger units,

sawing shall be performed in an accurate, competent
manner, subjecting the specimen to as little saw
vibration as possible. Use a diamond saw blade of
proper hardness. Following cutting, residue from the
cutting operation shall be removed prior to continuing
testing (see Note 9).
NOTE 9—For specimens cut with a wet saw, rinsing
with clean water is typically sufficient for removing
cutting residue. For specimens cut with a dry saw,
brushing with a soft-bristle brush is typically sufficient
for removing cutting residue.

6.2 Concrete Masonry Units:

6.2.1 Specimens shall be full-size units or portions of
face shells saw-cut from full size units.

6.2.2 When specimens are portions of face shells, one
specimen shall be removed from each of three full-size
units.

6.3 Other Related Units:

6.3.1 For test specimens of units other than concrete
masonry units, specimens shall be whole units,
specimens saw-cut from larger units, or specimens
molded specifically for testing.

6.3.2 For specimens molded specifically for testing,
the procedures used for molding and curing specimens

shall be representative and consistent with the
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procedure used to produce the actual units represented
by the specimens.
6.4 Methods of Attaching Gauge Plugs to Specimens—
Attach gauge plugs to specimens using one of the
following procedures.
6.4.1 Gauge Plug Inserted into Specimen for Strain
Gauge—Place a pair of gauge plugs at or near, and
parallel to, the center line in each of two opposite faces
of the specimen. Drill plug holes with a drill that is
slightly smaller in size than the plug diameter so as to
provide a snug fit (Note 10). The depth of the holes
shall be such that the exposed surface of the inserted
gauge plug is approximately 1/8 in. (2.5 mm) below the
surface of the specimen. Prior to setting of the plug,
plug holes shall be dry and dust free. After the bonding
agent (Note 11) has been placed in the hole, insert the
gauge plug and prick punch the plug to proper gauge
length with the gauge bar provided. Wipe off excessive
bonding agent and allow the remainder to cure in
accordance with the bonding agent manufacturer’s
instructions. After the bonding agent is cured, drill
receiving holes for strain gauge points with a No. 56 to
60 twist drill.*
NOTE 10—A 516-in. (7.9-mm) diameter carbide-tipped
masonry drill has been found satisfactory for gauge
plugs 38 in. (9.5 mm) in diameter.
NOTE 11—A number of bonding agents have been
reported satisfactory for setting gauge plugs. Tests to
determine the effect of water immersion and
subsequent drying on the bonding agent’s adhesion
should be made prior to use. Satisfactory results have
been reported with the use of aluminum putty for both
drilled gauge plugs as well as surface-mounted plugs.
6.4.2 Gauge Plugs Surface Mounted to Specimen for
Strain Gauge—Drill receiving holes in gauge plugs for

strain gauge points prior to attachment of gauge plugs.
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Place a pair of gauge plugs at or near, and parallel to,
the center line of each of two opposite faces of the
specimen. Attach gauge plugs with a bonding agent
(Note 11) using the strain gauge punch bar or other
convenient template to set gauge holes the proper
distance apart. Allow the bonding agent to cure in
accordance with the bonding agent manufacturer’s
instructions. Gauge plugs shall be approximately level
with each other with respect to the surface of the
specimen.
6.5 Gauge Plugs for Comparator Measurements—On
opposite ends of the test specimen, mount spherically
shaped gauge plugs, for use with the comparator (see
5.2). Drill a shallow recess (Note 12) at the desired
location using a drill slightly less in size than the plug
diameter. Fill the recess with a bonding agent, and
firmly press the plug into position, taking care that the
bonding agent extends slightly above the level of the
center of the sphere. Allow the bonding agent to cure in
accordance with the bonding agent manufacturer’s
instructions. After the bonding agent is cured, clean
excess material from the exposed portion of the gauge
plug.
NOTE 12—Satisfactory results without a drilled recess
have been reported with the use of quick-setting
bonding agents. Aluminum putty has been
demonstrated to perform well in this test as an
adhesive to adhere gauge plugs to the surface of test
specimens.
7. Procedure

7.1 Immerse specimens in water at 73.4+2°F
(23+1.1°C) for 48+2 hours.

7.2 Take the initial reading of specimen length, at
saturation, with the unit positioned in the water tank

so that its gauge line is about at the level of the water

surface to avoid error due to cooling by evaporation.
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Take accompanying length readings of the standard
reference bar. (See 8.1 and 8.2 for methods of adjusting
and correcting length readings.) Record the
temperature of the water as Tx.

7.3 Weigh and record the saturated surface-dry
weight of the test specimen by draining the test
specimen for 1 min +5 s over a 38-in. (9.5-mm) (or
larger) mesh and removing visible surface water by
blotting with a damp cloth.

7.4 Within 48 h after the specimens have been

removed from the water, place them in the drying oven
described in 5.4. During this period of up to 48 h, the
specimens shall be stored continuously in air at a
temperature of 75+15°F (24+8°C) and a relative
humidity of less than 80 % (Note 13). To ensure
uniformity of drying, the individual specimens should
be rotated to different positions in the drying oven
each time readings are taken.
NOTE 13—Reports have indicated that moisture is
exuded faster by some masonry units during the early
part of the drying period than can be absorbed by the
calcium chloride solution, causing condensation to form
on the interior surfaces of the oven.

7.5 At the end of 5 days of drying, including any
period of preliminary drying in air up to 48 h, remove
shrinkage specimens from the drying oven and cool to
73.4+2°F (23+1.1°C) within 8h(Note 14). Following
cooling, record the temperature of the cooling chamber
of Tx, remove each specimen from the cooling container
and immediately take specimen length readings. Take
of the standard

accompanying length readings

reference bar. Weigh the specimens. The air
temperature of the laboratory at the time length
readings are made on the specimens shall be 73.4+5°F
(23+2.8°C).

NOTE 14—Use a cooling chamber consisting of a steel,
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drum-type container equipped with a ring-sealed,
rubber-gasketed type cover. The drum cover should be
equipped with a thermometer, the bulb of which is in
the proximity of the uppermost test specimen. The
drum must be stored in a temperature-controlled room
in order that its final equilibrium temperature will be
73.4+2°F (23+1.1°C). Length measurements made at
temperatures other than 73.4°F (23°C) shall be
corrected as shown in 8.1.

7.6 Return test specimens to the drying oven for a
second period of drying. The duration of the second, and
subsequent ,oven drying periods shall be 44+4 h.
Following the second period of drying, repeat cooling,
length readings, and weight determinations as
specified in 7.5.

7.7 Continue the periods of oven drying, followed by
length and weight determinations after cooling under
the specified conditions (Note 15) until the average
length change of the test specimens is 0.002 %, or less,
over a span of 6 days of drying, and when the average
weight loss in 48 h of drying is 0.2 % or less compared
to the last previously determined weight. For the

purposes of this test method, equilibrium is considered

to be achieved when these conditions are met.
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NOTE 1—The interval CD is 6 days on the time scale
and % on the shrinkage scale. Point D defines
equilibrium shrinkage value.

FIG. 3 Graphical Method of Determining Equilibrium
Shrinkage

NOTE 15—When uniform attainment of equilibrium
length is not apparent in the tabular data, the value of
equilibrium shrinkage may be obtained from
shrinkage-time curves drawn through experimental
points as illustrated in Fig. 3. The dotted line AB
having a slope corresponding to the limiting value of
rate of shrinkage (0.002 % in 6 days) is fitted to the
experimental curve in such a manner that the points of
intersection C and D span a time interval of 6 days; the
corresponding shrinkage interval between point C and
D is 0.002 %. The value of equilibrium shrinkage shall
be taken as the shrinkage corresponding to point D
expressed to the nearest 0.001 %. Data for which the
rate of shrinkage is obviously within the prescribed
limit need not be plotted, but the principle of selecting
point D should be followed. That is, the final percent

shrinkage is the greater of two values agreeing within

0.002 percentage points over a period of 6 days.

8. Calculations
8.1 Method of Correcting Specimen Length
Reading—Correct specimen length readings taken at

temperatures other than 73.4°F (23°C) as follows:
Lx(r3.0= Lx-(Tx-73.4)GQc (1)

where:

Lx(73.9 = corrected specimen length reading, in. (mm),

Lx = specimen length reading taken at
temperature Tx,in. (mm),

Tx = temperature of cooling chamber at the time
specimens are removed for length
measurements (Note 14), of °F (°C),

G = test specimen gauge length, in. (mm), and

15— RIBROT — 4 TEHERIOL— 2B HHT
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R C & D6 HHORFHEMIRICEZR3 DI FERIHRIC
HWALET, RAh C & D OB O35 IUHE bR i
0.002% T, FHUGHEOMEIL, 0.001%IZHbIT A D IC
S UL AL RS E T, UUHER YA SO BLE D HiPH
NIZHDT —H& 7y b T H0EIIHVEF AN, A D &3k
RTDIFANCHED BERHET, DED ., AU 3
1%, 6 AT 0.002 X—FMRAVRUNT—5F5 2 2
DEOKRENHTT,

85
8.1 RBRIEDREDF A MV EAIEET D) 1E—T73.4°F
(23°C) LIS OIRIE THAFL Iz B K DR SO Rt A Y %
WDINMEELET,

Lx(73.4)= Lx-(Tx-73.4)GQc (6]
-
Lx mo=EESNERBEORESOFRH RV, A F
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Qc =coefficient of thermal expansion of concrete

specimen (Note 16), in./in. °F (mm/mm °C).
NOTE 16—If the coefficient Q for specimen is
unknown, Qc for concrete may be assumed to be 4.5 X
10-6 in./in. - °F (8.1 X 10-mm/mm - °C).

8.2 Method of Correcting Reference Bar Length
Readings—Correct reference bar length readings taken
at temperatures other than 73.4°F (23°C) as follows:

Rx@s.0 =Rx- (Tx-73.4)GQr (2
where:

Rx@3.499 = corrected reference bar length reading, in.

(mm),

Rx = reference bar length reading taken at
temperature Tx, in. (mm),

Tx = temperature of reference bar at time of length
reading, °F (°C),

G = test specimen gauge length, in. (mm), and

Qr = coefficient of thermal expansion of reference

bar (Note 16), in./in. °F (mm/mm °C).
NOTE 17—The coefficient Qr for mild steel can be
assumed to be 6.5x1076 in./in. - °F (11.7 x 106
mm/mm °C). The coefficient Qr for Invar can be
assumed to be 0.7 x 106 in./in. - °F (1.3 x 10-¢ mm/mm
Q).

8.3 Method of Calculating Change in Specimen
Length—Adjust the reported change in linear
dimension of the test specimen for variations in the
reference bar readings that are due to causes other
than temperature as follows:

ALx=Li(73.9" Ricz3.0)-(Li73.0"Rx(73.0) 3
where:
ALx= change in the linear dimension of the specimen
due to drying from a saturated to the length of the
specimen at any time, x, in. (mm),

Lizse = specimen length reading on saturated

specimen, corrected for temperature (see 8.1), in. (mm),
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Ri(73.49) = accompanying reference bar length reading for
Ly, in. (mm)
Lx@se = specimen length reading at any time x,
corrected for temperature (see 8.1), in. (mm), and
Rx(3.9 = accompanying reference bar reading for Lk,
corrected for temperature, in. (mm).
8.4 Method of Calculating Linear Drying Shrinkage:
8.4.1 Calculate the linear drying shrinkage of the
specimen at each reading as a percentage of the
gauge length as follows:
S« =(ALJ/G) x 100 (€Y
where:
Si= linear drying shrinkage, at any time, x,%,
ALs= change in the linear dimension of the specimen
due to drying from a saturated condition to the length
of the specimen at any time, x, in. (mm), and
G= test specimen gauge length, in. (mm).

8.4.2 Calculate the final linear drying shrinkage of
the specimen, S, by averaging the drying shrinkage
from each of the last three length measurements, with
the final measurement considered to be that in which
the equilibrium conditions for length and weight
described in 7.7 are achieved.

NOTE 18—As an example, if length and weight
equilibrium is first achieved on day 15 of the testing, S
=(Sday 15 + Sday 13 + Saay 11)/3.

9. Report

9.1 Report the following information:

9.1.1 Identification of product and number of
specimens for each condition of test.

9.1.2 Source of specimens.

9.1.3 Age of specimens at start of shrinkage test.

9.1.4 Total length of drying period prior to each
length measurement.

9.1.5 Weight of each test specimen, saturated, and at

the time of each length measurement, including
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equilibrium.

9.1.6 Linear drying shrinkage, percent, for each test
specimen from saturation to each length measurement,
including the length measured at equilibrium.

9.1.7 Final linear drying shrinkage for each specimen
and as an average of three specimens.

9.1.8 Any other information that may be pertinent.
10. Keywords

10.1 comparator; concrete brick; concrete masonry

units; drying; drying oven; shrinkage; strain gauge

SUMMARY OF CHANGES

Committee C15 has identified the location of selected
changes to this standard since the last issue (C426 —
15°1) that may impact the use of this standard. (June 1,
2016)

(1) Modified 6.4.1, 6.4.2, and 6.5 to refer to bonding
agent instructions for curing.

(2) Added 1.2 to address that notes in the text of the
standard are non-mandatory.

(3) Revised Section 6 to provide requirements for test
specimens that are not concrete masonry units and

clarify requirements for all test specimens.

Committee C15 has identified the location of selected
changes to this standard since the last issue (C426 —
10) that may impact the use of this standard.
(December 1, 2015)

(1) Revised Section 3 to reference Terminology C1232.

(2) Revised 6.4 to clarify requirements and provide

general organization.

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
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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). Permission rights to
photocopy the standard may also be secured from the
Copyright Clearance Center, 222 Rosewood Drive,
MA 01923, Tel: (978)

Danvers, 646-2600;

http://www.copyright.com/
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