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7.3.14. It the Le: Chatelicr flask inetliod is used, 4 separate sampie portion is needed for ihie determination
of absorption. Weigh a scparate 500 & 10 3 portion of the saturated surface~dry (ine aggregate, dry
to. constant mass, and reweigh. This sample st be obtained at the ssnc timc as the somple that is
intraduced into the e Chatelicr Task.

7.4. Determine the mass of the pycnometer filledto ils calibration capacity with water at 23.0£ 1.7°C
(724 £ 3°F).

741 Afternative to Determining the Mass in Section 7.4—The quartity of water necessary o fill the
emply pycnomeier ut the requived temperatiare may be defermined volumeirically usi ng aburet
accwrate to (.15 mib.. Calenlate the mass of the pyenometer Alted wdth wuter o Gellows:

~0.9975 ¥V + W (2)

where:

A = o of fask Gilled with water, g;

and

7~ volumeof flask,

W~ mass of the flask emply, o

&
[+ 8
8.1. Caloulate the bulk apecific gravity, 23/23°C (73 4/73 4'F), as defined ia M 132 as {ollows:
Bl sp gr = A(B+5~C} 3
where:
A= mass of oven-dvy specimen in.adr, g
B = mass ol'pyenometer filled with waler, g;
¢ = mussof pv;:nmn'c.:r with specimen und water o ealibration mark, g and
§ = mass uf safurated stcfaco-fiy spesimen g
8.1.1. If the Lo Chatelior Dash woHun! wag used, eeloulsie the hulk spoeatfie gravily, 23/23°C, as follows:
S(A/SY
Bulkspar= i(A/8)y )
0.9975(R, - R)
where:
R, = inilial reading of water feved in ¥ Chutelior fask;
R, = fimal rcadmg of waler feved in Le Chatelier Oask; and
8 = mass of susslo! wrlige-dey soecimer ased in be Chatelier fask, g,
= e kil ™ = “EHE g S P
8. SULE SFELIFIC BRAVITY (&4
8.1 Calevlote the bullespecifiv gravity, 12230
surfice dry aggregate as follows:
Bulk sp ge (saturated surface - &y basis) = SH(B+5-C) )
9.14.14. ifthe L¢ Chaiclier Hask incthod was used, caleulate the bulk specitic gravity, 23/23°C, on the
hasis of satueated surfaec-dey apgrepate as follows:

5,
0.9975{#, - &}

Bulk ap gy (saium%a:d sarfaoe ~dry I‘.u:;xs) =

()
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10. APPARENT SPECIFIC GRAVITY

10.1. Calculate the apparent specific gravity, 23/23°C (734773 4°F), as defined in M 132 as follows:
Apparent sp gr = A/(B + A~ C) (7)

11. ABSORPTION

11.1. Calculate the percentage of absorption, as defined in ASTM C 125, as follows:
Absorption, percent = [(S -4)/ A] x 100 (%)

12 REPCRT

12.1. Report specific gravity results to the nearest 0.01 and absorption to the nearest 0.1 percent. The

Appendix gives mathematical interrclationships among the three types of specific gravitics and
absorption. These may be usceful in checking the consistency of reported data or calculating a
valuc that was not reported by using other reported data.

12.2. If the fine aggregate was tested in a naturatly moist condition other than the oven dried and 15-
hour soaked condition, report the source of the sample and the procedures used to prevent drying
priac to testing,

13. PRECISION AND SIAS

13.1. The extimates of precision of this test method (listed in Table 1) arc based on results from the
AASHTO Matcrials Reference Laboratory Reference Sample Program, with testing conducted
by this test method and ASTM C 128. The significant difference between the methods is that
ASTM C 128 requircs a safuration period of 24 £ 4 hours, and T 84 requires a saturation period
of 15 to 19 hours. This difference has been found o have an insignificant effect on the
precision indices. The data are based on the analyscs of morc than 100 paired test results from
40 to 100 laboratories.

13.2. Since there is no aceepted refercnce material suitable for detormaining the bias for the proccdure
in T 84 for mearuring specific gravity and absarption of finc aggregate, no statcment on bias is
being mude.

R = B T T T e M A A
iS-ic 7847 AASHTO
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APPENDIX

{Nonmandatory Information)

Ad. INTERR LAT CNSHIPS BETWEEN SPECIFIC GRAVITIES AND
AGSGRPTION AS DEFINED IN METHODS T84 AND T 85

3y = bulk specific gravity (dry-basis),
Sy = bulk specific gravity (SSD-basis),

Sz = apparent specific gravity, and
A = absorption in percent.
Then:
S, == (19
_] _ n :’Ih)d
S; 100 100
Or:
= 1 - Ss
Sa = 1+4/100 4 = 4 (I
S 1S, =)
S, 100 100
Sg
A=|25 1100 (12)
Sy
S, S
A= —4—=1100 13
o= “

! This method agrees with ASTM C 128-97 except for differences in soaking time, requirements for balances, and
provisions in Notes 3, 4, and 5.

TS-1¢ T 84-8 AASHTO
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This document is not an ASTM standard and is intended only to provide the user of an ASTM standard an indication of what changes have been made to the previous version. Because
it may not be technically possible to adequately depict all changes accurately, ASTM recommends that users consult prior editions as appropriate. In all cases only the current version
of the standard as published by ASTM is to be considered the official document.

(ﬂg:[b) Designation:€127-04-Designation: € 127 — 07
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¥
INTERNATIONAL

Standard Test Method for
Density, Relative Density (Specific Gravity), and Absorption
of Coarse Aggregate’

This standard is issued under the fixed designation C 127; the number immediately following the designation indicates the year of
original adoption ar, 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 Department of Defense.

1. Scope*

1.1 This test method covers the determination of the average density of a quantity of coarse aggregate particles (not including
the volume of voids between the particles), the relative density (specific gravity), and the absorption of the coarse aggregate.
Depending on the procedure used, the density (kg/m3(Ib/ft3)) is expressed as oven-dry (OD), saturated-surface-dry (SSD), or as
apparent density. Likewise, relative density (specific gravity), a dimensionless quantity, is expressed as OD, SSD, or as apparent
relative density (apparent specific gravity). The OD density and OD relative density are determined after drying the aggregate. The
SSD density, SSD relative density, and absorption are determined after soaking the aggregate in water for a prescribed duration.

1.2 This test method is used to determine the density of the essentially solid portion of a large number of aggregate particles
and provides an average value representing the sample. Distinction is made between the density of aggregate particles as
determined by this test method, and the bulk density of aggregates as determined by Test Method C 29/C 29M, which includes the
volume of voids between the particles of aggregates.

1.3 This test method is not intended to be used with lightweight aggregates.

1.4 The values stated in ST units are to be regarded as the standard for conducting the tests. The test results for density shall
be reported in either SI units or inch-pound units, as appropriate for the use to be made of the results.

1.5 The text of this test method 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 this test method.

1.6 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 appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: *

I C 29/C 29M Test Method for Bulk Density (Unit

Weight) and Voids in Aggregate
C 125 Terminology Relating to Concrete and Concrete Aggregates
C 128 Test Method for Density, Relative Density (Specific Gravity), and Absorption of Fine Aggregate
C 136 Test Method for Sieve Analysis of Fine and Coarse Aggregates
C 566 Test Method for Total Evaporable Moisture Content of Aggregate by Drying
C 670 Practice for Preparing Precision and Bias Statements for Test Methods for Construction Materials
C 702 Practice for Reducing Samples of Aggregate to Testing Size
D 75 Practice for Sampling Aggregates
D 448 Classification for Sizes of Aggregate for Road and Bridge Construction
E 11 Specification for Wire Cloth and Sieves for Testing Purposes
2.2 AASHTO Standard:
AASHTO No. T 85 Specific Gravity and Absorption of Coarse Aggregate®

' This test method is under the jurisdiction of ASTM Committee C09 on Concrete and Concrete Aggregates and is the direct responsibility of Subcommittee C09.20 on

Normal Weight Aggregates.
E Current edition approved Aug. 1, 2084:2007. Published August-2064-September 2007. Originally approved in 1936. Last previous edition approved in 26842004 as
C127-044.

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.
| *Available from American Association of State Highway and [ransporiation Oflcials, 444 North Capitol St N.W., Suite 225, Washington, DC 20001

*A Summary of Changes section appears at the end of this standard.
Copyright © ASTM Intematicnal, 160 Bamr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Copyright ASTM International 1
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3. Terminology

3.1 Definitions:

3.L.1 absorption, n—the increase in mass of aggregate due to water penetration into the pores of the particles during a
prescribed period of time, but not including water adhering to the outside surface of the particles, expressed as a percentage of the
dry mass.

3.1.2 oven-dry (OD), adj— related to aggregate particles, the condition in which the aggregates have been dried by heating in
an oven at 110 % 5 °C for sufficient time to reach a constant mass.

3.1.3 saturated-surface-dry (SSD), adj—related to aggregate particles, the condition in which the permeable pores of aggregate
particle are filled with water to the extent achieved by submerging in water for the prescribed period of time, but without free water
on the surface of the particles.

3.1.4 density, n—the mass per unit volume of a material, expressed as kilograms per cubic metre (pounds per cubic foot).

3.1.4.1 density (OD), n—the mass of oven dry aggregate per unit volume of aggregate particles, including the volume of
permeable and impermeable pores within the particles, but not including the voids between the particles.

3.1.4.2 density (SSD), n—the mass of saturated-surface-dry aggregate per unit volume of the aggregate particles, including the

J] volume of impermeable pores and permeable, water-filled veidspores within the particles, but not including the peresvoids between
the particles.

3.1.4.3 apparent density, n—the mass per unit volume of the impermeable portion of the aggregate particles.

3.1.5 relative density (specific gravity), n—the ratio of the density of a material to the density of distilled water at a stated
temperature; the values are dimensionless.

3.1.5.1 relative density {specific gravity) (OD), n—the ratio of the density (OD) of the aggregate to the density of distilled water
at a stated temperature.

3.1.5.2 relative density (specific gravity) (SSD), n—the ratio of the density (SSD) of the aggregate to the density of distilled
water at a stated temperature.

3.1.5.3 apparent relative density (apparent specific gravity), n—the ratio of the apparent density of aggregate to the density of
distilled water at a stated temperature.

3.1.6 For definitions of other terms related to aggregates, see Terminology C 125.

4. Summary of Test Method

4.1 A sample of aggregate is immersed in water for 24 = 4 h to essentially fill the pores. It is then removed from the water,
the water dried from the surface of the particles, and the mass determined. Subsequently, the volume of the sample is determined
by the displacement of water method. Finally, the sample is oven-dried and the mass determined. Using the mass values thus
obtained and formulas in this test method, it is possible to calculate density, relative density (specific gravity), and absorption.

5. Significance and Use

5.1 Relative density (specific gravity) is the characteristic generally used for calculation of the volume occupied by the
aggregate in various mixtures containing aggregate, including portland cement concrete, bituminous concrete, and other mixtures
that are proportioned or analyzed on an absolute volume basis. Relative density (specific gravity) is also used in the computation
of voids in aggregate in Test Method C 29/C 29M. Relative density (specific gravity) (SSD) is used if the aggregate is wet, that
is, if its absorption has been satisfied. Conversely, the relative density (specific gravity) (OD) is used for computations when the
aggregate is dry or assumed to be dry.

5.2 Apparent density and apparent relative density (apparent specific gravity) pertain to the solid material making up the
constituent particles not including the pore space within the particles which is accessible to water.

5.3 Absorption values are used to calculate the change in the mass of an aggregate due to water absorbed in the pore spaces
within the constituent particles, compared to the dry condition, when it is deemed that the aggregate has been in contact with water
long enough to satisfy most of the absorption potential. The laboratory standard for absorption is that obtained after submerging
dry aggregate for a prescribed period of time. Aggregates mined from below the water table commonly have a moisture content
greater than the absorption determined by this test method, if used without opportunity to dry prior to use. Conversely, some
aggregates which have not been continuously maintained in a moist condition until used are likely to contain an amount of
absorbed moisture less than the 24-h soaked condition. For an aggregate that has been in contact with water and that has free
moisture on the particle surfaces, the percentage of free moisture is determined by deducting the absorption from the total moisture
content determined by Test Method C 566.

5.4 The general procedures described in this test method are suitable for determining the absorption of aggregates that have had
conditioning other than the 24-h soak, such as boiling water or vacuum saturation. The values obtained for absorption by other test
methods will be different than the values obtained by the prescribed soaking, as will the relative density (specific gravity) (SSD).

5.5 The pores in lightweight aggregates are not necessarily filled with water after immersion for 24 h. In fact, the absorption

3 Available from American_Association of State Highway and Transportation Officials (AASHTO), 444 N. Capito]l St., NW, Suite 249, Washington, DC 20001,
http://www.transportation.org.
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potential for many such aggregates is not satisfied after several days’ immersion in water. Therefore, this test method is not
intended for use with lightweight aggregate.

6. Apparatus

6.1 Balance—A device for determining mass that is sensitive, readable, and accurate to 0.05 % of the sample mass at any point
within the range used for this test, or 0.5 g, whichever is greater. The balance shall be equipped with suitable apparatus for
suspending the sample container in water from the center of the platform or pan of the balance.

6.2 Sample Container—A wire basket of 3.35 mm (No. 6) or finer mesh, or a bucket of approximately equal breadth and height,
with a capacity of 4 to 7 L for 37.5-mm (1V2-in.) nominal maximum size aggregate or smaller, and a larger container as needed
for testing larger maximum size aggregate. The container shall be constructed so as to prevent trapping air when the container is
submerged.

6.3 Water Tank—A watertight tank into which the sample container is placed while suspended below the balance.

6.4 Sieves—A 4.75-mm (No. 4) sieve or other sizes as needed (see 7.2-7.4), conforming to Specification E 11.

6.5 Oven—An oven of sufficient size, capable of maintaining a uniform temperature of 110 = 5 °C (230 % 9 °F).

7. Sampling

7.1 Sample the aggregate in accordance with Practice D 75.

7.2 Thoroughly mix the sample of aggregate and reduce it to the approximate quantity needed using the applicable procedures
in Practice C 702. Reject all material passing a 4.75-mm (No. 4) sieve by dry sieving and thoroughly washing to remove dust or
other coatings from the surface. If the coarse aggregate contains a substantial quantity of material finer than the 4.75-mm sieve
(such as for Size No. 8 and 9 aggregates in Classification D 448), use the 2.36-mm (No. 8) sieve in place of the 4.75-mm sieve.
Alternatively, separate the material finer than the 4.75-mm sieve and test the finer material according to Test Method C 128.

Note 1—If aggregates smaller than 4.75 mm (No. 4) are used in the sample, check to ensure that the size of the openings in the sample container is
smaller than the minimum size aggregate.

7.3 The minimum mass of test sample to be used is given as follows. Testing the coarse aggregate in several size fractions is
permitted. If the sample contains more than 15 % retained on the 37.5-mm (1%4-in.) sieve, test the material larger than 37.5 mm
in one or more size fractions separately from the smaller size fractions. When an aggregate is tested in separate size fractions, the
minimum mass of test sample for each fraction shall be the difference between the masses prescribed for the maximum and
minimum sizes of the fraction.

Nominal Maximum Size, Minimum Mass of Test
mm (in.) Sample, kg (ib)

125 (%) or less 2 (4.4)

19.0 (34) 3 (6.6)

25.0 (1) 4 (8.8)

37.5 (1%2) 5(11)

50 (2) 8 (18)

63 (21%) 12 (26)

75 (3) 18 (40)

80 (3%4) 25 (55)

100 (4) 40 (88)

125 (5) 75 (165)

7.4 If the sample is tested in two or more size fractions, determine the grading of the sample in accordance with Test Method
C 136, including the sieves used for separating the size fractions for the determinations in this method. In calculating the
percentage of material in each size fraction, ignore the quantity of material finer than the 4.75-mm (No. 4) sieve (or 2.36-mm (No.
8) sieve when that sieve is used in accordance with 7.2).

Nore 2—When testing coarse aggregate of large nominal maximum size requiring large test samples, it may be more convenient to perform the test
on two or more subsamples, and the values obtained combined for the computations described in Section 9.

8. Procedure

8.1 Dry the test sample in the oven to constant mass at a temperature of 110 = 5 °C, cool in air at room temperature for 1 to
3 h for test samples of 37.5-mm (1%2-in.) nominal maximum size, or longer for larger sizes until the aggregate has cooled to a
temperature that is comfortable to handle (approximately 50 °C). Subsequently immerse the aggregate in water at room
temperature for a period of 24 £ 4 h,

8.2 Where the absorption and relative density (specific gravity) values are to be used in proportioning concrete mixtures in
which the aggregates will be in their naturally moist condition, the requirement in 8.1 for initial drying is optional, and, if the
surfaces of the particles in the sample have been kept continuously wet until tested, the requirement in 8.1 for 24 * 4 h soaking
is also optional.

Nore 3—Values for absorption and relative density (specific gravity) (SSD) may be significantly higher for aggregate not oven dried before soaking
than for the same aggregate treated in accordance with 8.1. This is especially true of particles larger than 75 mm since the water may not be able to
penetrate the pores to the center of the particle in the prescribed soaking period.

3 T L T T e e
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8.3 Remove the test sample from the water and roll it in a large absorbent cloth until all visible films of water are removed. Wipe
the larger particles individually. A moving stream of air is permitted to assist in the drying operation. Take care to avoid evaporation
of water from aggregate pores during the surface-drying operation. Determine the mass of the test sample in the saturated
surface-dry condition. Record’this and all subsequent masses to the nearest 0.5 g or 0.05 % of the sample mass, whichever is
greater.

8.4 After determining the mass in air, immediately place the saturated-surface-dry test sample in the sample container and
determine its apparent mass in water at 23 * 2.0 °C. Take care to remove all entrapped air before determining its mass by shaking
the container while immersed.

Nore 4—The difference between the mass in air and the mass when the sample is submerged in water equals the mass of water displaced by the sample.

Note 5—The container should be immersed to a depth sufficient to cover it and the test sample while determining the apparent mass in water. Wire
suspending the container should be of the smallest practical size to minimize any possible effects of a variable immersed length.

8.5 Dry the test sample in the oven to constant mass at a temperature of 110 * 5 °C, cool in air at room temperature 1 to 3
h, or until the aggregate has cooled to a temperature that is comfortable to handle (approximately 50 °C), and determine the mass.

9. Calculations

9.1 Relative Density (Specific Gravity):
9.1.1 Relative Density (Specific Gravity) (OD)—Calculate the relative density (specific gravity) on the basis of oven-dry
aggregate as follows:

Relative density (specific gravity) (OD) = A/(B ~ C) (48]

here:
mass of oven-dry test sample in air, g,
mass of saturated-surface-dry test sample in air, g, and
apparent mass of saturated test sample in water, g
9.1.2 Relative Density (Specific Gravity} (S§8D)—Calcutate the relative density (specific gravity) on the basis of saturated-
surface-dry aggregate as follows:

wi
A
B
C

I wn

Relative density (specific gravity) (SSD) = B/(B — C) @

9.1.3 Apparent Relative Density (Apparent Specific Gravity)—Calculate the apparent relative density (apparent specific gravity)
as follows:

Apparent relative density (apparent specific gravity) = A/(A — C) 3)
9.2 Density:
9.2. 1 Denslty {OD)— Calculate the density on the basis of oven-dry aggregate as follows:
Density (OD), kg/m®, = 997.5 A/(B — C) @
Density (OD), Ib/fi3, = 62.27 AlB — C) )

No-n-:'z6~—The constant values used in the calculations in 9.2.1-9.2.3 (997.5 kg/m® and 62.27 Ib/fi®) are the density of water at 23 °C.
9.2. 2 Dens:ty (SSD)— Caiculate the density on the basis of saturated-surface-dry aggregate as follows:

Density (SSD), kg/m’, = 997.5 BB — C) ©)
Density (SSD), Ib/ft®, = 62.27 B/(B — C) Q)
9.2.3 Apparent Density— Calculate the apparent density as follows:
Apparent density, kg/m® = 997.5 AA— ©) @®)
Apparent density, Ib/f =62.27 AKA— C) ©)

9.3 Average Density and Relative Density (Specific Gravity) Values—When the sample is tested in separate size fractions,
compute the average values for density or relative density (specific gravity) of the size fraction computed in accordance with 9.1
or 9.2 using the following equation:

1

G= P, 7 P, (see AppendixX1) 10)
100G, ' 100G, T ~ 100G,
where:
Copyright ASTM Intemational 4
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G = average density or relative density (specific gravity). All forms of expression of density or relative density
(specific gravity) can be averaged in this manner,

G, G,.. G, = appropriate average density or relative density (specific gravity) values for each size fraction depending on the
type of density or relative density (specific gravity) being averaged, and
P, P, .. P, = mass percentages of each size fraction present in the original sample (not including finer material—see 7.4).
9.4 Absorption—Calculate the percentage of absorption, as follows:

Absorption, % = [(B — A)/A} X 100 (1)
Note 7—Some authorities recommend using the density of water at 4 °C (1000 kg/m® or 1.000 Mg/m® or 62.43 Ib/ft *) as being sufficiently accurate.

9.5 Average Absorption Value—When the sample is tested in separate size fractions, the average absorption value is the average
of the values as compuied in 9.4, weighted in proportion to the mass percentages of each size fraction present in the original sample
(not including finer material—see 7.4) as follows:

A = (P,A/100) + (P,AJ100) + ... (P,A,/100) a2
where:
A = average absorption, %,
A, A,.. A, = absorption percentages for each size fraction, and
P, P, .. P, = mass percentages of each size fraction present in the original sample.
10. Report

10.1 Report density results to the nearest 10 kg/m 3, or 0.5 1b/fE, relative density (specific gravity) results to the nearest 0.01,
and indicate the basis for density or relative density (specific gravity), as either (OD), (SSD), or apparent.

10.2 Report the absorption result to the nearest 0.1 %.

10.3 If the density, relative density (specific gravity) and absorption values were determined without first drying the aggregate,
as permitted in 8.2, note that fact in the report.

11. Precision and Bias

11.1 The estimates of precision of this test method listed in Table 1 are based on results from the AASHTO Materials Reference
Laboratory Proficiency Sample Program, with testing conducted by this test method and AASHTO Method T 85. The significant
difference between the methods is that Test Method C 127 requires a saturation period of 24 * 4 h, while AASHTO Method
T 85requires a saturation period of 15 h minimum. This difference has been found to have an insignificant effect on the precision
indices. The data are based on the analyses of more than 100 paired test results from 40 to 100 laboratories. The precision estimates
for density were calculated from values determined for relative density (specific gravity), using the density of water at 23 °C for
the conversion.

TABLE 1 Precision
Standard Deviation Acceptable Range of

(ts)? Two Results (d2s)*
Single-Operalor Precision:

Density (OD), kg/m® 9 25

Density (SSD), kg/m® 7 20

Apparent density, kg/m?® 7 20

Relative density (specific gravity) 0.009 0.025
(OD)

Relative density (specific gravity) 0.007 0.020
(SSD)

Apparent relative density (apparent 0.007 0.020
specific gravity)

Muitilaboratory Precision:

Density (OD), kg/m® 13 3s

Density (SSD), kg/m* 1 32

Apparent density, kg/m® 1 32

Relative density (specific gravity) 0.013 0.038
(OD)

Relative density (specific gravity) 0.011 0.032
(SSD)

Apparent relative density (apparent 0.011 0.032
specific gravity)

A These numbers represent, respectively, the (1s) and (d2s) limits as described
in Practice C 670. The precision estimates were obtained from the analysis of
combined AASHTO Materials Reference Laboratory proficiency sample data from
laboratories using 15 h minimum saturation times and other laboratories using 24
+ 4 h saturation times. Testing was performed on normal-weight aggregates, and
started with aggregates in the oven-dry condition.
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11.2 Bias—Since there is no accepted reference material for determining the bias for the procedure in this test method, no
statement on bias is being made.

12. Keywords
12.1 absorption; aggregate; apparent density; apparent relative density; coarse aggregate; density; relative density; specific
gravity
APPENDIXES
(Nonmandatory Infermation)

X1. DEVELOPMENT OF EQUATIONS

X1.1 The derivation of the equation is from the following simplified cases using two solids. Solid 1 has a mass M, in grams
and a volume V; in millilitres; its relative density (specific gravity) (G,) is therefore M,/V,. Solid 2 has a mass M, and volume
V,, and G, = M,/V,. If the two solids are considered together, the relative density (specific gravity) of the combination is the total
mass in grams divided by the total volume in millilitres:

G=M +M)I(V, +Vy (X1.1)
Manipulation of this equation yields the following:

t 1
C=v v, =V, v, X1.2)
M FM, M TM, M +M,

" ) )
M, + M, \ M, M, + M, \ M,
However, the mass fractions of the two solids are:
MJ(M, + M,) = P /100 and M/(M, + M,) = P,/100 (X1.4)
and,
UG, = VM, and 1/G, = V /M, (XL5)
Therefore,
G= PI_lL_ITT X1.6)

100G, T 100 G,
An example of the computation is given in Table X1.1.
TABLE X1.1 Example of Calculation of Weighted Values of

Relative Density (Specific Gravity) and Absorption for a Coarse
Aggregate Tested in Separate Sizes

Relative
" % in Density "
. Size ) Original Sam;?le Mass (Specific Absorption,
Fraction, mm (in.) Sample Used in Test, g Gravity)
(SSD)
4.75t0 12.5 44 2213.0 2,72 0.4
(No. 4 to 14)
12.510 37.5 35 5462.5 2.56 25
(V210 1%%)
37.5t0 63 21 12593.0 2.54 3.0
(1% to 21%)
Average Relative Density (Specific Gravity) (SSD)
= ! =262
Gsso =044 035 021 _ >

272 Y256 T 25

Average Absorption
A= (044)(04)+ (035)(25)+ (021)(3.0)=17%
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X2. INTERRELATIONSHIPS BETWEEN RELATIVE DENSITIES (SPECIFIC GRAVITIES) AND ABSORPTION AS DEFINED

>§a_ﬂfﬂ&h

. X2.1

[Tt

IN TEST METHODS C 127 AND C 128
Where:

relative density (specific gravity) (OD),

relative density (specific gravity) (SSD),

apparent relative density (apparent specific gravity), and
absorption in %.

X2.2 Calculate the values of each as follows:
S, = (1 + A/100)S,
1 s,
Sa=1T—a = as,
5, 10 !TTo0
— 1 _ S
Sa=1¥anmo0 A " A
—s, "0 - [‘m(ss‘ 1)]
= S*"
A= (S_d - l) 100
A= S — S
B (sa .- D ) 100
SUMMARY OF CHANGES
Committee C09 has identified the location of selected changes to this test method since the last issue,
C 127 — 014, that may impact the use of this test method. (Approved August 1, 2004)2007)
(1Y Added-new-scetion6:5-

& Medified-sections-81-and-8:5-) Revised 3.1.4.2.
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ANEXO C

CERTIFICADO Y
CONSTANCIAS DE ENSAYOS
Y/O ANALISIS REALIZADOS
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Coorimiea

Cerdmica ornamental utilitaria obras artisticas con inclusiones de metal, piedras, madera resina o mixtas retratos piletas

C onstancia.

Consle por el presente documento que e} St. BUSH YONNATHAN MANUEL COAGUILA ha realivado sus
précticas de ensayos v preparacién de muestras probetas de ladrillo para su trabajo de (esis “ELABORACION DE
LADRILLOS VIDRIADOS DE BAJC PESC Y ALTA DENSIDAD PARA USO ORNAMENTAL Y PARA
LA INDUSTRIA DE 1.A CONSTRUCCION®, vgresado de Ia Escuela Profesional de Ingenieria de Materiales
[INSA, haciendo uso de  materiales, herramientas v equipos para determinar los siguientes procesos de elaboracion y
BISIYOS.

Procesos de elaboracion
e Acopio de materiales

»  Trituracidn y Molienda

e  Elaboracién de moldes

»  Preparacidén de mesclas ceramicas.

¢ Moldeoy mezdlade

e Prensado {codificacion de muestras)

» Secado

e  Preparacion de material de vidrizdo

a  Aplicacidn del material de vidriado

e Coccidn

«  Empagquetamiento de las muestras probeta de ladrillos

Ensavos Fisicos y mineraldgicos de las materias primas v muestras probetas de ladrillo
¢  Determinacion del peso especifico

«  Determinacidn de la humedad de las muestras

e  Determinacion de los limites de Atterberg, (determinacion del limite plastico-liquida).
»  Determinacidn de la densidad real-aparente

¢ Ensayo de absorcién de agua.

e Ensayo de contraccidn por secado, cocido y total

e  Andlisis de porosidad

o Andlisis granulométrico con tamiz

s Analisis fisico de las muestras probeta a diferentes temperaturas

e Analisis de humedad

EL TALLER DE CERAMICA “LLIANKAIMAKI” DEL DISTRITO DE SCLVA ALEGRE, EN LA
URBANIZACION INDEPENDENCIA, LEALTAD DEMOCRATICA C-9. DEL Lic. RONAL
SARMIENTO CHIRINQS CON RUC. 102937002263 QUIEN DA ¥ DE TODO LO
ANTERIORMENTE DESCRITO, cumpliendo con todos sus estandares de normatividad ASTM y NTP,
para ensayos de materias primas y muestras.

AREQUIPA, 16 DI MARZO DEL 2015

LIC. RONAL SARMIENTO CHIRINOS
DNI 29370226

Tnti Wassi: Lealtad Demoerdtica C-9 Urbanizacion Independencia Z-B Alto Selva Alegre Tel. RPC 93-9-95072 Movistar 93-4005154
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U NSA
UNIVERSIDAD NACTONAT. DE SAN AGUSTIN FACULTAD DE INGENIERTA CTVIL
DE AREQUIPA LABORATOQRIO DE CONCRETO Y EMC
Av. Independencia s/n - Area Ingenicrias Teléfono N° 299992
ENSAYQO: COMPRESION SIMPLE

SOLICITA BLISH YOMNATHAN MANUEL COAGUILA

CBRA - TESIS @ “LADRILLOS VIDRIADOS PARA USO ORNAMENTAL DE BAJO PESO Y ALTA DENSIDAD"

UBICAGION TALLER DE CERAMICA INTI WASI - INDEPENDENCIA - ALTO SELVA ALEGRE - AREQUIPA

MATERIAL CUBOS VIDRIADQS DE ARCILLA CALCINADA DE 5 cm DE LADO

NORMA ASTM C 1109

EXPEDIENTE 982278

FECHA AREQUIPA 2015, MARZO 10
FECHA DE ESPECIFICACION DE FECHADE EDAD | Altura | AREA ] CARGA ESFUERZO DEjESFUERZQ DE

VACIADO TAUESTRA ENSAYQ DIAS G G2 kg ROTURA ROTURA
fec= kglem2 f'c= Mpa

24/02/2015 LADRILLO M-1 10/03/2015 14 500 | 28,13 862 ey | 3,00
240272015 LADRILLO M-2 10/03/2015 14 5,32 26,73 1034 39 3,79
24/02/2015 LADRILLO M-3 10/03/2015 14 532 27,03 1928 71 7,00
24/02/2015 LADRILLO M4 10/03/12015 14 501 28,31 1134 39 3,79
24/02/2015 LADRILLO M:5 10/03/2014 14 5,28 27,45 816 30 2,92
24J02/2015- LADRILLO M-6 10/03/2015 14 514 | 27,66 3084 112 10,93
24102/2015 LADRILLO M-7 10/03/2015 14 5,00 | 26,16 2495 a5 935
240212015 LADRILLO M-8 10/03/2015 14 500 | 23,53 3243 138 13,52
24/0212015 LADRILLO M-9 10/03/2015 14 543 | 2726 | 007 33 3,26
24/0212015 LADRILLO M-10 10/03/2015 14 531 28.94 1043 36 3,53
24/02/2015 LADRILLO M-11 10/03/2015 14 5.00 25,98 1247 46 4,53
2410212015 LADRILLO M 12 10/03/2015 14 501 25 16 1089 42 4,08

Observaciones:
- La muestra ha sido colocada en gl Leborateric por el solicitante.

Labarstono J2 Congreto y Eoezpursadfalenalas
INGFNIER uv“-/w"ws_fa

ENICRO CIVIL




UNIVERSIDAD NACIONAL DE SAN AGUSTIN DE AREQUIPA
FACULTAD DE CIENCIAS NATURALES ¥ FORMALES
Unidad de Produccién de Bienes y Prestacidn de Servicias
Lahovatarie SERVILAB

iNFBRME DE ENSAYD FISICE 2UiMIGE

: N DE REPOHTE: 14817 -15
NOMBRE DUEL CLIENTE $BUBLL YONNALHAN MAKUEL COAGUILA

DIRECCION - 2AREQIIPA
ASUNTO ANALISTS. me O QUIMICO
FRODUCTO

CANTIDAD DE MTESTRAS :
LUGAR Y FECHA DE RECEPGIOX
CARACTERISTICAS Y LONB .:I\’}‘\
FECHA DE ENTREGA DE KES :
REFERENCIA
PROCEDENCIA

QBRA

CONIGO NE REGISTRO

. ;' FLABORAJON PRUP'IAL

# LOSRESULTADO 'BT :

CITADC EN LA MUESTRA
RECIBIDA, ;

o ESTE FORMATO NG 1 LARORATORIO SERVILAD
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SEMYVILAB
SERVICIOS QUIMICOS EN GENERAL
Pahellon MARIANQ E. DE RIVERO Y USTARIZ (QUIMICA)
Av. lndependencia sfn » Ciudad Universitarias Laboratorio 108 (Primer Piso)
Teléfono: (054) 220360 » e-mail; upbs.servilub@@holmeil.com
Arequipa - Perlt




UNIVERSIDAD NACIONAL DE SAN AGUSTIN DE Al{EQUIPA
FACULTAD DE CIENCIAS NATURALES ¥ FORMALES
Unidad de Produecion de Bienes y Prestacion de Servicias
Laboratorio SERVILAB

INFORME DE ENGAYO

NYDE REPORTE: 14817-15

DETERMINACION Dl :

Condudiividad S/ cm NG
H

QOBSERVACIONES:

AMETCDO DE ENSAYS -
METODO DE ENSAYO APLICADO

IORMA /REFERENCIA / NOMBRE
todo Potenmometnco

DETERMINACION
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CONSTANCIA

Se hace constar que el Sr. Bachiller BUSH YONNATHAN MANUEL COAGUILA, identificado con
DNI: 46938006; de Ia escuela Profesional de Ing. de Materiales ha desarrollado la caracterizacion
microscopica de muestras de ladrilos vidriados empleando el Microscopio Metalografico de fuz
relejada y el Microscopio Estereografico en Laboratorio de Transformacion de Fases vy Microscopia.
Estos analisis conslituyen parte de su trabajo de Tesis denominado "ELABORACION DE
LADRILLOS VIDRIADOS DE BAJO PESO Y ALTA DENSIDAD DE USO CRNAMENTAL Y PARA
LA INDUSTRIA DE LA CONSTRUCCION'.

Se expide la presente a solicitud del interesado para los fines que haya lugar.

Arequipa, 23 de Marzo del 2015

e GO (
Dy/Marcelo Rodriguez Valdivia
Jefe de Laboratorié de Transformacion de Fases y Microscopia
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I Congreso de caracterizacion de materiales
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UNIVERSIDAD NACIONAL DE; SAN AGUSTIN DE AREQUIPA
FACULTAD DE CIENCIAS NATURALES Y FORMALES
ESCUELA PROFESIONAL DE Fisica

| CONSTANCIA N

El que suscnbe Dzreotor de la Escuela Profesional de Fisica, de la Universidad
~ Nacional de San Agustm de’ Arequ;pa hace constar o sxgu:ente

1. Se han reahzado medndas espectrofotometncas usando el Es;neotrofotometro
UV—VISlble marca thmatzu en el rango de 200 nm a 1000 nm, usando
lampara de Wo!framo , . . ‘ -

2. Las medidas fueron aplicadas a SIETE muestras dlstlntas de LADRILLOS

V VIDRIADOS propormonados por BUSH YONNATHAN MANUEL COAGUILA
de. la, Escuela Profesional de INGENIERIA. DE MATERIALES de Ia
Umversndad Nacional de San Agustln

3. Un analesns de los Espectros no muestran diferencias s:gmﬁcaf:vas entre eflos,
a pesar de que se nos  indicd que tenian diferentes recubrinientos. Esto
puede ser, porque los 'elemento;qu:’mioqs,agregados_ al vidrio, en el rango de
medida que se usd, no son  sensibles en esta parte del Espectro
Electromagnético. : | o |

La medida de Ios Espeotros fueron reahzadas por el Dr Davxd G. Pacheco Satazar,
docente adscnto al Departamento Academlco de Fisica.

Io

Se emite esta constancna a sohcntud del mteresado para ios ﬁnes que considere
; pertinentes. ‘ o ‘

Arequipa,” 16 de abril del 2015.

Av, !ndapcndcnua sin [-mail: epfunsa{wgmail.com
Pabellén: Hipolito Sanchez Trujil }0 epfcunsa.edu.pe

Tel: 0051-54- 241979 : : Areguipa - Perd





