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Foreword

Grading and Base construction utilizes large quantities of materials. The control of the quality
and placement of these materials involves the application of various test procedures and
inspection techniques to ensure the materials and the manner in which they are placed comply
with the specification requirements.

The manual’s procedures help ensure uniformity of methods and that materials are placed as
specified.

Grading and Base Engineer
Minnesota Department of Transportation
Preface

The final control of the quality of materials and their use is accomplished by the Engineer and
Inspectors. Field personnel verify that materials meet the specifications, and procedures are
followed.

This manual specifies: sampling, testing and inspection requirements. Emphasis has been
placed on procedures for field use and the application of the test results in controlling aggregate
production and construction methods. Included is a section on soils classification.
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5-692.000 General
5-692.001 Duties of the Inspector
A. General

1.

The primary duty of the Inspector is to observe the materials and procedures to ensure that
the project is constructed in conformance with the plans, specifications and special
provisions.

Verify that the materials used meet requirements and are incorporated into the work in
accordance with the specifications. Materials control is accomplished by sampling, testing
and observation. The sampling and testing procedures are part of the contract and are used as
the basis for accepting or rejecting the materials. Any deviations from this manual must be
documented.

Tests are a tool to assist the Inspector to evaluate the work. If results do not agree with what
is observed, the Inspector should investigate immediately to determine why. For example, if
the embankment area is hard and firm, but the density test indicates that the density fails to
meet requirements, the Inspector should immediately inspect the test area and re-test.

B. Preliminary Work

Before starting work, the inspector is responsible for reviewing and understanding:

the plans and proposal

sources of materials including borrow and gravel pits
planned limits of select soils

depth and disposition of topsoil

compaction and moisture requirements

disposal of unsuitable soils

preparation of sub-foundation and culverts

details of swamp (muck) excavation

fill and overload

Contact the Engineer regarding any concern, or confusion with these items. The District Soils
Engineer can provide clarification of design intent and the Grading and Base Unit can provide
interpretation of specifications/ special provisions and materials control schedule items. Other
items can be resolved in the Pre-Construction conference with the Contractor.

B.1 Grading Projects

Conduct a preliminary field inspection to gain familiarity with the project.
Examine cut faces on grading projects for soil type information

Examine auger boring information and take additional borings, if needed to determine the
approximate limits of each major soil type



e Take samples of the major soil types, perform proctor tests and retain samples for reference
during construction.

B.2 Base Projects
e Conduct a preliminary field inspection to gain familiarity with the project.

e Examine the grade for weak areas. Record the location of these areas and obtain auger
borings

If the borings indicate the need for a possible subgrade correction, consult the soils engineer for
recommendations.

5-692.002 Grading Construction
A. Preparation of Embankment Areas

Prepare the embankment area in accordance with 2105 or 2106, “Excavation and Embankment”
and reserve the topsoil in accordance with the Specifications.

Locate culverts and locations and see that required treatments are staked to provide the required
tapers. See Section “5-692.401, Culvert Inspection and Installation” for culvert inspection and
installation.

B. Excavation Areas

The Contractor should maintain excavation areas in a well-drained condition at all times.
Excavation areas that trap water are in violation of the specifications.

Examine soils being excavated for use in embankment construction. The best materials should
be selected for use in the upper portion of the embankments, and the poorer soils should be
placed in the lower portion. Dispose of unsuitable soils in accordance with the specifications.

Soil selection is one of the most important functions of the grading inspector. The grade is the
foundation for the roadway. The materials selected as a foundation should be the best available.

For most grading projects, a soil survey has been made prior to design to determine what kinds
of soil will be uncovered at or near grade line. Samples of these soils have been tested and their
engineering properties evaluated. This information is applied to the design to make use of the
best soils where they will do the most good and the poorest soils where they will have the least
detrimental effect.

There are several tools available to the inspector to assist in soil selection. They are Soil
Classification and Identification by texture, identification by soils groups and the use of the
Group Index.

Section, “5-692.600, Soil Classifiation Introduction” covers the following:
1. Soil Classification and Identification by texture

2. Identification by soils group

3. Group Index

Items 2 and 3 are determined from tests made in the laboratory. However, those values have
been determined for samples tested in connection with the soils survey. Copies of these test
results should be obtained from the District Soils Engineer and used for reference.



Every effort should be made to select soils in such a manner that a roadbed composed of uniform
soils is obtained, particularly in the upper three feet of the grade.

The Contractor's foreman should be advised as to where the inspector wants the soils placed in
the embankment. It is easier to obtain cooperation before the soils are hauled to the embankment
area. In ordering selection or mixing of soils, the inspector should be aware of the restrictions
imposed in 2105 or 2106.

C. Excavation Below Grade

Subcuts should be excavated to the planned dimensions. Prepare the bottom of the subcut in
accordance with Specification 2105.3E or 2106.3E, “Placing Embankment Materials”.

In cases where the bottom of the subcut will not support the equipment and the backfill is placed
in one layer in accordance with the provisions of 2105.3E or 2106.3E, “Placing Embankment
Materials” it is desirable to end dump; then mix and spread thick layers with a dozer. Do not
permit the use of compactive equipment that will distort the bottom of the subcut.

If the open subcut reveals wet conditions, or badly mixed soils and no treatment for these
conditions is provided in the contract, consider providing either granular or a more uniform soil
backfill. Consult the District Soils Engineer and follow the given recommendations.

If unsuitable soils are encountered below the planned subcut, additional excavation may be
required. Contact the Project Engineer and the District Soils Engineer and follow their
recommendations

D. Spreading and Compacting

Embankment Materials, see 2105.3E or 2106.3E, “Placing Embankment Materials” and 2105.3F
or 3106.3F, “Compacting Embankments”.

Make every effort to achieve sufficient mixing in order to prevent large pockets of different
classes of soils from being placed in localized areas. The work should be observed to ensure that
compaction equipment operates uniformly over the entire embankment areas.

E. Control Testing for Embankment Construction

All granular items should be tested by the Contractor and certified on Form G&B-104
“Certification of Aggregates and Granular Materials” prior to delivery and placement on the
project. The Contractor’s testing rate should be sufficient to guarantee that uniform acceptable
material is being delivered to the project. The Project Engineer is responsible for acceptance
testing in accordance with the Schedule of Materials Control.

The Moisture-Density (Proctor) Test, Field Density Test and Field Moisture Test are used to
determine compliance with the specifications. These tests are tools to be used by the Inspector to
verify visual observations. As far as possible, the Inspector should strive to keep testing at a
minimum and do more visual inspection.

Whenever a moisture-density (Proctor) determination is made, retain a sample in a moist
condition and place it in a glass jar with a screw-on cap. Record the curve number, textural
classification, maximum density and optimum moisture on a label affixed to the jar. See section,
“5-692.600, Soil Classification Introduction”.

The field moisture test, “5-692.245, Moisture Test” is used to determine compliance with the
specification for moisture at the time of compaction. Obtain the sample for this test while the
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material is being compacted. The sample should represent the work being done. This requires
close observation of the work.

The field density test, “5-692.246, Field Density Test: Sand Cone Method” is used to determine
compliance with the compaction specification. Coordinate this test with close visual inspection.

The Quality compaction specification requires close visual inspection of the entire operation by
an experienced inspector. Continuous observation of uniform compactive effort and moisture
control are crucial to the successful use of this specification.

Much unnecessary testing can be avoided by good visual inspection. Observation of the work to
ensure uniform compaction effort and moisture control will reduce the required number of tests.
Close inspection of a grade meeting requirements plus picking with a sharp tool will give an
inspector a good idea of what the passing grade should be like. Other areas can be checked in
this manner and only a sufficient number of tests should be made to verify the inspector's
judgment. Areas failing or yielding under construction traffic should be investigated and
corrected.

F. Measurement

Measure and document all pay items according to the provisions in Specification 1901 and 5-
591.410, “Documentation of Pay Quantities” of the Contract Administration Manual.

5-692.003 Base Construction
A. Subgrade Preparation (Specification 2112)

Take density tests as required of in-place subgrade and new embankment. Test in areas most
likely to fail. Failing or yielding areas under construction traffic should be investigated and
corrected.

Check the grade for compliance with tolerance requirements. It is not necessary to check all
points. Spot check short sections of 300 - 500 feet. If the Contractor is checking the grade,
observe and record his measurements.

B. Aggregate Gradation

Take samples for gradation when the material is mixed and is ready for compaction, i.e. “after
spreading and before compaction”. Sample and test in accordance with section, “5-692.215,
Sieve Analysis Test Procedure (Gradation) and section “5-692.125, Random Sampling
Procedures”.

Specifications 3138 & 3149 provide crushing requirements for Classes 5, 5Q, 6, drainable bases,
and for Aggregate Bedding and Stabilizing Aggregate, respectively. Determine the percent of
crushing in accordance with section, “5-692.203, Field Test to Determine Crushing (%) -
Conveyor Belt Method”, and section, “5-692.204, Determination of Crushing (%) - By Crushed
Particle Count of + No. 4.

Shale requirements are also specified in 3138. The testing rate is determined by the Engineer
based on past record from that source or preliminary tests.

C. Use of Recycled Materials

The use of recycled materials in 3138, “Aggregate for Surface and Base Courses” may be subject
to added testing requirements and/or restrictions. For example, there may be a maximum
bitumen content.

4


http://www.dot.state.mn.us/const/tools/docs/sec-410.pdf
http://www.dot.state.mn.us/const/tools/docs/sec-410.pdf
http://www.dot.state.mn.us/const/tools/conadminmanual.html

D. Moisture Control

Take moisture control samples from the windrow after water has been applied at the time of
compaction.

E. Spreading and Compacting
The spreading process acts as another mixing step to make the aggregate more uniform.
F. Compaction Control

Maximum lift thickness of base aggregate layers may depend upon the amount of bitumen
content and the type of compactive equipment, see specification.

Perform density and moisture testing per the project’s Schedule of Materials Control.

Materials that contain a high percentage of crushed particles tend to resist consolidation by
normal compaction methods. The inspector should carefully monitor moisture and layer
thickness to assure adequate compaction with minimal damage to the particle size and shape.

Recycled materials may not be as durable or sound as virgin aggregates. Most of these materials
are susceptible to degradation by excessive compactive efforts.

G. Workmanship and Quality

It is not required to check tolerance on each class of material. Only the final layer of base is
required to meet tolerance requirements. Construct intermediate layers in reasonably close
conformity with the cross-section shown in the plans.

H. Measurement

Measure and document all pay items according to the provisions in specification 1901 and
section 5-591.410 of the Contract Administration Manual.

5.692.100 Sampling, Random Sampling and Splitting

5-692.101 Sampling, Random Sampling and Splitting - General
This Section describes the following:

e General Sampling Requirements

e Rate of Sampling

e Contractor Quality Control (QC)

e Agency Quality Assurance Testing (QA)

e Random Sampling

¢ Non-Random Sampling

e Splitting

e Sampling for Independent Assurance (IA) Sample
e Special Sampling for Individual Tests

e Sample Identification

e Documentation
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5-692.102 General Sampling Requirements

e Ensure that the sample represents the material being placed. Sample after spreading and
prior to compaction.

e Use a square head shovel to obtain samples.
e Do not mix underlying material with the sample.

e Use a separation fabric (such as a geotextile or a polyethylene sheet) when sampling layers
less than four inches thick. Separation fabric may also be used for thicker layers.

Note: place separation fabric at the bottom of the layer to be sampled. After material is placed,
but before it is compacted, collect the material placed upon the separation fabric, as the test
sample.

e Label and store in a sample bag, plastic pail or other suitable container.
e Deliver samples as soon as possible.
5-692.103 Rate of Sampling (Schedule of Materials Control)

The Schedule of Materials Control outlines the minimum required sampling and testing rates.
Always use the Schedule included in the contract, as requirements and rates may change.

Take additional samples when there is an unusual variation of material properties. Compute an
average, to determine compliance, using these additional tests results along with your original
testing results.

5-692.104 Sampling at the Source (Contractor)
Obtain samples from a stockpile. Stockpile should be uniformly blended.
5-692.106 Sampling for Embankment Construction

Obtain the samples after spreading, but before compaction. Sample for gradation in areas most
likely to fail and sample for qualities according to the random sampling procedures in section, 5-
692.125, “Random Sampling Procedures”.

5-692.107 Sampling from the Road for Base, Surface and Shoulder Aggregates

Obtain a sample after spreading, and before compaction. Sample according to the random
sampling procedures in section, 5-692.125, “Random Sampling Procedures”.

5-692.110 Quality Control (QC) Testing, Sampling and Certification
e The Contractor’s testing agent must be MnDOT certified in Grading and Base I.

e Follow all applicable sampling and splitting procedures in this section, and the testing
procedures in section 5-692-200 Methods of Testing

e If production test reports are required, attach all results to form G&B-104 (TP 24346),
Certification of Aggregates, either prior to delivery or with the first load of material.

e The Contractor’s Authorized Representative must sign the certification.

e Provide test reports to the Engineer electronically within 24 hours.
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5-692.111

Contractor Control Charts and Tables

If required by the Contract, produce and maintain control charts and tables (see example and
Table 2).

A control chart consists of plotting the following information, for each individual sieve,
controlled by a given specification, on one graph:

Percent passing verses sample number and

Moving average using the previous four tests.

A control table summarizes the data plotted in the control chart in a tabular format.

Include the following information on each control chart and table:

Additionally, include the following information on the control table:

class of material,

specification limits and

project number.

date,

moving average,

test number and

tester Full Name and Technical Certification Number.

Round results as follows (Table 1).

Table 1 Control Chart and Table Rounding Method

Sieve Size Rounding Method
Larger than #200 | 1% (nearest percent)
#200 0.1% (nearest tenth of a percent)

Table 2 Class 5 Control Table Example

Test# |1/2|3|4|5|6|78|9/|10[11]12]13|14]15/16]17|18|19]20
Result |3236(39|35|24(2729(30|28|31|26|25(22|20|19|25|26|25|27 28
MXY/'(;Q 36(34(31(29(28(28(30(29|28|26(23|22(22|22|24]|26]26
Date  |5/1|5/1|5/1|5/1|5/1|5/3|5/3|5/3|5/4|5/5 |5/5|5/6 |5/7|5/8|5/9|5/9|5/9 |5/9|5/9 [5/9
Tester |0l wlwlwlwlwlwlglwlalulwlwlwlaluly




Class §, No. 40 Sieve, SP1010-111, Spec2211

0 3 10 15 20
Individual Test or Average of Last Four Tests

[
L

=@-Individual Test Result —&=NMoving Avg. Using Previous Four (4) Tests

Figure 1 Example Control Chart

5-692.120 Quality Assurance (QA): Roadway Materials Sampling and Testing

Sample material according to the rate in the Schedule of Materials Control.

Sample material, according to the appropriate method per the specifications, either randomly
per section, 5-692.125, “Random Sampling Procedures”. or non-randomly per section, 5-
692.130, “Non-Random Sampling”.

5-692.125 Random Sampling Procedures

This section covers verification sampling and testing by the Random Sampling Method.

A. General

1.
2.

A Lot contains material from one pay item.

Lot sizes can be adjusted to allow for year-end cutoffs, lengthy interruption of work, etc., but
cannot exceed the maximum size defined in the schedule of materials control.

Sampling should not be done until the Contractor has notified project personnel that they
have completed all road blending and prior to compaction.

Lot sizes and the sampling rate are determined by the Schedule of Materials Control. The
Engineer may adjust lot size because of Contractor operations.

Each Lot, depending upon its’ size, should be divided into two or four sublots as defined in
the Schedule of Materials Control.

Divide Lots into equal quantities. Divide sublots into equal quantities.




7. Average the results from each Lot to determine compliance.
8. Sample selection and location is the responsibility of the Engineer.

9. Locate sample sites using GPS, pacing or a measuring device. They do not need to be
surveyed

B. Lot Determination

1. Determine number of Lots by dividing total quantity by maximum Lot size. Round to the
next higher number.

Example: Quantity = 12,000 yards
Maximum Lot size equals 5,500 yards
Number of Lots = 12,000/5,500 = 2.2, round up to 3 Lots
2. Determine Lot Size by Dividing the quantity by the number of Lots
Example: 12,000 yards/3 Lots = 4,000 yards per Lot.
3. Determine Sublot size by dividing the Lot size by two or four, whatever is applicable
(Note in most cases divide by four, see Schedule of Materials Control).
Example: 4,000 Yards/4 = 1,000 yards per sublot.
C. Testing
1. Test according to the procedures in section, “5-692.200. Methods of Testing”.
2. Report results on forms from the Grading and Base website, or on standard laboratory forms.
3. Notify the Contractor, as soon as possible, when a sample fails.
4

. The Contractor is required to run new tests at the location of the failing test, when corrective
work is performed.

5. Sample and test using new randomly selected locations, after receiving new passing results
from the Contractor for corrective work.

6. Any monetary price adjustments will be determined by the most recent tests and applied to
the entire Lot.

D. Random Samples

This section describes random sample selection by using random numbers to determine sample
location.

i. Random Number Selection

Document how random numbers are obtained. You may use the method in this section or
another random number generator, but the method must be documented.

1. Chose a random starting number by randomly opening a book. Use the resulting page
number as the starting number.

2. Enter Table 3 at the top left and count vertically by columns or horizontally by rows to the
designated number chosen in step 1 above. Proceed to the next column or row, when the end
of the given column or row is reached. This is the first random number to use. Use the next
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consecutive number, in either the column or the row, depending on which procedure is used,
as the second number and so on. Again, when reaching the end of the column or row,
proceed to the start of the next column or row, respectively. It does not matter which method
is used, only that one method is used consistently.

3. Continue to use the consecutive numbers for the rest of the project regardless of material
classification or type of test that is being sampled.

Example: Open a book to page 38. Starting at the top left (top of the first column on the left)
count down to the 38th number. The first random number is .84. From this point use
consecutive numbers, i.e., the 39th (.18) the 40th (.79), etc. for the rest of the project regardless
of material classification or type of test for that is being sampled.
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Table 3 Tabulation of Random Number

53.74 .23 99 .67 | 61.32.28 69 .84 | 94 62 67.86 .24 .98 .33.74 19 95 47 .53 .53 .38.09
.63.38 .06 .86.54 | 99.00.65.26 .94 | .02.72.90.23 .07 .79 .62 .67 .80 .60 75.91 .12 .81 .19
35.30.58 .21 .46 | 06.72 .17 10.94 | .25.21 .31.75 96 .49 .28 .24 .00 .49 .55.65.79 .78.07
63.43 .36 .82.69 | 6551 .18 .37 .88 | .61.38 .44.12 45 .32 .92 .85 .88 65 .54 .34 81 85 .35
98.25 37 5526 | .01.91.82.81.46 | 74 .71 .12.94 97 .24 .02.71 .37 .07 .03.92 18 66.75
0263.21 1769 | .71.50.80.89 .56 | .38.15.70.11 .48 .43 .40 .45 86 98 .00.83 .26 .91 .03
64 .55 .22.21.82 | 48.22.28.06.00 | .61.54 .13.43.91 82.78.12.23.29 .06 .66 .24 12.27
.85.07 .26 13.89 | .01.10.07 .82.04 | .59 .63 .69.36 .03 .69 .11 .15 .83 .80 13.29 .54 19.28
.58.54 16 .24 15 | 51.54 44 82 00 | .62 .61 .65.04 69 .38 .18 .65 .18 .97 85.72.13 .49.21
.34.85 .27 84 .87 | 61.48 .64 56.26 | .90.18 .48 .13 .26 37 .70.15 .42 57 .65 .65 .80 .39.07
.03.92 .18 .27 46 | 57 .99 .16 96 .56 | .30.33.72.85 .22 .84 64 .38 56 98 .99.01 .30 .98 64
62.95.30 .27 .59 | 37.75 .41 66 .43 | .86 .97 .80.61 .45 .23.53.04.01 .63 A45.76 .08 .64 .27
.08.45.93 15.22 | 60.21.75 .46 .91 .88 .77 .27 85 42 .28 .88 .61 .08 .84 .69.62 .03 .42.73
07.08.55.18.40 | 4544 7513 .90 | .24 .94 96 .61 .02 .57 .55 .66 .83 15 J3.42 .37 1116
.01.85.89 9566 | 51.10.19.34.88 | 15.84 97 19 .75 A2 .76.39 .43 78 .64 .63 .91 .08.25
J2.84.71 1435 | 1911 .58 49.26 | 50.11 17 .17 76 .86 .31 .57 .20 18 .95 .60 .78 46 .75
.88.78 .26 16.84 | 13.52 .53 .94 53 | .75 .45 .69.30 .96 73 .89.65.70.31 8917 43 4876
4517 756557 | 28.40.19.72 .12 | .25 .12 .74 .75 67 .60 .40 .60 .81 19 .24 .62 .01 .61 .16
96.76 .28 12.54 | 22.01 11 .94 .25 | .71.96.16.16 .88 .68 .64 .36 .74 45 .19.59 .50 .88 .92
43.31 67 .72.30 | .24.02.94 08.63 | .38 .32 36.66.02 .69 .36.38 .25 .39 .48 .03 .45 15.22
.50.44 66 .44.21 .66.06 .58 .05 .62 | .68.15.54.35 .02 .42 .35 .48 96 .32 1452 .41 .52.48
2255221586 | 26.63.75 .41 99 | 58 .42 .36.72 .24 .58 .37 .62 18 .51 .03.37 18 .39.11
96.24 40 14 .51 .23.22 30 .88 .57 | 95 .67 .47.29 .83 .94 69 .40 .06 .07 A18.16 .36 .78 .86
31.73.91 6119 | 60.20.72 .93 .48 | .98 .57 .07 .23 69 .65 .95 .39 69 58 .56.80 .30 .19 .44
78.60.73.99.34 | 43.89.94 36.45 | 56.69 .47 .07 41 .90.22 .91 .07 12 78.35 .34 .08.72
.84.37 90 61.56 | 70.10.23.98.05 | .85.11 .34.76 .60 76 .48 .45 34 60 .01 .64 18 .39 96
36.67 10.08.23 | 98.93.35.08.86 | .99.29.76.29 .81 .33 .34 .91 58 93 B3 .14 52 32 .52
.07.28 59 .07 .48 | 89.64 58 89.75 | .83 .85 .62.27 89 .30 .14 .78 56 .27 .86 .63 .59 .80.02
A10.15.83 .87 .60 | .79.24 .31 66.56 | .21 .48 .24 .06 .93 .91 .98 .94 05 .49 .01.47 59 .38 .00
5519 .68 97 65 | 03.73.52 .16.56 | .00.53 .55.90 .27 .33 .52 .29 .38 .87 .22.13 .88 .83 .34
53.81.2013.29 | 3501 .20.71 .34 | 62.33.74.82 .14 53.73.19.09 .03 .56.54 .29 56 93
51.86 .32 .68.92 | .33.98.74 66 .99 | .40.14 .71 .94 58 45.94 19 .38 .81 14 .44 99 81 .07
.35.91.70.29.13 | .80.03 .54 07 .27 | .96 .94 .78 .32 66 .50 .95 .52 .74 33 .13.80 .55 62 .54
3771 .67 9513 | .20.02 .44 95 94 | 64 .85.04.05.72 .01 .32.90.76 .14 53.89 .74 60.41
93 .66 .13 .83.27 | 92.79 .64 64 .72 | .28 54 96.53 84 48 14 .52 .98 .94 .56.07 .93 .89.30
.02.96 .08 4565 | 13.05.00 .41 .84 | .93.07 .54.72 .59 .21 .45.57 .09 .77 19.48 56 .27 44
49.83 43 . 48.35 | B82.88.33.69.96 | .72.36.04.19 .76 47 .45 .15 18 60 .82.11 .08 .95 .97
.84 .60.71 62 .46 | 40.80.81 .30.37 | .34 .39.23.05.38 .25.15.35.71 .30 881257 2177
A18.17 .30 .88.71 .44 .91 14 88 47 | .89 .23 .30.63 15 .56 .34 .20 .47 89 .99.82 .93 .24 98
J9.69.10.61.78 | .71.32.76 .95.62 | .87 .00.22 .58 .40 .92 54.01 .75 .25 43.11.71 .89 .31
75.93 .36 .57.83 | 56.20.14 .82 .11 4.1 .97 90 .65 .96 .42 68 .63 .86 .74.54 13 .26 94
.38.30.92.29.03 | .06.28.81 .39.38 | .62.25.06.84 63 .61 .29.08 .93 67 .04.32 .92 .08.09
51.28 50.10.34 | 31.57 .75.95.80 | .51.97.02.74 77 J6.15.48 49 44 18.55 63 .77.09
.21.31.38.86.24 | 37.79.81 53.74 | .73.24 16.10 .33 .52 .83.90 .94 76 70.47 14 54 36
.29.01 .23 .87.88 | 58.02.39.37 67 | 42 .10.14.20 .92 A6 .55 .23 42 45 .54 .96 .09 .11 .06
95.33.96.22.00 | 18.74.72.00.18 | .38.79 .58 .69 32 .81 .76 .80 .26 .92 .82.80 .84 .25 39
.90.84 60 .79.80 | .24 .36 .59 .87 .38 | .82 .07 .53.89 .35 96 .35.23 .79 18 .05.98 .90 .07 .35
.46.40 62 .98.82 | 54 .97 20 .56 .95 | .15.74 .80.08 .32 A6 .46.70 .50 .80 B7 7216 4279
.20.31 .89 .03 .43 | .38.46 .82 68 .72 | .32.14.82.99.70 .80 .60 .47 18 .97 .63.49 .30 .21 .30
J1.59.73.05.50 | .08.22.23.71.77 | .91.01.93.20 .49 .82 .96.59 .26 .94 .66.39 .67 .98 .60

Sample Station Location

This section describes the method for determining the station number for each sample location.
This method may be adjusted to locate from one to four samples. Keep a written record of the

computations in the project file.

Testing

2% 9

Use the random numbers determined in” section, “C.
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Example: For aggregate base gradations, select four (4) random tests for 10,000 tons. Assume a
6 inch layer, 52 feet in width and 135 pounds per cubic foot maximum density. The four random
numbers selected are the 38" through the 41% (.84, .18, .79 and .75). The beginning station is
10+50.

Calculate tons per lineal feet and total lineal feet.

Tons per linear foot = (length x width x thickness x maximum density)/2,000

Where: Length, Width and Thickness are in units of feet and
Maximum Density is in units of pounds per cubic foot.
Tons per Linear Foot = (1 x 52 x 6/12 x 135)/2,000 = 1.755
Total Linear Feet = 10,000/1.755 = 5,698 Linear Feet

Calculate length and starting station for each sublot.

Four (4) sublots.

5,698/4 = 1,425 feet = 14 + 25 Stations per sublot

Note: 1,424.75 feet rounds to 1,425 feet (see 5-692.705, “Procedures for “Rounding Off”.

1 Road Station = 100 feet

(Stationing for sublots should be rounded to the nearest foot):

Starting Station for Sublot 1 from 10+50 to 24+75

Starting Station for Sublot 2 from 24+75 to 39+00

Starting Station for Sublot 3 from 39+00 to 53+25

Starting Station for Sublot 4 from 53+25 to 67+50

Calculate stationing for the four samples in each sublot.

Table 4 denotes the distance from starting station to the sample location.

Table 5 denotes station for each sample.

Table 4 Distance from Starting Station to Sample Location

Sample | Random Length of Distance from
Number | Number Sublot Starting Station
1 .84 X 1,425 feet = 1,197 feet
2 18 X 1,425 feet = 256 feet
3 79 X 1,425 feet = 1,126 feet
4 .75 X 1,425 feet = 1,069 feet
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Table 5 Station for Each Sample

Sample Number | Beginning Station Random Distance Sample Location
1 10+50 +| 1,197 feet (11+97 Sta) Station 22+47
2 24+75 + | 256 feet (2+56 Sta) Station 27+31
3 39+00 +| 1,126 feet (11+26 Sta) Station 50+26
4 53+25 + | 1,069 feet (10+69 Sta) Station 63+94

Of the material being placed, obtain approximately one-third (!4) of the sample from the center,
and one-third (5) each of the sample from the ¥ points, and combine into one sample. Then

split for 2 tests, see Figure 2 and Figure 3.

Lot
®  Sublotl Sublot2 sublot3  ® Sublot4
® & -] @
] @ & ®

Figure 2 Four (4) Equal Sublots

Figure 3 Cross-Section of Sampling Location

(Note figure shows material being placed across entire roadway width. Obtain sample across the
width of material being placed.)

iii. Truck Load Count Sample Method

Determine lot size and random number per above. Divide Lot size by truck size to obtain total
number of trucks required per Lot. Divide the Lot size by the number of sublots to determine the
sublot size. Apply random numbers to the sublot size to determine, which truck to sample. Take
sample from the road after spreading, but before compaction at the location where the material
from that truck was placed. Not from truck box.
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Example: The project is under construction at several locations. Trucks hauling approximately
21 tons each will deliver 8,430 tons (Plan Quantity) of Class 5 aggregate base.

8,430 tons + 21 ton/truckload (average) = 401.4 loads ~ 401 loads
401 loads/4 = 100 loads/sublot

Take samples from the approximate area these trucks place material. Table 6 denotes the truck
to be sampled.

Table 6 Station for Each Sample

Sample Number | Random Number Sublot Quantity Truck Number
1 .84 X 100 Loads = | Load # 84
2 18 X 100 Loads = | Load # 100 + 18 =118
3 79 X 100 Loads = | Load # 200 + 79 = 279
4 75 X 100 Loads = | Load # 300 + 75 = 375

iv. Modifications in the Plan quantity.
Modify testing and sampling protocol for increases in Plan quantities as follows (Table 7):

Table 7 Protocol for overrun quantities

Time Plan Quantity Increased Testing and Sampling

Before Collection of first sample. Reorder sampling to account for additional
quantity.

After Collection of first sample, but before | Complete testing of current Lot, and then

sampling is complete. reorder the sampling using the remaining
quantity.

After collection of all original Plan quantity | Order sampling for additional quantity.
samples.

5-692.130 Non-Random Sampling

When sampling materials for laboratory or field tests by the non-random sampling method,
locate the sample in the area least likely to meet specifications. Inform the Contractor of any
failure as soon as posible, but no later than 24 hours after obtaining test results. Have the
Contractor remove or modify failing materials, and retest in areas which are least likely to meet
specifications.

5-692.135 Sampling for Proctor (Moisture Density Test)
A. Grading Construction

Samples required for the proctor test should represent the material being placed. Fifty pounds of
material is necessary for a proctor test. Each sample tested should be identified by source (pit
number, pit name or station), depth, soil classification, and test results. Save a portion of each
sample from each major soil type, at about optimum moisture content, in a transparent container
for use as a reference. Use Figure 34 Triaxial Chart, as a guide in soil comparison. Label this
sample with the assocatied soil classification and test results.
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B. Base, Subbase, and Surfacing Construction

Moisture-Density properties of base and subbase aggregates vary as the gradation of the
aggregate varies.

Record the sample location.

Sample subbase, base or shouldering aggregate from one location on the road after spreading, but
before compaction.

5-692.140 Splitting
5-692.141 Quartering Method of Sample Size Reduction
A. General

The quartering method of sample size reduction works best on damp material. Quarter sample
on a concrete slab, new plywood or sheet metal deck or similar smooth, clean floor area, about 4’
x 4’, Mechanical devices meeting AASHTO R 47 may be used; follow that standard and the
manufacturer’s procedures.

B. Procedures
See Figure 4.
1. Dump the sample onto the clean floor area.

2. By shoveling, move the sample to an adjacent area and form a continuous cone by emptying
the shovel directly over the center (Figure 4, Top Left).

Repeat the coning until the sample is thoroughly mixed.

4. With a shovel or other device, make a clean pass bisecting the cone vertically (Figure 4, Top
Right).

5. Draw the halves away from each other.
Bisect the halves (Figure 4, Bottom Left).

7. Combine diagonally opposite quarters to form a sample (Figure 4, Bottom Right). If the
sample is still larger than desired repeat Step 1 thru 7. In this case, piles B & D were
combined.
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Figure 4 Quartering Method of Sample Size Reduction
5-692.142 Ring and Cone Method of Sample Size Reduction
A. General

The ring and cone method is usually used for large quantities of material and requires more
working area than the other sample reduction methods. The radius of the ring is determined by
the weight of the sample and should be equal in feet to 1/40th of the sample weight in pounds.
For instance, a 400 Ib. sample requires a radius of 10 ft. (20 feet in diameter).

B. Procedure

Dump the entire sample onto the clean floor area. By shoveling, move the sample to an adjacent
area and form a continuous cone by emptying the shovel directly over the center. Repeat the
coning until the sample is mixed thoroughly (Figure 5 (a))

1. Place a rake or trowel at the top of the cone, push down and pull a portion of sample out to
the required radius (Figure 5 (b)).
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3&4.

6&7.

Weight of Sample (Ibs)

Required Radius ( feet) = 40 Ibs per foot

Move to a position opposite Step 1 and repeat Step 1 (Figure 5 (c)).
Repeat Steps 1 and 2 at 90° (Figure 5 (d & €)) from the original position of Steps 1 & 2.

Continue Steps 1, 2, 3 and 4 (Figure 5 (f)) until the entire sample is evenly windrowed
into a ring (Figure 5 (g)).

Collect sample by cutting the ring at opposite points with a shovel (Figure 5 (h)). (A
sample consists of material removed from two or more pairs of opposite sections of the
ring (Figure 5 (i)).

Figure 5 Ring & Cone Method to Reduce Sample Size
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5-692.143 Riffle Splitter Method of Sample Size Reduction
A. General

A sample splitter consists of a series of chutes running in alternately opposite directions. When a
sample is poured into the chutes, one-half of the sample runs off in each direction into collection
pans. The sample splitter works best with air-dry material. Split the sample when the material is
near optimum moisture, so that material is free flowing, and minimal dusting occurs.

B. Procedure

See Figure 6.

1. Place one collection pan on each side of the splitter allowing the chutes to extend into the
pans.

2. Thoroughly blend the sample prior to splitting to reduce sample segregation.

3. Pour the sample through the chutes (Figure 6, Left), while ensuring that the sample does not
pile up in the hopper.

4. Check sample for uniformity, recombine sample and repeat steps 1-3, if sample is not
uniform.

5. The sample may be split into smaller sizes by re-splitting the material collected on each side

of the splitter, following Steps 1 through 4 above (Figure 6, Right).

Figure 6 Riffle Splitter Method to Reduce Sample Size

5-692.150 Independent Assurance (IA) Sampling and Testing

Independent Assurance sampling and testing is required on all State projects that use Federal
Funding. Assurance sampling is the direct responsibility of the District Materials Engineer.
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The purpose of this sampling is to verify the inspector's sampling, testing procedures and
equipment. The project personnel are required to notify the district materials office when any
work requiring Independent Assurance sampling has begun. The project personnel should
ensure that some scheduling lead time is provided.

Procedure:

The District Independent Assurance Inspector is required to review the tester’s sampling, testing
procedures and equipment; and to obtain laboratory samples. The Independent Assurance
Inspector will record findings.

The following procedures are recommended to obtain the maximum benefit:

1. Any Independent Assurance test or sampling procedures should be performed by the project
personnel assigned to that particular phase of the work.

2. The equipment used and procedures followed during Independent Assurance sampling and
testing should be the same as that used during the routine sampling and testing requirement
on the job.

3. If the procedure followed or equipment used does not conform to the applicable standard,
note the fact on the report and advise the tester of the corrections required for subsequent
tests.

4. Independent Assurance gradation test samples must be split samples from field gradation
samples so that the field and lab results can be compared.

5. Report the test result and the action taken by the tester, when an Independent Assurance test
is observed and the given measurement does not meet requirements.

6. If it becomes evident that a required Independent Assurance test or sample cannot be
obtained, report the type of construction, sample standard involved and the reasons for not
obtaining the test or sample.

Investigate any deviation, between an Independent Assurance test result and a companion test
result, outside the tolerances stated in Table 1003C of the MnDOT Laboratory Manual.

5-692.160 Sample Identification Card
A. General

Samples submitted to the laboratory must contain a sample identification card properly protected
against moisture and soiling. A zip-lock type sandwich bag works well.

B. Procedure for Completing Sample ID Card
1. “Field Identification”
This identifier is generated by the field inspector to assist with tracking the sample.

2. “Spec.”
Include both the specification number and class of material.
3. “SPpP.”

Submit all the samples under the primary (state) project number (S.P.).
4. “Submitted by”
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Enter the name of the submitter. If the sample is an Independent Assurance (IA) Sample, include
the IA’s name, and write “IA Sample” on the card.

5. “Proj. Engr.”
Enter the name of the project engineer.
6. “Type of material and use”
Enter what the material is to be used for and the specification.
Example: Base (3138)
Shouldering (3138)
Subgrade Soil (2105 or 2106)
Granular Material (3149)
7. “Mix Proportions”

Report the composition of virgin and recycled aggregates by type (e.g., % natural gravel, %
quarried carbonates, % quarried class A, % RAP, %RCP, % glass, etc.).

8. “PitNo.”

Give the Pit Number for 3138 samples and the pit number (or owner’s name) for 3149 samples.
9. “Source”

Provide the Pit name.

10. “Location”

Location of pit (i.e., either geographic, as in illustration, or legal description with Section, Town
and Range).

11. “Sample taken from”

Stationing of sample location.

12. “Tests required”

Example: Gradation, Shale, Proctor, LA Rattler, etc.
13. “Remarks”

If it is a split gradation sample, write the field gradation results on the back of the card. Also,
include any observations or information that would assist with evaluating the sample test results.
Include the gradation specification requirements of sample.

5-692.170 Documentation
The Engineer is responsible for maintaining a file with the following items (Table 8):
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Table 8 Required Documentation

Form Description

G&B-001 [TP 02115] Grading and Base Report (Preliminary and Final)
Certification of Aggregates

G&B-104 [TP 24346] (include all contractor gradation and quality test reports

required for material on hand)

Worksheet with computations for sample locations and Lot

sizes.
G&B-101 (English) or Sieve Analysis
G&B-102 (Metric) [TP 02402] | (for each verification test sample)
G&B-002 [TP 02154] Random Sampling Acceptance (for each Lot)

- Materials Certification Project Compliance Summary

- Documentation of Random Number Selection

5-692.180 Sampling Bituminous Stabilized Materials
A. Sampling Bituminous Materials

Sample bituminous materials per the Minnesota Department of Transportation (MnDOT)
“Bituminous Manual” 5-693.

B. Moisture Samples

1. When asphalt emulsion is used, obtain a sample from the treated material at the time the
mixture is ready for compaction.

2. When other bituminous materials are used, obtain a sample before the bituminous material is
added.

3. Refer to the Schedule of Materials Control (SMC) for required minimum sampling and
testing rates.

C. One Point Density

At each field density test location, sample for the moisture after mixing. Select 10 Ibs (5 kg)
samples by direct sampling and place in an air tight container to minimize loss by evaporation.

D. Bituminous Stabilized Base (SFDR) — Proctor Test using Modified Effort
Moisture-Density properties of stabilized bases vary as the gradation of the aggregate varies.

Samples required for the proctor test should represent the material being reclaimed, 50 Ibs of
material is necessary for a test.

Record the sample location.
Sample Materials from one location on the road after reclaiming/mixing, before compaction.

For Multi-Point Modified Effort Proctor, obtain samples from one location on the road after the
initial pulverization (“initial-grind”) to the depth of the reclaim layer prior to rolling and store in
a sealed container.
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For One Point Modified Effort Proctor, obtain samples from one location on the road, after the
bituminous injection pass to the depth of the stabilized reclaim layer, and before rolling. Store in
a sealed container for no more than one hour before Proctor compaction.

5-692.181 Sampling for Stabilized Full Depth Reclamation (SFDR) Mix Design

Review data from auger borings, cores and / or other sources (i.e. pavement records, FWD
deflection data, etc.) to determine if more than one mix design is required. Perform a separate
design for SFDR projects with more than a two inch difference in bituminous surface thickness.
Sample at least 350 Ibs for each mix design. Determine the individual and average thickness
values for cores or slabs. Measure the density of four cores or two slabs if the bituminous
materials are the primary component of the mix design.

Crush the bituminous materials to the gradation in Table 9 before blending with the aggregate. If
bituminous materials consist of a chip seal only, then the only requirement is that it is crushed to
100% passing the 1 in. sieve.

Table 9 Requirements for Crushed Bituminous (SFDR)

Sieve Size Percent Passing
1.25in 100
1in 90 — 100
¥ in 80 -97
No. 4 30-55
No. 30 5-15

Specimens prepared for mix design shall have a maximum size passing the 1.25 in. (31.25 mm)
screen for all material components.

5-692.182 Sampling for Cold In-Place Recycling (CIR) Mix Design

Obtain cores from the areas to be recycled. Perform separate mix designs if cores show
significant differences in the type or thickness of bituminous layers among the core samples.
Sample a minimum of one core per lane mile and sample where there are visual differences in
the pavement. Cut the sampled (field cores) in the laboratory to the depth specified for the CIR
Project. Crush cores in the laboratory and perform a mix design using the medium gradation and
a minimum of one of the fine or coarse gradations using Table 10.

Table 10 Requirements for Crushed Bituminous (CIR)

Fine Medium Coarse
31.5mm [1.25 inch] 100 100 100
25.0 mm [1.0 inch] 100 100 85-100
19.0 mm [% inch] 95-100 85-96 75-92
4.75 mm [No. 4] 55-75 40-55 30-45
600 um [No. 30] 15-35 4-14 1-7
75 pm [No. 200] 1-7 0.6-3 0.1-3

Perform the mix design on these crushed millings. Determine the gradation of the crushed
millings and dry at a temperature no greater than 104°F.
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Prepare samples with a sample splitter, otherwise dry, screen and recombine millings to the
target gradation. Suggested screens include: 1/2 inch [12.5 mm], 3/8 inch [9.5 mm], No. 4 [4.75
mm], No. 8 [2.36 mm], No. 30 [600 pum], and pan. Scalp oversize with a 1.0 inch [25.0 mm]
screen when using 3.94 inch [100 mm] diameter compaction molds.

5-692.200 Methods of Testing
5-692.201 Test for Shale in Coarse Aggregate — Pick Method
A. Scope

1. The lithological summary method is used to determine the percentage of various rock types.
This method separates shale by visual and hand sorting.

2. Follow MnDOT Laboratory Manual, Section 1209, “Lithological Count”.
5-692.202 Test for Shale in Fine Aggregate — Float Method
A. Scope

1. Follow MnDOT Laboratory Manual, Section 1207, “Lightweight Pieces in Aggregate”.
5-692.203 Field Test to Determine Crushing (%) - Conveyor Belt Method
A. Scope

Crushing will be required for Classes 5 and 6 Base Aggregate and for Aggregate Bedding and
Stabilizing Aggregate. For these classes of aggregate, crushing will be required for all stones
larger than the maximum size permitted by the gradation requirements and which will pass a
grizzly or bar grate having parallel bars spaced eight inches (200 millimeters) apart. However,
rejection of oversize material will be permitted by the Engineer when excessive crushing results
in an unsatisfactory gradation. This test is used to determine compliance with the crushing
requirements of specification 3138 at the time that the aggregate stockpile is being produced.

In the production of Class 6 aggregate, there shall be at all times not less than 15 percent of
material which shall be crushed. In the production of Class 5, Aggregate Bedding and Stabilizing
Aggregate, there shall be at all times not less than 10 percent of material which shall be crushed.
The percentage of crushing shall be determined by the weight of the material retained on a 3/4-
inch (19-millimeter) sieve.

B. Equipment
1. Containers—RPails suitable for collecting and weighing gravel samples.

2. 60 Ibs (27.2 kg) capacity electronic platform scale with decimal graduations in tenths of a Ib
(kg) (Interpolate reading to the nearest 0.05 Ibs [kg]).

3. Sieve— Nominal Maximum size for the class of aggregate being produced (3/4” [19 mm]
sieve).

4. Square nosed shovel.
C. Test Sample

Sample according to the Schedule of Materials control. If sampling is required, obtain sample
from the belt which conveys the material from the trap to the crusher. The sample shall be taken
at a time when pit operations are normal. Stop the belt. Select a representative section on the
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belt and remove all of the material from the selected section. This sample should weigh
approximately 30 Ibs (15 kg).

D. Procedure
1. Air dry the sample to reduce the amount of fines that cling to the oversize material.

Note: Fines will not usually cling to the oversize material if the moisture content is
approximately 3% or less.

2. Weigh the total sample (should weigh approximately 30 Ibs [15 kg]). Record weight (A) on
form G&B-103, “Percent Crushing Report” (Figure 7).

3. Screen the sample over the maximum required sieve size (3/4” [19mm)] sieve). Use breaker
sieves as needed.

4. Determine the weight of aggregate retained on the 3/4” (19mm) sieve. Record weight (B).
5. Compute percent of crushing using the following calculations:
A = Weight of Total Sample Ibs (kg)
B = Base Aggregate, Weight Retained on 3/4” (19mm) Sieve Ibs (kg)
Crushing % = (B/A) x 100%
E. Examples
Note: See Figure 7.
Given:
e 3138 Class 5 Aggregate
e Maximum Aggregate Sieve Size = 3/4” (19 mm) sieve
e Minimum Crushing Required = 10%
Sample:
A = Weight of Total Sample = 32.74 Ibs. (14.85 kg)
B = Base Aggregate, Weight Retained on 3/4” (19 mm) Sieve = 6.15 Ibs. (2.79 kg)
Calculations:

B/A x 100% = 6.15 Ibs.(2.79 kg.)/32.74 lbs.(14.85kg) x 100% = 18.8%

Therefore meets requirements.
F. Test Application

Due to the fact that samples for this test are taken before the final mixing of the aggregate,
variations in crushing percent (%) can be anticipated. It can also be anticipated that after final
mixing, has been accomplished to meet the gradation requirements that these variations will have
been eliminated in the final product. For this reason, some variation can be allowed. An
occasional deviation of up to 2% can be allowed. However, the average portion of crushing
(expressed as a percent) of all the material tested for the project shall not be less than that
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specified. If a test exceeds the allowable tolerance, the contractor should be informed
immediately and adjustments made to obtain the required amount of crushing by possibly adding
stones or crushed rock from another source. After operations have been adjusted, a check test
should be made.

G. Reports

In the remarks field on Form G&B-001 (MnDOT TP-02115-02) “Grading and Base Report”
indicate the number of tests required, the number made and the average crushing (%).

5-692.204 Determination of Crushing (%) - By Crushed Particle Count of + No. 4
A. Scope

This method is intended to be used only when the material has been crushed into a stockpile
before an inspector was assigned to the project. For the purpose of this method, crushed particles
are defined as material that has at least one fractured face.

This method involves counting the particles of plus No. 4 (4.75 mm) material having one or
more fractured faces and computing the percent of crushing in the total sample.

In the production of Class 6 aggregate, there shall be at all times not less than 15 percent of
material which shall be crushed. In the production of Class 5, Aggregate Bedding and Stabilizing
Aggregate, there shall be at all times not less than 10 percent of material which shall be crushed.

B. Procedure

1. Obtain a representative sample weighing approximately 30 Ibs. (15 kg) from the prepared
stockpile. Air-dry the sample to reduce the amount of fines that cling to the material.

Note: Usually, fines will not cling to the material if the moisture content is approximately 3%
or less.

2. Determine the Total Weight of Sample, record weight (A) (Figure 7).

3. Determine the sample's gradation in accordance with the method described in section, “5-
692.215, Sieve Analysis Test Procedure (Gradation)” to verify that the aggregate meets
specification requirements. Screen the sample and reserve the material retained on the 3/4”
(19 mm), 3/8” (9.5 mm) and No. 4 (4.75 mm) sieves.

4. Determine the weight of aggregate passing the 1” (25 mm) sieve and retained on the No. 4
(4.75 mm) sieve. Record weight (B).

5. By using the following formula, compute and record the percent of aggregate retained on the
No. 4 (4.75 mm) sieve (C):
Percent Retained on No.4,C :%xlOO%

6. Determine the weight of aggregate passing the 1” (25 mm) sieve and retained on the 3/8”
(9.5 mm) sieve. Record weight (D).

7. Determine the weight of aggregate passing the 3/8” (9.5 mm) sieve and retained on the No. 4
(4.75 mm) sieve. Record weight (E).

Note: (D) + (E) should equal (B)
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8. By using the following formula, compute and record the percent of aggregate retained on the
3/8” (9.5mm) sieve (F):

Percent Retained on 3/8”-, F = (D/B) x 100%

9. By using the following formula, compute and record the percent of aggregate passing the
3/8” (9.5mm) sieve and retained on the No. 4 (4.75mm) sieve (G):

Percent Retained on 3/8” & retained on the No. 4, G = (E/B) x 100%
Note: (F) + (G) should equal 100.0%

10. Combine the material retained on the 3/4” (19 mm) and 3/8” (9.5 mm) sieves. Quarter the
sample per 5-692.141 “Quartering Method of Sample Size Reduction” to obtain a
representative sample weighing about 1,500 grams. Do not attempt to select an exact
predetermined weight. Record this as the Weight of Sample Passing the 1” (25 mm) sieve
and retained on 3/8” (9.5 mm) (J).

11. From the sample passing 1” (25 mm) sieve and retained on 3/8” (9.5 mm) sieve (1), collect
and weigh all of the particles that have at least one fractured face. Record weight (K).

12. Quarter the material which passes the 3/8” (9.5 mm) sieve and is retained on the No. 4
(4.75mm) sieve to obtain a representative sample weighing between 450 to 550 grams.
Record weight (L).

13. From the sample 3/8” (9.5 mm) to No. 4 (4.75 mm) sieves, collects and weigh all of the
particles that have at least one fractured face. Record weight (M).

14. By using the following formula, compute the Percent of Crushed Particles in the Total
Sample (N):
{(K/J x F) + (M/L x G)} x (C/70)

Note: 70 is a constant because it is assumed that 30% of the crushed material passes a No. 4
(4.75 mm) sieve.

C. Example
See Figure 7 for example.
D. Test Application

Because the samples for this test are usually taken before the final mixing of the aggregate, it can
be anticipated that there will be variations in the percent of crushing.

It can also be anticipated that after final mixing has been accomplished to meet the gradation
requirements that these variations will have been eliminated in the final product. For this reason,
some tolerance can be allowed. An occasional deviation of up to 2% can be allowed. However,
the average percent of crushing of all the material tested for the project shall not be less than the
specified percent. If a test exceeds the allowable tolerance, the contractor should be informed
immediately and adjustments made to obtain the required amount of crushing by possibly adding
stones or crushed rock from another source. After operations have been adjusted, a check test
should be made.
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E. Reports

In the remarks field on Form G&B-001 (MnDOT TP-02115-02) “Grading and Base Report”
indicate the number of tests required, the number made and the average percent of crushing.

HEsCy, TP-024E3 (412002)
Minnesota Department of Transportation
Office of Materials Engineering
-
Percent Crushing Report
S.P. Test No. Date: Enginear
_c%m‘q.. 19 5-21-02 Minmie -Dﬁhf
tractor: Aggregate Source:
Webuildem , Tae. Yehuson Pit
Type or Class of Aggregate Pit Location Mﬁ”
Class S - 3138 2704
Sample From: Size of Grizzly:
Belt o Stockpile 200 mm
Meathod 1: Percent Crushing (Conveyor Belt)
(A) Weight of Total Aggregate Sample: 4,85 (gmo
(B) Aggregate Weight Retained on 19 mm (3/4%) Sieve 2.79 ﬁguhs}
Percent Crushing (B)(A) x 100% 18.8 %
Minimum % Crushing Required 16.0 %
Method 2: Percent Crushing (Particle Count)
Specification's
Maximun Agpgregate Size
19 mm (3/4 in.)
{A) Total Weight of Sample 14.8 lbs)
B) Weight of Sample Ret. On 4.75 mm {#4) Sieve 4.95 bs
(C) Percent Ret, On 4.75 mm (#4) Sieve = (B/A) x 100 33,3 %
(D) Weight of Sample Passing the 25 mm ( 1 in) Sieve and Ret 9.5 mm (3/8 in.) Sieve N Ibs
(E) Weight of Sample 9.5 mm (3/8 in.) to the 4.75 mm (#4) Sieve Ibs)
(F) % Retained on 9.5 mm (3/8 in.) Sieve = VB x 100 41,5 %
(G) % 9.5 mm (3B in.) to the 4.75 mm (#4) Sieve = E/B x 100 s5a.5 =
H) TOTAL 100,00 %
(J) Weight of Sample Passing the 25 mm ( 1 in.) Sieve and Ret 9.5 mm (3/8 in.) Sieve ISOR gms
(K) Weight of Cr. Sample Passing the 25 mm | in) Sieve and Ret 9.5 mm (3/8 in.) Sieve YR gms
(L) Weight of Sarnple 9.5 mm (3/8 in.) to the 4,75 mm (#4) Sieve 535 ms
(M) Weight of Cr. Sample 9.5 mm (3/8 in.) to the 4.75 mm (#4) Sieve A YY gms
(M), Percent Cr., Part. In Total Sample [{K/JxF) + (M/L x 6] x [C/70] 18,8 =
Minirrnam % +#4 Crushed Particles Required 16.0 =
See Grading and Base Manual Fig IM or 1 E 5-692.204
Remarks:
ce: Project File

Figure 7 Percent Crushing Report
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5-692.215 Sieve Analysis Test Procedure (Gradation)
A. Scope

The procedure outlined below is for field laboratory tests and is a modification of AASHTO T
27. Procedures followed in Central and District Laboratories are on file at the Minnesota
Transportation Department Laboratory, Maplewood, MN.

The sieve analysis or gradation test is a method of determining the particle size distribution of
grading materials and base, subbase and surfacing aggregates using sieves with square openings.
The gradation test is an extremely important test because it indicates many qualities of the tested
material. The test results determine the acceptability of the material on the road and may be used
to help control production at the pit.

Note: Gradation Tolerances

All required laboratory gradation samples shall have a field tested companion sample. Both
samples must be split from the same larger sized sample. Both gradation test samples shall be of
nearly equal size. All specified sieves should follow the allowable tolerances in Table 1003C of
the Laboratory Manual. Any sieves exceeding these tolerances will require immediate action to
determine the cause of the “out of tolerance” problem.

B. Equipment

1. 60 Ib. (27.2 kg) capacity electronic platform scale with decimal graduations in tenths of a
pound (tenths of a kilogram, interpolate reading to nearest 0.05 kg).

Electronic scale with at least 2,500 grams capacity, sensitive and readable to 0.1 g.

3. Box sieves ("coarse sieves") and rocker. The usual sizes are 3” (75 mm), 2” (50 mm), 17 (25
mm), 3/4” (19 mm), 3/8” (9.5 mm) and No. 4 (4.75 mm). A bottom pan is furnished with
each set of sieves.

4. Standard 8” diameter "fine" sieves with a fitted top and a bottom pan; the common sizes are
No. 4 (4.75 mm), No. 10 (2.00 mm), No. 40 (425 um) and No. 200 (75 um). Two No. 200
(75 um) sieves are required; one No. 200 (75 um) should be "full height".

5. Sieve brushes (used on the "fine" sieves) includes one bristle (sash brush is ideal) and one
brass. (Do not use the brass brush on the No. 200 (75 pum) sieve.)

6. Miscellaneous bowls, pans, and pails.
7. Stove or oven for drying.

8. Sieve shaker for fine sieves.

C. Sample

1. Obtain a sample of the material according to the procedure described in section, 5-692.100,
“Sampling, Random Sampling and Splitting”. If necessary, reduce the size of the sample
according to one of the procedures described in section, 5-692.100, “Sampling, Random
Sampling and Splitting”. The weight of the gradation sample depends on the amount of
gravel in the sample. Consider 25 Ibs. (12,000 g) the minimum size sample needed for a
gradation test on "gravelly" material (base, surfacing and most subbase aggregates).
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2.

Note: Samples of finer, granular materials with small amounts (less the 10%) of gravel and
no large size rock may be less than 25 Ibs. (12,000 g) The recommended sample weights or
minimum sample weights are approximate and No attempt should be made to obtain an exact
predetermined weight for any sample that is to be sieved.

Air dry the sample to reduce the amount of fines that cling to the large particles. The sample
may be cautiously dried in an oven or on the stove. Do not allow any clay balls or soil lumps
to bake so hard that crumbling is difficult.

D.1. Coarse Sieve Procedure

The gradation test is divided into two parts; coarse sieve and fine sieve. (Refer to Form G&B-
101 (102), “2402, Sieve Analysis, Figure 8”)

1.

Set the coarse sieves on the rocker with the pan on the bottom and the sieves arranged in
order from No. 4 (75 um) to 3” (75 mm) on top.

Determine the tare weight of a pail and weigh the sample to the nearest 0.1 Ib. (50g) on the
electronic scale. Most electronic scales are equipped with a tare weight dial that can be set at
zero with the pail hanging empty.

Record the weight in the "total wt. of sample" box on Form G&B-101 (G&B-102).

Pour the sample into the sieves and shake until less than 0.5% by weight passes any sieve
during one minute. Do not attempt to hand fit any rocks through a sieve.

Examine each sieve for soil lumps and clay balls. Pulverize this material so that it passes
through the sieves into the bottom pan. Never discard any clay balls from the sample.

Note: If the sample frequently contains many soil lumps or is wet and cannot be dried in a
reasonable length of time, use the 3/8” (9.5 mm) sieve as the final sieve. Combine the portion
of the sample retained on the No. 4 (4.75 mm) sieve with the material in the bottom pan.

Weigh separately the portions of the sample retained on each sieve and the material
contained in the bottom pan.

Record each weight on Form G&B-101 (G&B-102) in column 1. The total of these weights
must be within 0.2 Ibs. (100 g) of the "total wt. of sample". If the "check total" is not within
0.2 Ibs. (100 g) of "total wt. of sample™, repeat Steps 4, 5, 6, and 7.

Calculate the percent of material passing each sieve to the nearest tenth of a percent. Use
Form G&B-101 (G&B-102) and the following formula:

Amount Passing (%) = Total wt. of material passing sieve (size)/Total wt. of sample (Ibs or kg)

D.2. Fine Sieve Procedure

1.

Check the zero position of the scale. The scale must be on a level, firm base to operate
accurately and reliably.

Select a representative sample of the material in the bottom pan by one of the methods
described in section, 5-692.100, “Sampling, Random Sampling and Splitting”. About 450
grams (air dry) of material passing the No. 4 (4.75 mm) sieve or 750 grams of material
passing the 3/8” (9.5 mm) sieve is required for a reliable fine sieve test. Do not attempt to
obtain an exact predetermined weight.
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Note: If testing materials containing salvaged bituminous, see section, 5-692.216, “Washing
& Drying Gradation Samples Samples Containing Salvaged Bituminous” for proper washing
and drying procedures.

Dry the sample to a constant weight. Record the dry weight on line B, Form G&B-101
(G&B-102). The oven temperature may not exceed 230°F (110°C). Some materials bake into
hard clusters that do not break up during washing. Therefore, it is recommended that all
samples be handled as described in following note.

Note: A satisfactory way to prevent the minus No. 200 (75 um) material from baking is to
use the "matched sample” method. After completing Step 2, prepare another sample that
matches the weight and moisture content of the fine sieve sample. Dry this sample and record
the dry weight on line B, Fine Sieve section of Form G&B-101 (G&B-102). While the
matched sample is drying, wash the representative sample; do not dry it first.

Place the fine sieve sample into a pan and add enough water to cover the material.

5. Stir the sample until the fine particles are in suspension.

10.

11.
12.

Pour the dirty water onto the full height No. 200 (75 um) sieve. Do not allow the sieve to
overflow (tap the side of the sieve sharply a few times if the water does not flow through the
sieve).

Add more water to the sample and repeat Step 5 and Step 6 until the water looks clean as it is
poured onto the No. 200 sieve.

Rinse the material retained on the No. 200 (75 um) sieve and wash it back into the pan
containing the “clean™ sample.

Pour off the excess water and dry the sample.

Allow the sample to cool, weigh it and record the weight on line C, Form G&B-101 (G&B-
102).

Pour sample into the nest of fine sieves.

Shake sample until less than 0.5% by weight passes any sieve during a minute. Using a
mechanical shaker, sieving time should be at least 7 minutes. Weigh the material retained on
each sieve and in the bottom pan; record the weights in column 5, Form G&B-101 (G&B-
102).

The check total of the individual weights, including the loss of washing, should be within 0.3%
of the original dry weight (line B).

Note: The maximum weight allowed on an 8” (200 mm) wide sieve is 200 grams. Any sieve
with 200 grams or more is overloaded and requires additional sieving. When it appears that the
gravel being tested will regularly overload a particular sieve, obtain an intermediate size sieve
(No. 8 (2.38 mm), No. 20 (850 um), No. 30 (600 um), or No. 100 (150 um)) and add it to the
nest to intercept part of the material. Remember to combine the material retained on the extra
sieve with material retained on the sieve below it; or, note the extra sieve on the work sheet and
include the material retained on it in the calculations.

13.

Calculate the cumulative percent passing each sieve and round to the nearest tenth of a
percent. Follow the procedure on Form G&B-101 (G&B-102) or the formula below:

30



% Passing (any sieve size) = (Total wt. of material passing sieve/Total wt. of sample) x 100%

14. Multiply the percent passing each "fine" sieve by the percent passing the final coarse sieve.
The fine sieve sample is a portion of the total sample; Step. 14 establishes the relationship of
the fine sieve sample to the total sample. Figure 8 shows an example of a completed
gradation worksheet.

E. No. 200/ 1” (75um / 25mm) Ratio

To determine the percent of No. 200 (75 um) material as a percent of the portion passing the 1”
(25 mm) sieve for granular materials, the part passing the 1” (25 mm) and the part passing the
No. 200 (75 um) sieve should be determined and recorded as described above. The No. 200/1”
(75 um / 25 mm) ratio is then calculated as follows:

No. 200/1” = (% passing No. 200/% passing 1’) x 100%

Note: Do not alter the sample by screening the material on the 1 (25 mm) sieve before splitting,
conducting the field test or sending a companion sample to the laboratory. Determine the percent
passing the 1” (25 mm) and the percent passing the No. 200 (75 um) and calculate the No.
200/1” (75 um/25 mm) ratio. Report these calculations on the back of the sample card of the
companion sample.

Example: Given: % Passing 1”7 (25 mm) sieve = 97.0%
% Passing No. 200 (75 um) sieve = 15.3%
Calculate: No. 200/1” ratio = (15.3/97.0) x 100% = 15.8%
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G&B-101(2/7/12)

Wﬁ‘ TE-02402-03
=
S\ _ﬁj Work Sheet for Sieve Analysis of Granular Material
OF T R -
See Grading & Base Manual, Fig. 1 5-692 215
Project No: Date: Test Mo:
MMaterial Type: Station: Depth From Grading Grade:
Total Wt. of Sample (kg) Tester Mame or Certification Mo:
(1) (2) (3) (4)
Indiv. Siewve Cumulative Total % Gradation
Coarse Sieves: Weights| Size |[Wts. Passing| Passing Requirements
*Pass Sieve, Ret.  |Sieve
*Pass w | Sieve, Ret.  |Sieve
*Pass w | Sieve, Ret.  |Sieve
*Pass w | Sieve, Ret.  |Sieve
*Pass w | Sieve, Ret. - |Sieve
*Pass w | Sieve, Ret. - |Sieve
*Pass w |Siewve, Ret. Bottom
Check Total - - Shall Check Total Vvt. Within £ 0.10kg
*Enter necessary sieve sizes for class of material to be tested

Column (1} Enter weights of material between each set of sieves individualhy.

Column (2} Enter the passing sieves size.

Column (3} Add column (1) from the bottem up to get cumulative weights passing each sieve.

Column (4} Divide column (3} by check total of sample to get total % passing.

Fine Sieves:

(A} Take two samples identical in condition and damp weight from “passing material™.
(B} Dry one sample and record weight.

(C)Vash and dry other sample and record weight.

(D} Loss in washing (B-C) (Enter Below) 0.0

(5) (6) ry (8) [E]] i
Indiv. Siewve Cumulative Cum. % %% Passing Gradation
Weights|] Size |[Wis.Passing| Passing |of Total Pass.| Requirements
*Pass — | Sieve, Ret - [Sieve
“Pass — | Sieve, Ret. - [Sieve
“Pass — | Sieve, Ret. - [Sieve
“Pass - | Sieve, Ret. - [Fieve
“Pass - | Sieve, Ret. - [Fieve
“Pass - | Sieve, Ret. - [Fieve
“Pass - | Sieve, Ret. - |FiEve
“Pass - |FiEve, Ret. Bottom
Loss by washing-
Check Total - - Shall Check total VWi. Within +0.3%
Percent Pagsing #200 Sieve Divided by Percent Passing 1 in. Sieve (if speciﬂed}l

Column (5} Enter weights of material between each set of sieves and loss by washing (DO NOT OVERLOAD SIEEWVES)

Column (8} Enter the passing sieve size.

Column (7} Add column (5) from bottom up to get cumulative weights passing each sieve. Be sure to add loss by washing to weight of m
of material passing #200 sieve to get first entry at bottom of column (7).

Column (8} Divide celumn (7} by check total dry weight of fine sample (Column 5) to get cumulative %% passing.

Column (9} Multiply column (8) by % passing final sieve from column (4) to get "Percent Passing™ based on total sample.

CC: Project File

Figure 8 Sieve Analysis Work Sheet Example (Form G&B-101)
5-692.216 Washing & Drying Gradation Samples Containing Salvaged Bituminous
A. Scope

The following procedure is to wash and dry samples containing salvaged bituminous material for
gradation testing, “5-692.215,Sieve Analysis Test Procedure (Gradation).

B. Procedure

1. Dry the sample to a constant weight at a temperature not to exceed 140°F (60°C) or use the
“matched sample” method described in, “D.2. Fine Sieve Procedure”, in section “5-692.215
Sieve Analysis Test Procedure (Gradation)”. Constant weight is defined as no change greater
than 0.5 grams in 15 minutes.

32



2. If necessary, soak the sample in suitable detergents or dispersants for a time period and at
concentration levels sufficient to remove the oily film from the virgin fraction of the sample.

Note: The concentration of the detergent/dispersant shall not be so harsh so as to break down
the film of asphalt on the particles of salvaged asphalt pavement.

3. Wash the sample through the No. 200 (75 pm) sieve as above or in accordance with section,
“5-692.215 Sieve Analysis Test Procedure (Gradation)”.

4. Dry the sample in accordance with the following methods:
In an oven at temperature not to exceed 140°F (60°C) overnight.

6. Over a hot plate or stove-top electric burner using a sand bath having a minimum depth of
1.5” (37.5mm). Control the temperature of the sand to prevent the drying sample from
exceeding 140°F (60°C). Stir the sample occasionally in the early drying stages and
continuously as the sample approaches a constant weight.

7. Cool and sieve the sample in accordance with the established procedures in section, “5-
692.215 Sieve Analysis Test Procedure (Gradation)”.

5-692.222 Moisture-Density Test Method (Proctor)
Note: Moisture-Density Test (Proctor) Tolerances

All required laboratory Proctor samples shall have a field tested companion sample. Both
samples must be split from the same larger sized sample. The field and laboratory Proctor test
samples shall be of nearlg/ equal size after splitting. Both maximum density tests shall
correspond within 3 Ibs./ft.* (50kg/m®) from field to laboratory test and both optimum moisture
tests shall correspond within 2%. Any testing exceeding these tolerances requires immediate
action to determine the cause of the “out of tolerance” problem.

A. Scope

This Moisture Density Test (Proctor) is a method of determining the relationship between the
moisture content and the density of the grading soil, base or subbase aggregate when compacted
by following a standard procedure. This method is consistent with AASHTO T 99, Method C.

The Maximum Density is the highest dry density that can be obtained by varying the moisture
contents and compacting the material by following a standard procedure. The Optimum Moisture
content is the moisture content (expressed as percent of dry weight) of the soil, base or subbase
aggregate at the Maximum Density. When compaction is controlled by the Specified Density
Method, the moisture content of the soil or aggregate being placed is compared to the Optimum
Moisture Content (OMC) and the density of the in place compacted material is compared to the
Maximum Density to determine compliance with the specification requirements. The moisture
content of the soil or aggregate compared to the Optimum Moisture content of the same soil
indicates the amount of compactive effort needed to achieve the Specified Density. A soil with a
moisture content lower than the Optimum Moisture requires more compactive effort than the
same soil with a moisture content near “optimum”. Soils with moisture contents higher than
“optimum” tend to be unstable and may be impossible to compact.

When the Quality Compaction Method is required, knowledge of the optimum moisture and
maximum density for the material helps the inspector determine the moisture necessary for
proper compaction.
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B. Equipment

1.

© 0 N o g A

Proctor mold: A cylindrical metal mold having a capacity of 1/30 ft* (1/1,060th m®) with an
internal diameter of 4 inches (101.6 + 0.406 mm) and a height of 4.584 = 0.006 inches
(116.43 + 0.1270 mm). The mold shall have a detachable collar assembly and base plate
(Figure 9, a).

Rammer Metal rammer having a flat circular face of 2 inch (50.8 £ 0.127 mm) diameter and
weighing 5.5 Ibs. (2.495 £ 0.009 kg). The rammer shall be equipped with a guide sleeve to
control the height of drop to a free fall of 12 inches (304.8 £ 1.524 mm) above the soil.
(Figure 9, c).

Electronic platform scale: The platform scale shall have a minimum capacity of 30 Ibs. (14
kg); it shall be sensitive to 0.01 Ib. (one gram) and the minor graduations on the indicator
shall be 0.01 Ib. (one gram).

Electronic scale shall have a minimum capacity of 2500 g; and it shall be accurate to 0.1 g.
Drying oven or stove.

Mixing tools (Figure 9, b).

Spatula and butcher knife. (Figure 9, b).

Box sieves, 2” (50 mm), 3/4” (19 mm), 3/8” (9.5 mm) and No. 4 (4.75 mm) with bottom pan.

Concrete compaction base. A block of concrete weighing not less than 100 Ibs. (50 kg)
supported on a stable foundation; a sound concrete floor or other solid surface found in
concrete box culverts, bridges and pavement. See Figure 9 for typical test equipment set up.
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Parts Mo, 2 &3
clamp together - lip
pottions fits inside
collar - Part 1 and
unit attaches to base
plate Part 4

BASE F'L.f’-‘-\TEJ

5C oopﬁ

SPATULA,

=== BRUSH

PN G TROWVWLE

a. Mold & Base Plate

5
HAMMER

¢. Hammer & Guide Sleeve

b. Tools

d. Typical Equipment Set-Up

Figure 9 Equipment for Proctor Test

C. Sample Preparation
1. Obtain a sample of the soil or aggregate according to the procedures described in section, 5-

692.135, “Sampling for Proctor (Moisture Density Test)”.
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2. If the soil sample is damp, dry it until it becomes friable under a trowel. The sample may be
air dried or dried in the oven or on the stove such that the temperature does not exceed 140°F
(60°C).

3. Sieve an adequate quantity of the sample over the 2” (50 mm), 3/4” (19 mm), 3/8” (9.5 mm)
and No. 4 (4.75 mm) with bottom pan. Break up all soil lumps to pass the sieves.

4. Discard the stones retained on the 2” (50 mm) sieve.
5. Weigh the stones that pass the 2” (50 mm) sieve and are retained on the 19 mm sieve.

6. Discard the stones retained on the 3/4” (19 mm) sieve and replace them with an equal weight
of stones passing the 3/4” (19 mm) sieve and retained on the No. 4 (4.75 mm) sieve.

Note: The replacement material may be obtained from the remaining portion of the sample, a
companion sample or completed gradation sample.

7. If the sample contains soil lumps and clay balls, pulverize them so they pass through the No.
4 (4.75 mm) sieve.

Note: When a large portion of the sample consists of lumps, use a 3/8” (9.5 mm) sieve as
well as the No. 4 (4.75 mm).

8. Recombine any stones retained on the 4.75 mm (and 9.5 mm) sieve(s) with the pulverized
material in the pan.

9. Select about 12 Ibs. (5 kg) of the prepared material using a procedure described in section:
e 5-692.141, “Quartering Method of Sample Size Reduction”, or
e 5-692.142, “Ring and Cone Method of Smaple Size Reduction”, or
e 5-692.143, “Riffle Splitter Method of Sample Size Reduction”.

D.1. Procedure: Multi-Point Proctor (Standard Method)

This test consists of compacting a portion of a soil sample in a mold at different moisture
contents ranging from dry to wet. At least 4 samples will be run. The samples will differ in
moisture content by one to two percent with the driest sample being about four percentage points
below optimum moisture. This would result in two of the samples being below optimum, one
near optimum and one over optimum. A valid test will have 2 points below optimum.

1. Thoroughly mix the selected representative sample with sufficient water to dampen it to
approximately 4 percentage points below optimum moisture content.

Note: To estimate the starting point for granular soils (less than 20% passing the No. 200 (75
pm) sieve), moisten and mix the soil until it can be squeezed into a ball or “cast”. The cast
should crumble easily when touched. Soils with more than 20% passing the No. 200 (75 pm)
sieve usually have higher optimum moisture than granular soils and the cast is less easily
crumbled at the starting point.

2. Determine the weight of the mold and base plate. Record the weight as “B Wt. Mold” Figure
10. Do not include the weight of the collar.

3. Place the assembled mold, including collar, on the concrete compaction base.
4. Place enough of the sample into the mold for one layer.
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10.

11.

12.

13.

Note: The mold is filled with three equal layers of compacted material. After compaction,
the top layer should be about 1/2” (15 mm) over the top of the mold when the collar is
removed.

Compact the loose material by 25 uniformly distributed blows from the rammer dropping
freely from a height of 12 (305 mm) above the soil.

Repeat Steps 4 and 5 until the three layers are placed and compacted.

Remove the collar and carefully trim the compacted soil with the knife until it is even with
the top of the mold (check with the spatula). Remove any stones dislodged by trimming and
fill the holes by carefully pressing finer material into place. Trim around any stones that are
at least half buried and solidly seated.

Clean all the loose material from the mold and base plate and weigh it on the platform scale
to the nearest gram. Record the weight as “A Wt. Wet Soil + Mold”.

Remove the mold from the base plate and loosen the locking devices so that the compacted
material can be removed from the mold.

Quarter the compacted material by slicing twice vertically through the compacted soil.
Select one of the quarters and weigh immediately. Conduct the moisture determination
according to the procedures listed in section, “5-692.245, Moisture Test”.

Note: A representative sample must consist of nearly equal portions of material from all three
layers. When the “Speedy” method is used, take the sample the same way as the burner dry
method and use a representative portion for the moisture determination.

Thoroughly break up any remaining portion of the molded specimen and add it to the sample
being tested.

Add enough water to increase the moisture content about two percentage points.

Note: 90 cc, mls or grams of water will increase the moisture content of 10 Ibs. (4.4 kg) of
material about two percentage points. Additional water may be needed to replace moisture
lost by evaporation during mixing.

Note: In each repetition the material shall be thoroughly mixed before compaction to assure
uniform dispersion of the moisture throughout the sample.

Repeat Steps 4 thru 12 until the “Wt. Wet Soil + Mold” determined in Step 8 either decreases
or fails to increase. At this point the compacted material should be soft and spongy; granular
material may not be very spongy but will be extremely wet. The spongy condition indicates
that the moisture content of the sample exceeds optimum.

D.2. Procedure: Multi-Point Proctor (Alternate Method)

The above procedure is satisfactory in most cases. However, if the soil is fine grained, cohesive
and difficult to break up and mix with water or if the material is fragile and will reduce
significantly in grain size due to repeated compaction, use the following procedure:

1.
2.

Prepare the sample as outlined in, “C. Sample Preparation”, Steps 1 thru 8.
Select about 25 Ibs. (11 kg of the prepared material using a procedure described in sections:
e 5-692.141, “Quartering Method of Sample Size Reduction”, or
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e 5-692.142, “Ring and Cone Method of Smaple Size Reduction”, or
e 5-692.143, “Riftle Splitter Method of Sample Size Reduction”.

Moisten or dry the sample to about four percentage points below the estimated optimum
moisture, see “Note”in, “D.1. Procedure: Multi-Point Proctor (Stanadard Method)”.

Divide the sample into four or five portions of about 5 Ibs. (2.2 kg) each.

5. Place one portion into a water tight container, cover, set aside, and mark as “point No. 1".

Add enough water to one of the remaining portions to increase the moisture content about
two percentage points. (45 mls., cc or grams of water added to 5 Ibs. (2.2 kg) of material will
increase the moisture content 2.0 percent.) Place this portion in a container and mark as
“point No. 2".

Continue this process with the remaining two or three portions and increase the amount of
water each time until there is a series of points at about 2, 4, 6, and 8 percentage points over
“point No. 1". At least one “point” should exceed the estimated optimum moisture.

Example: A clay loam soil is to be tested. It is coming from the cut of about 20% moisture. The
estimated optimum moisture is about 18%. It is necessary to dry the soil to about 8% moisture
before it can be pulverized. After the soil is pulverized, the inspector mixes 25 Ibs. (11 kg) of
soils with enough water (450 cc) to bring it to about 12% moisture. The inspector divides the
sample into five samples. weighing about 5 Ibs. (2.2 kg) each, and places them into concrete
cylinder molds labeled “point No. 1", ”point No. 2", etc. “Point No. 1" is covered and set aside.
He adds 45 cc of water to No. 2, 90 cc to No. 3, 135 cc to No. 4 and 180 cc to No. 5, mixes,
covers and sets them aside.

8.

Allow the covered material to “soak” in the molds overnight (twelve hours minimum) to
permit the moisture to disperse through the soil.

Compact each portion following Step 2 through 10 of the Standard Method.

Note: If heavy clay or organic soils exhibiting flat enlongated curves are encountered, the
water content increments may be increased to a maximum of 4 percent.

E. Calculations (Figure 10)

1.

Wet Density

A = Wt. Wet Soil + Mold Ibs. (kg)

B = Wt. Mold kg

C = Wt. Wet Soil (A B)

Dmetric = Wet Density, kg/m® (C x 1059.43)
Dengiish = Wet Density, pcf, Ibs/ft* (C x 30)

Note: 1059.43 = Number of Mold Castings per m?, and

30 = Number of Mold Castings per ft*

English Example:

A =16.44 Ibs.
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B =12.41 lbs.
C=16.44-12.41 =4.03 Ibs.
D =4.03 x 30 = 120.9 Ibs/ft®
Metric Example:
A=7.46kg
B =5.63 kg
C=7.46-5.63=1.83kg
D = 1.83 x 1059.43 = 1939 kg/m®
2. Percent Moisture (Burner Method)
E = Wt. Wet Soil + Pan grams
F = Wt. Dry Soil + Pan grams
G = Wt. Moisture (E - F)
H = Wt. pan, grams
| = Wt. Dry Soil (F - H)
J = % Moisture Wet Weight = [G/(E — H)] x 100%
K = % Moisture Dry Weight = (G/1) x 100%
Example:
E = 385.6 grams
F =350.2 grams
G =385.6 - 350.2 = 35.4 grams
H =93.8 grams
| =350.2 - 93.8 = 256.4 grams
K = (35.4/256.4) x 100 = 13.8%
3. Percent Moisture (Speedy Method)

If the % Moisture, Wet Wt. (J) is recorded, determine and record the % Moisture, Dry Wt. (K) by
using Table 11 or the following formula:

K =J/[1 - (J/100)] = 100 x J/(100-J)

Example:

J =12.3 (gauge reading from Speedy Moisture Meter)
K = (100x12.3)/(100-12.3) = 1230/87.7 = 14.0%

4. Dry Density
L = Dry Density, Ibs/ft® (kg/m®) = [D/(100 + K)] x 100%
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Example:

English: L =[120.9/(100 + 13.8)] x 100 = 120.9/113.8 x 100 = 1.062 x 100 = 106.2
Metric: L =[1939/(100 + 13.8)] x 100 = 1939/113.8 x 100 = 17.038 x 100 = 1704
F. The Maximum Density and Optimum Moisture Content

The Maximum density and optimum moisture are determined by graphing the information
obtained by compacting the samples at various moisture contents. Each moisture content relates
to a wet density and to a dry density.

Table 11 English Example

Point
No. 1 No. 2 No. 3 No. 4 No. 5
D. Wet Density | 120.9 124.2 126.9 126.9 124.2
K. % Moisture 13.8 15.0 17.0 18.2 19.7
L. Dry Density | 106.2 108.0 108.5 107.4 103.8

Table 12 Metric Example

Point
No. 1 No. 2 No. 3 No. 4 No. 5
D. Wet Density | 1939 1992 2034 2034 1992
K. % Moisture | 13.8 15.0 17.0 18.2 19.7
L. Dry Density | 1702 1732 1738 1721 1664

Important Notice: The drawing of the “wet” curve is not required if the laboratory tester has
compacted four adequate points as described previously. But, if the “wet” curve is not drawn,
the “dry” curve must be computer generated. All discrepancies between companion samples
shall be resolved by plotting the “wet” curve by hand and interpolating the “dry” curve points as
shown below.

1. Plot the wet densities against the moisture contents on a Form G&B-901 (2430) (Figure 11).
2. Draw a smooth curve thru the plotted points (Figure 11). This is the “wet curve”.

3. Plot the dry densities against the moisture contents (Figure 11). Additional “dry points” may
be interpolated from the “wet curve”.

Example: In Figure 11, Points P & PP are used to establish points P1 & PP1 on the dry curve.
English:
D. (Wet Density) for Point P = 125.0 Ibs/ft®
K. (Moisture) for Point P and P1 = 15.4%.
L. (Dry Density) for point P1 = [125.0/(100 + 15.4)] x 100 =108.3 Ibs/ft* and
D. (Wet Density) for Point PP = 126.2 Ibs/ft®
K. (Moisture) for Point PP and PP1 = 16.2%.
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L. (Dry Density) for point PP1 = [126.2/(100 + 16.2)] x 100 = 108.6 Ibs/ft*
Draw a smooth curve thru the plotted points. (Figure 11). This is the “dry curve”.

Read the maximum density and optimum moisture from the peak of the “dry curve” (Figure
11). Maximum Density = 108.6 Ibs/ft*; Optimum Moisture = 16.2%.

Note: Figure 11 is an example of computer generated Proctor curves and does differ slightly
from the hand drawn version of Figure 11.

Metric:

(Wet Density) for Point P = 2003 kg/m®

(Moisture) for Point P and P1 = 15.4%.

(Dry Density) for point P1 = [2003/(100 + 15.4)] x 100 =1736 kg/m® and

(Wet Density) for Point PP = 2022 kg/m®

(Moisture) for Point PP and PP1 = 16.2%.

(Dry Density) for point PP1 = [2022/(100 + 16.2)] x 100 =1740 kg/m®

Draw a smooth curve thru the plotted points. (Figure 11). This is the “dry curve”.

o~ XOIFC XO

Read the maximum density and optimum moisture from the peak of the “dry curve” (Figure
11). Maximum Density = 1740 kg/m®; Optimum Moisture = 16.2%.

G. Procedure: One-Point Proctor

Use this method for determining the standard maximum density and optimum moisture on
grading soils only and never on base or subbase aggregates. Also, this method is for field testing
only. Never use the one-point Proctor method in lieu of a "multi-point™ moisture-density test on
a Project’s major grading soil. Use the one-point method to analyze subtle changes occurring
between major grading soils. Slight changes in color, texture, structure, etc., section, “5-
692.600, Soil Classification Introduction”, may indicate these changes. Also, use one-point
Proctors to verify changes in maximum density and optimum moisture indicated by relative
densities (sand cone tests) failing to meet specified density requirements even though operations
have not changed and previous tests have passed. Relative density tests exceeding 106 percent
suggest zero air voids and indicate a possible change in maximum density. Run a one-point
Proctor to confirm the suspected change. Use the "multi-point” moisture density test for the
material closest to the soil with this subtle change to check the testing accuracy of the one-point
Proctor. A reasonable variation should not exceed plus or minus 3 Ibs/ft® (50 kg/m®). If the
variation exceeds 3 Ibs/ft* (50 kg/m®), run another "multi-point" Proctor.

1. Obtain a representative sample of soil from the fill area per section, 5-692.135, “Sampling
for Proctor (Moisture Density Test)”.

Note: 3 to 6 Ibs. (1.5 to 3 kg) of “minus No. 4 (4.75 mm)” material is usually enough to
complete the test; however, it may be necessary to take much more than 6 Ibs. (3 kg) to have
a “representative" sample.

2. Sieve the sample through a No. 4 (4.75 mm) sieve. If it is necessary to dry the sample, do not
allow it to become “oven” or “stove” dry. Be sure to pulverize all clay lumps.

41



3.

Weigh the stones retained on the No. 4 (4.75 mm) sieve, record the weight and discard the
stones.

Weigh the portion of the sample passing the No. 4 (4.75 mm) sieve. Record the weight.

5. Calculate the percent of the sample retained on the No. 4 (4.75 mm) sieve as follows:

A
A+B

C= x100%

C = % retained on the 4.75 mm sieve.
A = Wt. of plus 4.75 mm material (Step 3)
B = Wt. of minus 4.75 mm material (Step 4)

English Example:

A=997.9¢
B=44225g

Metric Example:

A=9979¢
B=44225¢

B 997.9
997.9+4422.5
Reduce the size of the minus No. 4 (4.75 mm) portion of the sample to about 6 Ibs. (3 kg) per

section, “5-692.140, “Splitting” or section, “5-692.141, Quartering Method of Sample Size
Reduction”.

x100%

Add water to the reduced sample and mix thoroughly until the material is damp enough to
compact well; do not add so much water that the soil becomes “spongy” when compacted.

Determine the weight of the mold and base plate. Record the weight.

9. Place the assembled mold, including the collar, on the compaction base.

10.

11.

12.
13.

14.

Scoop enough material into the mold for 1 layer.

Note: The mold is filled with 3 equal layers of compacted material; the top layer, after
compaction, should be about 1/2” (15 mm) over the top of the mold when the collar is
removed.

Compact the loose material with 25 evenly distributed blows with the rammer dropped from
12”7 (300 mm).

Repeat Steps 10 and 11 until 3 layers are inplace.

Remove the collar and trim the compacted material with a knife until even with the top of the
mold. (Check with a spatula.)

Brush all loose material from the mold and base plate and weigh the mold to the nearest gram
on the platform scale. Record the weight.

15.1 Calculate the wet weight per cubic foot of the compacted material.
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F=30(D-E)

F = Wet wt. per ft*

D = Weight of wet soil and mold (Step 14).
E = Weight of the mold (Step 8).

Example:

D =16.71 Ibs., E = 12.50 Ibs.
F =30 (16.71 — 12.50)
F = 126.3 Ibs/ft®

15.2 Calculate the wet weight per cubic meter of the compacted material.

F=1059.43 (D - E)

F = Wet wt. per m®

D = Weight of wet soil and mold (Step 14).
E = Weight of the mold (Step 8).

Example:

16.

17.

18.

D =7.58 kg, E =5.67 kg
F = 1059.43 (7.58 - 5.67)
F = 2024 kg/m®

Remove the mold from the base plate and loosen the locking devices so the compacted
material can be removed from the mold.

Select a representative sample for a moisture test. Conduct the test according to section, -
692.245, Moisture Test” and record the results.

Using the Typical Moisture Density Curves (Figures 13 and 14) determine the optimum
moisture and maximum density of the minus No. 4 (4.75 mm) material.

Example (English):
Given: Wet wt. per ft® = 126.3 Ibs. (Step 15)
Moisture = 14.1% (Step 17).

Example (Metric):
Given: Wet wt. per m® = 2024 kg (Step 15)
Moisture = 14.1% (Step 17).

Follow the horizontal line representing the wet weight (126.3 Ibs., 2024 kg) across the chart
until it intersects the vertical line representing the moisture (14.1%). The Typical Curve lying
nearest the point of intersection (“M”) represents the maximum density and optimum
moisture of the minus 4.75 mm material. For curve M, the maximum dry density is 112.0
Ibs/ft> (1794 kg/m?) and the optimum moisture is 15.8%.

43



19. If the amount of plus 4.75 mm material determined by Step 5 exceeds 5%, the maximum
density and optimum moisture of the minus 4.75 mm material must be adjusted to account
for the plus 4.75 mm portion of the representative sample. The density is adjusted by the
following calculation:

H=(1.0-C) G +2384(C)
H = Maximum Density of the total sample.
G = Maximum Density of the minus No. 4 (4.75 mm) portion.
C = % retained on the No. 4 (4.75 mm) sieve, expressed as a decimal.
Example (English):
Given:
G=112;C=18%=0.18
H=(1.0-0.18) 112.0 + 148.8 (0.18)
H = 118.6 Ibs/ft’
Example (Metric):
Given:
G=1794;C=18%=0.18
H = (1.0 - 0.18) 1794 + 2384 (0.18)
H = 1900 kg/m®
The Optimum Moisture is adjusted by the following calculation:
J=2(C)+(1.0-C) I
J = Optimum Moisture of the total sample.
| = Optimum Moisture of the minus No. 4 (4.75 mm) portion.
C = % retained on the No. 4 (4.75 mm) sieve, expressed as a decimal.
Example:
Given:
| =15.8%; C =18% =0.18
J=2(0.18) + (1-0.18)15.8
J=133

English: The Standard Maximum Density and Optimum Moisture for the sample selected in
Step. 1 is 118.6 Ibs/ft® and 13.3%.

Metric: The Standard Maximum Density and Optimum Moisture for the sample selected in Step.
1 is 1900 kg/m® and 13.3%.
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Office of Materials and Road Research

Calculation for Moisture - Density Relationships in Subgrade Soils and
Aggregate Base and Shoulders

Units Metric
Sample No: 7] Curve No: 3 Date: T=-10 =01
Optimum Maoisture (M, S.P.No: |03 - 09
Maximum Density (Dt) ] ﬁ, & kgfm.
A - Wt. Wet Soil + Mold 1699 | 16,55 16.6M9 | 16.6Y | 16.55
B -Wt. Mold 1241 12411 12,4 24| [2:41
G - Wt. Wet Soil 403 Yay| 4.23 4.23| 4.1Y
D - Wet Density kg/m® (b)) | 10,9 | 124, 126.9 | 126.9 | 1a4.3. ]

= Burner Method -

E - Wt. Wet Soil + Pan 28S.6| 4Yo8.)| 373.)| 323.8| 381.2
F - Wt. Dry Soil + Pan 350,22 3671 3368 339.2] 223.8
G - Wt Moisture 35.4 4.0 Y1.3] 4Y.6| 4724
H- Wt Pan 93.8] ¥M.0| 93| 99.2] 934
I - Wt. Dry Soil 2564 27301 2Y3.2 245.0] 2Y0.Y4
- Speedy Method -
Dial Reading - Sample Size
J - % Moisture - Wet WH.
K - % Moisture - Dry W 13.8 15.0 N.o| 138.3 19.77
L - Dry Density kgim® (/i) | )0k | J08.0| /08,5 | Jo1.H | 103.8

Calculations: C= A-B:, D= (1058.43)C (M) or D=(300C (E)

G=E-F.|=F-H

K=GMx100 or K=J{-M100)  L=(D100+K)100

Remarks; % Ret. 4.75 mm (#4)

SiCL

Soils Class

M

See Grading and Bage Manual Fig 5 5-892.222 (M)
See Grading and Base Manual Fig 5 5-692.222 (E)

Dy

co:Project File

Tester cg n \i.\\‘ A+ F e.

Figure 10 Example Proctor Calculation Worksheet
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TP-02430-03 (6/2002)

(RO,
{(D Minnesota Depantment of Transportation
- Office of Materials and Road Research

Moisture-Density Relationship

Samprehlu:_jl____ Date:, l"l QFQ! Tester: QOS; AF ! L 3
Curve Moz Soil Glass: SicL
i EEEEEE
i S| 1 -
g*_—:" \15,.'3-.
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5 ' ray
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1o ‘;EE = EEE H - gg
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1085 £ £S 120
los \g8. £ o
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‘D_-' é—
106 i :
\oM ' = :
— 14 b
Optimum Maoisture: ' I* Is‘ﬂb Maxamum Density e
FRemarks:
ot Project Fila Sae Grading & Base Manual, Fig. &8 (Matric)
Sea Grading & Base Manual, Fig. §-9 5-652.222 (English}

Figure 11 Example Proctor Curve (Hand Drawn)
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Figure 12 Example Proctor Curve (Computer Generated)
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Figure 13 Typical Moisture Density Curves (English)
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KILOGRAMS PER CUBIC METER (Wat Welght)

TYPICAL MOISTURE — DENSITY CURVES
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5-692.231
A. Calibration Procedure

Calibration of Sand Cone and Ring

1. Place the ring on a piece of paper on a level, solid, vibration free table or bench.

2. Put about 2,500 grams of the sand, to be used in the field density test, in the two liter (quart)
jar and attach the sand cone device.

3. Weigh the jar, sand and sand cone and record to the nearest gram.
4. Close the valve in the sand cone and invert the jar and cone over the ring.

Note: Make match marks on the funnel and ring so that each time the sand cone is used it
may be placed in exactly the same position on the ring.

5. Carefully open the valve so that the sand flows freely into the ring and funnel.
6. When the sand stops flowing, close the valve sharply and remove the jar and sand cone.

7. Weigh the jar, sand cone and sand remaining in the jar and subtract this weight from the
weight of the jar, sand and sand cone before filling the ring and funnel. This difference is the
weight of sand required to fill the ring and funnel.

8. Repeat Steps 1 through 7 at least three times and calculate the average weight of the sand in
grams required to fill the ring and funnel. Round off the average weight to the nearest gram
and record. The weight of the sand in the funnel and ring should not vary more than 5 grams
from the other trials.

Example:
Trial 1 Trial 2 Trial 3 Trial 4
W1. of jar, cone & sand before () 3390 3388 3384 3393
W1. of jar, cone & sand after () 2758 2761 2753 2763
Wt. of sand in funnel & ring () 632 627 631 630
Average wt. of sand (g) (632 + 627 + 631 + 630)/4 = 630

5-692.232 Calibration of Standard Sand

A. Scope

Calibrate the sand; that is determine the unit weight of the sand Ibs/ft* (kg/m®) to be used in the
field density test. The unit weight of each new sack of sand should be determined. Used sand
may be re-sieved and a new unit weight determined. The unit weight of the sand will change if
the sand is allowed to become wet or if the gradation of the sand changes. Always protect the
sand from contamination. The unit weight of the sand can be determined by using a moisture
density mold of known volume or by comparison of the weight of the sand to an equal volume of
water.

B. Procedures for Calibrating Standard Sand:
The Density Cone and Ring are first calibrated using the standard MnDOT procedures.
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B.1. Field Method No. 1 Procedure

1.

o gk~ wD

Weigh the moisture-density mold to the nearest 0.01 Ibs. (gram) and record. Do not include
the weight of the collar.

Center the mold on a piece of paper placed on a level, solid, vibration free table or bench.

Put about 2500 grams of the sand to be calibrated in the two liter jar and attach the sand cone.
Close the valve in the sand cone and invert the jar and sand cone over the mold.

Carefully open the valve so that the sand flows freely into the mold.

When the sand stops flowing, close the valve sharply and remove the jar and cone. Avoid
jarring or vibrating the mold.

7. Carefully strike off the excess sand level with the top of the mold with a straight edge.

8. Tap the mold sharply and brush the loose sand off the outside surface of the mold.

10.

11.

12.

Weigh the mold and sand to the nearest 0.01 Ibs (gram) and record.

Repeat Steps 2 thru 9 at least three times. The weight of the mold and sand should not vary
more than 0.05 Ibs. (25 grams).

Subtract the weight of the mold (Step 1) from the weight of mold and sand to determine the
weight of the sand in the mold.

Calculate and record the unit weight (kg/m®) [Ibs/ft’] of the sand by dividing the average
weight (kg or Ib.) of sand in the mold by the volume of the mold (1/1059.43 m®) [1/30 ft*].

English Example:

Trial 1 Trial 2 Trial 3 Trial 4
Wt. of mold + sand (Ibs.) 15.63 15.72 15.65 15.61
Wst. of mold (Ibs.) 12.40 12.40 12.40 12.40
Wi. of sand in mold (Ibs.) 3.23 3.32 3.25 3.21
Average wt. of sand (Ibs.) (3.23 +3.32 + 3.25 + 3.21)/4 = 3.23 Ibs.

Metric Example:

Trial 1 Trial 2 Trial 3 Trial 4
Wt. of mold + sand (kg) 7.093 7.123 7.085 7.104
Wt. of mold (kg) 5.620 5.620 5.620 5.620
Wt. of sand in mold (kg) 1.473 1.503 1.465 1.484
Average wt. of sand (kg) (1.473 + 1.503 + 1.465 +1.484)/4 = 1.474 kg

Note: Trial 3 was not used because it varied more than 5 grams from at least one other unit

weight of sand
3.23

——— =3.23x30=96.91bs./cu. ft.

1
30
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1.474
1

1059.43

D.2. Field Method No. 2 Procedure

=1.474x1059.43 =1562 kg per m®

1. The density bottle is filled with a known weight of Standard Sand, usually about 2500 grams.
2. On a clean, level surface place a Proctor Mold (1/30 ft*) [1/1060 m®] with its’ collar

removed.

3. Place the Density Ring on the top edge of the Proctor Mold, being careful to line up the
inside edge of the ring with the inside of the mold.

4. Place the Density Cone, with bottle and sand, on the Density Ring. Use the same method as

calibrating Cone and Ring.

5. Carefully open the valve on the cone. When the sand stops flowing, close the valve.

6. Weigh the remaining sand in the bottle and record to the nearest gram.

7. Repeat Steps 1 through 6 at least three times. The weight of the sand should not vary more

than 5 grams.
Example:

Trial 1

Trial 2 Trial 3

Trial 4

Final Wt. of sand in bottle (g)

548

550 561

552

Average wt. of sand (kg)

(548 + 550 + 552)/3 = 550

Note: Trial 3 was not used because it varied more than 5 grams from at least one other.

8. Subtract the average weight of sand remaining in the bottle and the weight of sand in cone
and ring from the original weight of sand to determine the weight of sand in the mold.

Note: In order to do this procedure, you have to calibrate the Sand Cone and Ring first.

9. Calculate and record the Ibs. (kg) of sand in mold by dividing the average weight (g) of sand
in mold by 453.6 gm/Ib. (1000 g/kg).

10. Calculate and record the unit weight (Ibs/ft®) [kg/m?] of sand by multiplying the weight (Ibs.)
[kg] of sand in mold by 30 (1059.43).

English Example:

Original wt. of sand = 2500.0 grams = A

Average final wt. of sand = 550.0 grams = B
Wi. of sand in cone & ring = 450.0 grams =C

A-B-C=D

Grams of sand in mold = 1500.0 grams = D

D /453.6 (gms./lIb.) = E
1500/453.6 = 3.307 = E
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Ibs. of sand in mold = 3.307 = E
E x 30 =99.2 lbs/ft® = F

Metric Example:
Original wt. of sand = 2500.0 grams = A
Average final wt. of sand = 550.0 grams = B
Wi. of sand in cone & ring = 450.0 grams =C

A-B-C=D

Grams of sand in mold = 1500.0 grams = D
D/1000=E

kg of sand in mold = 1.500 kg = E

E x 1059.43 =F

kg/m® of sand = 1589 kg/m® = F
5-692.245 Moisture Test
A. Scope

The moisture test is a method of determining the moisture content of soils and aggregates by
either drying the sample using a calcium carbide gas pressure (CCGP) moisture meter or a
nuclear gauge. Moisture tests are taken to determine if the moisture content, expressed as a
percentage of the dry weight, is in compliance with the placement and compaction requirements
of the specifications. Determine the moisture content at the time compaction. Moisture
requirements should be met and maintained for each layer of embankment before the next layer
is placed. If the moisture content of embankment, particularly in plastic soils is not properly
tested and controlled, the subgrade will likely become unstable under the operation of
construction equipment during base and pavement construction. The method used to determine
the moisture content depends on the type of soil aggregate as follows:

1. The burner method is the default method and is the method used to calibrate all other
methods. It may be used to determine the moisture content of any grading, subgrade, base or
shoulder material. Minor variations of the procedure are necessary for reliable results when
testing materials that have been treated, such as with bituminous, see section, “5-692.216,
“Washing & Drying Gradation Samples Samples Containing Salvaged Bituminous”.

2. The calcium carbide gas pressure (CCGP) method may be used to determine the moisture
content of untreated grading soils, subbase and base aggregate except those granular
materials having particles large enough to affect the accuracy of the test. Either a 26 gram
soil sample size “Speedy” or 200 gram soil sample size “Super Speedy” moisture meter is
used.

The 26 gram “Speedy” meter is to be used for non-granular soils, in general no appreciable
amount retained on the No. 4 (4.75 mm) sieve. The 200 gram “Super Speedy” meter is to be
used for granular soils and aggregate base with particle size not to exceed 2” (50 mm). The
CCGP method is as reliable and accurate as the burner method in these cases.
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Note: Use Form G&B-105 (MnDOT TP 21850) Relative Moisture Test, to record field
moisture determinations, see Figure 21.

B.1. Equipment for Burner Method

1. A electronic scale of at least 2,500 gram capacity sensitive to 0.1 gram and with minor
graduations on the indicator for 0.1 gram.

2. Stove, oven, or other suitable equipment for drying moisture content samples.
3. Frying pan or any suitable container for drying and weighing samples.
B.2.1. Equipment for CCGP Method: 26 gram “Speedy” Moisture Meter

The “Speedy” moisture meter is furnished as a kit containing the CCGP meter, tared scale, two
1-1/4” (32 mm) steel balls, cleaning brush and cloth, and scoop for measuring calcium carbide
reagent.

Calcium carbide reagent is available in one pound cans. The calcium carbide to be used should
be “fresh” and, therefore should not be more than 2 — 3 years old even though the container has
never been opened. After a container has been opened and then resealed properly, its full
strength will probably dissipate within two months to a point at which it will not produce
accurate test results and should be discarded.

Caution: Do not attempt to use the “Speedy” unless the kit is complete. Calcium carbide and
water produces a dangerous, flammable gas. Keep the reagent can closed tightly, avoid
breathing the fumes and use only in a well-ventilated area. Point the opening of the tester away
while removing the cap. Tape the metal handle of the cleaning brush; otherwise, when the metal
handle comes in contact with the chamber a spark could ignite gas trapped in the chamber. Keep
the kit clean; do not allow the instrument to be mishandled.

B.2.2. Transporting Calcium Carbide (Speedy Moisture Tester Reagent)

This material may be transported under an exemption to the strict DOT shipping requirements
for hazardous materials, if all the following procedures are strictly followed:

A. You are carrying no more than one pound or a % kilogram in the original manufacturer’s
container.

B. This container is stored in a secured durable box.

C. The durable box is clearly labeled on all sides with (Figure 15):
1. Calcium Carbide, 4, 3
2. UN1402,PG I
3. Limited Quantity
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Calcium Carbide, 4.3
UN 1402, PG

Limited Quantity

Figure 15 Example Labeling Requirements for Calcium Chloride
The shipping manifest is within reach of the driver at all times.
The shipping manifest must include the following information (Figure 16):
Calcium Carbide, 4, 3
UN1402, Packing Group PG II
Limited Quantity
The weight or volume of material being carried
The Emergency Response telephone number

Note: Citations and penalties for failure to comply with DOT shipping requirements for
hazardous materials are the sole responsibility of the motor vehicle drivers.
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FIINHES 0 TA DEFARTMENT OF TRANSFORTATION

HAZARDOUS MATERIAL SHIPPING DOCUME NT (D ;

Date: _ Jure 15, 2002

Shipped From: Office of Materials and Eoad Eesearch Shipped To: Trunk Higleeray Constuchon Projects

1400 & ervais bve., Maplewood, BN 55108 Minnesota Tronk Higharays
Eq wip niemiat: Zpeedy Moaistare Test Reagent Unii: Ore (1) pound Can
Hazard I entification Packing
Description & Chasification Clss MNumther Group Quantity | Size | Total
(If applicahle) (If applicah k)
Caleium & athide, Class 4.3 43 U 1402 Packing Limited | 11k 11h
O 1402 Grrouap 1T Quatitity
(LIMITED QUAWTITY

Figure 16 Hazardous Material Shipping Document
B.3.1. Equipment for CCGP Method: 200 gram “Super Speedy” Moisture Meter

The “Super Speedy” 200 kit consists of the moisture meter, counterpoised balance, measuring
scoop, brushes, two steel balls, a 200 gram weight and 100 gram half sample weight, heat shield,
two gauges and gauge removing tool. One gauge for determining the moisture content by wet
weight is calibrated from zero to eleven percent. The other gauge is for determining the moisture
content by dry weight and is calibrated from zero to 12 percent. To change gauges, use the
special tool supplied. The tool is designed to grip the three screws on the outer casing of the
gauge. To remove the gauge turn in a counter-clockwise direction. To replace the gauge, turn in
a clockwise direction.

Caution: See “Caution” in, “B.2.1 “Equipment for CCGP Method: 26 gram “Speedy” Moisture
Meter”.

B.3.2. Transporting Calcium Carbide (Speedy Moisture Tester Reagent)

See “B.2.2. Transporting Calcium Carbide (Speedy Moisture Tester Reagent)” in section, “5-
692.245 Moisture Test”.

C.1. Procedure for Burner Method

1. Select a representative soil sample. The larger the sample used, the more accurate the test
results will be. The minimum size sample should range from 100 grams for fine grained
soils to 1000 grams for 2” (50 mm) maximum particle size. At least 500 grams of base
aggregate should be used.

2. Weigh the pan or container to be used to the nearest gram and record the weight.
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3. Weigh the wet sample and container to the nearest gram and record the weight.

Dry the sample to a constant weight by weighing the sample after it appears dry, reheat it for
a short time and weigh again. Continue drying and weighing the sample until the weight
remains constant. Constant weight is defined as no change greater than 0.5 grams in 15
minutes.

Note: To prevent burning or warping of the scale, the sample should be allowed to cool or a
heat pad should be used to protect the scale.

Weigh the sample and container to the nearest gram and record the weight.

Determine the weight of moisture in the sample by subtracting the weight of the dry sample
and pan from the weight of the wet sample and pan.

Determine the weight of the dry material by subtracting the weight of the pan from the
weight of the dry material and pan.

Calculate the percent moisture of the dry weight by dividing the weight of the moisture by
the weight of the dry material and then multiply by 100.

Example:
Wet wt. of sample and pan = 327 g
Dry wt. of sample and pan =305 g
Weight of pan =79 g
Wt. of moisture = 327 —305=22¢g
Wt. of dry material = 305 — 79 =226 ¢
% moisture, dry wt. =22/226 x 100% =9.7%

Note: The percent moisture of the wet weight is calculated by dividing the weight of the
moisture by the weight of the wet material.

C.2. Procedure for CCGP Method: 26 gram “Speedy” Moisture Meter

1.

Set the “Speedy” carrying case on level ground or a solid, level bench. The tared scale must
be level to be reliable.

Select a representative soil sample and weigh out an exact amount on the tared scale. The
tared scale weighs either a 26 or 13 gram sample. The pressure gage indicates up to 20
percent moisture in a 26 gram sample or 40 percent moisture in a 13 gram sample. If the
moisture is expected to be five to 20 percent, use a 26 gram sample; if 20 to 40 percent, a 13
gram sample; and, if over 40 percent, use the burner method. If the soil contains less than
five percent moisture, use two or more 26 gram samples.

Calculate and record the Sample Size Factor using the following formula:
Sample Size Factor = 26/weight of sample used.
Place the weighed soil sample in the cap of the meter. Be certain the cap is clean.

5. Place three full scoops of reagent and the two steel balls in the body of the meter.
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6. Hold the body of the meter in an approximately horizontal position, insert the cap into the
body, and seal the unit by positioning and tightening the clamp. The calcium carbide should
not come in contact with the soil until a complete seal is made. (Figure 17, a).

7. Tilt the meter so that the sample falls into the body and begins mixing with the reagent.

Return the Speedy to the horizontal position. Shake the tester to pulverize any soil lumps
and to cause mixing so that the reaction between the calcium carbide and all free moisture is
complete. The meter should be shaken with a rotating motion so that the steel balls will not
damage the gauge and soil particles will not become imbedded in the orifice leading to the
pressure diaphragm. Do not allow the balls to hit the gauge end of the meter. Attempt to roll
the balls rather than rattle them. Up to four minutes of shaking may be required on heavy
clay type soils. Allow time for the dissipation of heat generated by the chemical reaction.
(Figure 17, b)

9. Hold the meter horizontal at eye level with the dial facing you (Figure 17, c). When the
needle comes to rest, read the dial to the nearest 0.1 percent and record the dial reading.

Figure 17. Sealing, Shaking, and Reading the Speedy Test Apparatus

10. Calculate and record the percent moisture of the wet weight by multiplying the dial reading
by the sample size factor.

11. Determine and record the percent moisture by dry weight by using Table 13 or the following
formula:

% moisture, dry wt. = (100 x % moisture, wet weight)/(100 - % moisture, wet weight)
Example: % moisture, wet wt. = 12.8%
% moisture , dry wt. = (100 x 12.8)/(100 — 12.8) = 1280/87.2 = 14.7%

12. Point the opening away from you, slowly release the pressure and remove the cap.
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13. Dump the material from the meter and examine. The soil must be completely pulverized.

Lumps indicate an inaccurate test that must be re-run, increasing the shaking time.

14. Brush out the body of the meter. Wipe out the cap and clean off the two steel balls with the

special cleaning rag.

Note: Keep the Speedy kit clean at all times. Never leave the kit out in the rain or allow anyone
to mishandle any part of it.

C.3 Procedure for CCGP Method: 200 gram “Super Speedy” Moisture Meter

1.

Set the “Super Speedy” carrying case on level ground or a solid, level bench. The tared scale
must be level to be reliable.

Select a representative sample and weigh a 200 gram sample on the scale provided. If the
moisture content is likely to exceed the maximum gauge reading, use a half sample (100 g)
and the wet weight gauge. The half sample method cannot be used with the dry weight
gauge.

Calculate and record the sample size factor using the following formula:
Sample size factor = 200/(Weight of sample used)
Place the weighed sample in the cap of the meter (Figure 18, a).

Place six full measures of regent in the body of the “Super Speedy” (Figure 18, b). Place the
two steel pulverizing balls in the body.

Hold the “Super Speedy” in an approximately horizontal position, insert the cap into the
body and seal the unit by tightening the clamp. Care must be taken to prevent the reagent
from coming in contact with the sample before the seal is complete (Figure 18, c).

With the dial downward, shake the unit round and round for approximately five seconds.
Hold or stand the “Super Speedy” in a vertical position for one minute (Figure 18, d).

Figure 18 Placing Sample and Reagent into Speedy Apparatus
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8. Repeat Step 7, shake once more and turn the unit into a horizontal position at eye level with
the dial facing you. When the needle comes to rest, read the dial to the nearest 0.1 percent
and record the dial reading (Figure 19, a).

Figure 19 Reading the Speedy Gauge and Releasing the Pressure

9. Calculate and record the percent moisture by multiplying the dial reading by the sample size
factor.

If the dry weight gauge was used, record the percent moisture of the dry weight. If the wet
weight gauge was used, record the percent moisture of wet weight and determine the percent
moisture of dry weight by using Table 13 or the following formula:

% moisture, dry wt. = (100 x % moisture, wet wt.)/(100 - Y%omoisture, wet wt.)

10. Point the opening away from you, slowly release the pressure and remove the cap (Figure 19,
b).

11. Dump the material from the meter and examine. The soil must be completely pulverized.
Lumps indicate an inaccurate test that must be rerun, increasing the shaking time.

12. Brush out the body of the meter. Wipe out the cap and clean off the two steel balls with the
special cleaning rag.

Note: Keep the Speedy kit clean at all times. Never leave the kit out in the rain or allow anyone
to mishandle any part of it.

D. Alternate Device and Methods

1) A nuclear gauge may be used to determine moisture content per AASHTO T 310 or ASTM
D6938, Direct Transmission Method.

Provide documentation to the Engineer of:
Annual training records of all nuclear device users and
Annual records of calibration of all nuclear devices used.

2) A microwave oven may be used to determine moisture content by following the procedure
below.

Overview

This test method outlines procedures for determining moisture content of soil by incrementally
drying the soil in a microwave oven.

This test method is best suited for minus No. 4 sized material. Larger size particles can be
tested; however, care should be taken because of increased chance of particle shattering.
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Do not use the sample for another test.
Safety
Recycled materials and aggregate from iron bearing areas may contain metal, use caution.

Highly organic soils and aggregate containing oil or bituminous or other contaminates may ignite
into flames use caution.

Handle container with container holder or gloves.
Use eye protection.

Equipment

Microwave oven >700 watts

Digital scale

Glass container

Fiber glass cl