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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 insure the materials and the manner in which they are placed comply 

with the specification requirements. 

 

This manual is intended as a tool to help the Inspector measure the quality of the materials and 

evaluate the work as construction progresses. 

 

Application of the procedures described in the manual will assure uniformity of methods 

throughout the state and will insure the materials are placed as prescribed in the specifications. 

 

 

 

 

Pavement Engineer 

Minnesota Department of Transportation 



PREFACE 

 

 

 

The final control of the quality of materials and their use must be accomplished through 

on-the-job inspection by the supervising engineer and his inspectors.  The ultimate 

responsibility rests with the field personnel to see that materials used meet the requirements of 

the specifications, that prescribed procedures are followed when so specified, and that required 

end results are obtained. 

 

This manual has been prepared to assist in accomplishing the control functions of sampling, 

testing and inspection on Grading and Base Construction projects.  Emphasis has been placed 

on procedures for field use and the application of the test results in controlling aggregate 

production and construction methods.  A section on the basic concepts and classification of soil 

materials is included. 
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5-692.000  GENERAL 

 

5-692.000 DUTIES OF THE INSPECTOR 

 

A. General 

 1. The primary duty of the Inspector is to inspect.  This means to critically observe 

the materials and procedures to insure that the construction is performed in 

close conformity with the plans, specifications and special provisions.  To 

accomplish this, he must have a thorough knowledge of the specifications and 

special provisions that apply to his particular portion of the work. 

 

2. He must verify that the materials used meet requirements and that they are 

incorporated into the work in accordance with the specifications.  Materials 

control is accomplished by sampling and testing procedures.  The sampling and 

testing procedures outlined in this manual are part of the contract for the project 

and are used as the basis for accepting or rejecting the materials.  Because these 

procedures are a part of the contract, it is important that there should be no 

deviations from the prescribed procedures. 

 

3. In general, the tests should be considered to be a tool used to assist the Inspector 

in evaluating the work.  If the test results do not agree with what he sees, 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, he should immediately inspect the test area and 

re-test.  He should review the test procedures, check calculations, check file 

samples used for comparison and check for broken or faulty equipment.  On the 

other hand, if the roadbed appears to be soft and yielding but the test indicates 

that moisture and density requirements have been met, he should also check 

every phase of the work.  It must be borne in mind that a quality final product, 

not the individual test, is the goal.  The inspector should concentrate his efforts 

on visual inspection and strive to keep testing at a minimum level. 

 

B. Preliminary Work  

1. Before any work is started, each inspector and tester should check every phase 

of the work to which he will be assigned.  This should include a study of the 

plans to determine construction details, sources of materials, planned limits of 

select soils, depth and disposition of topsoil, compaction and moisture 

requirements, disposal of unsuitable soils, preparation of sub-foundation, 

culverts, gravel pits and details of swamp excavation, fill and overload.  He 

should prepare a memorandum for the project engineer including any questions 

about any of these items and questions relating to pertinent specifications or 

special provisions. 

 

Those items relating to the Contractor can be then resolved in the 

Pre-Construction conference and those relating to special provisions or 

specifications can be referred to the District Office or Central Office for 

interpretation.  Much of the difficulty that arises during the work can be avoided 

by resolving controversial items before the work is started. 
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2. A field inspection of the project should be made.  Cut faces on grading projects 

should be examined to provide information on soil types that will be uncovered 

during the work.  Auger borings should be made to supplement this information 

and to determine the approximate limits of each major soil type.  Copies of the 

detailed soil boring notes made during the preliminary soil survey and copies of 

preliminary soils tests should be obtained from the District Soils Engineer and 

used to assist in the field review.  Samples of the major soils types should be 

taken, moisture-density tests made and file samples retained for reference 

during construction.   

 

3. On base construction projects, the grade should be examined for weak areas.  

The location of these areas should be recorded and auger borings should be 

made.  If the borings indicate the need for a possible subgrade correction, the 

District Soils Engineer should be consulted for his recommendations. 

 

5-692.001 GRADING CONSTRUCTION  

 

Step 1  Preparation of Embankment Areas 

The embankment area should be prepared in accordance with 2105.3B. of the 

specifications.  Topsoil should be reserved in accordance with Specification 2105.3D. 

 

Determine culvert locations. See that treatments, if required, are staked to provide the 

required tapers. See 5-692.401 for culvert inspection and installation. 

 

Step 2 Excavation Areas 

The Contractor should maintain excavation areas in a well drained condition at all 

times.  Excavation areas that impound water are in violation of the specifications. 

 

Soils being excavated for use in embankment construction should be examined 

carefully.  The best materials should be selected for use in the upper portion of the 

embankments.  The poorer soils should be placed in the lower portion of the 

embankments.  Unsuitable soils should be disposed of in accordance with 

Specification 2105.3D. 

 

Soil selection is one of the most important functions of the grading inspector.  The 

grade is the foundation upon which the final structure will rest and will ultimately 

support the loads imposed on it after the road is opened to traffic.  The materials 

selected to serve as a foundation structure should be the best available.  

 

For all 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 has 

been applied to the design of the project to make use of the best soils where they will 

do the most good and place the poorest soils where they will have the least 

detrimental effect.  It is the inspectors responsibility to see that the intent of the plans 

is carried out. 
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There are several tools available to the inspector to assist him in soil selection.  They 

are Soil Classification and Identification by texture, identification by soils groups and 

the use of the Group Index. 

 

1. Soil Classification and Identification by texture is covered in detail in 

5-692.600. 

 

2. Identification by soils group is covered in detail in 5-692.600. 

 

3. Group Index is covered in detail in section 5-692.600. 

 

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 manner that a roadbed composed 

of uniform soils is obtained, particularly in the upper one meter (3 feet) of the 

grade. 

 

The Contractor's foreman should be advised as to where you want 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 2105.3D. 

 

Step 3 Excavation Below Grade 

Subcuts should be excavated to the planned dimensions. Prepare the bottom of the 

subcut in accordance with Specification 2105.3E. 

 

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(1), 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 conditions such as water or badly mixed soils and no 

special treatment for these conditions is provided, it may be desirable to provide 

either granular or more uniform soil backfill.  The District Soils Engineer should be 

consulted and his recommendations followed. 

 

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. 

 

Step 4 Spreading and Compacting 

Embankment Materials 

(See specification 2105.3E and 2105.3F). 

 

Every effort should be made to obtain sufficient mixing to prevent large pockets of 

different classes of soils from being placed in localized areas.



5-692.001(3) GRADING & BASE MANUAL  June, 2002   

The work should be observed to insure that compaction equipment operates 

uniformly over the entire embankment areas. 

 

Step 5 Control Testing for Embankment Construction 

All granular items should be tested by the Contractor and certified on Form 24346 

(Certification of Aggregates and Granular Materials) prior to delivery and 

placement on the project.  The Contractorôs rate of testing 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 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 his 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 determination is made, a file sample should be 

retained in a moist condition and placed in a glass jar with a screw-on cap.  The 

curve number, textural classification, maximum density and optimum moisture 

should be recorded on a label affixed to the jar.  (See Section on Soil Classification 

and Identification in 5-692.600). 

 

The field moisture test (5-692.245) is used to determine compliance with the 

specification for moisture at the time of compaction.  The sample for this test 

should be obtained while the 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) is used to determine compliance with the 

compaction specification.  This test should be coordinated with close visual 

inspection. 

 

The Quality compaction specification implies close visual inspection of the entire 

operation by an experienced inspector.  Continuing observation of uniform 

compaction 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 insure uniform compaction effort and moisture control will reduce  

the number of tests required.  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. 

 

Note:  The use of nuclear density testing devises for density verification and 

acceptance will not be allowed under any of the density or compaction 

requirements listed in Specifications 2105, 2211, or 2221.
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Step 6 Measurement 

Measurement and document all pay items according to the provisions in 

Specification 1901 and Section 5-591.410 of the Contract Administration Manual. 

 

5-692.002 BASE CONSTRUCTION 

 

Step 1 Subgrade Preparation (Specification 2112) 

 Take a sufficient number of field density tests to insure compliance with the 

specified density in the upper 150 mm (6ò) of the grade.  Areas failing or yielding 

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 100-150 meters (300-500 feet).  If the 

Contractor is checking the grade, it is sufficient to observe and record his 

measurements.  An occasional slight deviation is acceptable. 

 

Step 2  Aggregate Gradation 

Samples for the gradation test should be taken at a time when the material has been 

mixed and is ready for compaction.  Sample and test in accordance with 

5-694.215M or .215E and 5-694.700. 

 

Specifications 3138 & 3149 provide crushing requirements for Classes 5 and 6 and 

for Aggregate Bedding and Stabilizing Aggregate.  Determine the percent of 

crushing in accordance with 5-692.203 or 5-692.204. 

 

Shale requirements are also specified in 3138.  The rate of testing will be 

determined by the Engineer based on past record from that source or preliminary 

tests. 

 

Step 3 Substitution of Savaged Material (Class 7) 

The substitution of salvaged materials as Class 7(__) may be subject to added 

testing requirements and/or restrictions as specified in 3138.  Example ï Maximum 

allowed bitumen content of Class 7(B) is 3.0%, which requires bituminous 

extraction testing. 

 

Step 4 Moisture Control  

The sample for moisture control should be taken from the windrow at the time of 

compaction. 

 

 

Step 5 Spreading and Compacting 

The spreading process acts as another mixing step to make the aggregate more 

uniform. 

 



June, 2002 GRADING & BASE MANUAL  5-692.100 

 

Step 6 Compaction Control 

Base aggregate shall be constructed in layers not more than 75 mm (3ò) in compacted 

thickness, except that each layer compacted with approved types of special compacting 

equipment may be increased to a maximum of 150 mm (6ò).  Vibratory rollers will be allowed 

for use on a performance basis in accordance with Specification 1805.  Density and moisture 

testing will be conducted as per the projectôs 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. 

 

Salvaged materials used as Class 7(__) may not be as durable or sound as virgin aggregates.  

Most of these materials are susceptible to degradation by excessive compactive efforts. 

 

Note:  The use of nuclear density testing devises for density verification and acceptance will 

not be allowed under any of the density or compaction requirements listed in Specifications 

2105, 2211, or 2221. 

 

Step 7 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.  Intermediate layers shall be constructed in 

reasonably close conformity with the cross-section shown in the plans. 

 

Step 8 Measurement 

Measure and document all pay items according to the provisions in Specification 1901 and 

section 5-591.410 of the Contract Administration  

Manual. 
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5-692.100  SAMPLING  

 

A. Rate of Sampling 

 The Schedule of Materials Control outlines the minimum sampling and testing required for most 

materials used in highway construction.  Tab. A 5-692.100 is an example of the Grading and Base 

section of the Schedule. 

 

The rate of sampling and testing may change from year to year.  Always use the Schedule included 

in your contract documents or the most current approved Schedule. 

 

Where there is unusual variation of the material, additional samples should be taken to assure 

quality and uniformity. 

 

 The vast majority of samples taken by the Agency should be for project acceptance of materials 

only.  All samples taken on a project for the quality control of the work are an essential part of the 

record of the work.  Samples should not be taken for the sole purpose of obtaining additional data 

or for satisfying the curiosity of the inspector or the contractor. 

 

If an informational sample is absolutely necessary, it should be obtained from a stockpile or from 

material not yet incorporated into the work.  If this sample is submitted to the District or Central 

laboratory, it should be indicated on the sample identification card as ñInformationalò.  Unless a 

sample is so identified at the time it is submitted to the laboratory, the sample will be treated as a 

project acceptance sample. 

 

Sample test results should be available at all times for review by qualified personnel.  Under the 

Random Sampling Test Method, the contractor will be entitled to view only the average of the four 

random sampled test results. 

 

B. Sampling for Field Tests 

 Sample size and method of sampling for the various field tests are included with the individual test 

method. 

 

C. Samples to be submitted to the Laboratory 

 1. Samples of Base, Surface and Shoulder Aggregates 

  Obtain a minimum 15 kg (25 lb.) sample from the road at a time when the material is ready for 

compaction. See section 5-692.211 for instructions on sampling. 

 2. Embankment Construction 

  In order to obtain a meaningful check on the work being performed in the field, large samples 

should be taken and quartered, with one half submitted to the laboratory and the other half 

tested in the field. The textural classification and moisture density relationship should be 

compared to field results as a check on the field work. The group index should be used as a 

guide in soil selection. 

 

D. Origin of Field and Laboratory Samples 

 All samples should be taken from the roadway; except for classes 1, 2 and 7 shoulder surfacing 

aggregate sampled under Specification 3138.3 and samples taken for bituminous extraction, 

percent of crushing and quality tests, which may be taken from a source pit or stockpile. 
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5-692.101 SAMPLE IDENTIFICATION CARD  

 

A. Samples submitted to the laboratory must contain a sample identification card properly protected 

against moisture and soiling. Complete information is necessary so that analysis of the sample can 

be expedited in either the Central or District Laboratory. 

 

B. The illustration that follows is an example of a properly completed identification card: 

1. ñField Identificationò 

 In the example, 15-3 indicates that this is representative of the same material as field test 

no. 15-3. 

2. ñSpec.ò 

 Include both specification number and class of material. 

3. ñS.P.ò 

 Submit all samples under the lowest project number. 

4. ñSubmitted byò 

 Enter the name of the person submitting the sample. If the sample is submitted as an 

Independent Assurance Sample, include the visiting IAS Inspector's name and state 

ñIndependent Assurance Sample.ò 

5. ñProj. Engr.ò 

 Enter the name of the project engineer. 

6. ñType of material and useò 

 Enter what the material is to be used for and the specification. 

 Example: 

  Base (2211) 

  Shouldering (2221) 

  Subgrade Soil (2105) 

7. ñMix Proportionsò 

 If the Contractor is using a combination of crushed quarry rock and natural gravel, report 

the % crushed rock so that the gradation requirement is clear. 

8. ñPit No.ò 

 Give Pit No. or owner's name. 

9. ñSourceò 

 Usually not required for grading or base work. 

10. ñLocationò 

 Location of pit (either geographic, as in illustration, or legal description with Section, 

Town, and Range). 

11. ñSample taken fromò 

 Windrow, compacted base, belt, borrow pit, etc. Also, give stationing, if applicable. 

12. ñTests requiredò 

 Example: 

  Gradation 

  Shale 

  Proctor 

  LA Rattler 

13. ñRemarksò 

 If field test results are available at the time the sample is submitted, include the results. 

(Most sample cards submitted should include this companion information). Also, include 

any observations or information that would assist in evaluating the test results of the 

sample. Include the gradation specification requirements of material. 
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5-692.110 INDEPENDENT ASSURANCE SAMPLING & TESTING  

 

Independent Assurance sampling and testing is required on all Federal Aid, State Funds and County Federal 

Aid Projects. Assurance sampling is the direct responsibility of the District Materials Engineer.  The district materials office 

will notify each project engineer on Form 24121 of the items and number of Independent Assurance samples required.  

(Fig. 1 5-692.110) 

 

The purpose of this sampling is to verify the inspector's sampling and testing procedures.  The testing 

equipment being used is also checked during Independent Assurance sampling.  The project personnel are required to notify the 

district materials office when any work requiring Independent Assurance sampling has begun.  It is necessary for scheduling 

that some lead time be given in the notifications.  It is the responsibility of the project personnel to keep a record of 

Independent Assurance contacts so that a sufficient number of timely contacts can be made.  Independent Assurance sampling 

is not a materials acceptance requirement; it is for the benefit of the project engineer and assures him that equipment and 

procedures meet requirements so that his quality control testing is accurate. 

 

Procedure: 

The District Assurance Inspector is required to review testing and procedure and to obtain laboratory 

samples.  He will record his findings on Form 24139.  (See Fig. 2 5-692.110). 

 

To obtain the maximum benefit from the effort required to obtain Independent Assurance samples of grading 

and base items, the following procedures are recommended. 

 

A. Any Independent Assurance test or sampling procedures should be performed by the project 

personnel assigned to that particular phase of the work. 

 

B. The equipment used and procedures followed during Independent Assurance sampling and testing 

should be the same as the equipment used and the procedures followed during the routine sampling 

and testing requirement on the job. 

 

C. If the procedure followed or equipment used does not conform to the applicable standard, note the 

fact on the report (Form 24139) and advise the inspector of the corrections required for subsequent 

tests. 

 

D. Independent Assurance gradation test samples must be companion samples of field gradation tests 

so that field and lab results can be compared. 

 

E. If an Independent Assurance relative density test is observed and the density does not meet 

requirements, report the test result and the action taken by the inspector. 

 

F. If it becomes evident that a required Independent Assurance test or sample cannot be obtained, use 

Form 24139 to report the type of construction, sample, and standard involved and the reasons for not 

obtaining the test or sample. 

 

It is assumed that the Independent Assurance samples and tests are fair representatives of the materials 

sampling and testing procedures and workmanship on each S.P., so any substantial deviation between an Independent 

Assurance sample or test and a companion sample or test must be investigated. 
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Minnesota Department of Transportation 

TP 24139-03 (1/2001) 

 

Office of Materials and Road Research 

 

Report of Independent Assurance 
Sampling  
And Testing for Grading and Base Items 
 

 
To: Project Engineer 
 District Materials Engineer  Date Sampled        
 

 
From:           Independent Assurance Inspector  
 
S.P.      T.H.     Fed. No.     
 
Location              
 

GRADING 
 

 
Independent 

 
Location 

 
Depth 

Below Grade 

 
Maximum 
Density 

 
Density 

kg/m³  (lb/ft³)  

 
Relative 
Density 

 
Test 

Performed By 

Assurance       
Density       
Tests       

 
 

BASE AND SHOULDERING 
 
Independent 

 
Class 

 
Location 

 
Pit No. 

 
Sampled By 

Assurance     
Gradation     
Samples     
 
Independent 

 
Class 

 
Location 

Maximum 
Density 

Density 
kg/m³ (lb/ft³) 

Relative Density/ 
DCP Penetration 

Test 
Performed By 

Assurance       
Density       
Tests       

 
 
 

1. Was the observed sampling and splitting for the gradation testing 
conducted 

 according to the procedures in the Grading and Base Manual?    Yes  No  

 

2. Was the observed field testing conducted according to the 
procedures in the 
Grading and Base Manual?        Yes  No  

 
 

Note: If the answer to questions No. 1 and/or No. 2 is ñNoò, please 
explain under remarks. 
 
 
 
REMARKS:                
 
                 
 

                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Fig. 2 5-692.110
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5-692.200  METHODS OF TESTING 

 

5-692.201 TEST FOR SHALE IN AGGREGATE  

 (By Pick Method) 
 

A. Scope 

1. The lithological summary method is used with aggregates to determine the 

percentage of various rock types and especially the deleterious varieties.  This 

method separates shale by visual and hand sorting. 

 

 2. See Mn/DOT Laboratory Manual Section 1209 for the proper procedure. 

 

5-692.202  TEST FOR SHALE IN AGGREGATE  

 (By Float Method) 

 

A. Scope 

1. The method of test covers a procedure for the approximate determination of shale 

in aggregate. This method separates, along with the shale, other particles of low 

specific gravity or relatively high surface area such as iron oxides, soft particles 

and other spall material. 

 

B. Test for shale in coarse aggregate (plus 4.75mm) [plus No. 4]. 

 1. Equipment. 

a. Torsion or beam balance having a capacity of at least 2500 grams. 

b. Shale bath and basket (Mn/DOT model). 

c. Strainers, two or more, having openings not larger than 2.36mm (No. 8) 

mesh. 

d. Stove or oven, drying pans, and large mixing spoon. 

e. Zinc chloride. 

f. Hydrometer. 

g. ñSand bathò, if stove is used. A sand bath is constructed by placing a layer 

of dry sand 25 mm to 40 mm (1ò to 1İò) in thickness in a metal pan. The 

sample in the drying pan is then placed on the sand bed to dry. 

 

 2. Sample. 

a. Select approximately 2500 grams of aggregate retained on the 

4.75mm (No. 4) sieve by quartering or other suitable method to 

insure representation. 

b. Dry the sample to a constant weight either in an oven or over an open 

burner at a temperature not to exceed 110ºC (230ºF). The restriction in 

temperature is made to prevent the shale particles from ñexplodingò 

because of excessive heat. When drying the sample over an open burner, 

a sand bath must be used and the heat applied cautiously in order to keep 

the sample under 110ºC (230ºF). 

c. Cool the sample, weigh and record this weight to the nearest 0.1 gram. 
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3. Zinc chloride solution. 

Caution:  Zinc chloride should not come into direct contact with the skin. 

Equipment should be kept clean because of the corrosive action of the solution. 

a. Place 24 kg (50 lb.) of zinc chloride (Zn Cl2) in the shale bath, add 

approximately 6.6 (7 quarts) liters of water, and stir until the zinc chloride 

is dissolved. 

b. Allow the solution to cool to room temperature. This will take 

approximately 12 hours. 

c. Adjust the specific gravity to 2.00 ± 0.02, either by adding more water if 

the specific gravity is too high, or adding zinc chloride if too low. 

 

 4. Procedure. 

a. Place the coarse aggregate in the wire basket and lower it into the tank 

containing the solution. 

b. Stir sample vigorously with a large mixing spoon for one minute. 

c. Skim off floating particles within one minute after stirring ceases. 

d. Thoroughly wash the removed particles to remove the zinc chloride. 

e. Dry sample at a temperature not to exceed 110ºC (230ºF). 

f. Weigh and record weight to nearest 0.1 gram. 

 

5. Calculations: 

a. The percent shale is calculated as follows: 

   Percent Shale = 

 

Dry  wt. of shale

Dry wt. of total sample
   x  100  

 

C. Test for shale in fine aggregate - minus 4.75mm (minus No. 4). 

 1. Equipment. 

a. Torsion or beam balance. 

b. 600 µm (No. 30) sieve 

c. Glass beakers or jars - approx. one liter size (one quart size). 

d. Strainers, two or more having a mesh finer than a 600 µm (No. 30) sieve. 

e. Stove or oven, drying pans, and large mixing spoon. 

f. Icedïtea spoon, with spoon bent at right angle to the handle. 

g. Zinc chloride solution having a specific gravity of 2.00 ± 0.02. 

h. Hydrometer. 

 

2. Sample. 

a. Select a 200 to 300 gram sample from the material passing the 4.75mm 

(No. 4) sieve by one of the following methods: sample splitter, quartering 

or ring. 

b. Dry the sample to a constant weight either in an oven or over an open 

burner at a temperature not to exceed 110ºC (230ºF). If the sample is dried 

over an open burner, a ñsand bathò must be used to control the 

temperature. 
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c. Cool the sample, weigh and record this weight to the nearest 0.1 gram. 

d. Screen the sample over the 600 µm (No. 30) sieve and only that portion 

retained on the 600 µm (No. 30) sieve is saved for the test. 

 

 3. Zinc chloride solution. 

A solution of zinc chloride is prepared as described in the procedure for 

determining percent of shale in coarse aggregate. 

 

4. Procedure. 

a. Fill a glass beaker or jar approximately two-thirds full with zinc chloride 

solution and pour the sample (only the plus 600 µm [No. 30] material) into 

the solution. As the sample is added, stir the solution vigorously with an 

ice tea spoon until all of the sample is in suspension. 

b. Allow the sample to settle until there is a definite cleavage plane between 

the rising shale and the settling sand (approximately 30 seconds). 

c. Decant the solution over a strainer until the sand appears near the lip of the 

beaker. Care must be taken that only the floating particles are poured off 

with the liquid. 

d. When large quantities of shale are encountered, the processes may need to 

be repeated. (Note: the sample shall not be in contact with the zinc 

chloride solution for more than 2 ½ minutes during the test). 

e. Thoroughly wash the material retained on the strainer to remove the zinc 

chloride. 

f. Dry the sample at a temperature not to exceed 110ºC (230ºF). 

g. Weigh and record weight to nearest 0.1 gram. 

 

 5. Calculations: 

 Percent Shale = 

 

Dry  wt. of shale

Dry wt. of total sample
   x  100 

 

Calculations for percent of shale in total sample: 

 A = percent shale in aggregate retained on the 4.75mm (No. 4) sieve 

 B = percent shale in aggregate passing the 4.75mm (No. 4) sieve 

 C = percent of total sample retained on the 4.75mm (No. 4) sieve 

 D = percent of total sample passing the 4.75mm (No. 4) sieve 

 

Percent Shale in Total Sample = 

 

 (A x  
C

100
)    B x 

D

100
)  
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5-692.203 FIELD TEST TO DETERMINE THE PERCENT OF CRUSHING (BY 

CONVEYOR BELT METHOD)  

 

A. 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 200mm (8 inches) 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 19mm (3/4ò) sieve. 
 
B. The required apparatus is listed below: 

1. ContainersðPails suitable for collecting and weighing gravel samples. 

2. 27.2 kg (60 lb.) capacity dairy scale with decimal graduations in tenths of a 

kilogram (lb.) (Interpolate reading to the nearest 0.05 kg.) [lb.] 

3. Sieveð Nominal Maximum size for the class of aggregate being produced (19 

mm sieve) [3/4ò sieve]. 

4. Square nosed shovel. 

 

C. Test Sample 

The sample shall be obtained at least once each day 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 belt and 

remove all of the material from the selected section. This sample should weigh 

approximately 15 kilograms (30 lb.). 

 

D. Procedure 

 Step 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. 

 

Step 2.  Weigh the total sample (should weigh approximately 15 kg [30 lb.]). Record 

weight (A) on form 02463. (See Fig. 1 5-692.204). 

 

Step 3.  Screen the sample over the maximum required sieve size (19mm [3/4ò] sieve). 

Use breaker sieves as needed. 

 

Step 4.  Determine the weight of aggregate retained on the 19mm (3/4ò) sieve.   

  Record weight (B). 
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Step 5.  Compute the percent of crushing using the following calculations: 

   A. Weight of Total Sample .............................................................................kg 

   B. Base Aggregate, Weight Retained on 19mm (3/4ò) Sieve ........................kg 

  Percent Crushing (B)/(A) x 100  =  % 

  Minimum Crushing Required % 
 

 E. Example (Metric) ï See Fig. 1M 5-692.204 

 Given: 3138 Class 5 Aggregate 

   Maximum Aggregate Sieve Size = 19mm sieve 

   Minimum Crushing Required = 10% 

   Sample: 

  a. Weight of Total Sample = 14.85 kg (A) 

  b. Base Aggregate, Weight Retained on 19 mm Sieve = 2.79 kg (B) 

Calculations: 
 
(B)

(A)
  x  100  =  

2.79

14.85
  x 100  =  18.8% 

 
Therefore meets requirements. 

 
 Example (English) ï See Fig. 1E 5-692.204 

 Given: 3138 Class 5 Aggregate 

   Maximum Aggregate Sieve Size = 3/4ò sieve 

   Minimum Crushing Required = 10% 

   Sample: 

  a. Weight of Total Sample = 30.6 lbs. (A) 

  b. Base Aggregate, Weight Retained on 3/4ò Sieve = 5.6 lbs. (B) 

Calculations: 
 
(B)

(A)
  x  100  =  

5.6

30.6
  x 100  =  18.3% 

 
Therefore meets requirements. 

 
F. Application of the test 

Because the samples for this test are 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. 
 

G. Reports 

 Under remarks on Mn/DOT TP-02115-02 (Monthly Grading and Base Report) or the 

ConLab monthly report indicate the number of tests required, the number made and the 

average percent of crushing.
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5-692.204 DETERMINATION OF PERCENT OF CRUSHING (BY CRUSHED 

PARTICLE COUNT OF PLUS 4.75MM  (NO. 4) MATERIAL)  

 

A. 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 4.75mm (No. 4) 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 

 Step 1.  Obtain a representative sample weighing approximately 15 kg (30 lbs.) 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. 

 

 Step 2.  Determine the Total Weight of Sample. Record weight (A). (See Fig. 1M or 1E, 

5-692.204). 

 

 Step 3.  Determine the sample's gradation in accordance with the method described in 

5-692.210 to verify that the aggregate meets specification requirements. Screen the 

sample and reserve the material retained on the 19mm (3/4ò), 9.5mm (3/8ò) and 4.75mm 

(No. 4) sieves. 

 

 Step 4.  Determine the weight of aggregate passing the 25mm (1ò) sieve and retained on 

the 4.75mm (No. 4) sieve. Record weight (B). 

 

 Step 5.  By using the following formula, compute and record the percent of aggregate 

retained on the 4.75mm (No. 4) sieve (C): 

 % Ret. on 4.75mm (No. 4) sieve (C)  =  
(B)

(A)
  x 100 

 Step 6.  Determine the weight of aggregate passing the 25mm (1ò) sieve and retained on 

the 9.5mm (3/8ò) sieve. Record weight (D). 

 

 Step 7.  Determine the weight of aggregate passing the 9.5mm (3/8ò) sieve and retained 

on the 4.75mm (No. 4) sieve. Record weight (E). 

 

Note: (D) + (E) should equal (B).
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Step 8.  By using the following formula, compute and record the percent of aggregate 

retained on the 9.5mm (3/8ò) sieve (F): 

 % Ret. on 9.5mm (3/8ò) sieve (F)  =  
(D)

(B)
  x 100 

    

Step 9.  By using the following formula, compute and record the percent of aggregate 

passing the 9.5mm (3/8ò) sieve and retained on the 4.75mm (No. 4) sieve (G): 

 % 9.5mm (3/8ò) to 4.75mm (No. 4) sieve (G)  =  
(E)

(B)
  x 100 

Note: (F) + (G) should equal 100.0% 

 

Step 10.  Combine the material retained on the 19mm (3/4ò) and 9.5mm (3/8ò) sieves. 

Quarter the sample to obtain a representative sample weighing about 1500 grams. Do not 

attempt to select an exact predetermined weight. Record this as the Weight of Sample 

Passing the 25mm (1ò) sieve and retained on 9.5mm (3/8ò) (J). 

 

Step 11.  From the sample passing 25mm (1ò) sieve and retained on 9.5mm (3/8ò) sieve 

(I), collect and weigh all of the particles that have at least one fractured face. Record 

weight (K). 

 

Step 12.  Quarter the material which passes the 9.5mm (3/8ò) sieve and is retained on the 

4.75mm (No. 4) sieve to obtain a representative sample weighing between 450 to 550 

grams. Record weight (L). 

 

Step 13.  From the sample 9.5mm (3/8ò) to 4.75mm (No. 4) sieves, collects and weigh all 

of the particles that have at least one fractured face. Record weight (M). 

 

Step 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)]

(C)

70
 

     

Note: 70 is a constant because it is assumed that 30% of the crushed material passes a 

4.75mm (No. 4) sieve. 

 

C. Example (see Fig. 1M or 1E 5-692.204) 

 

D. Application of the test 

 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.
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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. 

 

E. Reports 

Under remarks on Mn/DOT TP-02115-02 (Monthly Grading and Base Report) or the 

ConLab monthly report indicate the number of tests required, the number made and the 

average percent of crushing.
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