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DRAFT-Application of Unites in D18 Standards
1. Introduction:

1.1. Background Information:

1.1.1. Typical Unit Systems (Metric-SI and British inch-pound (IP))

ASTM, through Committee E43 on SI Practice has emphasized the usage of the SI (metric) System of units for many years as presented in IEEE/ASTM SI 10 American National Standard for Metric Practice.  However, their efforts have not included some key concerns of the construction/engineering profession.  For more than a century, the engineering profession has used the gravitational approach to the metric and inch-pound (IP) units, in which the main emphasis is on force/weight (kgf or lbf).  The commerce/scientific profession uses either the SI or IP system of units in which the main emphasis is on mass (kgm or lbm) and commonly referred to as absolute approach.  Furthermore, the engineering profession, especially Civil, uses unit weight (kN/m3, kgf/m3 or lbf/ft3) extensively to determine stresses, but the SI System does not recognize this unit/quantity.  Finally it should be noted, if one just considers mass and force in both the absolute and gravitational approaches to units these quantities are commonly taken to be equivalent.  That is, mass and weight have the same values (kgm = kgf or lbm = lbf), but they are different since one is a mass and the other is a force and two different approaches to a given system of units are being used (absolute/gravitational).  Combining the absolute/gravitational SI or inch-pound systems of units can lead to confusion in many standards, especially if dynamic properties are involved.  Therefore this approach should be avoided when preparing a standard.  
In Summary, there are two basic systems of units being used throughout the world: Metric-SI and British-inch-pound (IP) and within these two systems there are two approaches: absolute and gravitational.  However, when the metric system switched to SI, the usage of the gravitational approach was supposed to be eliminated, but it still is being used (see Civil Engineering, November 2013, pg. 28 where "6 million kgf" is stated).
1.1.2. Committee D18 Unit Policy

Committee D18 has put a considerable effort into developing a consistent approach to units in its standards along with meeting a key objective to the users of those standards.  That is the approach is understandable, represents the users (foreign and domestic), and is scientifically correct.  This would be an easy task if one just uses the SI system and all apparatus sections were based on the SI system of units.  However that is not the case, many construction standards are based upon the IP system of units, such as 4-inch pipe in our compaction standards (D698 & D1557).  In addition and as stated above, the construction/engineering profession focuses on forces/weights. When working in the IP system, Committee D18 selected the gravitational system, where the pound represents a force (lbf) and many specialized guides on how to determine and present masses, along with presenting apparatus using an rationalized approach, and some other specialized considerations, such as in section titled "Calculation" and "Report (data sheet(s)/form(s))."  See Summary Section 1.1.4 below.
The above-mentioned "considerable effort" started in the mid-1980s when a special task group was formed to study units in standards and make recommendations to D18's Executive Subcommittee D18.90.  D18.90 then formulated a policy on units which was presented in the D18 Standards Preparation Manual (1999).  Since 1999, ASTM has updated its policy on units, basically emphasizing the usage of SI and rationalized units (combined standard where both SI and IP units are standard); see Form and Style for ASTM Standards (Blue Book) Part H.  The justification for the specialized approach covering units presented in the D18 SPM is based on the following from Part H:
H1.1 states “This part is intended to guide technical committee in the use of the standard formats for denoting the use of the International System of Units (SI), non-SI units (usually inch-pound), or both in ASTM standards.”  D18 interprets this to mean other formats then those presented in H3 and H4 are acceptable, because the term “guide” instead of “shall or should” is used. 
For example, to making D18 Standards more "user" friendly: 
a) In a combined standard, inch-pound units can be presented before SI units, especially when the apparatus was developed in inch-pound units.
b) In a SI standard, non-rationalized inch-pound units can be given for information only in parentheses. 
c) Using D18's approach resulted in five standard formats; instead the three presented in Part H.

H1.2.2.1 states “For committees that have special considerations with the use of SI units in ASTM Standards, it is permissible to develop committee specific technical guidance for clarification.”  D18 interprets this to mean we can give guidance on SI and inch-pounds units that are specific to the professions represented within D18’s Scope.

For example, civil engineering uses “unit weight or force per volume” in many applications/standards, with units being lbf/ft3 or kN/m3.  Such units are presented in the D18 SPM and contained many D18 Standards.

Density units of g/cm3 are frequently used in D18 Standards; whereas IEEE/ASTM SI 10 states they should be avoided.  
For D18 standards using rationalized units is not an easy task for standard writers, especially if the apparatus was developed using the IP system of units.  However, recently the following wording was developed to facilitate the usage of rationalized SI units in standards:

· The SI converted numbers should have the same/similar number of significant digits as the inch-pound units.

· The apparatus description section or figure, or both contain the following type of statement/note; "The SI units presented are basically hard conversions of the inch-pound units, other rationalized SI units should be acceptable providing they meet the requirements established by the inch-pound apparatus."  

· The addition of the following note could be beneficial: Note X—The Subcommittee (insert number) is seeking details covering apparatus specifications using rationalized SI units.  Send such details to the D18 Staff Manager at ASTM International (www.astm.org or address given in every standard).
An example of this approach is given Section 9 in the "Apparatus" section. 
1.1.3. Definitions
rationalization, n, in ASTM standards—(formerly hard conversion) the planned simplification of a converted value achieved by modifying the value to reflect dimensions or physical characteristics of existing real measurements or configurations; as a result of this change the object or quantity may not be interchangeable with the original.
combined standard, n—an ASTM standard in which rationalized SI units and inch-pound units are included in the same standard, with each system of units to be regarded separately as standard.
newton, n, in SI units—is the force needed to give a mass of 1 kg an acceleration of 1 m per sec2 (kg•m/s2).

kilogram-force, n, in gravitational-metric units—is the force needed to give a mass of 1 hyl an acceleration of 1 m per sec2 (hyl•m/s2).
poundal, n, in absolute-IP units—is the force needed to give a mass of 1 lbm an acceleration of 1 ft per sec2 (lbm•ft/s2).

pound-force, n, in gravitational-IP units—is the force needed to give a mass of 1 slug an acceleration of 1 ft per sec2 (slug•ft/s2).

acceleration of gravity, n (g)—the standard acceleration of free fall on earth, which is either 9.80665 m/s2 or 32.1740 ft/s2.
1.1.4. Summary of D18's Guidance on Usage of Units in Standards as Presented in the D18 Standards Preparation Manual (D18 SPM)
· If force is mentioned in the standard and inch-pound (IP) units are included, then the gravitational inch-pound (IP) system shall be used.  That is force is represented by lbf (IP) and N (SI).
· If force and mass/density are included in the standard, then only SI units are used for mass and density and the combined units is the preferred presentation (SI & [IP] or IP & [SI]).

· For standards where the apparatus was developed using the IP system of units, the D18 SPM has specialized guidance for the presentation of IP and SI units.

· If the standard's "Calculation" section is complicated/extensive, only one set of units should be used; typically SI if density is involved.
· The unit section within the "Scope" should define in detail how units are being used.  The D18 SPM presents five (5) typical formats, where as the "Blue Book" presents three (3).

· The Civil Engineering Profession for over a century has used some units not covered or frowned upon by the SI standard; therefore it is D18's policy to continue to represent this profession by using such units as unit weight (lbf/ft3), density in g/cm3 or Mg/m3, and dimension in cm.
Recommendations by Subject Headings—Recommended changes in the D18 SPM's guidelines for each subject heading (section) within a standard are presented in the following sections

Titles—The terms density and unit weight shall appear in appropriate titles.  Some examples are:

D 558 – Test Methods of Moisture-Density (Unit Weight) Relations of Soil-Cement Mixtures,

D 1556 – Test Method for Density and Unit Weight of Soil in Place by the Sand-Cone Method, and

D 4523 – Test Methods for Maximum Density and Unit Weight of Soils Using a Vibratory Table.

Designation Number—Combined (dual) standards require the addition of an "M" to its designation number, such as D XXXX/D XXXXM.  An example is D 1143/ D 1143M. 

Scope—In all standards containing units, include the following statements for the unit choices given above (Section 9.4.2.1).  Note, in the presentation

1st Choice—Solely SI Standards, include the following as a numbered paragraph:

1.X Units—The values stated in SI units are to be regarded as standard.  No other units of measurement are included in this standard. Add if appropriate, "Reporting of test results in units other than SI shall not be regarded as nonconformance with this standard."
2nd Choice—Standard uses SI units with rationalized inch-pound units; i.e., a combined (dual) standard.  In such standards, include the following as numbered paragraphs and do not forget to update its designation number:
1.X Units—The values stated in either SI units or inch-pound units [given in brackets] 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. Add if appropriate, "Reporting of test results in units other than SI shall not be regarded as nonconformance with this standard."
1.X.1 The gravitational system of inch-pound units is used when dealing with inch-pound units.  In this system, the pound (lbf) represents a unit of force (weight), while the unit for mass is slugs.  The slug unit is not given, unless dynamic (F = ma) calculations are involved.
For standards involving apparatus in which the rationalized SI units given are not known and hard conversions of inch-pound units are presented, include the following paragraph in the scope or as a note in the apparatus section.

1.X.2 The SI units presented for apparatus are basically hard conversions of the inch-pound units, other similar SI units should be acceptable providing they meet the requirements established by the inch-pound apparatus.
For standards involving the determination of mass or the use of density and unit weight, include the following as a numbered paragraph:

1.X.3 It is common practice in the engineering/construction profession to concurrently use pounds to represent both a unit of mass (lbm) and of force (lbf).  This implicitly combines two separate systems of units; that is, the absolute system and the gravitational system.  It is scientifically undesirable to combine the use of two separate sets of inch-pound units within a single standard.  As stated, this standard includes the gravitational system of inch-pound units and does not use/present the slug unit for mass.  However, the use of balances or scales recording pounds of mass (lbm) or recording density in lbm/ft3 shall not be regarded as nonconformance with this standard.
For standards involving extensive/complicated calculations, include the following as a numbered paragraph, since it is difficult to present and follow calculations using two systems of units.  Furthermore similar wording, as given below, should be included in the "calculation" section.  An example of this approach is given in Test Method D 4186 (CRS).
1.X.4 Calculations are done using only one set of units that is (use either SI or gravitational inch-pound).  Other units are permissible provided appropriate conversion factors are used to maintain consistency of units throughout the calculations, and similar significant digits or resolution, or both is maintained.
3rd Choice—Standard uses inch-pound units with SI rationalized units; i.e., a combined (dual) standard.  In such standards, include the same instructions as given for the 2nd Choice, except reverse the order of unit presentation.  
4th Choice—Standard uses SI units with converted inch-pound units in parentheses.  In such standards, include the following as numbered paragraphs:
1.X Units—The values stated in SI units are to be regarded as standard.  The values given in parentheses are mathematical conversions to inch-pound units, which are provided for information only and are not considered standard. Add if appropriate, "Reporting of test results in units other than SI shall not be regarded as nonconformance with this standard."
1.X.1 The converted inch-pound units use the gravitational system of units.  In this system, the pound (lbf) represents a unit of force (weight), while the unit for mass is slugs.  The converted slug unit is not given, unless dynamic (F = ma) calculations are involved.
For standards involving the determination of mass or the use of density and unit weight, include the following as a numbered paragraph:

1.X.2 It is common practice in the engineering/construction profession to concurrently use pounds to represent both a unit of mass (lbm) and of force (lbf).  This implicitly combines two separate systems of units; that is, the absolute system and the gravitational system.  It is scientifically undesirable to combine the use of two separate sets of inch-pound units within a single standard.  As stated, this standard includes the gravitational system of inch-pound units and does not use/present the slug unit for mass.  However, the use of balances or scales recording pounds of mass (lbm) or recording density in lbm/ft3 shall not be regarded as nonconformance with this standard.
5th (last) Choice—Standard uses inch-pound units with converted SI units in parentheses.  In such standards, include the following as numbered paragraphs:
1.X Units—The values stated in inch-pound units are to be regarded as standard, except as noted below.  The values given in parentheses are mathematical conversions to SI units, which are provided for information only and are not considered standard. Add if appropriate, "Reporting of test results in units other than SI shall not be regarded as nonconformance with this standard."
1.X.1 The gravitational system of inch-pound units is used when dealing with inch-pound units.  In this system, the pound (lbf) represents a unit of force (weight), while the unit for mass is slugs. 
For standards involving the determination of mass or the use of density and unit weight, include the following as numbered paragraphs:

1.X.2 The slug unit of mass is almost never used in commercial practice; i.e., density, balances, etc.  Therefore, the standard unit for mass in this standard is either kilogram (kg) or gram (g), or both.  Also, the equivalent inch-pound unit (slug) is not given/presented in parentheses.
1.X.3 It is common practice in the engineering/construction profession, in the United States, to concurrently use pounds to represent both a unit of mass (lbm) and of force (lbf).  This implicitly combines two separate systems of units; that is, the absolute system and the gravitational system.  It is scientifically undesirable to combine the use of two separate sets of inch-pound units within a single standard.  As stated, this standard includes the gravitational system of inch-pound units and does not use/present the slug unit for mass.  However, the use of balances or scales recording pounds of mass (lbm) or recording density in lbm/ft3 shall not be regarded as nonconformance with this standard.

1.X.4 The terms density and unit weight are often used interchangeably. Density is mass per unit volume whereas unit weight is force per unit volume. In this standard density is given only in SI units. After the density has been determined, the unit weight is calculated in SI or inch-pound units, or both. 

Apparatus—In each of the following sections, the application of rationalized units is treated separately.  Always remember to use similar significant digits in both sets of units.
Balances/Scales—Specify the requirements for balances or scales in terms of kilograms (kg) or grams (g) only, see Specification D 4753, Evaluating, Selecting, and Specifying Balances and Scales for Use in Soil and Rock Testing.  As previously stated, the equivalent/rationalized inch-pound unit (slug) is not given.

Molds—To be completed when D18 obtains copies of rationalized SI Units for molds used in standards developed by other standard organizations.

Energy/Work—In standards where the controlling factor is energy and/or work, the apparatus shall be specified in terms of weight (force).  Some examples of such standards are where the compaction effort is specified (D 558, D 698, D 1557) and the standard penetration test (D 1586).

Inch-pound units are the standard (5th Choice)—Examples of the terminology to be used are:

a) Rammer—The weight of the rammer shall be 10.00 + 0.02 lbf (44.48 + 0.09 N).

b) Hammer—that portion of the drive-weight assembly consisting of the 140 + 2 lbf (623 + 9 N) impact weight that is successively lifted and dropped to provide the energy that accomplishes the sampling and penetration.  

You might want to add the example "Note" given below.

Inch-pound units with rationalized SI units (3rd Choice)—In this case, the Europeans have switched the rationalized force unit to a mass unit, although there is justification to disagree with them, D18 should follow their approach.  Some examples are:  

a) Rammer—The weight of the rammer shall be 10.00 + 0.02 lbf or a mass of 4.50 + 0.01 kg.

b) Hammer—that portion of the drive assembly consisting of the 140 + 2 lbf impact weight or 65 + 1 kg impact mass that is successively lifted and dropped to provide the energy that accomplishes the sampling and penetration.  Note, for this case the height of drop is 30 in. (745 mm).

If the subcommittee considers it necessary to explain how this force may be measured, the following note could be added:

Note X—It is a common and acceptable practice to assume that the weight (force) of the rammer/hammer is equal to its mass determined using either a kilogram or pound balance.  For this case, 1 lbf is equal to 1 lbm or 0.4536 kg.

Typical Graphical Presentation—See following two figures.
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Note X—The Subcommittee (insert number) is seeking details covering apparatus specifications using rationalized SI units. Send such details to the D18 Staff Manager at ASTM International (www.astm.org or address given in every standard).

Procedure:
Dimensions—In the SI system, dimensions less than a meter are made/given in millimeters (mm), while larger dimensions are given in meters (m).  Do not prescribe measurements in centimeters (cm), however, as discussed below it is acceptable to determine volumes in cm3.  In inch-pound system, relatively small dimensions (say less than a few feet) are given in inches (in.), while large dimensions are given in feet (ft).

Mass—As previously stated, standards shall be written in terms of expressing the mass of objects in kilograms or grams.  In addition, it is incorrect to use the terms "weight" or "weigh" when the mass of objects is required.  An example of incorrect usage would be "weigh the compacted specimen."  This should be changed to read "determine the mass of the compacted specimen."

The units of a g and cm are not appropriate in the SI system.  However, in D18 standards, it is customary (for convenience) to use such units for relatively small masses or volumes, respectively.  Also, for convenience, it is common practice to determine a test result, such as density in g/cm3.  However, the result should not be reported in such units; instead, use the SI unit of Mg/m3 or Kg/m3.  

Density/Unit Weight—When both density and unit weight determinations are required, the density shall first be determined using only SI units and then converted to a unit weight, giving both SI and inch-pounds units.

An example of this approach is:

Determine the mass of the compacted specimen (mass of the compacted specimen and mold, minus the mass of mold) in Mg or g.  Divide this mass by the volume of the mold in cubic meters (m3) or cubic centimeters (cm3).  Record the result as the moist (total) density, t in Mg/m3 (g/cm3), or as the moist (total) unit weight, t in kN/m3 (t x 9.80665) or lbf/ft3 (t x 62.428)).

Calculations
Mass/Density—For standards in which masses, densities, etc. are measured in one system of units and then converted to another, the following paragraph shall be added just before the presentation of density/unit weight calculations:

X.X.1 Density/Unit Weight—Calculations as shown are for the SI system of units.  Other units are permissible provided appropriate conversion factors are used to maintain consistency of units throughout the calculations.  

Note X—See 1.X for additional comments on the usage of inch-pound units.  (These are the paragraphs in the scope section explaining the system of units being used.)

Appropriate conversion factors are given in Table 5.

Typical examples of how the calculation section should be written following the above paragraph are as follows:

Example M/D1: 

X.X.2 Calculate the specific gravity, Gs,t, of the soil, based on water at a temperature Tx, as follows:


Gs,t at Tx = Ms / (Ms + (Mpw,t - Mpws,t))
(X)

where:

Ms = mass of oven-dry soil, g,

Mpw,t = mass of pycnometer filled with water at temperature Tx, g,

Mpws,t = mass of pycnometer filled with water and soil at temperature Tx, g, and

Tx = temperature of the pycnometer and contents when mass Mpws,t was determined, oC.

Example M/D2:
X.X.2 Calculate the moist (total) density, t, of the specimen as follows:


t = M1/V1
(X)

where:

t = moist/total density of the specimen, Mg/m3 or g/cm3,

M1 = moist mass of specimen, Mg or g, and

V1 = volume of specimen, m3 or cm3.

X.X.3 Calculate the moist (total) unit weight, t, of the specimen as follows:


t = 9.8066 x t, kN/m3, or 
(X)


= 62.428 x t, lbf/ft3
(X)

where:

t = moist/total unit weight, kN/m3 or lbf/ft3,

9.8066 = conversion factor, Mg/m3 or g/cm3 to kN/m3, and 

62.428 = conversion factor, Mg/m3 or g/cm3 to lbf/ft3.

X.X.4 Calculate the dry density, d, of the specimen as follows:


d = (t /(w + 100)) x 100
(X)

where:

d = dry density, Mg/m3 or g/cm3, and

w = water content, percent.

X.X.5 Calculate the dry unit weight, d, of the specimen as follows:


d = 9.8066 x d, kN/m3, or 
(X)


= 62.428 x d, lbf/ft3
(X)

where:

d = dry unit weight, kN/m3 or lbf/ft3,

9.1.1.1 Conversion Factors—Table 5 presents conversion factors to convert from one unit to another, typically from inch-pound to SI units.  Other conversion factors and unit related information are given in SI Quick Reference Guide contained in our Annual Book of ASTM Standards.  Complete details on units, conversion factors, rules for conversion and rounding are given in IEEE/ASTM SI 10 Standard for Use of the International System of Units (SI): The Modern Metric System.  Rules for rounding are also given in D18’s Practice D 6026.

UnitUpdateForD18SPM.doc

