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FORWARD 

The Arizona Technical Testing Institute (ATTI) is a nonprofit organization formed 
to promote the highest standard in highway construction materials sampling and 
testing through certification of technicians. ATTI certifications emphasize a 
hands-on approach, that is, applicants must satisfactorily demonstrate test 
methods as well as pass a written exam to receive certification. 

The organization is represented by members from the Arizona Department of 
Transportation (ADOT), highway contractors, material suppliers, materials testing 
laboratories, Arizona Rock Products Association (ARPA), Federal Highway 
Administration (FHWA), and Arizona General Contractors (AGC). 

ATTI certifications satisfy ADOT and federal requirements which specify that 
technicians performing materials sampling and testing on ADOT projects are 
properly qualified. 

ATTI provides the following certifications: 

ATTI FIELD TECHNICIAN – field sampling and testing of soils, 
aggregates, asphalt, and asphaltic concrete, 

ATTI LABORATORY SOILS/AGGREGATE TECHNICIAN – laboratory 
sampling and testing of soils and aggregate, 

ATTI ASPHALT TECHNICIAN – laboratory sampling and testing of 
asphaltic concrete. 
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CERTIFICATION INFORMATION SECTION 

INTRODUCTION 

The ATTI Asphalt Technician Certification program evaluates the competency of 
applicants performing testing of bituminous mixtures (asphaltic mixes) and 
aggregates in a laboratory. Certification is based on satisfactory demonstration of 
all specified sampling and testing methods, as well as passing a written 
examination. Applicants are advised to receive training or have experience 
performing the test methods and calculations before attempting to obtain 
certification. 

This workbook provides information regarding the requirements for ATTI Asphalt 
Technician Certification, administration of the certification process, and topics 
covered during the certification examinations. Brief coverage is given to safety 
issues, representative samples, record keeping, and soils and aggregates 
properties. Most importantly, the workbook contains copies of the applicable 
testing methods which a certified ATTI Soils/Aggregate Technician must be able 
to perform. 

PERFORMANCE EXAMINATION 

As Stated earlier, the emphasis of this certification program is technician 
demonstration of proficiency in performing all test methods which have been 
specified above. 

Technicians may not use any notes or books while taking the performance exam. 
The examiner will maintain possession of all examination paperwork. 

The examiner will use standardized checklists to verify proper procedure by the 
technician. During the performance examination, the examiner will indicate a 
technician's compliance with each identified item on the individual test method 
checklist with a "Yes" or "No" in the space provided. If any significant deficiencies 
are observed during the exam, the examiner must indicate "No" for that item. 
Any "No" will constitute failure of that test method. All checklist items must be 
performed correctly or the test method is considered failed. 
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Once completed, the examiner will inform the technician if the test method was 
passed or failed. If failed, the examiner will indicate the step or steps that were 
not performed properly. The failed test method may be demonstrated a second 
time at the discretion of the examiners. The retest should be performed after all 
other tests have been completed, the technician has studied the failed test 
method, and the examiner is available. If a test method is failed a second time, 
the applicant must schedule a retest within 1 year at a cost of $50.00. 

If the technician requests to start over a test method once they have begun, the 
examiner will allow the technician to restart the test method and disregard 
findings of the incomplete test. The technician will be allowed to restart a test 
method one time only. 

It is recommended that technicians perform all test methods during an 
examination period. Any test methods not performed will be considered 
failed. 

WRITTEN EXAMINATION 

The written examination has a 3 hour time limit to complete. The questions and 
calculations are derived directly from the previously mentioned test methods and 
from information presented in the first few chapters of this manual. Eighty (80) 
percent of the written examination questions must be answered correctly and all 
calculations performed correctly to achieve a passing score. 

Notes and books may not be used while taking the written examination. The 
examiner will maintain possession of all examination paperwork. 

RETESTING 

If a technician fails to successfully demonstrate a test method as prescribed, the 
technician may be allowed to demonstrate the failed test method a second time 
during the same examination period at the discretion of the examiners. The retest 
should be performed after all other tests have been completed, the technician 
has studied the failed test method, and the examiner is available. Failed test 
methods must be re-demonstrated within twelve months of the original 
examination date. All retesting is at the discretion of the examiners. 

A technician failing the written or calculations examination is required to retake 
the entire written or calculations examination within twelve months of the original 
test date. 
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If a technician fails the performance and /or written examinations a second time, 
a fee will be charged for additional testing that must be performed within twelve 
months of the original examination date. If the failed items are not successfully 
passed the third try, the technician will be required to register and retake the 
entire certification examination. 

CERTIFICATION 

To receive certification, the technician must successfully demonstrate all test 
methods as well as correctly answer at least 80 percent of the written exam 
questions and correctly perform all calculations. Certification is granted for a 
period of five years. Successful completion of the entire examination program is 
required for re-certification. 

CANCELLATION OR NO-SHOW 

The cancellation policy is detailed in the ATTI Administration Manual which is 
available on the ATTI website at www.attiaz.org. 

APPEALS 

ATTI certification examinations, policies, procedures, requirements, and 
materials are developed through a cooperative effort of the ATTI technical 
advisory board and industry experts. The ATTI Board of Directors approves and 
provides oversight of the certification program. If a technician feels that the 
certification exams have not been correctly administered or if the technician 
desires to appeal their exam scores, they may do so. 

Appeals should be made in the following sequence: 

1. Senior Examiner
2. Executive Director
3. Technical Advisory Board
4. ATTI Board of Directors

If there is not consensual resolution at any level, the technician may escalate 
their appeal to the next level.  The decision of the Board of directors is final. 

Technicians are encouraged to provide feedback to ATTI on any portion of the 
examinations, manual content, exam administration, or requirements of the ATTI 
certification process. The comments received will be discussed by the technical 
advisory board and, if merited, revisions to the program will be initiated. 
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TECHNICAL SECTION 
 

 

SAFETY 
 

Some of the test methods in this manual may involve hazardous materials 
operations, and/or equipment. This manual does not claim to address all relevant 
safety issues which may be encountered or which may be associated with its use 
or with the performance of test procedures introduced here. It is the responsibility 
of the technician to determine, establish, and follow appropriate health and safety 
practices. The technician must also determine the applicability of any regulatory 
limitations of test equipment and chemicals. 

 
THE OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION (OSHA) 

 
OSHA has established safety requirements for individuals working in various 
environments. In the field and laboratory these requirements include such 
measures as wearing hard hats, eye protection, and protective footwear as well 
as the need to observe certain precautions when operating machinery and other 
equipment. There are also regulations pertaining to the handling and storage of 
chemicals, nuclear devices, and other hazardous materials. This short discussion 
on safety is not meant to preclude or to include OSHA requirements. It is up to 
the individual technician to be acquainted with OSHA regulations  that 
apply to their particular job assignment. 

 
SAFETY IN THE LABORATORY 

 
Most work environments have initiated and have a set of safety standards in 
place. It is imperative that you become familiar with and follow the procedures. 
This discussion on safety is not meant to replace “on the job” safety guidelines, 
but merely to augment and reiterate them. The intent of safety as presented here 
is toward prevention ‐ the identification of safety issues and their appropriate 
resolution. 

 
Most on the job accidents involve human error. Therefore, it is important that you 
constantly be on the alert for potential safety risks and hazards both in the field 
and in the laboratory. 

 
NUCLEAR GAUGES AND RADIATION SAFETY 

 
Some tests included in this manual may involve the use of nuclear devices. 
Individuals who handle these devices MUST be qualified in the proper handling, 
usage, and storage of these devices. Do not handle or operate nuclear gauges 
without first completing the proper qualification requirements. See your Nuclear 
Safety Regulatory Officer. The source has been removed from the gauge used in 
the class training. 
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REPRESENTATIVE SAMPLES 

As should be apparent, acceptance or rejection of materials is highly dependent 
on the representativeness of a small sample that is tested to determine the 
quality of a large quantity of material. If the sample is not truly representative of 
the larger quantity, acceptable material might be rejected or unacceptable 
material might be accepted. Unbiased samples must be obtained in a way that 
the true nature of the material is represented. For example, aggregate stockpiles 
should not be sampled at the surface where coarser slough material is present. 
Similarly, all material from an asphaltic concrete plate sample should be obtained 
with single strokes of the sampling device through the middle of the plate, 
excluding material that sloughs onto the plate after initial sampling. 

RANDOM SAMPLING 

A random sample is any sample which has an equal chance as any other sample 
of being selected from a population. In other words, there is an equal chance for 
all locations and all fractions of materials to be sampled. 

Samples should not be obtained on a predetermined basis or based on the 
quality of the material in a certain area. If  sampling is not performed on a 
random basis, the quality of the sample can be artificially modified and the 
sample will no longer be representative of the larger quantity. 

When a sample is not representative, it is said to be biased. Examples of biased 
sampling that should not be used include sampling a roadway at a given interval 
such as 1500 feet; sampling asphaltic concrete production at a given frequency, 
such as every 500 tons; or taking samples at a given time, such as every hour on 
the hour. 

Random sampling is usually accomplished with the use of random number 
generators or tables of random numbers. Most calculators and computers 
contain a random number generator that merely requires the operator to hit a 
button. The automated random number generators use programmed tables of 
random numbers similar to the table shown in figure 3. Random number tables 
are simply random arrangements of numbers of any table length. 

.72 .51 .98 .45 .01 .55 .25 .24 .73 .43 

.99 .13 .69 .59 .88 .35 .07 .66 .82 .78 

.68 .40 .08 .83 .11 .48 .56 .19 .46 .31 

.03 .96 .49 .10 .74 .38 .22 .87 .33 .57 

.70 .28 .04 .63 .27 .15 .60 .44 .03 .37 

.16 .53 .85 .09 .39 .91 .47 .30 .77 .42 
Figure 3.  Table of random Numbers 

8



ASTM D3665 - "Standard Practice for Random Sampling of Construction 
Materials" is a reference used by the industry for determining random locations or 
timing at which samples of construction materials are to be taken. The ASTM 
method uses a table of random numbers and details the procedures for 
determining random times for belt sampling, random lengths for windrow 
sampling, random sampling of in-place paved materials, and random truck load 
number sampling. 

To obtain a group of random numbers, select a starting number in a random 
number table, never repeating the same starting number, and proceed from the 
starting number reading left to right, top to bottom, bottom to top, right to left or 
diagonally. Each number will then correspond to a sampling frequency. 

Example 1: 

Four samples are required for a 12 feet wide pavement with a lot size 
determined to be 4000 linear feet. The lot begins at station 100+00. Use 
the random number table in Figure 3 to determine the sample locations. 

Step 1, from the given information: 
Lot begins at station 100+00 
Lot ends at station 140+00 
Length of lot = 4,000 feet 

Step 2, determine the sample location: 
Using the random number table, obtain two sets of 4 random 

numbers each. 
Set 1 will be used to determine stationing (X) of the samples 

by multiplying the random numbers by 4,000 feet. 
Set 2 will be used to determine the sampling distance from 

the right edge of pavement (Y) by multiplying the random numbers 
by 12 feet. 

Step 2a, random numbers chosen from table: 

Set 1: .13 .69 .59 .88 
Set 2: .73 .82 .46 .33 

Step 2b, sample coordinate locations determined: 

Sample #1: 
X= .13 X 4000 = 520 feet 
Y= .73 X 12 = 8.8 feet 
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Sample #2: 
X= .69 X 4000 = 2760 feet 
Y= .82 X 12 = 9.8 feet 

 
Sample #3: 

X= .59 X 4000 = 2360 feet 
Y= .46 X 12 = 5.5 feet 

 
Sample #4: 

X= .88 X 4000 = 3520 feet 
Y= .33 X 12 = 4.0 feet 

Step 2c, samples located by stationing and offset: 

Sample #1: 
Station 100+00 + 520 feet = Station 105+20 @ 8.8 
feet from right edge of pavement 

 
Sample #2: 

Station 100+00 + 2760 feet = Station 127+60 @ 9.8 
feet from right edge of pavement 

 
Sample #3: 

Station 100+00 + 2360 feet = Station 123+60 @ 5.5 
feet from right edge of pavement 

 
Sample #4: 

Station 100+00 + 3520 feet = Station 135+20 @ 4.4 
feet from right edge of pavement 

 
When obtaining samples from a large area (or lot), divide the area into sublots if 
necessary and obtain samples from each sublot using stratified  random 
sampling. Stratified random sampling assures that samples are taken from 
throughout the entire lot and are not concentrated in one area of the lot. See 
Figure 4. 

 
1 
 
 
 

 

2 
 

 
 
 
 

3 
 
 

 
 
 

4 

LOT 
 

Figure 4. Sublots for stratified sampling. 
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SAMPLING AND TESTING RECORDS 

All data collected during the sampling and testing processes should be 
documented electronically or retained on paper.  This documentation provides: 

• Records pertaining to individual samples.
• A process to trace samples and test results.
• Control of samples as they are processed and tested.
• Who did the sampling and testing.
• What testing was done.
• Permanent record of test data and test results.

Sample tickets used for sample identification, work instruction cards directing 
which tests to perform, logs of samples and tests performed, test data 
worksheets, and test result reporting forms are all routinely used records which a 
technician must have familiarity. 

Test methods provided in AASHTO Standard Specifications, Part I/tests and in 
the ADOT Materials Testing Manual define which data to collect, calculations to 
perform, and what information to report. They also have guidelines for 
determining if test results are reasonable. 

SAMPLE TICKETS 

Sample tickets need to be attached to or accompany all samples.  A sample 
ticket is the document which identifies an individual sample. Sample tickets will 
usually contain information such as: 

• Project number or code.
• Name of the person who obtained sample.
• Type of material.
• Date and time the sample was obtained.
• Purpose of the sample.
• Where the sample was taken
• Sample number.
• Type of testing to be performed.

TEST RESULTS 

Field sampling and testing must always be done according to test methods. 
Precise and reliable sampling and testing directly impacts the acceptance and 
payment of a product. If sampling and testing are not performed correctly, a 
substandard product could be accepted at full compensation or an acceptable 
product could be rejected. Test methods used most frequently are contained in 
the ADOT Materials Testing Manual and the AASHTO Standard Specifications, 
Part II, Tests.   These methods describe how large a sample should be,  step-by- 
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step procedures, what data is to be collected, what calculations are to be 
performed, and what test results are reported. 

 
The reliability of testing is often checked with the use of split samples which are 
tested by two different technicians. If individual test results or the comparison of 
split samples do not seem reasonable, an investigation should be conducted to 
establish why. Usually the discrepancy will be due to procedural or equipment 
deficiencies, errors in calculations, incorrect transposition of data, or the use of 
procedural shortcuts. Poor equipment calibration or equipment malfunction and 
improper handling of samples can also cause unreliable test results. Retesting 
should be performed only after the discrepancies have been corrected. 

 
Occasionally, an unreasonable test result may be encountered. Unreasonable 
test results should not simply be labeled as outliers and discarded. Results  
should only be discarded if they are outside of the range of possible results or if 
they are determined statistically to be outliers. ASTM E178 gives a common 
method for determining outliers in the highway construction industry. 

 
All test reports should clearly identify the individual who performed the test and 
the date the test was completed. Test reports should also include the signature  
of the individual taking responsibility for the validity of the testing. All revisions 
made to a test report must identify the person making the changes and the date 
the changes were made. Example copies of test report forms are included in 
some of the test methods presented in this workbook. 

 
CONTROL CHARTS 

 
Control charts enable us to visually observe and check test data. They are 
referred to as both run control charts and statistical charts. When used by a 
contractor, these charts show the trends of production. When used with 
specification limits, they show specification compliance. Control charts provide 
many benefits including: 

 
• A method for discovering production problems early. 
• A decrease in the frequency of inspections. 
• A basis for revising specification limits. 
• A permanent record of quality. 

 
Control charts also help to decrease variability, help establish process capability 
and make everyone involved more aware of quality. 

 
Run charts, also known as trend charts, are the simplest form of control charts. 
They can be used to plot single values and to verify that test results are within 
specification or production limits. Run charts provide an indication of trends, but 
are not statistically based. A production process that is in excellent control and is 
producing very desirable material is illustrated in Figure 5. 
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Figure 5. Run Chart Illustrating process in control. 

The two most common statistical control charts used in highway construction are 
the x‐bar chart which plots average values and the R chart which plots the 
spread, or range, of the actual values. These charts are used together to 
determine when an assignable cause is influencing a change in the process. 
Assignable causes are due to something that can be identified and corrected. 
Eight consecutive points lying on either side of the target value or a single point 
outside of the control limits are two readily apparent conditions of the statistical x‐ 
bar control chart that indicate a process may not be in control. Figure 6 illustrates 
both of these conditions. 

Figure 6. eight points on one side of the target value and one 
point outside of the upper specification limit indicate a problem 
with this production. 
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SAMPLING BITUMINOUS MATERIALS 
 

(An Arizona Method) 
 
 
1. SCOPE 

 
1.1 This procedure covers best practices for sampling of Bituminous materials 

(paving grade asphalt, crumb rubber asphalt and emulsions) in the field. 
 
1.2 This test method may involve hazardous material, operations, or equipment.  

This test method does not purport to address all of the safety concerns 
associated with its use. It is the responsibility of the user to consult and establish 
appropriate safety and health practices and determine the applicability of any 
regulatory limitations prior to use. 

 
1.3 For the purpose of this test method Bituminous materials other than Emulsions 

will be referred to as “Asphalt Binder”, and Emulsified Bituminous material i.e. 
(RS-1, SS-1, CSS-1, etc…) will be referred to as “Emulsions”. 

 
 
2. SIZE OF SAMPLES 

 
2.1 A minimum of 1 gal. of Asphalt Binder. 

 
2.2 A minimum of two ½ gal. containers per sample of Emulsions. 

 
 
3. CONTAINERS 

 
3.1 Containers for  Asphalt Binder, shall be double friction top cans. 

 
3.2 Containers for Emulsion samples shall be wide mouth containers made of  

plastic. 
 
 
4. PROTECTION AND PRESERVATION OF SAMPLES 

 
4.1 Containers shall be new and free of any moisture, contaminants, or residue from 

any manufacturing process. The top and container shall fit together tightly. 
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4.2 The container shall be tightly sealed immediately after obtaining the sample. 

4.3 The filled sample container shall not be cleaned using a solvent. If cleaning is 
necessary use a clean dry cloth. 

4.4 Samples of Emulsion shall be protected from freezing. 

4.5 Transferring samples from one container to another shall be avoided if possible. 

4.6 Sample containers shall be identified using sample tags that are securely 
fastened to the side of the container so they will not be lost in transit, and shall 
be clearly marked for identification with a  suitable permanent marker on the 
side of the container itself. 

5. PROCEDURE

5.1 Samples of Asphalt Binder shall be taken from the last possible point before the
bituminous material is introduced into the hot plant. This is usually from a spigot
or faucet on the circulation line.

5.2 Bituminous materials applied to pavement surfaces, i.e. Tack Coat,  Fog  Coat
shall be sampled from the distributor truck at the project.

5.3 Clearly identify the side (not the lid) of a new clean container of appropriate size
with the sample number, date, project number, type of material, and any other
pertinent information.

5.4 To ensure the  sample is representative, draw off and discard a minimum of 1
gal. of Bituminous material prior to obtaining the sample from the sampling
valve.

5.5 From the sampling valve draw off the minimum amount of Bituminous material
required for the type of material being sampled. Care should be taken to avoid
spilling any material on the outside of the container or over filling the container.
The container should be filled to no closer than one inch from the top.

5.6 Immediately after obtaining the sample, the clearly identified container shall be
tightly and positively sealed.
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ARIZ 247c 
November 2, 2018 
(8 Pages) 

PARTICLE SHAPE AND TEXTURE OF 
FINE AGGREGATE USING 

UNCOMPACTED VOID CONTENT 

(A Modification of AASHTO T 304) 

1. SCOPE

1.1    This method covers the determination of the "Uncompacted Void Content" of a
fine aggregate for use as a measure of its angularity and texture.

1.2    This  test method may  involve  hazardous material,  operations,  or  equipment.
This  test  method  does  not  purport  to  address  all  of  the  safety  concerns
associated with its use.  It is the responsibility of whoever uses this test method
to consult and establish appropriate safety and health practices and determine
the applicability of regulatory limitations prior to use.

1.3    This  procedure  provides  a  numerical  result  in  terms  of  percent  void  content,
determined  under  standardized  conditions, which  correlates with  the  particle
shape and  texture properties of a  fine aggregate.   An  increase  in void content
indicates greater angularity and rougher texture.  Lower void content results are
associated with more rounded smooth particles.

1.4    See Appendix A1 of the Materials Testing Manual for  information regarding the
procedure to be used for rounding numbers to the required degree of accuracy.

2. APPARATUS

2.1    Requirements  for  the  frequency  of  equipment  calibration  and  verification  are
found in Appendix A3 of the Materials Testing Manual.

2.2    A  funnel  having  a  volume  of  at  least  200  cm³,  or  being  equipped  with  a
supplemental container to provide the required volume. (See Figure 1)

2.3    Funnel Stand ‐ A support capable of holding the funnel firmly in position with its
axis  vertically  in  line  with  the  axis  of  the measure,  and  the  funnel  opening

4.5  0.1 inches above the top of the cylinder.  A suitable arrangement is shown
in Figure 1.
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2.4    Measure ‐ A cylinder of approximately 100 cm³ capacity. (See Figure 2) 
 
2.5    A flat metal or plastic pan of sufficient size for containing the funnel stand, and 

preventing  loss of material  that overflows  the measure during  filling and strike 
off.    The  pan  shall  not  be warped  so  as  to  prevent  rocking  of  the  apparatus 
during testing. 

 
2.6    A  straight metal  spatula at  least 1” greater  than  the diameter of  the measure 

and at  least 1/2" wide.   The end shall be cut at a right angle to the edges.   The 
straight edge of the spatula is used to strike off the fine aggregate. (See Figure 3) 

 
2.7    A balance or scale capable of measuring the maximum weight to be determined 

and  conforming  to  the  requirements of AASHTO M 231, except  the  readability 
and sensitivity of any balance or scale utilized shall be at least 0.1 gram. 

 
2.8    Sieves  of  sizes No.  8, No.  16, No.  30, No.  50  and No.  100,  conforming  to  the 

requirements of ASTM E11. 
 
 
3.  CALIBRATION OF MEASURE 
 
3.1    Determine  and  record  the weight of  the dry, empty measure  and  a  flat, glass 

plate  slightly  larger  than  it's  diameter.    Fill  the  measure  with  water  at  a 

temperature of 77  1 °F.  Place the glass plate on the measure, being sure that 
no air bubbles remain.    It may be necessary to  lightly coat the top edge of the 
measure with grease prior to determining the weight of the empty measure and 
glass plate.  Dry the outer surfaces of the measure and determine and record the 
combined weight of measure, glass plate, and water. 

 
3.2    Determine and record the volume of the measure to the nearest 0.01 cm³ by the 

following calculation: 
 

0.997

w
  =  V  

 
      Where:  V  =  volume of cylinder in cm³ 
          w  =  net weight of water in grams 
        0.997 g/cm³  =  the density of water at 77 ± 1 °F 
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4.  SAMPLE PREPARATION 
 
4.1    Obtain a sample of Minus No. 8 Material of sufficient size (but not less than 500 

grams)  to  yield  the  quantities  required  in  Subsection  4.3  below.    The  sample 
used for this test may either be virgin aggregate, or aggregate obtained from the 
extraction of a bituminous mixture. 

 
4.2    Utilizing either a No. 100 or a No. 200 sieve, wash the sample in accordance with 

either Section 6 or 7 of Arizona Test Method 201.   Dry the material to constant 
weight  and  sieve  into  size  fractions  as  indicated  in  Subsection  4.3  below.  
Maintain  the material  in a dry condition  in separate containers  for each of the 
sizes  specified.    The  sieving  is  to be  accomplished  in  accordance with Arizona 
Test Method 201. 

 
  Note:    Processing additional material may be required. 
 
4.3    Weigh out and combine the following quantities of dry fine aggregate from each 

of the sizes below: 
 

PASS  RETAINED  WEIGHT IN GRAMS  ACCUM. WEIGHT 

#  8  # 16  44  0.2    44  0.2 
# 16  # 30  57  0.2  101  0.4 
# 30  # 50  72  0.2  173  0.6 
# 50  # 100  17  0.2  190  0.8 

 
 
5.  PROCEDURE 
 
5.1    If the fine aggregate has become moist, dry to constant weight and cool to room 

temperature. 
 
5.2    Record  the weight  of  the  empty measure  to  the  nearest  0.1  gram,  place  the 

funnel  and measure  in  the  funnel  stand,  and  place  the  assembly  in  the  pan 
described in Subsection 2.5. 

 
5.3    Mix the test sample until  it appears homogeneous.   Using a finger to block the 

opening,  pour  the  test  sample  into  the  funnel.    Lightly  level  the  top  of  the 
material using the end of the spatula.  Remove the finger and allow the sample 
to fall freely into the measure. 

 

25



ARIZ 247c 
November 2, 2018 
Page 4 
 
 
 
5.4    After the funnel empties, remove excess fine aggregate from the measure by a 

single pass of the spatula with the edge of the blade vertical and in light contact 
with the top of the measure.   Until this operation  is complete, exercise care to 
avoid vibration or disturbance that could cause compaction of the fine aggregate 
in the measure.  After strike‐off, tap the measure lightly to compact the sample 
to make  it easier to transfer the measure to the balance without spilling any of 
the  sample.    Brush  adhering material  from  the  outside  of  the measure  and 
determine and record the weight of the measure and contents to the nearest 0.1 
gram. (See Figure 3) 

 
  Note:    The intent of this process is to allow the sample to flow freely 

into the measure without any vibrations or disturbance of the 
cylinder until the operation is complete.  The cylinder may be 
held  during  strikeoff  as  long  as  there  is  no  vibration  or 
disturbance from the strike off process.   

 
5.5    Collect  all  of  the  fine  aggregate  from  the  pan  and measure,  and  repeat  the 

procedure again. 
 
5.6    For  each  determination,  record  the  net  weight  of  the  fine  aggregate  in  the 

measure.    If  the  two  net weights  differ  by  0.5  gram  or  less,  average  the  two 
weights and record  to  the nearest 0.1 gram as the "average net weight of  fine 
aggregate in measure", (W).  If the two weights differ by more than 0.5 gram, the 
procedure shall be  repeated until any  two  results are achieved which differ by 
0.5 gram or less.  The average of these two results is recorded to the nearest 0.1 
gram as the "average net weight of fine aggregate in measure", (W). 
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6.  CALCULATION 
 
6.1    Determine and record the "Uncompacted Void Content" (U), to the nearest 0.1% 

by the following calculation: 
 

 
100 x 

V

W/G ‐ V
  =  U  

 
    Where:  U  =  Uncompacted Void Content, percent. 
 

        V  =  volume of measure in cm³. 
 

        W  =  average net weight of fine aggregate in measure. 
 

        G  =  bulk oven dry specific gravity of fine aggregate, 
            measured in accordance with Arizona Test 
            Method 211, "Specific Gravity and Absorption 
            of Fine Aggregate". 
 
6.2    For most  aggregate  sources  the  fine  aggregate  specific  gravity  does  not  vary 

much  from  sample  to  sample.    It  is  intended  that  the value used  in  the above 
calculation be from a routine specific gravity test which is representative of the 
fine aggregate.  A difference in specific gravity of 0.05 will change the calculated 
"Uncompacted Void Content" about one percent. 

 
 
7.  REPORT 
 
7.1    The "Uncompacted Void Content" (U), to the nearest 0.1%. 
 
7.2    The bulk oven dry specific gravity of the fine aggregate (G), to the nearest 0.001. 
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FUNNEL, FUNNEL STAND, AND MEASURE 
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MOISTURE CONTENT 
OF BITUMINOUS MIXTURES 

(An Arizona Method) 

1. SCOPE

1.1 This method is used to determine the percent moisture in bituminous mixtures.
The option of using a conventional oven or a microwave oven is provided. In
case of dispute, the conventional oven shall be utilized.

1.2 This test method may involve hazardous material, operations, and equipment.
This test method does not purport to address all of the safety problems
associated with its use. It is the responsibility of the user to consult and establish
appropriate safety and health practices and determine the applicability of
regulatory limitations prior to use.

2. APPARATUS

2.1 Requirements for the frequency of equipment calibration and verification are
found in Appendix A3 of the Materials Testing Manual.

2.2 Suitable sample containers for use in testing with the conventional oven or
microwave oven.

2.3 Oven - A thermostatically controlled oven capable of maintaining a temperature
of 290 ± 10 °F; or, a microwave oven capable of variable heat intensity settings.

2.4 A balance or scale capable of measuring the maximum weight to be determined,
accurate to at least 0.1 gram.

3. PROCEDURE (CONVENTIONAL OVEN)

3.1 Obtain a representative 1000 ± 50 gram sample in accordance with ARIZ 416.

3.2 Record the tare weight of the container to the nearest 0.1 gram.
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3.3 Place sample in the container and weigh. Determine and record the wet weight 
of sample to the nearest 0.1 gram as "f". 

3.4 Place container and sample in a 290 ± 10 °F oven and initially dry for a minimum 
of 1 hour.  Weigh the container and sample.  Record the weight to the nearest 
0.1 gram. 

3.5 Continue drying and weighing until a constant weight is obtained; being the 
weight at which further drying does not alter the weight more than 0.1 gram at 
intervals of a minimum of 30 minutes. 

3.6 After constant weight is obtained, cover sample and allow to cool 30 ± 10 
minutes at room temperature. Weigh and determine and record the dry weight 
of sample to the nearest 0.1 gram as "g". 

3.7 Proceed to section 5 for moisture content calculation. 

4. PROCEDURE (MICROWAVE OVEN)

4.1 Obtain a representative 1000 ± 50 gram sample in accordance with ARIZ 416.

4.2 Record tare weight of the container to the nearest 0.1 gram.

4.3 Place sample in the container and weigh. Determine and record the wet weight
of sample to the nearest 0.1 gram as "f".

4.4 Dry sample until a constant weight is obtained.  The sample is considered to be
at constant weight when further drying causes, or would cause, a difference in
weight of not more than 0.1 gram. The sample shall be heated in such a manner
that controls the intensity of heat generated to prevent splattering, aggregate
breakage, and asphalt being "burned off". The method used with a microwave
oven shall give results similar to those achieved with a conventional oven.

4.5 After constant weight is obtained, cover sample and allow to cool 30 ± 10
minutes at room temperature. Weigh and determine and record the dry weight
of sample to the nearest 0.1 gram as "g".
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5. CALCULATION

5.1 Calculate the percent moisture, "h", and record to the nearest 0.01% as shown 
below. 

h  =   f  - gf 
x 100 

Where: h  =   Percent Moisture 
f  =   Wet weight of sample 
g   =   Dry weight of sample 
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PREPARING AND SPLITTING FIELD SAMPLES 
OF BITUMINOUS MIXTURES FOR TESTING 

 
(An Arizona Method) 

 
 
 

1.  SCOPE 
 
1.1  This  procedure  describes  the  preparation  and  splitting  of  field  samples  of 

bituminous mixtures for testing. 
 
1.2  This  test method may  involve  hazardous material,  operations,  or  equipment.  

This  test  method  does  not  purport  to  address  all  of  the  safety  concerns 
associated with  its use.    It  is the responsibility of the user consult and establish 
appropriate  safety  and  health  practices  and  determine  the  applicability  of 
regulatory limitations prior to use. 

 
 
2.  APPARATUS 
 
2.1  Requirements  for  the  frequency  of  equipment  calibration  and  verification  are 

found in Appendix A3 of the Materials Testing Manual. 
 
2.2  A balance or scale capable of measuring the maximum weight to be determined 

and  conforming  to  the  requirements of AASHTO M 231, except  the  readability 
and sensitivity of any balance or scale utilized shall be at least 0.1 gram. 

 

2.3  Oven capable of maintaining a temperature of 290  10 F. 
 
2.4  Closed‐end samplers as  illustrated  in Figure 1 (or similiar), constructed of 16 to 

18  gauge  sheet metal,  having  a  height  of  3  inches,  a minimum  length  of  13 
inches, and widths of approximately 2‐1/2 inches, 3 inches, or 3‐1/2 inches. 

 
2.5  A concrete trowel or hand float.  If desired, a straightedge of sufficient length to 

span the final diameter of the circular mass may be used. 
 
2.6  Small scoop, spatulas, and suitable size containers. 
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FIGURE 1 

 
 
3.  PREPARATION OF SAMPLE 
 
3.1  Samples  may  be  stored  for  indefinite  periods  of  time  at  temperatures  not 

exceeding 140 F. 
 
3.2  The material shall be easily workable and pliable when splitting.  If necessary, the 

sample may be heated at 290  10 F  for a maximum of 3 hours.   The 3‐hour 
time period begins when the oven reaches the specified temperature. 

 
3.3  If necessary, the material shall be reduced in size to provide a workable amount 

of material from which to obtain all required samples by thoroughly mixing and 
quartering, splitting with a mechanical  (clam‐shell) splitter, or using a  four‐way 
splitter  such  as  a  “Quartermaster”.   When  utilizing  a mechanical  (clam‐shell) 
splitter, the width of the individual chute openings shall be approximately 1‐1/2 
to  2‐1/2  times  larger  than  the  largest  particles  in  the  sample  to  be  split.  
Generally it will only be necessary to reduce the material one time by quartering 
or  splitting.    A  light  coat  of  vegetable  cooking  spray may  be  sprayed  on  the 
equipment  to help  shed  the asphaltic concrete.    In no case  shall diesel  fuel or 
similar solvent be used.    Individual samples for testing shall not be obtained by 
quartering or splitting, but rather as described in Section 4. 
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3.4  Place  the  hot material  on  a  tarp  or  a  sheet  of  heavy  paper  large  enough  to 
manipulate the sample.   In a rolling motion thoroughly mix the material.  Leave 
the mound in a circular shape after rolling is completed. 

 
3.5  Spread the material into a circular mass. Spreading may be accomplished either 

by  leveling  the mound of material with a concrete  trowel or hand  float; or by 
placing  a  straightedge  of  sufficient  length  to  span  the  final  diameter  of  the 
circular mass over  the  center of  the material  and  rotating  it until  the desired 
height is obtained.  Whichever method is utilized, the operator shall assure that 
the material  is  evenly    distributed with  as  little  segregation  as  possible.    The 
thickness of the circular mass shall not exceed 3 inches.  Generally a depth of 1‐
1/2 to 2 inches will provide acceptable size samples. 

 
3.6  At any  time during obtaining  test samples,  the material may be reheated  for a 

maximum of 1 hour at a temperature not exceeding 300 F to restore pliability. 
 
 
4.  OBTAINING TEST SAMPLES 
 
4.1  The required samples  for testing, with the exception of moisture content, shall 

be obtained as described  in Subsections 4.2  through 4.6 below.   For obtaining 
test samples for moisture content, see Subsection 4.7 below.  The samples may 
be obtained in any sequence as long as the sample for moisture content is taken 
immediately  before  or  after  the  sample  for determination of  asphalt  content.  
The width of sampler to be used is dependent upon the size of aggregate in the 
sample and/or the amount of material needed. 

 
4.2  The samples shall be obtained by placing the closed end of the sampler as near 

the center of the mass as possible with the open end of the sampler extending 
beyond the edge of the circular mass (see Figure 2 ).  Force the sampler down to 
the bottom of the pile and remove the contents that are captured by sliding the 
sampler out of the pile, and placing the contents into a tared container. 

 
4.3  Obtain  additional  material,  as  necessary,  by  repeating  the  procedure  in 

Subsection 4.2, at a different location in the pile so that a cut does not overlap a 
previous cut (see Figure 3). 

 
4.4  If small amounts of material are needed, slide the sampler out and to the side of 

the pile.  Lift the sampler up and turn it perpendicular to the material.  Force the 
sampler down through the full width of the material, starting at the closed end 
portion of the material.   (Figure 4 provides an  illustration of this procedure.)   If 
necessary, additional material may be obtained by taking multiple cuts.   Utilize 
the entire portion(s) taken and do not attempt to obtain an exact weight. 
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4.5  If  excess  material  is  obtained,  the  sample  shall  be  returned  to  a  place  not 
disturbing the rest of the circular mass.    If the remaining mass  is  large enough, 
and  is undisturbed, obtain another  sample  for  the  test,  if necessary utilizing a 
smaller width sampler.  Alternatively, the sample may be returned to the circular 
mass and the material re‐rolled and spread to a thinner depth. 

 
4.6  If the remaining mass is not large or uniform enough to obtain required samples, 

re‐roll and spread the material in the same manner described in Subsection 3.5. 
 
4.7  Test samples  for determining moisture content may be obtained by use of  the 

sampler as described  in Subsections 4.2 through 4.6 above, or by taking several 
small portions with a small scoop at random locations throughout the mass. 

 
 

 
 

 
FIGURE 2 
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FIGURE 3 

 

 
FIGURE 4 
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ROUNDING PROCEDURE 

 
 

The following describes the rounding procedure which is to be used for rounding  
numbers to the required degree of accuracy: 

 
1. Except as specified in Section 2 below, the following procedure will apply. This 

procedure correlates with the "built-in" rounding method normally utilized by 
calculators and computers. 

 
1.1 When the figure next beyond the last figure or place to be retained is less than   

5, the figure in the last place retained is left unchanged. 
 

Examples:  Rounding 2.6324 to the nearest thousandth is 2.632 
Rounding 7843.343 to the nearest hundredth is 7843.34 
Rounding 4928.22 to the nearest tenth is 4928.2 
Rounding 7293.1 to the nearest whole number is 7293 
Rounding 2042 to the nearest units of 10 is 2040 
Rounding 3548 to the nearest units of 100 is 3500 
Rounding 8436 to the nearest units of 1000 is 8000 

 
1.2 When the figure next beyond the last figure or place to be retained is 5 or larger, 

the figure in the last place retained is increased by 1. 
 

Examples:  Rounding 4839.4575 to the nearest thousandth is 4839.458 
Rounding 9347.215 to the nearest hundredth is 9347.22 
Rounding 8420.35 to the nearest tenth is 8420.4 
Rounding 1728.5 to the nearest whole number is 1729 
Rounding 3685 to the nearest units of 10 is 3690 
Rounding 6650 to the nearest units of 100 is 6700 
Rounding 2500 to the nearest units of 1000 is 3000 

 
Rounding 2.6326 to the nearest thousandth is 2.633 
Rounding 7843.347 to the nearest hundredth is 7843.35 
Rounding 4928.28 to the nearest tenth is 4928.3 
Rounding 7293.9 to the nearest whole number is 7294 
Rounding 2046 to the nearest units of 10 is 2050 
Rounding 3572 to the nearest units of 100 is 3600 
Rounding 8634 to the nearest units of 1000 is 9000 
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1.3 No result shall be rounded more than once. 

 
Example: 3024.5 rounded to the nearest units of 10 will be 3020; 

not 
 

3024.5 rounded to 3025, and then rounded again to 3030. 
 
2. The rounding procedure specified in Section 1 above shall be used for all 

calculations and recording of data in performing materials testing, except when  
a specific test method cites a method of rounding which differs from this 
procedure, for example, the sand equivalent test (AASHTO T 176 or Arizona Test 
Method 242). 

 
3. Compliance will be based upon interpreting the reported results as though they 

are rounded to the terms (whole numbers, decimals, or fractions reduced to 
decimals) of the specifications. For example, a value reported as 8.4% shall be 
considered as having no deviation from specifications that require 4 – 8%. It 
would however be a deviation for specifications requiring 4.0 – 8.0%. 

 
4. Computers and most electronic calculators automatically carry several decimal 

places beyond the point of desired accuracy. At times, results of calculations 
utilizing these values are different than that achieved when calculations are 
performed utilizing values that have been rounded to the desired degree of 
accuracy by the above rules. The user is cautioned that the use of a computer or 
electronic calculator without re-entry of values after rounding, and discarding 
any figures beyond those needed, may cause unacceptable variations in final 
results. 
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METRIC GUIDE 
 
 

The following information is provided as a guide for utilizing the  International 
System of Units (SI), generally referenced as "metric units". Related information can be 
found in AASHTO R1 "Metric Practice Guide", and ASTM E380, "Use  of  the 
International System of Units (Sl)(The Modernized Metric System)". 

 
Included herein are commonly used equivalents and conversions for U.S. 

Customary Units and Metric Units. It is not the intention of this guide to  provide  a 
detailed compilation of such equivalents and conversions. Such lists are available in 
many publications, including those referenced above. 

 
One common conversion, which is found in many test procedures, is to determine 

an equivalent temperature in units of either degrees Celsius or degrees Fahrenheit. 
 

Convert degrees Fahrenheit to degrees Celsius by: 
 

°Ỻ C = X    (°F  - 32) 
9 

 

Convert degrees Celsius to degrees Fahrenheit by: 
 

 
Under the SI (Metric) system, the base  unit for mass is the "kilogram".  (Although 

not technically correct, "weight" is often used in common  practice  to  mean  "mass".) 
The base unit for length is the "meter". The base unit for time is the "second". Primary 
metric units for area and volume are the "square meter" and the "cubic meter", 
respectively. 

 
In addition to expressing values in the base or primary metric units, other 

associated metric units are identified and determined by varying the magnitude of 
the base metric unit by powers of 10. Metric values are commonly shown in scientific 
notation form, (for example, 1 x 104 = 10,000;1 x 10-4 = 0.0001). 
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TABLE 1 

Prefix Power of ten Symbol 

*deci 
*centi 

10-1 

10-2 
d 
C 

*deka 
*hecto 
kilo 
mega 
giga 
tera 
peta 
exa 

101 
102 
103 
106 

109 
1012 
1015 
1018 

da 
h 
k 
M 
G 
T 
p 
E 

*  Use is to be avoided where practical.  When expressing 
a quantity by a numerical value and a unit, a prefix should 
preferably be chosen so that the numerical value lies 
between 0.1 and 1000. In expressing area and volume, 
the prefixes hecto, deka, deci, and centi may be required, 
for example, square hectometer, cubic centimeter. 
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Table 1 below gives a listing of prefixes used in the metric system, with their 
associated powers of ten, and their symbol. 

 
 
 
 
 
 
 
 

 
milli 10-3 m 
micro 10-5 µ 
nano 10-9 n 
pico 10-12 p 
femto 10-15 f 
atto 10-18 a 
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Table 2 below gives the symbols commonly used for various metric units. 
 

 
TABLE2 

 
kg = kilogram 
g = gram 
mg = milligram 
m = meter 
km= kilometer 
cm = centimeter 
mm = millimeter 
µm = micrometer (micron) 
s = second 
m2 = square meter 
cm2 = square centimeter 
mm2 = square millimeter 
m3 = cubic meter 
cm3 or cc= cubic centimeter 
mm3 = cubic millimeter 
L = liter 
ml = milliliter 
Pa=  pascal 
N = newton 
kPa = kilopascal 
MPa = megapascal 
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Table 3 below includes common conversions from the base and primary metric 
units (kilogram, meter, square meter, and cubic meter) to other associated metric units. 
Also listed are some common derived metric units. 

 

 
TABLE 3 

 
1 gram= 0.001 kilogram 
1 milligram = 1 x 10-6 kilogram 
1 milligram = 0.001 gram 
1 kilogram = 1000 grams 
1 metric ton = 1000 kilograms 
1 kilometer = 1000 meters 
1 centimeter=  0.01 meter 
1 millimeter = 0.001 meter 
1 micron (micrometer) = 1 x 10-6 meter 
1 square kilometer = 1 x 10 6 square meters 
1 square centimeter= 1 x 10·4 square meter 
1 square millimeter = 1 x 10-6 square meter 
1 cubic centimeter= 1 x 10-6 cubic meter 
1 cubic millimeter = 1 x 10-9 cubic meter 
1 liter= 0.001 cubic meter 
1 milliliter = 1 x 10-6 cubic meter 
1 milliliter= 1 cubic centimeter 
1 newton= 1 kg·m/s2 

1 pascal= 1 N/m2 

1 kilopascal = 1000 pascals 
1 megapascal = 1 x 106 pascals 
1 poise (absolute viscosity)= 0.10 Pa·s 
1 centistoke  (kinematic  viscosity) = 1 mm2/s or 1  x 10 -6 m2/s 
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Some common U.S Customary units, with their corresponding base and primary 
metric unit equivalents, are given below in Table 4. 

 

TABLE 4 

1 pound (avoirdupois)= 0.453 5924 kilogram 
1 ton (2000 lbs.) = 907.1847 kilograms 

* 1 inch= 0.0254 meter 
* 1 foot= 0.3048 meter 
* 1 yard = 0.9144 meter 
* 1 mile (5280 feet)= 1609.344 meters 
* 1 square inch = 6.4516 x 10 -4  square meter 
* 1 square foot = 0.092 903 04 square meter 

1 square yard= 0.836 1274 square meter 
1 cubic inch = 1.638 706 x 10-5 cubic meter 
1 cubic foot= 0.028 316 85 cubic meter 
1 cubic  yard = 0.764  5549 cubic meter 
1 pint (U.S. liquid)= 4.731 765 x 104    cubic meter 
1  quart (U.S. liquid)= 9.463  529  x 10-4  cubic meter 
1 gallon (U.S. liquid) = 0.003 785 412 cubic meter 

(Exact equivalents are noted with an asterisk.) 
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Table 5 below lists commonly used conversions for U.S. Customary Units and 
metric units. Values are shown to the degree of accuracy which generally may be used 
to achieve satisfactory results. If more accuracy is desired, the values may be derived 
by using Tables 3 and 4. 

 
 

TABLE 5 
 

1 kilogram = 2.205 pounds 
1 pound = 453.6 grams 
1 ounce (avoirdupois)= 28.35 grams 
1 ton  (2000 lbs)= 0.9072  metric ton 
1 meter= 39.37 inches or 3.281 feet 
1 kilometer= 0.62 miles 

* 1 mil  = 0.0254 millimeters  or 25.4 micrometers 
* 1 inch = 2.54 centimeters or 25.4 millimeters 
* 1 foot = 0.3048 meters 
* 1 yard = 0.9144 meters 

1 mile= 1.61 kilometers 
1  square inch = 6.452 cm2  or 645.16 mm2 
1 square foot= 0.0929 square meters 
1 square yard = 0.836  square meters 
1 cubic inch = 16.39 cm3 or 16386 mm3 
1 cubic foot= 0.028 m3 or  28317 cm3 
1  cubic  yard = 0.765 cubic meters 
1 liter= 1.06 quarts (U.S. liquid) 
1 ounce (U.S. fluid)= 29.574 milliliter 
1 pint (U.S. liquid)= 0.47 liter 
1 quart (U.S. liquid)= 0.95 liter 
1 gallon (U.S. liquid)= 3.79 liters 
1 lb/ft3 =  16.02 kg/m3 
1 kilometer/hour = 0.62 mile/hour 
1 mile/hour= 1.61 km/hour 
1 pound/square inch= 6.895 kPa 
1 pound  force = 4.448 newton 
1 gallon/square  yard = 4.527 liters/m2 

1  gallon/ton  (2000 lbs.)= 4.173  liters/metric ton 
1 gallon/cubic  yard = 4.951 liters/m 3 

1 pound/square  yard = 0.542 kg/m2 
1 pound/cubic  yard = 0.593 kg/m3 
1  pound/gallon  = 0.120 kg/liter 
1 cubic  yard/square  yard=  0.914  m3/m 2 
1  inch/mile = 0.0158 meter/kilometer 

 
(Exact equivalents are noted with an asterisk.) 
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Table 6 below is from information contained in AASHTO M92 and ASTM E11 
"Wire-Cloth Sieves for Testing Purposes", and shows Standard (Metric) and Alternative 
(U.S. Customary) sieve size designations. As shown,  metric  size  designations  are 
given in mm or µm. (1,000 µm = 1 millimeter) 

8 inch diameter sieve= 203.2 mm diameter sieve 
12 inch diameter sieve = 304.8 mm diameter sieve 

 
 

 TABLE 6  

Sieve Designation  Sieve Designation 
Standard Alternate  Standard Alternate 

125 mm 5 in. 
106 mm 4.24 in. 
100 mm 4 in. 
90mm 3-1/2 in. 
75 mm 3 in. 
63mm 2-1/2 in. 

 2.36 mm No. 8 
2.00 mm No. 10 
1.70 mm No. 12 
1.40 mm No. 14 
1.18 mm No. 16 
1.00 mm No. 18 

53mm 2.12 in.  850 µm No. 20 
50mm 2 in.  710 µm No. 25 
45mm 1-3/4 in.  600 µm No. 30 
37.5 mm 1-1/2 in.  500 µm No. 35 
31.5 mm 1-1/4 in.  425 µm No. 40 
26.5 mm 1.06 in.  355 µm No. 45 
25.0 mm 1 in.  300 µm No. 50 
22.4 mm 7/8 in.  250 µm No.60 
19.0 mm 3/4 in.  212 µm No. 70 
16.0 mm 5/8 in.  180 µm No. 80 
13.2 mm 0.530 in.  150 µm No. 100 
12.5 mm 1/2 in.  125 µm No. 120 
11.2 mm 7/16in.  106 µm No. 140 
9.5 mm 3/8 in.  90µm No. 170 
8.0mm 5/16 in.  75µm No.200 
6.7mm 0.265 in.  63 µm No.230 
6.3 mm 1/4 in.  53µm No. 270 
5.6mm No. 3-1/2  45µm No. 325 
4.75 mm No. 4  38 µm No. 400 
4.00 mm No. 5  32 µm No.450 
3.35 mm No. 6  25 µm No.500 
2.80 mm No. 7  20 µm No. 635 
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TABLE 7 

SI* (METRIC) CONVERSION FACTORS 

{A��roximateeguivalents1 exce�t as noted**) 
 

CONVERSIONS TO SI UNITS   CONVERSIONS  FROM SI UNITS 
    "   %         & ! o $ u! lyb %   % A  v y h%     h%     dS   % ! o $ u!    %  % y        #     %     

  LENGTH     LENGTH  

_f. _fO]V{ 17)3  e_bb_eV|Vr{ ee m e_bb_eV|Vr{ +&+2<2: _fQV{ _f. 
[& XVV| +.2+3;** eV|Vr{ e e eV|Vr{ 2.1; XVV| X|& 
~U" �Jx{ + <.33** eV|Vv{ e e eV|Vr{ .&+< �JrU{ �U. 
e_. e_bV{ ..9. a_bgeV|Vr{ ae ae a_bgeV|Vr{ +.91. e_bV{ e_. 

  AREA     AREA  
{h! _f. gr _f� {p}JrV _fO]V{ 937"1 {K}JrV  e_bb_eW|Vr{ ee"' ee"' {p}JrV e_bb_eV|Vr{ +#++.9 {p}JrV _fO]V{ {i& `f& gr _f,! 
{p. Y|& gr [' {p}JrV XVV| +(+<2 {p}JsV eV|Vy e.. {i}JrV eV|Vr{ .+$:93 {i}JrV XVV| {h. X|& gr X|2 

{h% �U% gr �U" {h}JrV ~JrU{ +=;29 {i}JrV eV|Vw{ e2 e� {K}JrW eV|Vr{ .#.< {h}JrV†JrU{ {i!†U& gr†U.: 
 JOrV{ +&3+7 ^VO|JrV{ ]J ]J ]VO|JrV{ 1.3: JOrV{  

{p& e_& gr e_L {p}JrV e_bV{ 1&7< {p}JrV  a_bgeV|Vr{ ae.c ae,! {i}JrV a_bgeV|Vr{ + 2;9 {i}JrV e_bV{ {i. e_$ gr e_2 
  VOLUME     VOLUME  

Xd# gŠ! Xb}_U g}fOV{ 1<.7: e_bb_b_|Vr{ ec ec e_bb_eV|Vr{ 0.034 Xd}_U g}fOV{ Xb& DI* 
LJb& LJbbgf{  ‹b_q}_U) 2.:;85 b_|Vr{ * c c b_|Vr{*** + 194 jJbbgf{(b`K}_U) \Jb! 

O}& X|& gr Z|Œ O}N_O XVV| +.+1; O}N_O eV|Vr{  e� O}N_O eV|Vr{ 27!2.7 P}N_O XVV| P}& [' gr X|“ 
O}.†U. gr†U� O}N_O†JrU{ +.:97 O}N_O eW|Vy e� e‘ O}N_O eV|Vv{ . 2. O}N_O‚JvU{ T& ~U  gr ~U” 

  MASS     MASS  
gŠ% g}fOV{ 1;.27 LuJe{ L a LrJe{ +(+27 g}fOV{ kŠ& 
bN! og}fU{ +(383 a_bgMvJe{ kg kg a_bnrJe{ 1(1+7 mg}fU{ bN. 
F {]gr| |gf{(1+++ bN  +.<+: eV|w`O |gf{**** . | eV|v`O  |gf{**   . .+1 {]gz|gf{(1+++/N  G 
F {]gr| |gf{(1-++ bN  +.<+:   Mg CL eVMJRrJe{•*** ...+1 {]gr| |gf{(1+,+/N) G 
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