
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 

 
 
 
 

              

 

2023-2024 
 



 



Aggregate Technician Course Manual  Revised November 2023 

HARD COPIES UNCONTROLLED  Page I of VIII  
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AGGREGATE TECHNICIAN COURSE SCHEDULE 

 
The following times are approximate and the schedule can be altered to accommodate the class. 

 
 Monday  
 

  8:00 am   Registration and Introduction Information 
  10:30 am Ch. 1    General Geology of Illinois 
  12:00 pm   Lunch (1 hour) 
  1:00 pm Ch. 2    Aggregate Production and Beneficiation 
  3:00 pm Ch. 3    Quality and Use 
  5:00 pm   End of class day 
 
 Tuesday 
 

  8:00 am Ch. 7    QC/QA Responsibilities Policy 
  10:00 am Ch. 8    Aggregate Gradation Control System Policy 
  12:00 pm   Lunch (1 hour) 
  1:00 pm Ch. 9    Aggregate Producer Control Chart Procedure Policy 
  5:00 pm   End of class day 
 
 Wednesday 
 

  8:00 am   Control Chart Homework 
   9:00 am Ch. 4    Stockpiling and Handling 
  10:00 am Ch. 5    Field Gradation Sampling 
  12:00 pm   Lunch (1 hour) 
  1:00 pm Ch. 6    Gradation Testing Procedures & Calculations 
  5:00 pm   End of class day 
 
 Thursday 
 

  8:00 am Lab  Group 1 – Sample Splitting and Gradation Homework 
    Lab  Group 2 – Hands-on Gradation Procedure 
  12:00 pm   Lunch ( 1 hour) 
  1:00 pm Lab  Group 1 – Hands-on Gradation Procedure 
    Lab  Group 2 – Sample Splitting and Gradation Homework 
  5:00 pm   End of class day 
   
 Friday 
 

  8:00 am   Testing – Written, Calculation & Proficiency 
      (See schedule for test times) 
 
NOTE:  This manual is also used for the CET 027 Mixture Aggregate Technician Upgrade class. 
  The above schedule does not apply to the CET 027 Mixture Aggregate Technician 
  Upgrade class. 
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Attendance Policy: 

 

Students are REQUIRED to present photo identification on the first day of class and prior to 
undertaking any test (written, calculation, practical and/or retest) 

 

Students are required to attend all class sessions in their entirety in order to receive a 
certification. The student will be required to retake any missed session or attend the class in its 
entirety, per the discretion of the instructor, before receiving a class certification. This includes being 
on time to all class sessions. No exceptions will be made to this policy! 
 

*Testing Policy: Aggregate Technician Mixture Aggregate Upgrade 

Course Prerequisite: None Mixture Aggregate Technician 

Written Test 
(Part 1) 

Open 
Book 

 

Time Limit – 1 1/2 hours 

 

Minimum grade – 70% 

 

(Retest cannot be taken on the 
same day as the initial test) 

 

 

Time Limit – 1 1/2 hours 

 

Minimum grade – 70% 

 

(Retest cannot be taken on the 
same day as the initial test) 

Calculation Test 
(Part 2) 

Closed 
Book 

 

Time Limit – 1 1/2 hours 

 

Minimum grade – 70% 

 

(Retest can be taken on the same 
day as the initial test) 

 

N/A 

Practical Test 
(Part 3) 

Closed 
Book 

 

Time Limit – No time limit 

 

Minimum grade – Pass or Fail 

 

(Retest can be taken on the same 
day as the initial test) 

 

N/A 

 

*Retest Policy: 

 

 
 

  

Written 
Retest 

Open 
Book 

Time Limit – 1 1/2 hours 

 

Minimum grade – 70% 

Time Limit – 1 1/2 hours 

 

Minimum grade – 70% 

Calculation 
Retest 

Closed 
Book 

Time Limit – 1 1/2 hours 

 

Minimum grade – 70% 

N/A 

Practical 
Retest 

Closed 
Book 

Time Limit – No time limit 

 

Minimum grade – Pass or Fail 

N/A 

 

* A current photo ID is required to be presented at the beginning of the testing. 
 

If the student fails any test the first time, a retest will be required to be completed for the failed test.  
All retests are required to be completed before the end of the current academic year. Lake Land 
College’s academic year runs September 1st, 2023 to August 30th, 2024 
 

 Example: If the original failed test was taken on December 1, 2023 the last date to retest  
   would be the last business day up until August 30, 2024. 
 

Failure of any retest, or failure to comply with the academic year retest time limit, will result in class 
failure and require the student to retake the class in its entirety. The student will be required to pay all 
appropriate fees to retake the class.
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LAKE LAND COLLEGE 
INSTRUCTOR AND COURSE EVALUATION 

 
Course (circle class attended): Agg. Tech. Course      Section ________________      Date_______________________ 
 
    Mix. Agg. Tech. Upgrade      Section ________________        
 
 
Lead Instructor Name:                Galen Altman  Lab Instructor #1’s Name:____________________________________ 
 
 Lab Instructor #2’s Name:____________________________________ 

 
PURPOSE:  The main emphasis at Lake Land College is teaching. In this regard, each instructor must be continuously informed of 
the quality of his/her teaching and the aspects in which that teaching can be improved.  As a student, you are in a position to judge 
the quality of teaching from direct experience, and in order to help maintain the quality of instruction at Lake Land, you are asked to 
complete this evaluation. 

 
DIRECTIONS:  DO NOT SIGN YOUR NAME (to protect your anonymity).  We appreciate your fairness, honesty and frankness. 
 

For each following items, please indicate by number, on a scale from 1 to 5, with 1 being WEAK and 5 being SUPERIOR, 
which seems most appropriate to you for the instructors and course that you are evaluating.  You are strongly 
encouraged to make any comments that will clarify any particular rating in the comment sections (please refer to each 
item you are discussing by its number). 
 

(1 = Weak, 2 = Needs Improvement, 3 = Average, 4 = Good, 5 = Superior) 
 

 OBJECTIVES AND APPROPRIATENESS OF THE COURSE: 
 
1. Clarity of The objectives of the course were clearly  
 Objectives identified and were adequately covered. ______ 
 
2. Selection Content was relevant and met the level of ______ 
 content the class. 
 
  ORGANIZATION AND CONTENT OF LESSONS: LEAD    LAB    LAB 
      INSTR. INSTR. 1 INSTR. 2 

3. Teacher Instructor was organized and knowledgeable 
 preparation in subject matter and prepared for each class.  ______ ______ ______ 
 
4. Organization Classroom activities were well organized and 
 of classes  clearly related to each other.  ______ ______ ______ 
 
5. Selection of Instructional materials and resources used were 
 materials  specific, current, and clearly related to the ______ ______ ______ 
    objectives of the course. 
 
6. Clarity of Content of lessons was presented so that it ______ ______ ______ 
 presentation was understandable to the students. 
 
7. Clarity of Different point of view and/or methods with ______ ______ ______ 
 presentation specific illustrations were used when appropriate. 

 
Please record any general impressions and/or comments pertaining to the course:  ______________________________________ 

 
_________________________________________________________________________________________________________ 

_________________________________________________________________________________________________________ 

 

↓↓↓  Please continue filling out the other side of this form  ↓↓↓ 
↓↓↓  ↓↓↓  ↓↓↓  ↓↓↓  ↓↓↓  ↓↓↓  ↓↓↓  ↓↓↓  ↓↓↓  ↓↓↓  ↓↓↓  ↓↓↓           
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LAKE LAND COLLEGE 
INSTRUCTOR AND COURSE EVALUATION 

 

(PAGE 2) 
 

  PERSONAL CHARACTERISTICS AND STUDENT RAPPORT: LEAD    LAB    LAB 
      INSTR. INSTR. 1 INSTR. 2 

 
8. Vocabulary Instructor's vocabulary level was appropriate  
    for the class and labs.  ______ ______ ______ 
 
9. Pupil  Instructor encouraged students to ask  
 participation questions and actively participate in class and labs  ______ ______ ______  
 and interest when practical. 
 
10. Personal  Instructor indicated an interest and ______ ______ ______ 
 attributes enthusiasm for teaching the subject matter. 
 
11. Personal  Instructor was familiar with current ______ ______ ______ 
 attributes industry practices. 
 
12. Personal  Instructor's mannerisms were appropriate for  ______ ______ ______ 
  the class.   
 
13. Instructor- Instructor indicated a willingness to help students 
 student  in times of difficulty.  ______ ______ ______ 
 rapport 
 
14. Instructor- Instructor was fair and impartial in dealings ______ ______ ______ 
 student with students. 
 rapport 
 
Please record any general impressions and/or comments pertaining to the instructors: 
 
Lead Instructor ___________________________________________________________________________________________ 

_________________________________________________________________________________________________________ 

_________________________________________________________________________________________________________ 

Lab Instructor #1 __________________________________________________________________________________________ 

_________________________________________________________________________________________________________ 

_________________________________________________________________________________________________________ 

Lab Instructor #2 __________________________________________________________________________________________ 

_________________________________________________________________________________________________________ 

_________________________________________________________________________________________________________ 

 
  SUMMARY: 
 
15. Considering everything, how would you rate each instructor?  _______ _______ _______ 
 
16. Considering everything, how would you rate this course?  _______  
 
  EXAMINATION: 
 
17. Exam The exam correlated to the materials being covered in class. _______  
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INTRODUCTION 
 

Quality Management Training Program 
 

Quality Control / Quality Assurance (QC/QA) 
 

The Illinois Department of Transportation (IDOT) started the Quality Management Training 
Program in 1991.  Three segments of the construction industry were chosen to implement 
the QC/QA process as part of the Quality Management Training Program: Hot Mix Asphalt, 
Portland Cement Concrete, and the aggregates used in asphalt and concrete. 
 

Philosophy of QC/QA: 
 

Under the Quality Management Training Program, the contractor is responsible for Quality 
Control and Quality Assurance is the responsibility of IDOT. Some people feel that it is a 
direct conflict of interest for the contractor or aggregate producer to be doing the testing of 
his own product and be in charge of his own quality control. This is a major departure from 
the way the construction industry and IDOT have always done things in Illinois. In reality, this 
process is used throughout the nation, not only in the road building industry, but in other 
segments of industry. This movement has been encouraged by the FHWA because it 
provides for a significantly increased amount of testing and quality monitoring which leads to 
a significant improvement in the quality of the finished product.  In reality, it is easier for the 
contractor/producer to control quality than some outside source, such as IDOT. The 
contractor/producer has direct control over those things that go into making up a quality 
product such as the personnel, the equipment, and the materials being used.  When QC/QA 
is talked about, many people hone in on the Quality Control and forget about the Quality 
Assurance. The QA is IDOT’s part of the program. Under this program, IDOT does not 
control the quality, but must take all the necessary actions to assure that the contractor is 
controlling quality. These assurance processes are detailed in the various special provisions 
and specifications. They include some parallel testing of the materials, observing the 
contractor’s personnel performing tests to see that the tests are being run correctly, and, in 
general, monitoring the contractor’s quality control process. 
 

Aggregate Requirements: 
 
One of the basic requirements in the QC/QA program is that the aggregates that are used in 
Hot Mix Asphalt (HMA) and Portland Cement Concrete (PCC) must be produced under the 
Aggregates Gradation Control System (AGCS). In this system, the aggregate producer is 
responsible for his gradation control and certifies that the aggregates meet the gradation and 
quality requirements when shipped. In addition, tighter gradation requirements are placed on 
the critical sieve of the coarse aggregate being produced. There are currently over 500 
approved aggregate sources in the AGCS system. A current list of approved sources can be 
found at IDOT’s following webpage:   
 

http://www.idot.illinois.gov/Assets/uploads/files/Doing-Business/Specialty-

Lists/Highways/Materials/Materials-&-Physical-Research/Aggregate/approvedaggregatesources.pdf 

http://www.idot.illinois.gov/Assets/uploads/files/Doing-Business/Specialty-Lists/Highways/Materials/Materials-&-Physical-Research/Aggregate/approvedaggregatesources.pdf
http://www.idot.illinois.gov/Assets/uploads/files/Doing-Business/Specialty-Lists/Highways/Materials/Materials-&-Physical-Research/Aggregate/approvedaggregatesources.pdf
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The AGCS Program was originally designed to control the production of coarse aggregates 
and manufactured sands used in PCC and HMA mixtures on IDOT QC/QA Projects. 

 
The AGCS Program has since been expanded to include the following products on the date 
indicated:  
 
Effective July 1, 2000 
 

 Coarse Aggregate for All PCC and Class I/Superpave HMA Projects 
 Manufactured Sand for All PCC and Class I/ Superpave HMA Projects  
 Natural Sand for All PCC and HMA Projects 
 
Effective July 1, 2001 
 

 Coarse Aggregate and Manufactured Sand for All Non-Class I/ Superpave HMA Projects 
 Aggregate Surface Course  
 Granular Shoulders 
 Granular Subbase 
 Granular Base 
 Granular Embankment Special 
 Cover/Seal Coat 
 
 
Hot Mix Asphalt 
 
The chart below shows the progression of QC/QA in the production of hot mix asphalt.  IDOT 
started with six projects in 1991.  By August of 1994, a total of 255 jobs had been completed, 
which used approximately 6,000,000 tons of hot mix.  Currently, all of the Districts in the state 
are at a 100% QC/QA implementation for hot mix production. In recent years, IDOT HMA 
specifications have moved to PFP and QCP type of contracts. 
 

 
DISTRICT 

 
Number of Asphalt QC/QA Contracts Let 

Total # of 
Jobs 

Estimated Total Tons 

 1991 1992 1993 As of 
8/31/94 

  

1 0 1 2 0 3 62,633 
2 2 3 4 21 30 969,765 
3 0 4 3 16 23 462,992 
4 0 4 5 16 25 896,563 
5 1 4 12 14 31 1,076,378 
6 0 4 11 24 39 648,796 
7 0 2 8 22 32 475,041 
8 0 6 11 15 32 862,739 
9 3 2 8 27 40 559,610 

Totals 6 30 64 155 255 6,013,287 
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Portland Cement Concrete 
 
The Portland Cement Concrete QC/QA program started in 1992.  It is a little more complex than 
the Hot Mix Asphalt (HMA) program because typically the concrete mix is produced by a ready 
mix producer and placed by the contractor.  HMA is normally produced and placed by only the 
contractor.  Currently the QC/QA process for concrete is being used on the larger projects 
throughout the state, and almost 100% in District 1. 
 
Program Training Requirements: 
 
IDOT has mandated that the personnel involved in the QMTP program be properly trained. They 
have developed the following courses which are required under the Quality Management Training 
program. All of the following classes are available through Lake Land College except the 
Gradation Technician which is available through the Central Bureau of Materials (CBM). 
 
  CET 020 Mixture Aggregate Technician (3 days) 

  CET 021 Aggregate Technician (5 days) 

  CET 027 Mixture Aggregate Technician Upgrade (2 days) 

  CET 029 Level I Hot Mix Asphalt (5 days) 
 
    Prerequisite: CET 020 3-Day Aggregate for Mixtures or 
      CET 021 5-Day Aggregate Technician 

  CET 023 Level II Hot Mix Asphalt (5 days) 
 
    Prerequisite: CET 029 Level I Hot Mix Asphalt 

  CET 031 Level III Hot Mix Asphalt (5 days) 

    Prerequisite: CET 023 Level II Hot Mix Asphalt 

  CET 026 Half-Day Nuclear Density  

  CET 030 Level I Portland Cement Concrete 

  CET 024   * Level II Portland Cement Concrete 

  CET 039 ** Level III Portland Cement Concrete 
 
    Prerequisites:   *  **  CET 020 3-Day Aggregate for Mixtures 
      or   *  ** CET 021 5-Day Aggregate Technician 

      and  *  ** CET 030 Level I Portland Cement Concrete 

      and  ** CET 024 Level II Portland Cement Concrete 

  Concrete Tester 

  Gradation Technician  

NOTE:  The CET 032 AGCS Technician Course has been eliminated. Previous CET 032 AGCS 
 Technician training is still recognized and valid. 
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Wonder what IDOT QC/QA training you need?  The following may help 
in determining what classes you should take: 

 
AGGREGATES 

Task Required Training Course for Certification 

Quality Control Manager Aggregate Technician  (CET 021) 1/ 

Visual Inspections Aggregate Technician  (CET 021 1/ 

Aggregate Sampling  Aggregate Technician (CET 021) or Mixture Aggregate Technician  
(CET 020)  

Splitting and Gradation Testing  Aggregate Technician (CET 021) or Mixture Aggregate Technician 
(CET 020) or Gradation Technician (IDOT class) 2/ 

HOT MIX ASPHALT 

Quality Control Manager 
  

Aggregate Technician (CET 021) or Mixture Aggregate Technician 
(CET 020) and 
Bituminous Concrete Level I (CET 029) and 
Bituminous Concrete Level II  (CET 023) 

Aggregate Sampling and 
Gradation Testing 

Aggregate Technician (CET 021) or Mixture Aggregate Technician 
(CET 020) 2/ 4/ and/or 
Bituminous Concrete Level I (CET 029)  

HMA Sampling and Testing Bituminous Concrete Level I (CET 029) 

HMA Mix Design Aggregate Technician (CET 021) or Mixture Aggregate Technician 
(CET 020) and 
Bituminous Concrete Level I (CET 029) and 
Bituminous Concrete Level II  (CET 023) and 
Bituminous Concrete Level III (CET 031) 

PORTLAND CEMENT CONCRETE 

Quality Control Manager 
 

Aggregate Technician (CET 021) or Mixture Aggregate Technician 
(CET 020) and 
PCC Level I Field Technician (CET 30) and 
PCC Level II Plant Technician (CET 24) 

Job Site Mix Sampling & Testing PCC Level I  (CET 030) or Concrete Tester (Concrete Tester Course) 3/ 

Concrete Plant Control & Testing PCC Level I Field Technician (CET 30) and 
PCC Level II Plant Technician (CET 24) 2/ 3/ 

PCC Mix Design 
 

PCC Level I Field Technician (CET 30) and 
PCC Level II Plant Technician (CET 24) and 
PCC Level III (CET 039) 

Precast Must have current A.C.I. card (no IDOT certification is required) 

   
 Notes 1/ Combined certifications of a Mixture Aggregate Technician (CET 20) AND Mixture Aggregate Technician 
  Upgrade (CET 027) meets the requirement for an Aggregate Technician (CET 021) 
 2/ A Gradation Technician must be supervised by a Mixtures Aggregate Technician or an  
  Aggregate Technician. Under supervision, a Gradation Technician may perform gradation testing 
  at a PCC or HMA mix plant. Contact the BMPR for information on how to attain a Gradation Technician 
  certification.  
  3/ A Concrete Tester is required to be supervised by a PCC Level I or a PCC Level II Technician. 
  Training for the Concrete Tester is available through Lake Land College. 
 4/ Aggregate Technicians and Mixture Aggregate Technicians may perform aggregate sampling  
  and gradation testing at a PCC or HMA mix plant, except they cannot sample hot bins at a batch 
  style HMA plant. 
   

Metrification 
 

After a brief try at converting to Metric units in the late 1990s, the Illinois Department of 
Transportation has since returned to using English units in the spring of 2000. All jobs 
proposed after April 2000 would be designed in English units. All manuals are published 
with both units of measurement, English (Metric). 
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        Sieve Designations 
 
 
The following are the English and Metric- 
equivalent sieve designations commonly 
used when testing aggregate materials: 
 
        SIEVE CONVERSIONS 

 
ENGLISH            METRIC 
 
3" --------------------    75 mm                                

2.5" --------------------    63 mm 

2"  --------------------    50 mm 

1.75" --------------------    45 mm 

1.5" -------------------- 37.5 mm 

1"  --------------------    25 mm 

3/4" --------------------    19 mm 

5/8" --------------------    16 mm 

1/2" -------------------- 12.5 mm 

3/8" --------------------   9.5 mm 

1/4" --------------------   6.3 mm 

#4  -------------------- 4.75 mm 

#8  -------------------- 2.36 mm 

#10 --------------------  2.00 mm 

#16 --------------------  1.18 mm 

#30 --------------------  600 m 

#40 --------------------  425 m 

#50 --------------------  300 m 

#80 --------------------  180 m 

#100 --------------------  150 m 

#200 --------------------    75 m  

 

 

 

 

 

 

               

Coarse Aggregate 

Fine Aggregate 

Dust (-200) 

Fine Aggregate 
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Gradation Terms & Codes:  
 
The following terms are used to identify the gradation of an aggregate: 
 
 CA  Coarse Aggregate   Standard Specifications 

CAM  Coarse Aggregate Metric  Standard Specifications 
 
CM  Coarse Modified   Modified Standard Specifications 
CMM  Coarse Modified Metric  Modified Standard Specifications 
 
FA  Fine Aggregate   Standard Specifications 
FAM  Fine Aggregate Metric  Standard Specifications 
 
FM  Fine Modified   Modified Standard Specifications 
FMM  Fine Modified Metric  Modified Standard Specifications 

 
These terms are used in conjunction with numerical codes which indicate specific 
gradations and uses of material as shown in the following example. The following 
information is obtained in part from the Standard Specifications for Road and Bridge 
Construction, adopted on January 1, 2022. 
 

The following is an example of determining material use from aggregate material codes: 
 

Aggregate Material Codes 

Inspected 
Material 

Quality Level Type of 
Material 

Aggregate 
Type 

Specification Gradation 
Number 

Superstructure 
Quality 

Concrete 

0 = Aggregates 0 = No Quality 
1 = No Quality 
2 = A quality 
3 = B quality 
4 = C quality 
5 = D quality 
6 = D Quality 
      Stabilized 

0 = Gravel 
1 = Crushed     
      Gravel 
2 = Crushed  
      Stone 

3 = ACBF Slag 

7 = Natural   
      Sand 

8 = Stone Sand 

9 = Special  
      Aggregate 
 

C = Coarse 
Aggregate 

 
F = Fine 

Aggregate 

A = Standard 
Specification 

 
M = Modified 
Specification 

Standard 
Specifications 

 
Article 

1003.01(C) 
 

or 
 

Article 
1004.01(C) 

 
01 

Example: 032CM16 
0 3 2 C M 16  

Aggregate ‘B’ Quality Crushed 
Stone 

Coarse 
Aggregate 

Modified 
Specification 

Gradation  

A modified ‘B’ quality crushed stone coarse aggregate 16 gradation 

Class Example: 
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Pages 7 & 8 are excerpts from the 2022 Standard Specifications Adopted January 1, 2022: 

 
Art. 1003.01 (10) (c)  Fine Aggregate Gradation Table 

 

FINE AGGREGATE GRADATIONS 

Grad 
No. 

Sieve Size and Percent Passing 

3/8 
No. 
4 

No. 
8 4/ 

No. 
10 

No. 
16 

No. 
30 5/ 

No. 
40 

No. 
50 

No. 
80 

No. 
100 

No. 
200 1/ 

FA 1 100 973   6520   1613  55  

FA 2 100 973   6520   2010  55  

FA 3 100 973  8015   5020  2515  33 

FA 47/ 100    55       

FA 5 100 928        2020 1515 

FA 6  928 2/        2020 66 

FA 7  100  973   7515  3510  33 

FA 8   100    6020   33 22 

FA 9   100     3015  55  

FA 10    100   9010  6030  77 

FA 20 100 973 8020  5015   1911  107 44 

FA 21 3/ 100 973 8020  5718   3010  2010 99 

FA 22 100 6/ 6/  88      22 

FA 23 100 80+10 57±13  39±11 26±8  18±7  12±6 10±5 

FA 24 100 95±5 77±13  57±13 35±10  19±6  15±6 10±5 

 

1/ Subject to maximum percent allowed in Fine Aggregate Quality Table. 
 

2/ 100 percent shall pass the 1 in. (25 mm) sieve, except that for bedding material 100 percent shall pass the 
3/8 in. (9.5 mm) sieve.  If 100 percent passes the 1/2 in. (12.5 mm) sieve, the No. 4 (4.75 mm) sieve may 
be 75 ± 25. 
 

3/ For all HMA mixtures.  When used, either singly or in combination with other sands, the amount of material 
passing the No. 200 (75 µm) sieve (washed basis) in the total sand fraction for mix design shall not exceed 
ten percent. 
 

4/ For each gradation used in HMA, the aggregate producer shall set the midpoint percent passing, and the 
Department will apply a range of ±15 percent.  The midpoint shall not be changed without Department 
approval. 
 

5/ For each gradation used in HMA, the aggregate producer shall set the midpoint percent passing, and the 
Department will apply a range of ±13 percent.  The midpoint shall not be changed without Department 
approval. 

 
6/ For the fine aggregate gradation FA 22, the aggregate producer shall set the midpoint percent passing, and 

the Department will apply a range of ±10 percent.  The midpoint shall not be changed without Department 
approval. 

 
7/ When used as backfill for pipe underdrains, Type 3, the fine aggregate shall meet one of the modified FA 4 

gradations shown in the following table. 
  

FA 4 Modified 

Sieve Size 
Percent Passing 

Option 1 Option 2 

3/8 in. (9.5 mm) 100 100 

No. 4 (4.75 mm)  97 ± 3 

No. 8 (2.36 mm)  5 ± 5 

No. 10 (2 mm) 10 ± 10  

No. 16 (1.18 mm) 5 ± 5 2 ± 2 

No. 200 (75 µm) 1 ± 1 1 ± 1 
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Art. 1004.01 (10) (c)    Coarse Aggregate Gradation Table 
 

 COARSE AGGREGATE GRADATIONS 

Grad 
No. 

Sieve Size and Percent Passing 

3 
 in. 

2 1/2 
 in. 

2 
 in. 

1 1/2 
 in. 

1 
 in. 

3/4 
 in. 

1/2 
 in. 

3/8 
 in. 

 No. 
4 

N0. 
8 

 No. 
16 

 No. 
50 

No. 
 200 1/ 

CA 1 100 95±5 60±15 15±15 3±3         

CA 2  100 95±5  75±15  50±15  30±10  20±15  8±4 

CA 3  100 93±7 55±20 8±8  3±3       

CA 4   100 95±5 85±10  60±15  40±10  20±15  8±4 

CA 5    97±3 2/ 40±25  5±5  3±3     

CA 6    100 95±5  75±15  43±13  25±15  8±4 

CA 7    100 95±5  45±15 7/  5±5     

CA 8    100 97±3 85±10 55±10  10±5  3±3 3/   

CA 9    100 97±3  60±15  30±15  10±10  6±6 

CA 10     100 95±5 80±15  50±10  30±15  9±4 

CA 11     100 92±8 45±15 4/7/  6±6  3±3 3/ 5/   

CA 12      100 95±5 85±10 60±10  35±10   

CA 13      100 97±3 80±10 30±15  3±3 3/   

CA 14       90±10 6/ 45±20 3±3     

CA 15       100 75±15 7±7  2±2   

CA 16       100 97±3 30±15  2±2 3/   

CA 17 100        65±20  45±20 20±10 10±5 

CA 18 100    95±5    75±25  55±25 10±10 2±2 

CA 19 100    95±5    60±15  40±15 20±10 10±5 

CA 20       100 92±8 20±10 5±5 3±3   

 
1/ Subject to maximum percent allowed in Coarse Aggregate Quality table. 
 
2/ Shall be 100 percent passing the 1 3/4 in. (45 mm) sieve. 
 
3/ When used in HMA (High and Low ESAL) mixtures, the percent passing the No. 16 (1.18 mm) sieve for 
 gradations CA 8, CA 11, CA 13, or CA 16 shall be 4 ± 4 percent. 
 
4/ When using gradation CA 11 for IL-19.0 and IL-19.0L binder, the percent passing the 1/2 in. 

 (12.5 mm) sieve may also be 1510. 
 
5/ The No. 16 (1.18 mm) requirement will be waived when CA11 is used in the manufacture of 
 Portland cement concrete. 
 
6/ Shall be 100 percent passing the 5/8 in. (16 mm) sieve. 
 
7/ When Class BS concrete is to be pumped, the coarse aggregate gradation shall have a minimum of 45 
 percent passing the 1/2 in. (12.5mm) sieve. The Contractor may combine two or more coarse 
 aggregate sizes, consisting of CA 7, CA 11, CA 13, CA 14, and CA 16, provided a CA 7 or CA 11 
 included in the blend. 
 
Note:   When CA 7, CA 8, CA 11, CA 13, CA 14, CA 15, or CA 16 are used under paved median, 
 notes 3, 4, 5, 6, and 6 shall apply.” 
 

End of excerpts from the 2022 Standard Specifications 
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AGCS Program Highlights 
 

Gradation of Standard Specifications versus AGCS gradations 
 
Under the AGCS, the aggregate producer is allowed to establish their own targets for 
gradations, with the approval of the Department. As a part of this process, the producer must 
also use the master band concept. With the master band concept, a critical sieve is designated 
by IDOT for each required coarse aggregate gradation. The producer then sets a master band 
target for the critical sieve. A major factor that needs to be emphasized is that the approved 
gradation still needs to be compatible with other gradations to produce acceptable mix designs 
for asphalt and concrete mixtures. 

 
The following is a partial summary from the AGCS Policy Memorandum: 
 
 
6.2 Gradation Specifications 
 
Sieve limits for each sieve/each product under the Aggregate Gradation Control System shall 
be as specified in the Department’s Standard Specifications and/or as amended herein. The 
special critical sieve criteria for certain designated products as described in QC/QA Procedure, 
“Aggregate Producer Control Chart Procedure” located in the current “Manual of Test 
Procedures for Materials” are also required. 
 
The midpoint/tolerance range of a designated critical sieve shall be developed from an average 
as shown in QC/QA Procedure, “Aggregate Producer Control Chart Procedure,” noted above. 
The average shall be a historical average or a production average derived from start-of-
production samples that is agreed to by the Department. Critical sieve limits shall take 
precedence over Standard Specification limits. Requests for critical sieve limits shall be 
submitted in writing to the District Materials Engineer for approval. 
 
For sieves other than the top and bottom specifications sieves, sieve limits may be developed 
based on historical or average production values. These sieve limits may be different from those 
in the Standard Specifications. These modifications are also allowed for fine aggregate.  
Changes in the top sieve or any No. 200 sieve ranges will not be permitted. In cases where the 
bottom sieve is other than the No. 200 sieve, a variance in limits may be granted if the Bureau 
determines the minus No. 200 material to be within acceptable limits. 
 
The Source shall request in writing to the District Materials Engineer approval of limits other 
than those in the Standard Specifications, but the range of the limits shall remain the same as 
the Standard Specifications. 
 
Although the Department reserves the right to reject unacceptable material at any point prior to 
incorporation into the final product, the agreed upon gradation limits shall apply at the final point 
of shipping within the Source’s control.” 
 

End of the partial summary from the AGCS Policy Memorandum 
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Development of Gradation Bands on Incoming Aggregate at Mix Plants 
 
The aggregate user may use the gradation limits supplied by the producer or may choose to 
modify the gradation limits in accordance with the Department’s “Development of Gradation 
Bands on Incoming Aggregate at Mix Plants” found in Appendix B of this manual.  In general, 
this policy allows the user to shift the control limits of all sieves, except the top and bottom 
sieve, upwards a maximum of 3% due to the potential for degradation of some materials 
during shipping and handling.  If the user elects to use this procedure, the new gradation limits 
must be approved by the District Materials Engineer. Once adopted, the new user limits are 
then used in place of the aggregate source limits for all gradation tests at the users’ site. 

 
Master Band/Warning Band and Critical Sieve Designations 

 

 
* Master Band & Critical sieve requirements for coarse aggregate gradations are 
 established per Specification 201 “Aggregate Gradation Sample Size Table & Quality 
 Control Sieves” document located in the current Manual of Test Procedures. 
 
 Master Band control requirements for FA 20/21/22 aggregate gradations are established 
 per Specification 201 “Aggregate Gradation Sample Size Table & Quality Control Sieves” 
 document located in the current Manual of Test Procedures. 
 

Gradation Critical Sieve* Master Band (%) Warning Band (%) 

 
CA/CM 5 

 
1" (25 mm) ± 8 ± 6 

 
CA/CM 7 

 
1/2" (12.5 mm) ± 8 ± 6 

 
CA/CM 11 

 
1/2" (12.5 mm) ± 8 ± 6 

 
CA/CM 13 

 
No. 4 (4.75 mm) ± 8 ± 6 

 
CA/CM 14 

 
3/8" (9.5 mm) ± 8 ± 6 

 
CA/CM 16 

 
No. 4 (4.75 mm) ± 8 ± 6 
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AGGREGATE GRADATION CONTROL SYSTEM 
 

There are two methods by which aggregates can be certified for IDOT use when using the 
Aggregate Gradation Control System (AGCS). 
 
Method 1 covers aggregate producers who employ their own “trained technicians” and 
furnish their own “approved laboratory” to control production of aggregates under the 
Aggregate Gradation Control System.  
 
Method 1 allows an aggregate producer to furnish certified aggregates on a continuing 
basis to any number of contractors for IDOT contracts as long as the source meets all 
requirements of the Aggregate Gradation Control System. 
 
Use of Method 1 will allow the aggregate source to be listed as a Certified Source on the 
Approved Aggregate Source list. 
 
Method 2 is a variation of Method 1 where the aggregate producer utilizes the services of 
an engineering consultant to perform the required testing of the Aggregate Gradation 
Control System. The consultants must use “trained technicians” and have an “approved 
laboratory”. 
 
Under Method 2, the aggregate producer may furnish certified aggregates on a continuing 
basis to any number of contractors for IDOT contracts as long as the producer and the 
retained consultant continue to meet the requirements of the Aggregate Gradation Control 
System. 
 
Use of Method 2 will allow the aggregate source to be listed as a Certified Source on the 
Approved Aggregate Source list. 
 
 
NOTE:  “Trained technicians” indicate employees who have successfully completed the 
 Illinois Department of Transportation “Aggregate Technician Course”. 
 
 “Approved laboratory” indicates a laboratory that has been inspected and 
 approved by the Illinois Department of Transportation District Materials office. 
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1.0 GENERAL GEOLOGY OF ILLINOIS 
 
There 2 main aggregate products used in Illinois, 
sand and gravel materials which were created 
and deposited by the glaciers or water run-off 
and crushed stone which typically comes from 
carbonate rock formations 
 
1.1 Sand and Gravel Geology. Sand and 
gravel is mined in Illinois from erosional deposits 
consisting of a heterogeneous mixture of 
igneous, metamorphic, and sedimentary rock. 
Most sand and gravel deposits in Illinois are 
related to the advance and retreat of continental 
glaciers that periodically moved from Canada into 
Illinois until approximately 10,000 years ago. 
Some of this material was also reworked by the 
processes of rivers, lakes, and winds to become 
our present-day sand and gravel deposits. 
 
In order to provide a more extensive background, 
the two types of sand and gravel deposits in 
Illinois will be discussed in more detail: 
 

 • Glacial deposits 
 • Fluvial (river) deposits 
 
 
1.1.1 Glacial Deposits - Although there are 
three types of glaciers (valley glaciers, piedmont 
glaciers and continental glaciers) that can 
produce glacial deposits, this discussion will 
focus on continental glaciers.  
 
 
The continental glaciers were the main type of 
glaciation that helped to develop Illinois' sand 
and gravel deposits. 
 
 

Continental glaciers (ice sheets) are large 
accumulations of ice that moved, due to the force 
of gravity, to cover large areas (hundreds to 
hundreds of thousands of square miles). They 
were normally thousands of feet thick. A prime 
example is the last continental glacier to cover 
Chicago (about 10,000 years ago) that was 
calculated to be 3,050 m (10,000 ft) thick at its 
maximum thickness. 

 

    
 

Glacial coverage 
  

 
 
 

 
 
 

 
 

Glaciers
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Continental glaciers, in order to grow, require low  
temperatures and an adequate snowfall over 
long periods of time (thousands of years). The 
continental glaciers affecting Illinois all originated 
in far-northern Canada. 
 
 
 
Continental glaciers deposited sand and gravel in 
Illinois during at least four major advancements. 
During the two oldest glaciation periods, 
continental glaciers moved across Illinois, 
scouring up large amounts of deeply weathered 
material and various types of bedrock as they 
advanced as far south as the St. Louis area. 
However, the large amounts of material scoured 
up and deposited during these glacial periods 
were removed during subsequent glacial periods 
and are not generally part of current sand and 
gravel deposits. 
 
 
 
In the second youngest period, the Illinoisan, 
glaciers penetrated into Illinois as far south as 
the Shawnee Hills, at one time covering 
approximately 90% of the state. This time, large 
amounts of material were scoured and deposited 
across Illinois and are represented in some 
Illinois sand and gravel deposits. 
 
 
 
The Wisconsinan glacier, the youngest, reached 
only into Central Illinois but, again, incorporated 
materials from the previous glacier, as well as 
scouring up new material, thus creating most of 
the current deposits presently being worked. The 
mechanics of glacial movement and glacial 
sand/gravel deposition are relatively simple. As a 
glacier accumulates more and more snow and 
ice under appropriate climatic conditions, it 
begins to advance or move. As the glacier 
advances, it plucks, scours, grinds, and pushes 
rock, trees, and anything else in its way (similar 
to a bulldozer). Even large boulders can be 
ground into sand and gravel-size material under 
the glacier as it moves. 
 

 
 

North American glacial stages 
 

 
 

Illinois glaciation periods 
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This material is carried mainly in the base and 
sides of the glacier. The glacier continues to 
advance until the temperature at its leading edge 
is sufficiently high to cause melting to take place 
faster than its forward motion. When this 
condition occurs, it is known as "glacial retreat". 
 
 
 
Sand and gravel deposition takes place as the 
glacier advances and retreats. A number of 
different types of sand and gravel deposits are 
left by a glacier and its melt waters. These can 
be divided into two main categories: (1) 
unstratified drift, or till, which is deposited directly 
by the glacier and (2) stratified drift which is 
deposited by the glacier's melt waters. The 
difference between these two is apparent in their 
names. Unstratified drift is a poorly sorted 
hodgepodge of material, whereas stratified drift is 
a well sorted, layered deposit. 
 
 
Under these two general categories there are 
several different types of deposits. Each of these 
types of deposits, listed below, will be discussed 
in the following paragraphs. 
 
 

Unstratified 
Drift (Glacial) 

Stratified 
Drift (Melt Water) 

Erratics Outwash, valley trains 

Moraines Eskers 

Drumlins Kames 

 
1.1.1.1  Unstratified drift 
 
(1) Erratics and boulder trains. An erratic is a 
 stone or boulder that has been carried from 
 its place of origin by a glacier and left 
 stranded on or surrounded by completely 
 different types of material. Because of their 
 unusually large size, most Erratics have 
 either traveled only a short distance or are 
 very resistant rock which makes them look 
 out of place. A boulder train is simply a 
 series of Erratics. 

 
    End moraine of a glacier 
 

 
 

Till deposit 
 
 
 
 
 
 
 
 
 
 
 

Boulder train 
 

 
 

Erratics



Aggregate Technician Course Manual  Revised November 2023 
  

HARD COPIES UNCONTROLLED  Page 1-4  

(2) Moraines. "Moraine" is a general term that is 
 used to describe many of the glacial 
 landforms composed of till. A terminal or  end 
 moraine is a ridge of till that marks the 
 limit of the  glacier's advance. It forms 
 when the glacier is melting back as fast as it 
 advances. New ice continues to advance 
 and melt at the glacier's front edge, 
 providing an almost limitless supply of new 
 debris (till). Recessional moraines are 
 smaller ridges of till that mark places where 
 the glacier was only temporarily in 
 equilibrium. These lie at various locations 
 behind the terminal moraine. Ground 
 moraine is till that has been laid down by the 
 main body of the glacier. It can vary in 
 thickness from a thin layer of material on 
 up to a thickness of hundreds of meters 
 (feet). 
 
(3) Drumlins. Drumlins are smooth, elongated 
 hills  composed of till. They average 
 approximately 30 m (100 ft) in height and 
 are usually  between 1/2 and 3/4 km (1/3 
 and 1/2 mile) long. Drumlins formed when till 
 was deposited in a depression on the 
 protected side of a rock hill. As the glacier 
 advanced, it eroded the rock hill but was 
 forced to glide over the drumlin. After the ice 
 retreated, the drumlin became the high point 
 in the area. 
 
1.1.1.2  Stratified drift 
 
(1) Outwash and valley trains. Outwash is the 
 sand and gravel that is carried outward by 
 the melt waters from the front of a glacier. 
 As the  glacier melts, it unleashes torrents of 
 water that transport large amounts of debris. 
 These  streams of water rapidly lose their 
 velocity and deposit their load of debris as 
 they flow away from the ice sheet. As is 
 usually the case, the larger particles fall out 
 of suspension first, and  as the water flow 
 decreases, the smaller material begins to 
 settle out. The process is known as sorting. 
 Most of the large boulder gravel deposits in 
 the Chicago area are outwash deposits. If 
 the glacier happens to be melting in a valley, 
 then this type of outwash deposit is called a 
 “valley train”. 
 

  
 

Moraine 
 
 
 
 
 

 
 

Drumlins 
 
 
 

 
 

Outwash

Ice flow 
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(2) Eskers. Another stratified deposit is an 
 esker.  An esker is composed of a layer of 
 gravel  beneath a mound of sand and silt. It 
 is a  snake-shaped deposit that was formed 
 when streams eroded a tunnel out of 
 stagnant ice. This tunnel was then filled or 
 partially filled with material deposited by the 
 streams. As the glacier melted, it 
 deposited the material in the tunnel as a 
 steep-walled ridge of sand and gravel. 
 Eskers range from 3 to 15 m (10 to 50 ft) in 
 height, and 3/4 to 16 km (1/2 to 100 miles) 
 in length but are usually only tens of meters 
 (feet) wide. 
 
 
 
(3) Kames. Kames are low steep-sided hills of 
 stratified material. They are stream deposits 
 that are left in a hole or crevasse in a block 
 of stagnant ice. When the ice melts, the  
 kames  become the highest point in the 
 area. 
 
 
 
 
1.1.2 Fluvial (River) Deposits - After the 
glaciers had completely retreated from Illinois, 
they left behind the sand and gravel deposits that 
have just been discussed, but they also left many 
rivers and streams. These rivers and streams 
continued to flow over and through these glacial 
deposits, slowly eroding them down to the 
bedrock. While eroding the glacial sand and 
gravel, the rivers and streams also reworked, 
resorted, transported, and then redeposit this 
material in new deposits downstream. 
 
 
 
For this course, the discussion will center on two 
types of river deposits: 
 
 • Bar deposits 
 • Overbank / Flood-plain deposits 
 
 
 
 

 
 
 

Different components of a glacier 
 
 
 

 
 

Illinois quaternary period deposits 
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1.1.2.1  Bar deposits: As a river flows, it tends 
to erode laterally or meander back and forth 
across the valley. This erosion takes place on the 
outside of the river bends. The river then 
deposits this suspended material in slower 
moving water on the inside of the next bend. 
These deposits are known as "point bars". Mining 
can take place in one bar if it is large enough, or 
an operation can move up and down the river, 
mining multiple bars. These deposits are usually 
well sorted, very clean, and contain a 
heterogeneous mixture of glacial sand and gravel 
and new material eroded by the river. 
 
 
 
 
 
1.1.2.2  Overbank / Flood-plain deposits: As 
a river overflows its banks, it loses energy, 
dropping its coarse particles quickly. However, 
large amounts of fine sand, silt, and clay remain 
suspended; these are deposited as the river's 
flow loses velocity while it extends onto the flood 
plain. Flood-plain deposits typically are used for 
backfill sand, but some are coarse enough for 
concrete and bituminous sand. 
 
 
 
 
 
1.1.3 Characteristics of a Sand and Gravel 
Deposit - Now that the actual deposition of sand 
and gravel in certain types of deposits has been 
discussed, this article will focus on three 
characteristics that are common to all sand and 
gravel deposits:  
 
 • Size distribution 
 • Sorting 
 • Mineral composition 
  
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

  
Stream Channel Deposits 
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Flood-Plain 
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When evaluating a potential deposit, knowledge 
of these characteristics can help determine 
whether economic mining is possible. These 
characteristics can also help explain quality and 
production problems associated with sand and 
gravel. Size distribution controls what products 
can be produced. Whether a deposit is sorted or 
unsorted can identify potential production 
problems up-front. Mineral composition plays the 
main role in the quality of the deposit. Each of 
these characteristics will be discussed in detail. 
 
 
 
 
1.1.3.1  Size distribution of a deposit: Size 
distribution of a deposit simply means the 
amount of each different size fraction in the 
deposit. Material sizes range from boulders to 
clay. Glacial gravels, particularly the large 
boulder gravels in the Chicago area, tend to be 
considerably coarser than river deposits. Glaciers 
are able to carry large size material for great 
distances, whereas rivers, lacking the water 
velocity of the melting glaciers, do not have the 
ability to carry large boulders for long distances. 
 
 
 
Size distribution of a deposit can also limit its 
uses. Some sources have enough coarse gravel 
to produce a full range of products, whereas 
others may be able to produce only pea gravel 
and sand. At the fine end of the spectrum, some 
deposits are limited entirely to fine sand 
production.  
 
 
Size distribution can play a big part in 
determining the potential of a deposit. A deposit 
that has a size distribution that is not desirable is 
probably not worth opening. On the other hand, 
some size ranges are so valuable in certain 
areas of the state that a deposit may be 
economic to operate even though large amounts 
of its materials might be unusable. 
 
 

 

 

 

 
 
     Gravel Deposits
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Oversize is another property that has a 
significant effect on the quality, physical 
characteristics, and size of a product. Successive 
crushing of oversize particles will, in general, 
provide quality levels exceeding that of the 
parent uncrushed gravel. Oversize will also 
provide all crushed particles (new angular 
fractures) in the final product. This property can 
be very valuable for end uses, such as hot mix 
asphalt. 
 
 
 
 
1.1.3.2  Sorted / Poorly sorted deposit: Not 
only is the size distribution of a deposit important, 
but whether each size is layered in relation to 
other sizes is also important. Earlier in this 
discussion, glacial sand and gravel was divided 
into unstratified and stratified deposits. 
Essentially, that is the same as unsorted and 
sorted. Glaciers, by themselves, are not able to 
sort material by size. When they directly deposit 
sand and gravel, they simply dump it all at once. 
All different sizes, from boulders to clay, are 
mixed together without any layering. On the other 
hand, melt waters and rivers tend to sort particles 
by size. As water velocity decreases, heavier or 
larger particles fall out first, later followed by finer 
material. This gives the resulting sand and gravel 
deposit a layered look. Most water-deposited 
sand and gravel deposits have numerous 
sequences of stratified material, grading from 
coarse to fine. 
 
 
Unsorted deposits, like moraines and other tills, 
can create problems when being mined. The 
main problem is excessive clay. This means 
washing is usually required to produce good 
aggregate. Selective mining is difficult because 
slugs of bad material can appear at any time. On 
the other hand, sorted deposits usually cause 
fewer problems because fine material is layered 
and can either be removed or processed with 
other material through the plant. 
 
 
 
 

 
 
      Gravel Deposit 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        Boulder-train  

 
     Poorly sorted deposit 
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1.1.3.3  Mineral composition: Sand and gravel 
deposits associated with glaciation contain 
material characteristic of the ancient bedrock that 
the ice sheets crossed, plus any material from 
older glaciers. For example, the deposits from 
the last part of the youngest glacier, which 
reached only into the Chicago area, contain 
mostly un-weathered material from rock located 
in Northeastern Illinois; the states of Wisconsin 
and Michigan; and Canada. These deposits 
consist mainly of dolomite and small amounts of 
igneous and metamorphic rocks. 
 
 
 
Older glaciers which moved farther south picked 
up more weathered material and deleterious 
particles from bedrock in Central Illinois. This 
material was deposited in Central and Southern 
Illinois. The deleterious materials largely consist 
of chert, sandstone, siltstone, ironstone 
concretions, coal, wood, and some weathered 
limestone and igneous rocks. In addition, these 
older deposits have experienced more 
weathering in-place. 
 
 
 
In general terms, sand and gravel deposits in 
Northeastern Illinois are better quality than those 
in Central and Southern Illinois. Later in the 
course, IDOT's quality tests will be discussed. 
Two of these tests highlight the quality 
differences between Chicago area gravels and 
downstate gravels. The deleterious count, a 
petrographic examination, actually shows that, as 
a whole, there are more deleterious particles in 
downstate gravels. Also, the freeze-thaw test, a 
simulation of concrete performance in a freeze-
and-thaw environment, has shown that gravels 
from the Chicago area perform better than 
downstate gravels in concrete pavement. This is 
mainly due to the increased amounts of chert and 
ironstone in downstate deposits. 
 
 
 
 
 

 

General Classification of rocks 

Class Type Family 

Sedimentary 

Calcareous 
Limestone 
Dolomite 

Siliceous 

Shale 
Sandstone 

Chert 
Conglomerate 

Braccia 

Metamorphic 

Foliated 

Gneiss 
Schist 

Amphibolite 
Slate 

Nonfoliated 
Quartzite 
Marble 

Serpentinite 

Igneous 

Intrusive 
(coarse-grained) 

Granite 
Syenite 
Diorite 
Gabbro 

Periodotite 
Pyroxenite 

Hornblendite 

Extrusive 
(fine-grained) 

Obsidian 
Pumice 

Tuff 
Rhyolite 
Trachyte 
Andesite 

Basalt 
Diabase 

TYPES OF MINERALS/ROCKS 
FOUND IN  ILLINOIS GRAVELS 

Sedimentary Rocks 

Dolomite 

Laminated dolomite 
Silty dolomite 

Pyritic dolomite 
Limestone 

Cherty carbonate 
Chert 

Weathered carbonate 
Ironstone 

Shale 
Sandstone-Siltstone 

Igneous Rocks 

Mafic 

Weathered  mafic 
Coarse felsic 

Weathered coarse felsic 
Fine felsic 

Massive quartz 

Metamorphic Rocks 

                                   Gneissic 

Weathered gneissic 
Schistose 

Weathered schistose 
Metasdimentary 

Weathered  metasdimentary 
Metagraywacke 

Tillite 
Quartzite 
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1.1.4  Below-Water and Above-Water 
Deposits - Sand and gravel deposits can be 
located above the water table and below the 
water table. Some deposits are operated above 
and below water at the same time. Each of these 
types of deposits has merits as well as problems. 
 
 
 
 
1.1.4.1  Below-water - wet: Sand and gravel 
deposits that lie below the water table are usually 
gray in color and are generally less weathered 
than their counterparts above water. Since they 
are less weathered, these deposits are usually 
better quality aggregate than above-water gravel. 
The drawback of below-water mining is the 
expense of actually extracting the material. 
Costly draglines or dredges usually must be 
used.  
 
 
 
 
1.1.4.2  Above-water - dry: Sand and gravel 
deposits above the water table commonly are 
brown or reddish brown in color. This color can 
be attributed to the oxidation of the ironstone 
particles in the deposits. Because the gravel has 
been exposed to the elements for long periods of 
time, it is much more weathered and contains 
more deleterious particles than below-water 
gravel. Above-water gravels are usually of lower 
quality than below-water material. The exception 
to this rule is the boulder gravels in the Chicago 
area that are mined above water. These gravels 
are relatively young, geologically speaking, and 
have not undergone long periods of weathering. 
Also, they lack large amounts of deleterious 
particles that cause quality problems. Dry sand 
and gravel is usually mined with an end loader 
that digs into an exposed bank. 
 
 
1.4.3 Above-water / below-water: Mining 
above-water and below-water sand and gravel 
concurrently has one major problem: inconsistent 
quality. Blending above- and below-water gravels 
is not recommended due to their potential quality 
differences. 

 

 
 

Wind-blown sand deposit 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Below-water deposit 

 
 
 

 
Above-water deposit 
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1.2 Crushed Stone Geology 
 
1.2.1 In Illinois most of the crushed stone 
aggregate used is produced from carbonate rock 
formations. The two classes of carbonate rock 
involved in Illinois aggregate production are 
limestone and dolomite. 
 
 
1.2.1.1  Limestone (CaCO3): Limestone is 
deposited as a lime mud. The mud is compacted 
by layers of other material deposited on top of it 
until it is transformed into limestone. Limestone 
may contain fossils or may be all fossils. 
 
 
The main mineral in limestone is calcite. Pure 
limestone would be 100% of the mineral calcite, 
or calcium carbonate. 
 
 
1.2.1.2  Dolomite (CaMg(CO3)2): Very little 
dolomite is virgin dolomite. Most of it was 
originally limestone. The shallow seas that 
deposited the limestone sometimes became rich 
in the element, magnesium. The magnesium-rich 
water, when circulated through the lime mud, 
replaced some of the calcium in the limestone 
molecules with magnesium. This process is the 
same as a conventional water softener which 
replaces calcium in water with sodium. 
 
The main mineral in dolomite is dolomite. Pure 
dolomite would be 100% of the mineral dolomite, 
or calcium magnesium carbonate. 
 
 
1.2.1.3  In this world, very few things are pure, 
and rock is not one of them. There is a lot of 
grading between pure limestone and pure 
dolomite. IDOT defines limestone as carbonate 
rock containing less than 11.0% magnesium 
oxide (MgO). Dolomite is then defined as that 
carbonate rock containing 11.0% or more MgO. 
This MgO content is determined by IDOT's 
Chemistry Lab, using an atomic absorption 
spectrophotometer. IDOT differentiates between 
limestone and dolomite as part of its Bituminous 
friction policy.  
 
 
 

 

Carbonate Rock Magnesium 
Percentage Definition 

Limestone < 11.0 % magnesium oxide  (MgO) 

Dolomite    > 11.0 % magnesium oxide (MgO) 

LIMESTONE 
 

• CaCO3 

• Deposited as lime mud 

• Contains fossils of plant 
and animal life 

• Formed in shallow seas 

• Calcite or calcium 
carbonate 

Dolomite 
 

• CaMg(CO3)2 

• Originated as limestone 

• Saturated with magnesium-
rich water 

• Formed on the reefs of 
shallow seas 

• Dolomite is the main 
ingredient 

• Similar to the water-
softening process 

CARBONATE ROCK

LIMESTONE

DOLOMITE 
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1.2.2 Physical/Chemical Characteristics 
 
 
1.2.2.1  Calcite generally is white or light gray. 
If there is enough clay present, it might even be 
dark gray or black. Other impurities, such as iron, 
can discolor it, turning it tan or brown. 
 
 
Calcite has a specific gravity of approximately 
2.700, or a unit weight of 2,700 kg/m3 (169 
lbs/ft3), and a Mohs hardness of 3. Mohs 
hardness is a relative scale of 1 to 10 showing 
the hardness of a mineral, or its resistance to 
scratching, where 1 is soft (talc) and 10 is hard 
(diamond). 
 
 
1.2.2.2  Dolomite is the same colors as calcite 
and also may be affected by impurities, such as 
iron. It has a specific gravity of 2.700 to 2.800 
and a Mohs hardness of 3 to 4. Dolomite can be 
considered slightly harder than calcite. 
 
 
1.2.2.3  Distinguishing between limestone and 
dolomite in the field is difficult. Usually dolomite 
has a sugary or grainy look and is more porous 
or vesicular than limestone. 
 
 
A standard field test for identifying limestone from 
dolomite involves putting a few drops of HCl 
(hydrochloric acid) on the unknown rock. Lime-
stone will fizz very violently. Dolomite usually will 
not fizz at all unless it is scraped to produce a 
fine powder and then the HCl applied. 
 
 
1.2.3 Textural Characteristics - There are 
several textural characteristics that are common 
to carbonate rocks. "Texture" is defined as the 
kind, size, shape, and arrangement of the 
component particles making up a rock, such as 
fossils, oolites, and crystallinity (grain size). 
 
 
 
 
 
 

 

 

 
 
 

 
 

Crushed Limestone Product 
 
 
 

Dolomite 

Parameter Attribute 

Color Similar to limestone 

Specific Gravity 2.700 to 2.800 

Hardness – Mohs 
scale 

3 - 4 

Dolomite 
determination 

No fizzing reaction 

Limestone 

Parameter Attribute 

Color 
White to light grey 

but can be dark grey 
to black 

Specific Gravity 2.600 to 2.700 

Hardness – Mohs 
scale 

3 

Dolomite 
determination 

fizzing reaction 
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1.2.3.1  Fossils: Fossils are the skeletons or 
remains of previously living animals or plants that 
have been preserved in rock. Examples of fossils 
in Illinois rocks are carbon imprints, coral 
sponges, various shells, or crinoids (Indian 
beads). 
 
 
1.2.3.2  Oolites: Oolites are small spherical or 
rounded particles usually consisting of a quartz 
center surrounded by multiple layers of calcite. 
Oolitic limestone is limestone consisting of oolites 
bound together in a calcite matrix or paste. 
 
 
 
1.2.3.3  Crystallinity: Crystallinity is one of 
those words that is hard to define. It usually 
means the orderly arrangement or structure of 
mineral grains or crystals. 
 
 
1.2.3.4  Grain size: Grain size is used in 
relation to crystallinity. There are many different 
sizes, but a standard classification is as follows: 
 
 
(1) Lithographic limestone (less than 0.004 mm 
 grain size diameter). This is an extremely 
 fine  crystalline rock that is of uniform 
 character and free of coarse particles. A 
 hand lens or microscope is needed to view 
 these crystals. 
 
(2) Fine-grained (0.004 mm to 1 mm grain size 
 diameter) 
 
(3) Medium-grained (1 mm to 5 mm grain size 
 diameter) 
 
(4) Coarse-grained (greater than 5 mm grain 
 size diameter) 
 
 
 
 

 
 

 
 

 
 

Fossil from Charleston Stone Co. – Coles County  
 

Oolites 

 
Fossils from Rapatee, IL. 
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1.2.4 Impurities in Carbonate Rock - Lime-
stone and dolomite commonly have impurities 
which are usually non-carbonate minerals. Some 
of these are chert, clay, shale, sand, or pyrite. 
Most of these impurities produce quality 
problems when the carbonate rock is used as 
aggregate. 
 
 
1.2.4.1  Chert (silica dioxide (SiO2)): Chert has 
the same chemical formula as glass  
or quartz. Most chert occurs as tiny pockets or 
nodules. When abundant, chert will appear as 
layers. 
 
 
Chert has a Mohs hardness of 7. Due to its high 
Mohs hardness, it is very abrasive and damaging 
to crushing equipment. 
 
 
The specific gravity of chert is usually less than 
the limestone or dolomite, somewhere between 
2.050 and 2.680. Lightweight chert becomes a 
serious problem in P.C. concrete due to its pop-
out potential. (Discussed further in Chapter 3.0 of 
this manual) 
 
 
Chert varies in color from white to black or dark 
gray, even green, due to impurities in its 
crystalline structure. The texture of chert varies 
from a soft, porous, chalky material to a very 
glassy-looking, angular rock. 
 
 
1.2.4.2  Clay and shale: Clay and shale are 
common impurities in Illinois carbonates. Clay 
occurs as thin partings between the beds of 
carbonate rock. It also can occur as small 
particles scattered throughout the rock's 
crystalline structure. 
 
 
Shale is essentially compacted and hardened  
clay. Normally, shale is identified by its visible 
laminations. It occurs in layers of variable 
thickness. Its color ranges from red-to-black to 
gray-to-green due to impurities. 
 

 

Impurities found in Carbonate Rock 

Chert 

Clay 
Shale 
Sand 
Pyrite 

 

 

 
 

Chert Gravel 
 

 
 

Clay Balls 

Chert – SiO2 – Silica dioxide 

Parameter Attribute 

Color Varies 

Specific Gravity 2.050 to 2.680 

Hardness – Mohs 
scale 

7 

Texture Chalky to Glassy 

Appearance Nodules or Layers 

Workability Very abrasive 

Problems Causes pop-outs 
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1.2.4.3  Some other non-carbonate impurities 
are sand particles, which are essentially quartz 
grains. Pyrite ("fool's gold") and marcasite are 
also found in carbonate rock. 
 
 
1.2.5 Stratigraphy - Having covered the basic 
characteristics of carbonate rocks, the 
stratigraphy of the rock in Illinois will be 
discussed. Stratigraphy can be defined as the 
branch of geology that studies the sequence in 
which the rock formations were deposited. 
 
 
1.2.5.1  In order to understand the stratigraphy 
of Illinois, a number of concepts need to be 
defined. These concepts or terms are often used 
when running a total quality control program at a 
quarry. 
 
(1) Lithology. Lithology is defined as the 
 physical characteristics of a rock, 
 otherwise known as the structure and 
 composition of the rock formation. In simple 
 terms, lithology means "rock type", i.e., 
 shale, limestone, sandstone, etc. 
 
(2) Formation. A formation is a rock layer that is 
 distinctly different than the material adjacent 
 to it. Also, it is the primary unit used to 
 describe rock, and it is composed of 
 members and beds. 
 
 (3) Member. A member is a division of a  
 formation differentiated due to its distinct 
 lithology (physical characteristics). An 
 example is a limestone formation that has a 
 small shale member in it. 
 
(4) Bed. A bed is a division in a formation or 
 member that is a more-or-less well-defined, 
 divisional plane between the rock above and 
 below. 
 
 To be classified as any one of the last three, 
 a rock type, or lithology, has to be a fairly 
 continuous layer over considerable distance. 
 These next several geological features have 
 much smaller geographical boundaries. 
 

 

 

 
 

Pennsylvanian Geological Formation 

Definitions 

Stratigraphy: The study of rock formations 

Lithology: The physical characteristics of a 
rock 

Formation: A distinctively different layer of 
rock 

Member:   A physically different part of a         
                 formation 

Bed: A well-defined division of a formation 

Lense: A surrounded member in a formation 

Tongue: A wedge of material between 
members 

Pinch-out: Similar to the tongue 

Lateral variation: Horizontal change in a  
                             formation 

Joint: A fracture or crack in a formation 

Fault: A fracture caused by movement 

Strike: Direction of layering to a plane 

Dip: The angle of layering to a plane 
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(5) Lense. A lense is a geographically restricted 
 member that terminates on all sides within a 
 formation. 
 
 
(6) Tongue or pinch-out. A tongue or pinch-out 
 occurs when a certain bed, member, or 
 formation wedges out in one direction 
 between rock with a different lithology. 
 
 
(7) Lateral variation. Lateral variation is 
 horizontal  variation in a particular rock 
 formation. This variation can occur in 
 mineral composition, grain size, cementation 
 of the grains, and crystalline structure. An 
 example would be a grading of clean 
 limestone into a limestone containing 
 increased amounts of clay in the crystalline 
 structure. 
 
 Several additional features which can be 
 directly related to individual quarries should 
 also be defined. 
 
 
(8) Joint. A joint is a fracture or crack in rock 
 resulting from breakage due to stress. 
 Generally they show very little movement. 
 Usually joints are vertical and occur in sets. 
 
 
(9) Fault. A fault is a fracture or group of 
 fractures along which there has been 
 actual movement of rock layers -- 
 horizontally, vertically, or both. 
 
 
(10) Strike. Strike is the direction of an imaginary 
 line formed by the intersection of the 
 bedding and a horizontal plane. 
 
 
(11) Dip. Dip is the angle between the bedding 
 and  the horizontal plane. It is always 
 measured at right angles to the strike. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Lenses 
 
 
 
 
 
 
 
 
 
 

Tongues or Pinch-outs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

             Joints                          Fault line 
 

 
 

Dip and Strike
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1.2.5.2  Stratigraphy and quality -- This 
section will take another look at the above-
defined features but from an aggregate quality 
standpoint. 
 
(1) Lithology (formations, members, and beds). 
 Any time change in lithology occurs; a 
 change in quality is possible. 
 
 An example could be bed thickness 
 changes. This could mean a quality change. 
 In addition,  thinner beds mean more 
 bedding planes which usually mean more 
 clay. 
 
(2) Lenses, tongues. It is fairly obvious how 
 these affect quality. Anytime material is 
 added to or removed from the normal 
 working ledge, quality problems can occur. 
 
(3) Lateral variation. This is a big problem in 
 Illinois. A gradual change in rock lithology 
 might be missed over several years of 
 production. However, quality tests can 
 identify this lithology change. As an 
 example, test results could start to rise or 
 fall as the working ledge moves in a certain 
 direction. The change in the physical 
 characteristics of the face is not normally 
 discernible. This sometimes can be seen 
 under close observation by trained 
 geologists. 
 
 
(4) Joints, faults. Quality problems can exist 
 whenever these are present. Both joints and 
 faults allow more water into the rock and 
 allow more exposure to weathering. Also 
 with faults, due to an extreme amount of 
 built-up stress that causes faulting, heat is 
 generated. This heat alters the rock and 
 allows for more severe weathering. 
 
 
 Additionally with faulting, if there has been 
 any  vertical movement and subsequent 
 erosion, then the beds are no longer lined 
 up horizontally, and this can cause quality 
 problems. 
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 (5) Strike, dip. Most quarry operators try to 
 maintain a level quarry floor. This is good 
 mining procedure, but what if the rock is 
 dipping? Most rock formations dip if only 
 slightly. In this case, the operators always 
 try to mine up dip so water flows to the sump 
 hole. However, by mining up dip, the footage 
 or the location in the formation changes. 
 This can mean a serious change in quality. 
 
 
 
1.2.6  Classification - Rocks are classified 
using many different systems that were devised 
by many different people. Most of the 
classifications are not worth memorizing. There 
are three general ways to classify rock: 
 
 • Rock type (lithology) 
 • Fossils 
 • Time or age 
 
 
1.2.6.1  Lithology: Lithology has already been 
discussed. Basically, rock is grouped by physical 
characteristics. 
 
 
1.2.6.2  Fossils: The rock is defined and given 
a relative age based on what fossils it contains. 
No concern is given to physical features. Usually 
as fossils grow more complex, the rock is 
younger. All present applications are built on 
earlier work. 
 
 
1.2.6.3  Time or age: This is usually the rock's 
relative age based on its vertical placement in a 
sequence of rock. Any distinct lithologic feature is 
used, such as an unconformity or marker bed. 
For actual numerical age, radio-carbon dating or 
other isotopic dating is used. 
 
 
 
 
 
 
 
 
 
 

 
 
     Dip and Strike 
 
 

General Age Chart – Youngest to Oldest 

  Age 
(millions of years) 

Cenozoic Quaternary 1 or less 
 Tertiary 1 - 63 

Mesozoic Cretaceous 63 - 135 
 Jurassic 135 - 181 
 Triassic 181 - 230 

Paleozoic Permian 230 - 280 
 Pennsylvanian 280 - 310 
 Mississippian 310 - 345 
 Devonian 345 - 405 
 Silurian 405 - 425 
 Ordovician 425 - 500 
 Cambrian 500 - 600 

Pre-Cambrian  more than 600 

 
Geological Age Chart 

 

 
 

Illinois Fossils 
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1.2.7  General Carbonate Geology - Illinois 
rock lies in a broad, oval-shaped depression, or 
basin, called the Illinois Basin, that is elongated 
north to south. This basin covers all of Illinois 
except the northern part. Northern Illinois geology 
is connected with the Michigan Basin. 
 
In the Illinois Basin the rocks are all Paleozoic, 
ranging from Upper Cambrian to Pennsylvanian. 
The youngest rocks exist in the middle of the 
basin. As you progress outward, older rocks 
outcrop at the surface. The deepest part of the 
basin is located in southern Illinois and northern 
Kentucky. The rock is 4,600 m (15,000 ft) thick. 
 

 
Mississippian Period Sea 

 

 
       

Illinois Basin from the Pennsylvanian Period  
 

 

 

 
Profile view of the Illinois Basin 
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1.2.8  Production areas in Illinois. Illinois can 
be divided into five general stone producing 
areas as follows: 
 
(1) Northeastern Area:  
 
 Silurian dolomites from the Niagaran Series 
 
 Large-size gravel deposits 
 
 Abundance of Dolomite deposits 
 
(2) Northwestern Area:  
 
 Ordovician, Silurian, and Devonian 
 dolomites 
  
 Similar to the Northeastern area materials 
 
(3) Western Area:  
 
 Mississippian limestone 
  Northern Part -- Lower Mississippian 
  Southern Part -- Upper Mississippian 
 
 Plentiful fluvial sand and gravel deposits 
 
(4) Central Area: 
 
 Pennsylvanian limestone 
 
 Sand and small-sized gravel plentiful  
 
(5) South Eastern: 
 

Deeper deposits, lower qualities 
 
 Finer sand deposits with little oversize gravel  
 
(6) Southern Area: 
 
 Upper Mississippian limestone 

 
Limestone materials are usually shipped 
down the Mississippi River 
 
Plentiful fluvial sand and gravel deposits 

 
NOTE: For more detailed information, refer to the 
Illinois State Geological Survey (ISGS) Bulletin 
#95, "Handbook of Illinois Stratigraphy". 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Aggregate producing areas of Illinois 
  

 
 

Illinois Bedrock Geology 

1 2 

4 

3 

5 

6 
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1.3  Special Aggregates. The major 
aggregate types used for highway construction in 
Illinois are gravel, crushed gravel, limestone, and 
dolomite. However, there are a number of other 
aggregate types, both natural and manufactured, 
which are also used by the construction industry. 
The following discussion details the aggregate 
types, production methods, and various physical 
properties that affect their use. The special 
aggregates that will be discussed are crushed 
sandstone, chert gravel, novaculite, trap rock, fly 
ash, wet-bottom boiler slag, air-cooled blast 
furnace slag, steel slag, crushed concrete, 
synthetic products, and copper slag. 
 
 
1.3.1  Crushed Sandstone - Sandstone is 
cemented sediment composed predominantly of 
sand-size quartz grains. The grains are 
cemented together by a carbonate gel which is 
not as strong as the quartz grains. 
 
 
Sandstone is used as a high-friction aggregate 
due to several special properties. The quartz 
particles in sandstone are continually broken out 
of the cementing matrix by traffic, leaving a fresh, 
angular quartz grain in their place. This provides 
a constantly renewable surface. This is why 
crushed sandstone is such a good friction 
aggregate. In contrast, when a carbonate 
aggregate breaks down, the particles become 
rounded, leaving a smooth texture and little 
friction potential. The rougher the texture, the 
higher the friction level of the aggregate. 
 
The only sandstone IDOT can currently use 
comes from the Cave-In-Rock area in District 
Nine. This sandstone is called the "Rosiclare 
Sandstone". Crushed sandstone is used for HMA 
Superpave mixtures E & F, which are the two 
highest friction mixes currently being used in 
Illinois. 
 
Manufacturing sandstone is like any regular 
aggregate. The ledge is shot, and the material is 
crushed and screened to a set gradation. The 
major problem in production is the high wear in 
the crushing and screening equipment. 
 
 
 

Special Aggregates used in Illinois 

Crushed Sandstone 

Chert Gravel 
Novaculite 
Trap Rock 

Fly Ash 
Slag 

Synthetic Products 
Copper Slag 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sandstone deposit 
 

 
 

Sandstone 
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1.3.2 Chert Gravel - Chert gravel deposits are 
found in very few regions of the state. The parent 
material for this gravel was the nodular chert 
found in ancient limestone formations. In the 
past, these chert-bearing limestones were 
eroded, and the chert became concentrated in 
gravel deposits. To be classified as chert gravel, 
the deposit must contain 75% chert or similar 
siliceous material. 
 
 
Chert gravel is found basically in western Illinois 
and eastern Missouri. IDOT uses chert gravel 
from deposits at Barry, Illinois, in District Six and 
from the Meramec River area in Missouri, in 
District Eight. 
 
 
Chert gravel is normally a Class B or lower 
quality aggregate used in HMA base mixtures 
and in HMA Superpave surface mixtures used at 
intersections, ramps, and where skid resistance 
is needed. When used in HMA mixtures, chert 
gravel must be crushed. 
 
 
 
 
1.3.3 Trap Rock - Trap rock is defined as a 
dark-colored, iron-bearing igneous rock. There 
has been only one true trap rock previously used 
by IDOT. This deposit is located in Dresser, 
Wisconsin. IDOT's District Eight currently uses a 
material called trap rock which is actually mine 
tailings. 
 
 
The mine tailings consist of hematite, magnetite, 
and granite. Another source in the area supplies 
an igneous rock, rhyolite, as a trap rock. These 
materials are Class A quality materials and are 
used in bituminous mixes and some bridge 
decks. The cost of using and shipping these 
materials is normally too expensive for most road 
work uses. These materials are good friction 
aggregates but, once again, the cost has to be 
considered. 
 
 
 
 

 
 

Chert 
 
 
 
 
 
 
 
 
 
 
 
 

Chert Gravel 
 
 
 

Trap Rock deposit 
 

 
 

Trap Rock 
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1.3.4 Fly Ash - Fly ash is the minute burnt and 
unburnt particles from gases created during the 
combustion of ground or powdered coal. It is 
used as mineral filler in HMA mixtures, as a 
pozzolanic binder in stabilized soil subbases, and 
as a replacement for cement in concrete. 
 
 
There are two types of fly ash used in concrete: 
Type C and Type F. Type C is highly 
cementitious when used as a cement in concrete. 
It has a high content of calcium and has at least 
50% of silicon, iron, and aluminum. Type C fly 
ash comes from burning western coals. 
 
 
Type F has very low reactivity as a cement 
material. It has a lower content of calcium and at 
least 70% of silicon, iron, and aluminum. Type F 
comes from burning Illinois coals high in sulfur 
content. 
 
 
Most of Illinois' fly ash comes from the Chicago 
area (District One). All fly ash is produced from 
coal-powered generating plants located in Illinois 
and surrounding states. 
 
 
1.3.5 Wet-Bottom Boiler Slag - Wet-bottom 
boiler slag is a coarser, angular product from 
combustion of coal in wet-bottom boilers. This 
material is produced at the same time as fly ash. 
The material is mostly glassy in appearance. It 
can contain long and thin or teardrop-shaped 
particles. It is used primarily for seal coat, blotter 
aggregate, and as a salt extender and abrasive 
for snow and ice control. 
 
 
1.3.6 Air-Cooled Blast Furnace Slag - Air-
cooled blast furnace (ACBF) slag is a nonmetallic 
product consisting of silicates and 
aluminosilicates of calcium and other bases. It 
develops in a molten condition simultaneously 
with iron in a blast furnace. The slag consists 
primarily of the silica and alumina from the 
original iron ore combined chemically with 
calcium and magnesium oxides from the flux 
stone.

 
 
 
 
 
 
 
 
 
 
 

Fly Ash 
 

 
 

Slag Production Processes 
 

 
 

Un-Processed Wet-Bottom Boiler Slag  
 

 
The American Heritage® Dictionary of the English Language 
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The molten slag is cooled under atmospheric 
conditions. Cooling may be accelerated by water 
sprays on the solidified mass. After it is cooled 
enough to be handled, the slag is dug, crushed, 
and screened to desired aggregate size. It is 
called air-cooled blast furnace, or ACBF, slag. 
 
 
The solidified slag has a vesicular structure with 
many non-connected cells. This rough vesicular 
nature of slag gives it the ability to polish 
unevenly. This characteristic provides ACBF slag 
with extremely high friction potential when used 
in high-type bituminous surface mixtures. 
 
 
The bulk specific gravity range is 2.00 to 2.20. 
The smaller the size, the higher the specific 
gravity. The unit weight varies with size and 
grading of ACBF slag, method of measuring, and 
bulk specific gravity. The typical unit weight 
(compacted), graded as ordinarily used in 
concrete, usually ranges from 1120 kg/m3 to 
1360 kg/m3 (70 lbs/ft3 to 85 lbs/ft3). Absorption is 
usually in the range of 1% to 6% by weight. This 
high and variable absorption is directly related to 
slag's vesicular nature. High and variable 
absorption, as in ACBF slag, can cause problems 
in producing good bituminous mixtures. A bitu-
minous mixture's performance relies on 
consistent air voids and asphalt film thickness on 
the aggregate particles. High absorption 
aggregates like ACBF slag require high asphalt 
content in the mixture. Any variability in the 
absorption, different from the absorption of the 
aggregate used in the mix design, will cause 
either an excess of asphalt cement in the mixture 
(flushing) or a lack of asphalt cement (raveling -- 
not enough asphalt for the aggregate to stick 
together). Both conditions produce major 
problems in bituminous mixtures. 
 
 
ACBF slag is used in graded aggregate bases for 
pavements, concrete (plain and reinforced), 
bituminous pavements, skid resistant surfaces, 
macadam surfaces and bases, railroad ballast, 
backfill, etc. 
 
 
 

 
 

 
 

Slag Pour-off 
 
 

 
 
 
 
 
 
 
 
 
 
 

Air-Cooled Blast Furnace Slag 
 
 

Slag Material Properties 
 

Type Bulk Sp. Gr. Absorption (%) 

Wet-Bottom 2.30 – 2.90 0.3 – 1.1 
ACBF 2.00 – 2.20 1 – 6 
Steel 3.00 – 3.40 2 – 5 

Copper 3.69 – 4.04 Low – 0.5 
Synthetic Will vary with 

the different 
products 

Will vary with  
the different 

products 
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1.3.7 Steel Slag - Steel slag is the nonmetallic 
product or slag developed in molten condition 
with steel in an open hearth furnace, basic 
oxygen furnace, or electric furnace. Its formation 
is very similar to that just described for ACBF 
slag. It is a very heavy aggregate with high 
absorption. Steel slag's bulk specific gravity 
ranges from 3.0 to 3.4, while its absorption 
ranges from 2.0% to 5.0%. Steel slag also has 
expansion potential due to the presence of 
possible free calcium or magnesium oxide 
created during its formation in the furnace. This 
material will hydrate and expand. Steel slag is 
similar to air-cooled blast furnace slag in its 
vesicular texture, high friction potential, and high 
absorption. Steel slag, however, does not have 
as variable absorption as ACBF slag. 
 
 
Steel slag used in Illinois comes from the District 
One area, including Indiana; District Four at 
Peoria; and District Eight at Granite City. Steel 
slag is used by IDOT only in HMA surface 
mixtures and seal coat. Due to its expansion 
potential, it is not allowed for use in any area that 
confines it. 
 
A special provision covers the use of slag 
materials by IDOT. See the “Crushed Slag 
Producer Certification and Self-Testing Program 
(9-08.2)” and “Slag Producer Self-Testing 
Program (13-08.2)” Both of these documents can 
be found in Appendix C of this manual. 
 
1.3.8 Crushed Concrete - Crushed concrete 
results from the process of recycling concrete by 
crushing concrete to the desired size and reusing 
the crushed concrete as a construction 
aggregate. 
 
A special provision covers the use of crushed 
concrete by IDOT. Material produced at a central 
recycling plant is differentiated from material pro-
duced on a specific state project. (See “Recycling 
Portland Concrete Cement into Aggregate (07-
08.3)” This document can be found in Appendix 
B of this manual.  
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1.3.9 Synthetic Products - Synthetic 
products result from the recrystallization of 
expanded shale and clay in a kiln. This produces 
a lightweight aggregate, such as lakelite, 
Materialite, etc. 
 
 
Lightweight synthetic aggregate is not allowed in 
concrete for IDOT use. A lightweight synthetic 
aggregate may cause some freeze-thaw 
problems in concrete. Synthetic products also 
may be no good as friction aggregates because, 
based on IDOT experience, the mixes do not 
hold together. There are problems with quality 
and determining what tests to run on the 
material. IDOT has had major problems resulting 
from contamination, friable mortar, and durability. 
There is some question whether the soundness 
test is valid for synthetic products. 
 
 
At present, there are no synthetic products 
produced in Illinois. 
 
 
 
1.3.10 Copper Slag - Copper slag is the 
nonmetallic product or slag developed in a 
molten state with copper in a smelter. Like steel 
slag, copper slag is a heavy material with a dry 
specific gravity (bulk) ranging from 3.69 to 4.04. 
Unlike steel slag, copper slag is essentially non-
vesicular and has a lower absorption, averaging 
0.5%. 
 
 
The material is produced by only one company 
located in Hartford, Illinois, in District Eight. 
 
 
Copper slag can be used in all construction uses. 
However, due to its high specific gravity, the 
economics of hauling it should be considered. 
 
 
 
 
 
 
 
 
 

 
Expanded Shale Product 

 

 
 

Product Comparisons 
 
 
 
 

 
Copper Slag Particles 
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2.0  AGGREGATE PRODUCTION 
  AND BENEFICIATION 
 
This chapter covers the basics of how 
aggregate is produced. Some of these basics 
may not apply to all the aggregates produced 
in Illinois, especially some of the ones 
discussed in Chapter 1.0, Section 1.3 
“Special Aggregates” (slag materials, crushed 
concrete, etc.), but will apply to most of them. 
While covering the basic production methods, 
the discussion will also cover how or if 
aggregate can be beneficiated by a change in 
the method. 
 
The areas to be discussed are as follows: 
 
• Stripping 
• Drilling 
• Blasting 
• Loading and Hauling 
• Scalping 
• Crushers (compression and impact) 
• Beneficiation Processes 
• Screening 
• Sand Production 
• Stockpiling and Handling 
 
 
2.1  Stripping. Stripping is a basic 
operation in a sand and gravel pit or a quarry. 
The overburden material between the surface 
and the product (gravel or stone) must be 
removed before production can begin. 
 
 
Stripping is a process that can affect quality 
and gradation from the beginning of 
production. Not cleaning all the overburden 
off, or maintaining too narrow or steep a cut 
which allows overburden to slide down on the 
production material, introduces contamination 
into the raw feed. Many production plants 
cannot handle the contamination, and 
acceptable materials then become 
unacceptable. 
 
 
 
 
 

Aggregate and Beneficiation Processes 

Stripping 

Drilling 

Blasting 
Loading & Hauling 

Scalping 

Crushing Operations 

Beneficiation Processes 

Screening 
Sand Production 

Stockpiling & Handling 

  

 

 
 

 
 

Stripping operations
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2.2  Drilling. After stripping the 
overburden off, stone must be drilled and 
blasted to produce the raw feed for the 
production plant. Drilling is also important in 
quality control. Production ledges, once 
established, need to be maintained. Quality is 
directly affected by drilling control which can 
vary the ledge footage in an area which has 
unacceptable material above or below the 
production ledge. 
 
 
This is also where the concepts of strike and, 
especially, dip come into play. (See Chapter 
1.0, Article 1.2.5.1 (11) or Article 1.2.5.2 (5) of 
this manual) Unless these concepts are taken 
into account when drilling and shooting, 
identifying a particular ledge footage as a 
production ledge and running quality tests on 
it for acceptance is meaningless. 
 
 
 
 
2.3  Blasting. Blasting obviously reduces 
solid rock to various sized pieces to provide 
raw feed to the production plant. Each quarry 
decides on the drilling pattern and blasting 
force to suit its crusher feed. In fact, the 
drilling pattern in individual ledges may vary 
due to differing physical characteristics of the 
rock. 
 
 
The blasting may also be adjusted to produce 
riprap and other erosional protection material. 
 
 
Quality may be improved by blasting finer to 
get more initial breakage along planes of 
weakness. Of course, vibration and sound 
from blasting can environmentally limit the 
use of larger charges and big shots. 
 
 
 
 
 
 

 
 
 

Drilling a ledge 
 

 
 

Drilled charge hole 

 
 

Blasting
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2.4   Loading and Hauling 
 
2.4.1  Loading - There are several ways 
to load the raw feed out of the pit or quarry for 
hauling to the production plant. Gravel 
operations can have both wet and dry load-
out. In the wet operation, most producers use 
either drag line or a dredge. Dry operations in 
the gravel pit normally use a front end loader 
to dig the material. Most quarries, also, use 
the front end loader to load the shot rock. 
Several of the biggest quarries use an electric 
shovel. 
 
Quality can be affected by how loading at the 
face is done. If the ledge had some bad 
material in a horizontal seam or a pocket, 
digging back and forth across the front of the 
shot could result in the bad material being 
concentrated in a slug of material going 
through the plant and out into the stockpile. 
 
2.4.2  Hauling - Hauling the material to 
the production plant is usually accomplished 
in large haul trucks. However, a number of 
quarries set up their primary crusher in the 
quarry and haul to it by front end loader. The 
crushed product is then belted up and out of 
the pit to the production plant.

 

Truck hauling

Sand and gravel pumping operation 
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2.5  Scalping. Scalping separates out an 
oversize material from smaller material 
somewhere in the production process and 
allows the oversize to be crushed and 
processed separately. It can be done by a 
grizzly before primary crushing or by a screen 
deck elsewhere in the process. 
 
 
Scalping is a definite beneficiation process 
that, in certain cases, removes the worst 
material in the smaller sizes and allows the 
oversize to be crushed for the better quality 
material.  
 
 
2.5.1 Surge Piles. A surge pile is used to 
even out the flow of raw feed in the plant and 
maintain a constant feed essential for good 
crushing and screening. It also allows the 
continued operation of separate sections of 
the production plant without the total plant 
being in operation. For example, loading and 
hauling to the primary crusher and crushing 
material into the surge pile can continue even 
though the secondary and tertiary plants are 
not operating. Also, the primary plant can be 
shut down while feed from the surge pile goes 
to the secondary and tertiary plants for 
processing. 
 
 

 
 

The Screen Machine Ind. 107D Scalper 
 
 
 
 
 

Grizzly scalping screen 
 

 
 

Conveyor scalping wheels 
 

 
Surge pile 
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2.6  Crushers. Crushers are obviously 
important, especially in crushed stone, to 
reduce big rocks to small rocks so that they 
can be screened into a usable gradation. 
Crushers also upgrade the quality of the 
aggregate by reducing the bad rock to fines 
where it usually does not cause a problem. 
How much crushing upgrades the aggregate 
material is dependent upon the physical 
characteristics of rock and the type of crusher 
used. 
 
 
Discussion will center on a number of 
different types of crushers. All fall into two 
categories: 
 
• Compression crushers 
• Impact crushers 
 
 
2.6.1 Compression Crushers - These 
crushers direct the rock's vertical position in 
the crushing chamber. Some upgrading or 
beneficiation occurs with this type of crusher, 
but not as much as can be achieved with 
impact crushing. 
 
 
 
2.6.1.1 Gyratory crusher: This crusher is 
used as a primary crusher normally in the 
biggest quarries. It provides a large crushing 
capacity to service a large volume secondary 
plant. 
 
 
The crushing action occurs as the crushing 
head (inverted cone shape) oscillates in a 
small circular path due to an eccentric. The 
compression crushing occurs as the crushing 
head progressively approaches and recedes 
from each point of the cone-shaped crushing 
chamber's inner surface. 
 
 
The gyratory crusher is normally very large 
and requires a fairly large and tall 
infrastructure for support. 
 
 
 

 
Compression crushers break in one direction 

 
 
 
 
 
         
                          

Gyratory crusher 
 

              
 
                     Portable Gyratory crusher 
 
 
 
 
 
 
 
    

       
                                Cone crusher 
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2.6.1.2 Jaw crusher: The jaw crusher, like 
the gyratory, is used mainly as a primary 
crusher. It is used infrequently as a secondary 
crusher. 
 
 
The jaw crusher employs the same crushing 
principle as the gyratory, that is, reciprocating 
pressure-crushing. This is achieved through 
the use of an eccentric which oscillates a flat 
swing-jaw against a stationary plate. The 
motion of the swing-jaw is greatest at the 
discharge opening and gradually decreases 
toward the upper part of the crushing 
chamber. The crusher is made in portable 
models and also with a double jaw 
configuration. 
 
 
2.6.1.3 Cone crusher: The Cone crusher is a 
relatively high-speed gyratory crusher 
incorporating a flatter head angle. The 
number of gyrations employed in crushing is 
approximately twice that used in a primary 
gyratory crusher. Cone crushers are normally 
used as secondary, tertiary, or quaternary 
crushers in the production plant. 
 
 
2.6.1.4 Roll crusher: The last of the major 
compression crushers is the roll crusher. A 
double roll crusher has two rolls mounted in 
the same plane which revolve toward each 
other, thus crushing the material between 
them. A triple roll crusher has a third roll 
added to create two separate crushing 
chambers, increasing the crusher's ratio of 
reduction. The crusher is usually used as a 
secondary, tertiary, or quaternary crusher. 
 

 
Single jaw crusher 

 

 
 

Jaw crusher 

 
Cone crusher 

 
 

Double roll crusher 
 

 

 
                             
                            Triple Roll crusher 
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2.6.2 Impact Crushers - This type of 
crusher obviously uses impact rather than 
compression to crush material. Impact 
crushers do beneficiate most materials. 
Whereas compression crushing normally 
causes breakage parallel to the compression 
force, impact crushing normally causes 
breakage across zones of weakness in the 
material, no matter at what orientation the 
material comes through the crusher. One 
unfortunate aspect of impact crushing is the 
increased production of fines. There are four 
types of impact crushers that will be 
discussed. 
 
 

2.6.2.1 Horizontal Impactor: A horizontal 
impact crusher contains a horizontal rotor with 
impeller bars which rotates at extremely high 
rpm's. Material is fed into the crushing 
chamber and falls onto the high-speed rotor. 
The impeller bars both impact and hurl the 
material against breaker bars and plates 
lining the crushing chamber. Breakage occurs 
from both the impact of the impeller bars and 
the impact against the breaker bars/plates. 
Some rock-on-rock breakage may also occur. 
 

The horizontal impactor can perform as a 
primary, secondary, tertiary, or quaternary 
crusher. 
 
 

2.6.2.2 Vertical Shaft Impactor: The vertical 
shaft impactor (VSI) contains a vertical rotor, 
instead of a horizontal rotor, on which a feed 
plate is mounted. The rotor is turned at high 
rpm's and the material is dropped on top of 
the rotating feed plate. The feed plate flings 
the rock outward against breaker plates. 
Breakage occurs against the plates and 
possibly some rock-on-rock breakage. There 
are also several strictly rock-on-rock VSI 
crushers currently on the market. The VSI 
does not give the double impact breakage as 
in the horizontal impactor. 
 
The VSI is usually a secondary, tertiary, or 
quaternary crusher. 
 

 
     Better beneficiation 

Impact crusher 
 
 
 
 
 
 
 
 
 
 
 
 
                     Horizontal shaft impact crusher 
       

 
         Vertical shaft impact crusher 

 
 
 
 
 
 
 
  
                    

Vertical shaft impact crusher 
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2.6.2.3 Hammermill: The hammermill 
contains a horizontal rotor, rotated at high 
rpm's, on which are mounted hammers, 
normally free-swinging. The crushing 
chamber is equipped with grates at the 
bottom. Crushing is achieved by impact from 
the hammers and by shear and attrition from 
the hammers forcing the rock through the 
grates. 
 
 
The hammermill is usually considered a 
tertiary or quaternary crusher (maybe a 
secondary in certain situations). The 
hammermill is sometimes used to make Ag 
lime. 
 
 
 
2.6.2.4 Cage mill: The cage mill contains a 
high-rpm, vertically rotating cage which has 
breaker bars mounted in it. Material is fed into 
the center of the cage, and the material is 
then hit and broken by the breaker bars. It is 
also thrown against breaker plates lining the 
outside of the crushing chamber. 
 
 
The cage mill is normally used as a 
secondary, tertiary, or quaternary crusher. Do 
to the potential to create excessive fines; the 
cage mill crusher is not used very much in 
Illinois except to produce sand products or 
AG lime material. 
 
2.6.3 Crusher Advantages vs. Disadvantages 
 

Crusher type Compression Impact 

Advantages Less dust Better 
beneficiation 

 
Lower cost to 

operate 

Better 
particle 
shape 

More 
portable 

Disadvantages Elongated 
particles 

More fines 

Deposits will 
crush 

differently 

Higher cost 
to operate 

 

Hammermill impact crusher  

 
 Cage mill impact crusher 

 

 
Cage mill impact crusher 
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2.7  Beneficiation Processes. 
Beneficiation of rock by impact crushing is 
one proven method. Several other proven 
beneficiation processes should also be 
discussed. 
 
 
2.7.1 Heavy Media - The heavy media 
process involves dropping the production feed 
into a conical tank containing a slurry of water 
and iron-based particles. The slurry is 
continually agitated in the tank by paddles 
thus keeping the particles suspended. This 
creates a slurry of a known specific gravity 
that can be adjusted. The material dropped 
into the slurry either sinks or floats due to its 
difference in specific gravity from that of the 
slurry. The float, or deleterious material, is 
skimmed off the top while the good material is 
drawn off the bottom of the tank. The iron 
particles are washed off the rock and 
recovered for use. 
 
There is at least one heavy media plant 
operating in Illinois at the present time. 
 
 
2.7.2 Logwasher - Use of a logwasher, 
preferably a double logwasher, is also a 
beneficiation process. The production 
material and water is introduced into the 
bottom end of the logwasher, and large 
horizontal shafts with paddles agitate, grind, 
and auger the material up and out the 
logwasher. Soft material, especially clay and 
soft shale, is broken down and washed away 
with the water. 
 
 
The logwasher will not, unfortunately, 
eliminate excessive amounts of the hard, 
unsound rock. 
 
 
 
 
 
 
 

 
 

 
 

Heavy media process 

Twin-shaft logwasher  

 
Logwasher unit  
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2.7.3 Attrition Mill – Attrition mills perform 
similarly to logwashers except usually on 
sand. Paddles agitate the material, allowing 
attrition, or breakdown, by particle grinding 
against particle. 
 
 
2.7.4 Magnet – Magnets perform a 
beneficiation process in the production of 
ACBF and steel slags. Iron and steel particles 
are removed from the slags before their sale 
for aggregate. 
 
 
2.8 Screening. Screening obviously 
separates the material into separate sizes for 
a gradation or for recombining into a 
gradation. Screen decks (either double or 
triple decks) allow different sized screen wire 
to be mounted to separate the material into 
sizes. Some decks even have spray bars 
mounted to facilitate fines or clay removal. 
 
 
The adjacent figure provides a good 
illustration of how the eccentric vibration 
applied to the decks helps separate into 
sizes. Then, these individual sizes can be 
either recombined and crushed further, or 
otherwise processed into specific aggregate 
gradations. Some sand, both natural and 
manufactured, can be produced without 
screening. 
 
 

 
 

Inclined Vibrating Screening Unit 
 
 
 
 

 
Magnetic Belt Screening Unit 

 

 
 

Dual Screening Unit 
 

Screening unit Operation 
 

 
 

Self-cleaning screen 
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2.9  Sand Production. Sand classifiers, 
using rising currents of water and gravity 
separation of various size ranges, can be 
used to produce a sand gradation. 
 
 
Sometimes a producer does not need 
equipment as elaborate as a classifier. There 
are some sand deposits that need only the 
fines removed. Most producers use a simple 
sand screw to float out the fines; most 
manufactured sand is produced this way. Of 
course, the sand screw is also used to 
dewater the sand prior to stockpiling. 
 
 
 
 
2.10  Stockpiling and Handling. 
Stockpiling and handling are the last 
processes in the production of aggregate. 
Stockpiling and handling then become very 
important because all the effort prior to 
stockpiling can be for nil if the material 
becomes segregated. This is discussed in 
greater detail in Chapter 4.0 “Stockpile and 
Handling” of this manual. 
 
 
 
 

 
 

Sand & gravel production plant 
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Flooded classifier 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sand screw 
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3.0  QUALITY AND USE 
 
The Central Bureau of Materials (CBM) will 
perform the required quality testing on the 
aggregate used for on IDOT projects 
throughout Illinois. Quality samples are 
taken at each source by District inspectors 
and then transported to the CBM in 
Springfield for testing. 
 
 
There are four main quality classes of 
aggregate used by IDOT. These classes are 
listed below with typical examples of their 
use. Actual classification is determined by 
the Standard Specifications and aggregate 
usage. 
 
NOTE: Aggregate used for a specific quality 
class has to meet quality specification 
requirements for that particular class. 

 
Aggregate materials cannot be sold and/or 
used in applications that demand a higher 
quality requirement than what the material 
has been approved.  
    
 
 
 

 
 
Aggregate quality tests used to evaluate 
aggregate properties for a quality 
determination are as follows: 
 
 • Sodium Sulfate Soundness* 
 • Los Angeles Abrasion* 
 • Deleterious Count / Heavy Media* 
 
 * Main quality tests performed on most 
   aggregates used for IDOT purposes. 
 
Other tests ran for material-specific 
purposes include: 
 
 • Freeze-Thaw Expansion Test (PCC) 
 • Hydrometer (HMA and PCC) 
 • Colorimetric/Mortar Strength (PCC) 
 • Dolomite Determination (Friction) 
 
In addition to the three main quality tests, 
IDOT has implemented the Micro Duval 
testing system. 
 
The Micro Duval test is being used to 
further evaluate the main aggregate 
properties of materials used for HMA and 
PCC materials. The test helps to 
complement the Sodium Sulfate 
Soundness and Los Angeles Abrasion 
tests.  
 

 
 

Micro Duval Test 

Common Aggregate Uses  

Quality Class Use 

“A” 
Highest Quality 

Portland Cement Concrete (PCC) 

“B” 
HMA – High ESAL 
D, E & F Surface mixtures 

“C” 
HMA – High & Low ESAL 
C Surface & Binder mixtures 
Seal/cover coat (oil & chip) 

“D” 
Lowest Quality 

Stabilized subbase & shoulders 
including HMA usage 

QUALITY AND USE

3-1
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A number of tests are run simply to provide 
physical characteristics of aggregate used 
in the concrete/HMA mixture design 
process. Two of these tests are: 
 
 • Friction Characteristics 
 • Specific Gravity and Absorption 
 
 
All the tests listed previously are used for 
either coarse aggregate, fine aggregate, or 
both. The following discussion will cover 
the importance of each test, the procedure, 
and whether it applies to coarse or fine 
aggregate. 
 
 
All the tests start in a breakdown room at 
IDOT's central aggregate laboratory where 
the field samples are reduced down to test 
size samples. 
 

IDOT CBM breakdown room 
 

 
 

Material is mixed into a sample pad 

 
The field technician acquires the samples 

 

 
The material is reduced to test sample size 
 

 
A coarse aggregate mechanical splitter for 

reducing aggregates to sample size 
  

 
Material is fractionalized 
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3.1  Sodium Sulfate Soundness. The 
sodium sulfate soundness test is run on 
both coarse and fine aggregate. The 
soundness test is designed to measure an 
aggregate's resistance to weathering. 
 
Over the course of the 5-cycle test, sodium 
sulfate crystals are built up in the pore 
structure of the aggregate particles. The 
stress caused by the formation of these salt 
crystals breaks the weaker particles. This 
breakdown is calculated as percent loss. 
 
IDOT follows the ITP 104 test procedure.  
 
3.1.1  A generalized version of the 
sodium sulfate soundness test method is 
as follows (pictures are shown on the 
following page of this manual): 
 
3.1.1.1  Each sample is washed, dried 
back to a constant weight, and sieved into 
individual sizes. 
 
3.1.1.2 A specified amount of sized material 
is placed in bread pans for testing. The 
amount of material and the number of 
bread pans used depend on the gradation 
of the sample. It should be noted that IDOT 
uses pans instead of the 8” (200 mm) 
diameter sieves prescribed in T 104. 
 
3.1.1.3  To start the first cycle, the 
samples and pans are put in the 
environmental chamber and covered with 
sodium sulfate solution to at least 1/2” (12.5 
mm) above the sample. Lids are applied to 
keep any moisture inside the cabinet from 
dripping into the pans and diluting the 
saturated solution. 
 
 

The temperature maintained inside the 
cabinet is 70° ± 1° F (21° ± 0.5° C), and the 
relative humidity is approximately 100%. 
The soaking temperature is considered 
critical. The samples are left soaking in the 
chamber for 16 to 18 hours. 
 
3.1.1.4  After the samples have soaked 
for at least 16 hours, the solution is poured 
off, and the pans are put in the oven to dry 
at a temperature of 230° ± 9° F (110° ± 5° 
C) to a constant weight. After cooling, the 
samples have completed one cycle in the 
test. The samples are ready to start 
another cycle. Since this is a 5-cycle test, 4 
more cycles, as just described, are run on 
the sample. 
 
3.1.1.5  After the fifth cycle, the samples 
are washed free of the sodium sulfate 
crystals. After drying to constant weight, the 
coarse aggregate samples are sieved over 
the next size smaller sieve than the one on 
which they were made up. Fine aggregate 
is sieved over the same sieve on which it 
was made up. Any particles that fall 
through the sieves are considered "loss". 
 
3.1.1.6  The total percent loss for the 
sample is calculated by taking a 
percentage of each pan loss and adding 
them together.  
 
 3.1.2  The Standard Specifications for 
the soundness test are as follows: 
 

Quality Test Class Maximum Loss 

Coarse Aggregate: 

“A”           15% 

“B”           15% 

“C”           20% 

“D”           25% 2/ 

Fine Aggregate: 

“A” 10% 

“B” 15% 

“C” 20% 
 

2/ For aggregate surface course and   
   aggregate shoulders, the maximum  
   percent loss shall be 30.  

 

SODIUM SULFATE 
SOUNDNESS
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1) Sample is washed 

 
 

 
2) Sample is dried to a constant weight 

 

 
3) Sample is sieved into individual fractions 

 

4) Sample size is based on the gradation

5) Solution is added & sample is put into a 
controlled temperature environment 

6) Sample is rinsed of the solution & dried 
 

7) The process is repeated 4 more times 
 

8) A gradation test is performed 
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3.2   Los Angeles Abrasion. The Los 
Angeles abrasion test is run only on coarse 
aggregate according to AASHTO T 96. It 
measures the aggregate's ability to resist 
wear and gives an indication of the 
degradation potential of the aggregate. It is 
not a true abrasion test. The Los Angeles 
abrasion test is more of an impact test. 
 
Abrasions are not run on large aggregate 
gradations such as CA01, CA03 and CA05 
because the results on the large stone    
[(+1 1/2" (+37.5 mm)] do not correlate well 
with tests run on the smaller sized 
gradations. 
 
3.2.1  The Los Angeles abrasion test is 
run as follows (pictures are shown on the 
following page of this manual): 
 
3.2.1.1  The test sample is initially 
washed, dried back to a constant weight, 
and sieved into separate sizes. 
 
3.2.1.2  The test sample of 5,000 grams 
is made up according to the gradation of 
the material. The gradation also determines 
the number of steel balls (abrasive charge) 
that are added to the test sample. The 
number of steel balls used for the test is 
determined by the quality level being tested 
(12 for “A” quality, 11 for “B” quality and 8 
for “C” quality aggregate)  
 
3.2.1.3  The sample and the balls are put 
in the Los Angeles machine. The machine 
is then mechanically rotated at 30 rpm to 
33 rpm for a total of 500 revolutions. 
 
 
 
 
 
 

The machine is a cylindrical steel drum that 
is 28” (710 mm) in diameter and 20” (508 
mm) wide. A steel shelf sticks 
perpendicular to the wall inside the 
machine. The shelf dimensions are 3 1/2" x 
1" x 20" (90 mm x 25 mm x 508 mm). 
 
3.2.1.4  After 500 revolutions the sample 
is dumped from the machine and sieved 
over a No. 12 (1.70-mm) sieve. The 
material passing the No. 12 (1.70-mm) 
sieve is considered loss and is calculated 
as a direct percentage of the original test 
sample's weight. 

 
 
 
 
3.2.2 The Standard Specifications for the 
Los Angeles abrasion test are as follows: 
 

Quality Test Class Maximum Loss 

Coarse Aggregate: 

“A”           40 3/ 

“B”           40 4/ 

“C”           40 5/ 

“D”           45 

 
3/ For PCC – maximum loss is 45 
4/ Doesn’t apply to steel or crushed slag 
5/ For HMA binder mixtures except as 

surface mixtures – maximum loss is 45 
 
        

LOS ANGELES 
ABRASION
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1) Sample is washed 

 

 
2) Sample is dried to a constant weight 

 

 
3) Sample is sieved into individual fractions 

 

 
4) Material is weighed based on size 

 
5) Steel balls are added based on quality 

 

 
6) Material is placed in the LA Abrasion 

machine 

7) Removed after 500 revolutions 
 

8) A gradation test is performed 
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3.3  Deleterious Count. This test is a 
petrographic examination of an aggregate 
sample to identify material that has been 
determined to be deleterious in highway 
construction use. It applies to both natural 
sand fine aggregate (only) and coarse 
aggregate. 
 
3.3.1  For coarse aggregate, the 
deleterious count test procedure is as follows: 
 
3.3.1.1  The material is split and screened 
over a No. 4 (4.75-mm) sieve. Each test 
sample ranges from 1,000 grams to 5,000 
grams, depending on the size of the 
aggregate. 
 
3.3.1.2  Lab personnel hand-examine each 
particle to determine if it is deleterious. The 
deleterious particles of different composition 
are kept in separate pans. A tool is used to 
detect the soft particles and chert. 
 
Maximum limits have been established by 
specification for several different types of 
deleterious particles. These limits will change 
for Classes “A” through “C” quality. 
 
 
 
 
 
 
   
 
 
 
 

 
 
 
 

 
For Class “A” quality coarse aggregate,  
the following maximum limits have been 
set: 
 

Quality Test % Maximum 

Shale           1.0 

Clay lumps           0.25 

Coal and Lignite           0.25 

Soft and unsound           4.0 

Other deleterious           4.0 9/ 

Total deleterious           5.0 

9/ Includes deleterious chert 

 
 

Each piece of material is hand-inspected 

 
  

Material is classified by deleterious type 
 

 
  

DELETERIOUS 
COUNT
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In Class “A” quality samples, deleterious chert 
is picked out as "other deleterious". Since not 
all chert is considered deleterious, all the 
chert picked out is soaked for 16 hours and 
run in a heavy media set-up. The heavy 
media is a solution of zinc bromide and water. 
Two stainless steel tanks contain this mixture 
-- one set at a specific gravity of 2.350 for 
identifying deleterious chert in gravel, and one 
set at 2.550 for deleterious chert in crushed 
stone. If the chert is lighter than the gravity of 
the solution in which it is placed, it will float 
and is considered deleterious. 
 
For Classes “B” and “C” quality coarse 
aggregate, the main emphasis is on shale, 
clay lumps, and soft and unsound particles. 
 
Classes “B” and “C” quality samples are not 
checked for deleterious chert because chert 
does not cause problems in HMA mixtures 
like it does in concrete. Chert gravel is 
required to be crushed when used in HMA 
mixtures. 
 
3.3.1.3  Three other counts done on coarse 
aggregate, for informational purposes only, 
are as follows: 
 
(1) Carbonate count (for Variable Speed 

Friction Testing). All carbonate rock is 
picked out of gravel samples. 

 
(2) Siliceous count (District Six Special 

Provision). All siliceous rock (chert, 
quartzite, etc.) is counted out of a chert 
gravel sample. 

  
(3) Crushed particle count. Particles having 

a fresh, mechanically fractured face are 
counted out. 

  
 Note: See the Policy Memorandum 

“Crushed Gravel Producer Self-Testing 
  Program” (12-08.2). This document can 

be found in Appendix B of this manual. 
 
 
 
 
 

Heavy media test 
 
 
 
 

 
Material specification % Max limits 

 

 
Crushed particle count test 

Quality Test 
Class “B” 

Quality 
% Maximum 

Class “C” 
Quality 

% Maximum 

Shale 2.0 4.0 

Clay lumps 0.5 0.5 

Soft and 
unsound 

6.0 8.0 

Other 
deleterious 

2.0 2.0 

Total 
deleterious  

6.0 10.0 
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3.3.2  The deleterious count on fine 
aggregate is run only for Classes A and B 
qualities. A sample is split out, dried, and 
sieved over a 600-µm (No. 30) sieve. Next, 
the sample is split or quartered down to 100 
grams. The sample is then examined either 
under a microscope or with the naked eye. 
Deleterious particles that are picked for 
Classes A and B quality sands include the 
following: 
 

Quality Test 
Class “A” 

Quality 
% Maximum 

Class “B” 
Quality 

% Maximum 

Shale 3.0 3.0 

Clay lumps 1.0 3.0 

Coal, Lignite, and 
shells 

1.0 1.0 

Conglomerate 3.0 3.0 

Other deleterious 3.0 3.0 

Total deleterious 3.0 5.0 

 
By far, the most common deleterious particle 
in natural sand is shale. 
 
The deleterious particles that are removed 
are weighed, and a percentage of the total 
sample is calculated. 

 
Fine aggregate deleterious count 
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3.4   Freeze-Thaw Expansion Test 
  
3.4.1  The freeze-thaw expansion test is 
used to identify aggregate that causes D-
cracking in P.C. concrete. "D-cracking" is 
defined as "the disintegration cracking of P.C. 
concrete due to freeze-thaw failures of its 
aggregate particles and surrounding mortar". 
The term also refers to the crack pattern 
which forms on the surface. 
 
 
D-cracking is initiated in the lower levels of a 
pavement slab and at any cracks or joints 
where moisture readily accumulates and 
saturates exposed aggregate particles. Water 
can exert 10,000 psi of pressure by 
expanding 9% of its volume when frozen. The 
cycle of freezing and thawing breaks the rock 
particles and surrounding mortar. This 
distress progresses upward and outward, 
destroying the pavement. Thus the concrete 
is reduced to rubble. 
 
 
IDOT has identified three conditions 
necessary to cause D-cracking. If one of 
these conditions is eliminated then D-cracking 
can be eliminated in concrete pavements: 
 
 • Freeze-thaw environment 
 • Water 
 • Susceptible aggregate 
 
 
Nothing can be done about the freeze-thaw 
environment. While IDOT is working on 
eliminating water, the majority of water is still 
not removed from under the pavement. IDOT 
decided in 1979 that the best approach and 
only approach was to identify D-cracking 
aggregates and eliminate their use in P.C. 
concrete pavements. 
 
 

 
Aggregate D-cracking 

 

Pavement damage from D-cracking 
 

 
Pavement damage from D-cracking 
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3.4.2  To identify D-cracking aggregates, 
IDOT has tested and continues to test all 
concrete aggregates in three different sizes in 
the Rapid Freeze-Thaw Test, ASTM C 666, 
Method B (rapid freezing in air -- thawing in 
water). This test consists of separating the 
coarse aggregate into individual sieve sizes 
and soaking the material for 18 hours; then 
combining the sizes in specific amounts with 
standard sand, cement, and admixtures; and 
making up a concrete mix. Keeping 
everything standard allows the evaluation of 
only the coarse aggregate for D-cracking. 
 
Three (3) beams are made up which have 
steel bolts embedded in the ends of the 
beams. After a 14-day cure, the initial length 
of each beam is read on the comparator, and 
the beams are run through 350 cycles of rapid 
freeze-thaw. Approximately once per week 
(25 to 50 cycles) the beams are removed 
from the cabinets and measured for length 
change. These length changes are plotted on 
a graph. The IDOT failure criterion is no more 
than 0.06% length change.  
 
A list of what each producer can supply size-
wise, or if the source is totally rejected for use 
in P.C. concrete pavements, is available at 
each IDOT District Materials office. This is 
strictly limited to aggregates for on-grade 
concrete pavements, concrete base course, 
and concrete base course widening. 
 
 
 

 
 

Freeze-Thaw Test Results 

    
Materials are mixed together 

 

 
Test beams are produced & cured 

 

Test beams are run through 350 cycles 

 
Test beams are evaluated 
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3.5   Hydrometer. As part of IDOT's 
acceptance program for fine aggregate, 
products with high amounts of fines, 12% or 
more. The hydrometer test is run to determine 
the percentage of clay-sized particles. Clay-
size content is checked because excessive 
minus No. 200 (minus 75-µm) material, 
especially clay, is detrimental to concrete and 
bituminous mixes. 
 
   
3.5.1  The procedure for the hydrometer 
test is as follows: 
 
 
3.5.1.1  A sample is split out, oven-dried, 
and dry-sieved over a No. 10 (2.00-mm) 
sieve. 
 
 
It should be pointed out that a separate 
gradation is run on the sample, and the 
hydrometer sample is made up and tested 
only if the gradation is in-spec. 
 
 
3.5.1.2  A sodium hexametaphosphate 
solution is added to 100 grams of the fine 
aggregate. This mixture is allowed to sit 
overnight. The sodium hexametaphosphate is 
a dispersing agent that acts to break apart 
any clay lumps. 
 
 
3.5.1.3  The sample is added with distilled 
water to a graduated cylinder. The cylinder is 
placed in a temperature-regulated bath and 
allowed to reach 68° F (20° C). The cylinder 
is removed, hand-shaken for one minute, and 
returned to the bath. 
 

Readings as the sample settles out and 
temperatures of the bath are taken at the 
1, 5, 15, 30, 60, 90, 120, 250 and 1,440 
minute intervals. 
 

 
 

Sample is split & dried 
 

 
Sample is mixed with sodium 
hexametaphosphate solution and sits 
overnight 
 

 
Readings are taken at intervals while in a 
controlled environment 
 

HYDROMETER
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3.5.1.4  The readings are plotted on 
logarithmic graph paper, adjusting the results 
for moisture content and temperature. Part of 
the original sample was oven-dried to 
determine the correction for moisture. A curve 
is drawn through the readings. On the graph, 
the percentage of clay is the point on the 
curve at 540 minutes. The percentage of clay 
is adjusted for the percentage passing the No. 
10 (2.00-mm) sieve in the original gradation 
and reported. 
 
3.5.2  The Standard Specifications restrict 
the hydrometer test to Classes “A” and “B” 
quality fine aggregate. A maximum of 3% clay 
as determined by the test is allowed. 
 
3.6   Colorimetric / Mortar Strength 
 
3.6.1  The colorimetric, or color, test is 
used to determine the amount of organic 
particles in Class “A” quality sands because 
organics reduce concrete strengths. 
 
IDOT uses the AASHTO T 21 test procedure. 
A sample is soaked for 24 hours in a 3% 
sodium hydroxide solution. The solution is 
then compared to a standard color chart. The 
sodium hydroxide solution will dissolve any 
organic material, therefore coloring the 
solution. If the color exceeds the color test 
standard of 11, the mortar strength test has to 
be run. 
 
3.6.2  The mortar strength test (AASHTO 
T 71 as revised by IDOT) is designed to 
actually test the strength of the suspect sand 
by comparing it in mortar to a standard sand 
mortar. The test consists of making up cubes 
of cement and a sample sand. Standard sand 
cubes are also made up. After curing in a 
moist room for 14 days, the cubes are 
crushed to determine their strength. The 
sample cube's strength must be at least 95% 
of the standard sand cube. 
 
This test determines whether the organic 
particles in the sand will cause any strength 
loss in the concrete.

3.7  Dolomite Determination. This test 
looks at the chemical properties of carbonate 
rock. 
 
3.7.1  The dolomite determination is run 
using the following procedure: 
 
3.7.1.1  Several grams of a pulverized 
crushed stone sample are dissolved in 
hydrochloric acid. The liquid is filtered. Any 
solids are dried and become insoluble 
residue. 
 
3.7.1.2  The liquid is put in a test tube and 
tested on the atomic absorption 
spectrophotometer. This machine determines 
the percentage of magnesium oxide in the 
sample. 

 
Dolomite Determination 

 
 
3.7.1.3  The Standard Specifications define 
limestone and dolomite as follows: 
 
 • Limestone -- < 11.0% MgO 
 • Dolomite    -- > 11.0% MgO 
 
This test is used for IDOT's friction 
specifications and the Variable Speed Friction 
Testing program to differentiate carbonate 
crushed stone as limestone or dolomite 
materials. 
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3.8  Friction Specifications and Tests  
 
3.8.1  Friction Tests  
 
3.8.1.1  Friction Trailer: Many overlays 
(both new and old) are continually checked 
in the field by IDOT's ASTM friction trailer. 
This device is pulled at 40 mph (64 km/hr) 
on the pavement and uses water and a 
locked, full-size tire procedure to measure 
the pavement's friction potential. This 
friction potential is expressed as a Friction 
Number (FN). 
 
3.8.1.2  Variable Speed Friction Test: 
IDOT can also evaluate the friction 
potential of the raw aggregates and 
combinations of aggregates in the 
laboratory by using its Small-Wheeled 
Circular Track and Variable Speed Friction 
Tester (VST). These devices, developed by 
North Carolina State University in the late 
1970's, consist of a polishing track and a 
pendulum friction tester. 
 
The Small-Wheeled Circular Track consists 
of four go-cart tires that revolve around on 
the aggregate samples at 30 rpm. The tires 
on the track are alternately toed in and toed 
out to provide a scrubbing or polishing 
action on aggregate samples. 
 
These aggregate samples consist of 
aggregate particles placed in a steel mold 
with cement paste added, and a retarder on 
the mold surface. The cement paste 
hardens, holding the particles in place, 
except for the cement paste at the surface. 
The surface is scrubbed clean of the 
cement paste, leaving exposed only the 
aggregate to be tested. 

 
Portable friction testing trailer 

 

 
Small-wheeled circular track 

 
Preparing a sample for the circular track 

 
 
 

Friction Testing
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The VST drops a pendulum and tire across 
a wet sample and measures the energy 
lost. The measurement is run after 8 hours 
of polishing on the Small-Wheeled Circular 
Track and is called the Variable Speed 
Number (VSN). 
 
The Department has run every Class “B” 
quality aggregate in the VST and 
determined its VSN. Aggregates in Illinois 
are now ranked by their  
VSN. The adjacent graph shows that the 
slags, novaculite chert, and sandstone are 
among the best friction aggregates. 
 
It also shows that the decision made in 
1975 that limestone polishes too easily 
was, on the average, correct. It 
substantiates the aggregates required for 
HMA Mixture classes C, D, E and F. 
 
3.8.2  Friction Specifications - The 
coarse aggregate portion of any bituminous 
mixture provides the major friction 
characteristics for that mixture. Both the 
macro-texture (the overall surface texture 
of the bituminous mat) and the micro-
texture (the wear pattern of the individual 
rock particles) are largely controlled by the 
coarse aggregate. In 1975, IDOT 
established its first special provision on 
high-friction pavements. In that special 
provision, the Department identified which 
aggregates could be used in the surface 
bituminous mix to provide a certain level of 
friction on the highway. 
 
 IDOT's current friction program is called 
the "Skid Accident Reduction Program". 
This program, or policy, looks at two 
specific procedures when overlaying a 
section of highway. 
 
First, all spot locations or high-accident 
sites are identified, and specific remedies 
are selected to improve these sites. This 
may include changes in signing, geometrics 
of the roadway, or use of special high-
friction mixes, such as open-graded friction 
course or sand seals 

 
VST Testing Equipment 

 
VSN Graph 

 
 
Second, the normally scheduled 
rehabilitation of the rest of the section of 
highway is decided. Here, IDOT decides 
what level of high-friction HMA mixture is 
required. One of three HMA surface 
mixtures can be used based on the 
average daily traffic (ADT) of the road. 
 
In 2000 IDOT made significant changes in 
the friction specifications. The new 
specification is on the following pages. 
 
 

Skid Accident Reduction Program 
looks at two areas: 

1. Spot locations including high accident areas 

2. Normally scheduled highway rehabilitation 
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Beginning of the Standard Specification Article 1004.01 (a) (4) in part 
 
 “(4) Crushed Stone. Crushed stone shall be the angular fragments resulting   
  from crushing undisturbed, consolidated deposits of rock by mechanical   
  means. Crushed stone shall be divided into the following, when specified. 
  
 a. Carbonate Crushed Stone.   Carbonate crushed stone shall be either   
  dolomite or limestone. Dolomite shall contain 11.0 percent or more   
  magnesium oxide (MgO). Limestone shall contain less than 11.0   
  percent magnesium oxide (MgO). 
 
 b. Crystalline Crushed Stone.   Crystalline crushed stone shall be either   
  metamorphic or igneous stone, including but not limited to, quartzite,   
  granite, rhyolite and diabase.” 
 

End of the Standard Specification Article 1004.01 (a) (4) in part 
 

Beginning of the Standard Specification Article 1004.03 (a) 
 
“1004.03   Coarse Aggregate for Hot Mix Asphalt (HMA). The aggregate shall be according 
to Article 1004.01 and the following. 
 
 (a) Description.   The coarse aggregate for HMA shall be according to the   
  following table. 
 

Use Mixture Aggregates Percent (%) Allowed by Volume 
 

Class A 
 

Seal or Cover 
 

Allowed Alone or in Combination 5/: 
 
Gravel 
Crushed Gravel 
Carbonate Crushed Stone 
Crystalline Crushed Stone 
Crushed Sandstone 
Crushed Slag (ACBF) 
Crushed Steel Slag 
Crushed Concrete 

 

HMA 
Low ESAL 

 

Stabilized 
Subbase or 
Shoulders 

 

Allowed Alone or in Combination 5/: 
 
Gravel 
Crushed Gravel 
Carbonate Crushed Stone 
Crystalline Crushed Stone 
Crushed Sandstone 
Crushed Slag (ACBF) 
Crushed Steel Slag1/ 

Crushed Concrete 
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Use Mixture Aggregates Percent (%) Allowed by Volume 
 

HMA 
High ESAL 
Low ESAL 

 

Binder 
IL-19.0 
or IL-19.0L 
 
SMA Binder 

 

Allowed Alone or in Combination 5/: 
 
Crushed Gravel 
Carbonate Crushed Stone2/ 

Crystalline Crushed Stone 
Crushed Sandstone 
Crushed Slag (ACBF) 
Crushed Concrete3/ 
 

 

HMA 
High ESAL 
Low ESAL 

 

C Surface and Binder 
IL-9.5  
IL-9.5FG 
IL-9.5L 
 
SMA 
Ndesign 50 Surface 

 

Allowed Alone or in Combination 5/: 
 
Crushed Gravel 
Carbonate Crushed Stone2/ 

Crystalline Crushed Stone 
Crushed Sandstone 
Crushed Slag (ACBF) 
Crushed Steel Slag4/ 

Crushed Concrete3/ 
 

 

HMA 
High ESAL 

 

D Surface and Binder 
IL-9.5 
Or IL-9.5FG 
 
SMA 
Ndesign 50 
Surface 

 

Allowed Alone or in Combination 5/: 
 
Crushed Gravel 
Carbonate Crushed Stone (other than 
Limestone)2/ 

Crystalline Crushed Stone 
Crushed Sandstone 
Crushed Slag (ACBF) 

Crushed Steel Slag4/ 

Crushed Concrete3/ 
 
 

Other Combinations Allowed: 
 

Up to… 
 

With… 
 

25% Limestone 
 

Dolomite 
 

50% Limestone 
 

Any Mixture D 
aggregate other than 
Dolomite 

 

75% Limestone 
 

Crushed Slag (ACBF) 
or Crushed Sandstone 
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Use Mixture Aggregates Percent (%) Allowed by Volume 
 

HMA 
High ESAL 

 

 

E Surface 
IL-9.5 
or IL-9.5FG 
 
SMA 
Ndesign 80 
Surface 

 

Allowed Alone or in Combination 5/: 
 
Crushed Gravel 
Crystalline Crushed Stone 
Crushed Sandstone 
Crushed Slag (ACBF) 

Crushed Steel Slag 

Crushed Concrete3/ 
 
No Limestone.  
 

Other Combinations Allowed: 
 

Up to… 
 

With… 
 

50% Dolomite2/ 
 

Any Mixture E aggregate 
 

75% Dolomite2/ 
 

Crushed Sandstone 
Crushed Slag (ACBF) 

Crushed Steel Slag, or 
Crystalline Crushed Stone 

 

75% Crushed Gravel or 
Crushed Concrete3/ 

 

 

Crushed Sandstone, 
Crystalline Crushed Stone, 
Crushed Slag (ACBF), or 
Crushed Steel Slag  

 

HMA 
High ESAL 
 

 

F Surface 
IL-9.5 
or IL -9.5FG 
 
SMA 
Ndesign 80 
Surface 

 

Allowed Alone or in Combination 5/: 
 
Crystalline Crushed Stone 
Crushed Sandstone 
Crushed Slag (ACBF) 

Crushed Steel Slag 

 
No Limestone. 
 

Other Combinations Allowed: 
 

Up to… 
 

With… 
 

50% Crushed Gravel, 
Crushed Concrete3/, or 
Dolomite2/ 

 

Crushed Sandstone 
Crushed Slag (ACBF) 

Crushed Steel Slag, or 
Crystalline Crushed Stone 

1/  Crushed steel slag allowed in shoulder surface only 
2/  Carbonate crushed stone shall not be used in SMA Ndesign 80. In SMA Ndesign 50, carbonate 

crushed stone shall not be blended with any of the other aggregates allowed alone in Ndesign 50 
SMA binder or Ndesign SMA Surface. 

3/ Crushed concrete will not be allowed in SMA mixes. 
4/ Crushed steel slag shall not be used as binder. 
5/ When combinations of aggregates are used, the blend percent measurements listed shall be by 

volume.” 
 

End of the Standard Specification Article 1004.03 (a) 
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3.9 Specific Gravity and Absorption. 
Specific gravity and absorption tests are run 
on both coarse and fine aggregates. While 
specific gravity and absorption are not used 
for acceptance, both the CBM and the 
District Material Offices will use the 
information in the design process for HMA 
and Portland Cement Concrete mixtures. 
 
Gravity and absorption also can be 
indications of quality and durability. Low 
specific gravities and a high absorption 
usually indicate an unsound or low quality 
aggregate. An aggregate with a high 
absorption can be expected to undergo a 
large volume change when saturated and 
dried, or frozen and thawed.  
 
General rules for specific gravity and 
absorption for aggregates: 
 
 • with a specific gravity over 2.60 and 

an absorption under 2.0% is 
considered good. 

 
 • with a specific gravity between 2.60 

to 2.54, inclusive, and an absorption 
between 2.0% and 3.0%, inclusive, 
is considered borderline. 

 
 • with a specific gravity under 2.54 

and an absorption over 3.0% can 
indicate a poor aggregate. 

 

There are exceptions to these rules: 
 
 Air-cooled blast furnace slag is very  
 light, 2.00 to 2.25 specific gravity, and  
 has a high absorption but has good  
 strength and friction properties that are  
 desirable as a building material.  
 
 Another exception would be a shale-
 laminated stone that has a high gravity 
  and low absorption. This type of stone is 
 considered deleterious due to the shale 
 laminations. When exposed to the 
 weather this material will breakdown 
 easily making it very undesirable for use 
 as a building material. 
 
The procedures to determine specific 
gravity and absorption for coarse and fine 
aggregate are basically the same with the 
exception of determining the saturated 
surface dry condition. IDOT follows 
procedures ITP 84 for coarse aggregate 
and ITP 85 for fine aggregate. 
 
Aggregate specific gravities and absorption 
tests have: 
 
a. A direct correlation with certain 
 mixture attributes that could potentially 
 affect specification requirements when 
 controlling the production and 
 placement of asphalt and/or concrete 
 products. 
 
b. A potential for variability in testing 
 procedures and results.  
 
Because of this, the BMPR will perform all 
official aggregate specific gravity and 
absorption tests on aggregate materials 
used on Illinois contracts. The BMPR 
issues a statewide listing of the established 
specific gravity and absorption values for all 
aggregates used in Illinois. These listings 
are available on the IDOT website. A 
contractor can also contact their local IDOT 
District Materials office to obtain this 
information. 
 
  

General Specific Gravity and Absorption 
Rules 

 

 
Specific 
Gravity 

Absorption 

Good over 2.600 under 2.0% 

Borderline 2.600 - 2.540 2.0% to 3.0% 

Poor under 2.540 over 3.0% 
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Aggregate producers and asphalt/concrete 
contractors are encouraged learn the 
process of running specific gravity and 
absorption tests on aggregates in order to 
perform checks from time to time when 
producing or using aggregate materials.  
These results will not replace the CBM’s 
established listing of aggregate specific 
gravities and absorption values. 
 
There are certain times where producers 
and asphalt/concrete contractors are 
required to perform specific gravity and 
absorption tests. When using crushed slag 
products (ACBF and steel slag) to produce 
HMA or PCC mixtures, the slag producer 
and asphalt/concrete contractor is required 
to perform daily production control tests on 
slag samples to determine current specific 
gravity and absorption of these materials in 
order to make adjustments on mixtures 
using the slag materials. 
 
Slag materials, especially steel slag 
materials, tend to have daily variations and 
inconsistency issues that can be 
detrimental to asphalt and/or concrete 
products. By performing these daily tests 
and being aware of these variations, the 
asphalt/concrete contractor can make 
adjustments to their mixtures in order to 
maintain mix compliance to the 
specifications. 
 
When slag materials are being used in 
mixtures used for IDOT purposes, the IDOT 
CBM or District Materials office will give 
instructions to producers and contractors 
instructing how to properly perform these 
tests. District Material technicians will 
monitor these testing procedures 
performed by producers and contractors in 
order to verify test results when producing 
mixtures for IDOT use. 
 
The current Policy Memorandum detailing 
the “Crushed Slag Producer Certification 
and Self-Testing Program” (13-08.2) can be 
found in Appendix ‘B’ of this manual.  
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4.0 STOCKPILING AND HANDLING 
 
Stockpiling and handling are two of the most 
important aspects in the aggregate 
production process. Material being produced 
to a uniform in-specification gradation can 
become out-of-specification material through 
poor stockpiling and handling. Several 
factors affecting aggregate gradation in this 
manner are segregation and degradation. 
 
 
Segregation and degradation can be defined 
as follows: 
 
• Segregation is the separation of a well 

graded production aggregate into 
individual sizes due to gravity. An 
example is large particles rolling down 
an inclined pile (cone) farther than 
smaller particles. This leads to almost 
all the large particles concentrated at 
the bottom and a fines pipe formed in 
the center of the pile. 

 
 
• Degradation is the actual breakdown of 

the individual aggregate particles due 
to abrasion and attrition during 
stockpiling and handling. This is 
extremely detrimental since the amount 
of minus 75 µm (minus No. 200) fines 
can be increased greatly. Increased 
fines create problems in most uses. 

 
 
The following discussion will cover the types 
of stockpiling/handling, the effect of 
segregation and degradation on each type, 
and the methods normally used to eliminate 
or reduce their effects. 
 
 
All stockpiling and handling for the 
Aggregate Gradation Control System shall 
conform to Policy Memorandum 11-08.7 
Aggregate Gradion Control System (AGCS) 
(see Appendix A, page A-77 herein).
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4.1 Conveyor Stockpiles. One of the two 
most common stockpiling methods in Illinois 
is material being discharged from a 
conveyor belt to form a stockpile. There are 
two kinds of conveyor stockpiles: 
 
• Cone - formed under a fixed or 

adjustable conveyor belt 
 
• Elongated Cone (tent-shaped) - built by 

a radial (or movable) stacker or a 
telescopic portable radial stacker 

 
 
 
 
 
 
4.1.1 These two types of stockpiles create 
a high degree of segregation. A simple 
explanation can show the reason for 
segregation. As the aggregate stream is 
conveyed up the belt (Figure A), vibration of 
the belt tends to layer the individual sizes 
and causes the fines to move to the bottom 
of the belt. When the material comes off the 
belt into the cone stockpile, the fine material 
clings to the belt longer and therefore drops 
straight down or toward the backside of the 
pile. The larger material falls or is thrown 
slightly away from the center top point of the 
pile. Belt speed can also be a large factor. 
As a result, the large particles have a 
tendency to roll down the front and sides of 
the pile and accumulate at the bottom 
(Figure B). 
 
 
Several factors determine the amount of 
segregation in a pile. These are: belt speed, 
the distance of fall from the conveyor, the 
amount of moisture in the aggregate, the 
wind conditions, and the height of the pile. 
The distance of fall is one advantage where 
an adjustable stacker can produce a less 
segregated stockpile than a fixed belt by 
keeping the distance between the discharge 
end of the belt and the top of the pile to a 
minimum. 
 

FIGURE A 

FIGURE B 

Cone Stockpile 

Elongated Cone Stockpiles 
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An adjustable radial stacker or an adjustable 
telescopic portable radial stacker can be used to 
build elongated tent-shaped piles. The adjustable 
radial stacker moves horizontally as well as 
vertically.  The telescopic radial stacker not only 
moves horizonally and vertically, but also moves 
telescopically in and out creating a flat, instead of 
coned, surface. Although stockpiles using these 
two types of stackers also tend to segregate, they 
are superior to simple cone piles when built and 
loaded from properly. With either of these two 
types of stackers, the top of the pile must always 
be close to the end of the belt, and the stacker 
must be continually moved to keep the pile 
uniform without indentations. Load-out must be 
done across the end opposite the conveyor. 
Mixing during load-out should be done to 
incorporate the coarse edges with the finer 
center. 
 
It should be pointed out that the fall distance 
from the conveyor/stacker to stockpile cannot 
be greater than 15 feet unless a change is 
approved by the Central Bureau of Materials, 
as specified in Section 5.1.2 of Policy 
Memorandum 11-08.7 (See Appendix A, 
herein). 
 
The source's handling/load-out procedures must 
adequately remix the material into an acceptable 
gradation when loading from cones/elongated 
cone piles. This explains why the endloader 
operator is so vitally important in most aggregate 
plants. A poor job of remixing means out-of-
specification material being shipped. 
 
The endloader must load perpendicular to the 
belt flow when loading out of fixed belt cones 
(see figure on cone stockpile in Section 4.1). 
Elongated cone stockpiles must be worked from 
either end rather than from points along the 
banana-shaped sides (see figure on elongated 
cone stockpiles in Section 4.1). The endloader 
must also remix the material when loading out. 
Buckets from both the center fines pipe and the 
fine backside of the pile must be reworked or 
alternated with buckets of coarse particles at the 
front, sides, and bottom of the pile. This remixing 
will help to bring the material back into gradation. 

Adjustable Radial Stacker 

Telescopic Portable Radial Stacker 
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4.1.2 Degradation in cone/elongated cone 
stockpiles normally does not become a major 
problem. The main abrading action, which is 
minimum, is in the load-out of the stockpile. 
 
 
 
4.2 Truck Stockpiles. The second of the 
two most common stockpiling methods is 
using large off-road trucks. These trucks 
normally carry 25 to 100 metric tons per load. 
The method requires truck dumps to be 
placed next to each other, effectively building 
a layer of material. Material can be placed 
alongside the layer and pushed up by an 
endloader. This is considered a single-
layer/pushed stockpile. 
 
 
Most sources choose to build multilayered 
truck stockpiles. In this case, a ramp of 
material is constructed to allow the trucks to 
drive up on the just-completed layer. An 
endloader or a bulldozer has to level the layer 
before the trucks can drive on it. The trucks 
proceed to dump loads across the top of the 
layer, making sure not to dump closer than    
2 to 4 feet (0.6 to 1.3 m) from the layer edge. 
No material dumped on the second or 
subsequent layers should roll down the sides 
of the pile. This process can be continued to 
build a multilayered stockpile. 
 
 
 
 
4.2.1 Stockpiles built in this manner have 
very little segregation as long as material is 
not allowed to roll down the sides of the pile. 
Therefore, load-out and remixing are not as 
crucial as in coned stockpiles. 
 
 
Load-out of the truck stockpile should be 
perpendicular to the dumping method used  to 
build the stockpile. 
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4.2.2 Degradation does become a factor 
when building a multilayered truck stockpile. 
The movement of trucks on the layered 
material can cause sufficient abrading and 
attrition of the aggregate particles to produce 
an unacceptable amount of minus minus 
No. 200 (75 µm) fines. 
 
 
Care must be exercised when permitting 
trucks on a stockpile. Aggregate used where 
excessive fines can cause problems should 
not be truck-stockpiled. Stockpiles should be 
constantly monitored for a fines problem and, 
if necessary, corrective action initiated, even 
to the extent of halting truck-stockpiling. 
 
 
 
 
4.3 Clam Shell Stockpiles. Very few 
aggregate sources use a clam shell to build a 
stockpile. It is used mainly to unload material 
from river barges. A few Illinois sources and 
suppliers use this method to build their 
stockpiles. The clam shell method casts the 
material that is picked up from the barge in 
thin layers, building one upon the other. If 
correctly constructed, very little material rolls 
down the sides of the pile. 
 
 
Segregation and degradation are minimal in a 
clam shell stockpile. The main problem 
associated with this type of stockpile is the 
high expense in building it. 
 
 
 
 
4.4 Other Methods. Some sources stockpile 
material by dumping truckloads over a quarry 
or pit face. (See adjacent figure.) This 
method, like conveyor-stockpiling, allows the 
material to segregate when the larger 
particles roll down the sloped pile. This is not 
a recommended stockpiling method because 
reclaiming normally cannot be done correctly 
to remix the aggregate. 
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5.0 FIELD GRADATION SAMPLING 
 
This chapter is designed to detail the correct 
sampling procedure to be used when taking 
gradation samples under the Aggregate 
Gradation Control System. Sampling shall 
conform to current Illinois Modified AASHTO 
R90 Test Prodecure.  No other sampling 
procedures will be allowed. Both production 
and stockpile sampling methods will be 
covered in this chapter. 
 
 
 
 
5.1 Importance of Sampling. The 
Aggregate Technician Course Manual 
discusses the importance of correctly 
sampling aggregate for testing. Therefore, it 
should be sufficient to say in this chapter that 
knowing what is actually being produced is of 
prime importance in the production and 
utilization of aggregate. Unless gradation 
samples are truly representative of the 
material being produced and shipped, the test 
results are worthless for plant control or 
material acceptance. 
 
 
 
 
 
 
 
 
5.2 Production Gradation Sampling. 
Production sampling is generally 
acknowledged as the best sampling method 
for plant gradation control. It also is noted for 
providing the most representative samples. 
Following is a listing of four production 
sampling methods. Each will be described 
and any limitations discussed. 
 
• On-belt sampling 
 
• Belt-stream sampling 
 
• Bin-discharge sampling 
 (requires IDOT approval) 

 
• Truck-dump sampling 
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5.2.1 On-Belt Sampling - This production 
sampling method (illustrated on page 5-3) 
requires the producer to stop the production 
belt containing the finished product. A 
template (as illustrated) is inserted into the 
material on the belt. All the material between 
the template shall be removed and shall 
represent one of three increments making up 
the field sample. Extreme care shall be taken, 
including the use of a brush, to remove all 
fines on the belt between the template for 
inclusion into the increment. The belt shall be 
stopped at least three times (three 
increments) during approximately 10 to 15 
minutes of operation to obtain a field sample. 
If additional material is needed beyond three 
increments due to the amount of material on 
the belt, additional template cuts may be 
taken during the three belt stoppages. 
 
 
Automatic samplers may be used as long as 
the gradations compare to samples taken 
with the sample template. 
 
 
Samples shall be taken only during normal 
plant operation and when the belt is under 
normal load. 
 
 
 
5.2.2 Belt-Stream Sampling - The sample 
shall be taken by cutting the stream of 
aggregate as it leaves the end of the 
production belt (see page 5-3). A sampling 
device is passed uniformly through the entire 
(width and depth) stream flow during normal 
production and belt load. Each sampling pass 
(increment) is combined with others to make 
up the field sample. A minimum of three 
increments shall be taken during a 10 to 15 
minute sampling period. Enough increments 
shall be taken to provide the correct field 
sample size. 
 
 
Extreme care shall be taken to make sure the 
sampling device passes completely and 
uniformly through the entire stream flow (from 
outside the stream on one side to outside the 
stream on the other side) and to ensure the 
device does not overflow. 
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On-Belt Sampling 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 1 Step 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 3 Step 4 
 
Belt-Stream Sampling 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 Step 1 Step 2 Step 3 
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5.2.3 Bin-Discharge Sampling - Bin 
discharge shall be sampled in a manner 
similar to belt-stream sampling to get a 
production sample. A sampling device is 
passed through the entire bin discharge 
stream.  A minimum of three increments shall 
be taken during a 10- to 15-minute sampling 
period and combined to form the field sample. 
 
Before cutting the bin discharge stream, the 
bin must be emptied until such time that the 
stream of material entering the bin is the 
stream of material exiting the bin. Sampling 
may take place at that time. 
 
Samples shall be taken only during normal 
plant operation and when the bin is being fed 
under normal load 
 
The major problems associated with bin-
discharge sampling involve segregated 
material clinging to the sides of the bin. This 
material can and does break loose which 
alters the gradation of the bin-discharge 
stream. This sampling procedure shall 
therefore be used only when approved by the 
District Engineer. (This technique of sampling 
may also be considered as another method 
for end-point sampling.) 
 
 
5.2.4 Truck-Dump Sampling – Sampling 
from inside of transportation units is not 
permitted.  The transportation unit shall be 
off-loaded and sampled by any of the 
sampling procedures under Illinois Test 
Procedure 2.  
 
This sampling method requires taking a field 
sample from one or two truck dumps which 
are placed during the building of a stockpile 
or feeding of a plant. The truck dump(s) shall 
be cut with an endloader and two or more 
bucketsloads extracted.  The bucketloads 
shall be dumped on one another to form a 
small pile.  The small pile shall then be 
mixed from two directions perpendicular 
to each other.  To mix the pile, the endloader 
shall cut into the pile along its base until 
approximately its midpoint.  The loader 
bucket shall be lifted, the loader moved 1 to 2 
feet forward, and the bucket dumped on the 
other half of the pile.  
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Care shall be exercised to avoid cutting 
below the base of the truckdumps or small 
pile and contaminating the material to be 
sampled.  
 
After mixing twice, the endloader shall drop 
and angle its bucket downward on one side 
of the pile into a layer not less the 1 foot thick 
 
The layer shall be sampled using a required 
shovel  to take increments in a random “X” 
pattern over the layer.  The shovel shall be 
forced vertically to its full depth when 
sampling each increment except that care 
shall be used to not dig completely through 
the layer.  This would contaminate the 
sample being obtained.  The equipment 
wheel paths and the edges of the sample 
layer should be avoided. Sufficient 
increments shall be taken to make up a 
correct field sample. Care shall also be 
exercised to retain as much material on the 
shovel when taking increments.  Sufficient 
increments shall be taken to make up a 
correct field sample. 
 
 
5.3 Stockpile Sampling. Stockpile 
sampling is needed to confirm that the 
material in the stockpile meets a specified 
gradation or can be remixed during load-out 
to meet a specified gradation. Care has to be 
taken to obtain a representative sample. 
 
 
5.3.1 There are two general rules for getting 
samples (especially coarse aggregate) from a 
stockpile. 
 
 
5.3.1.1 The sample shall be taken from the 
working face of the stockpile.  The working 
face shall be perpendicular to the direction of 
flow used to build the stockpile.  Stockpiles 
having no working face shall have one 
established prior to sampling.  The working 
face shall have the interior of the pile 
exposed to permit proper reblending of the 
pile to eliminate segregated aggregate.  If 
necessary, material may be brought out of 
the main pile’s working face into a 
substockpile for sampling. 
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5.3.1.2 Take several bucketloads across 
the opened face of the main stockpile or 
substockpile with an endloader and combine 
them in a small pile. Care shall be exercised 
to avoid having the endloader cut below the 
base of the existing stockpile. This prevents 
contamination of the sample. 
 
 
 
 
 
5.3.2 Stockpile Sampling Procedure – As 
for the actual sampling procedure (see page 
5.7).  The stockpile sampling procedure shall 
follow the truck-dump sampling procedure 
using an endloader.  The endloader shall cut 
across the working face as detailed in “Truck-
Dump Sampling.”  Any special mixing 
procedure used during loading shall be used 
when taking any samples. 
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Stockpile Sampling Procedure 
 
 
 
 
 
 
 
 
 

Step 1 – Take several bucketloads across the opened face of the main stockpile or 
substockpile with an endloader and combine them in a small pile. 

 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

Step 2 – The small pile shall then be mixed from two directions perpendicular to each 
other, always dumping back on tip of the pile. 

 
 
 
 
 
 
 
 
 
 

Step 3 – After mixing, the endloader shall backdrag the pile into a layer not less than one 
foot thick. 

 
 
 
 
 
 
 
 

Step 4 – The layer shall be sampled using a shovel to take a minimum of five increments 
in “X” pattern. Increments should be taken to the full depth of the shovel and 
care should be exercised to retain as much material as possible. 
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5.4 Sampling Equipment. Several pieces of 
sampling equipment are mentioned in the 
preceding parts of this chapter. This equipment - 
template, sampling device, and shovel - must 
meet certain requirements to be used for 
sampling. The following paragraphs describe the 
requirements for each piece. 
 
 
 
5.4.1 Template - The template shall consist of 
two endplates and shall be designed to be 
adjustable. The distance between the end plates 
may therefore be changed to gather more 
material from the belt for each increment. The 
end plates shall also be machined or cut to the 
approximate belt size and shape. 
 
A single template end plate may be used in the 
sampling procedure, if care is exercised. 
 
 
 
5.4.2 Sampling Device - The sampling device 
used to cut the flow stream from the end of the 
belt or the bin discharge must be strong enough 
to handle the force of the flow stream. The 
device must also be large and deep enough to 
cut the entire flow stream and not overflow when 
passing through the stream. The device may be 
a bucket, a pan, or a specifically manufactured 
sampling container. 
 
 
**Shelby tubes are not allowed as sampling 
devices. 
 
 
 
 
 
5.4.3 Shovel - The shovel shall be square-
nosed and of a size easily handled. It shall also 
have built-up sides and back (approximately 1 
1/2 inch [37.5mm]) to facilitate the retention of 
material on the shovel when sampling.



Aggregate Technician Course Manual Revised November 2023 

HARD COPIES UNCONTROLLED Page 5-9 
 

5.5 Sampling Frequency / Field Sample Size 

 
 
 
 
5.5.1 Sampling Frequency - The frequency of 
gradation sampling is listed in the "Aggregate 
Gradation Control System". This program is 
covered in Chapter 8.0 of the Aggregate 
Technician Course Manual. 
 
 
 
 
5.5.2 Field Sample Size - The field sample 
size is detailed in the Aggregate Gradation 
Sample Size Table & Quality Control Sieves, 
effective December 1, 2021.  A copy of the 
Aggregate Sample Size Table is located on 
pages 6-18 & 6-19 herein. 
 
 
 
 
 
 
5.6 Safety. Gradation sampling can pose one 
of the greatest risks to the safety of the 
aggregate technician/inspector. Extreme care 
should be used whenever around the aggregate 
plant and mobile equipment. 
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6.0 GRADATION TESTING 

 

The procedure for determining the gradation or 

particle size distribution of an aggregate is 

divided into five parts: 

 

• Reduction of field sample  
(Illinois Modified AASHTO R 76) 
 

• Drying of the sample  
(Illinois Modified AASHTO T 255) 

 

• Wash test  
(Illinois Modified AASHTO T 11) 

 

• Dry sieve analysis  
(Illinois Modified AASHTO T 27) 

 

• Calculation / Reporting 
 

The following sections will describe each part of 

the gradation test procedure, in detail, as it is 

performed on a field sample brought into the 

laboratory. 

 

In addition, aggregate moisture content may be 

run on the gradation sample prior to gradation 

testing or on a separate test sample, both as 

detailed in Article 6.6 herein. 

 

The necessary laboratory equipment to run a 

gradation or aggregate moisture content shall be 

approved by the Bureau specified in the Appendix 

D3 “Aggregate Laboratory Equipment” in the 

Manual of Test Procedures for Materials (See 

Appendix A, herein).  This equipment shall be 

continually monitored and frequently checked by 

the aggregate technician for compliance to the 

required Illinois Test Procedures.  The producer 

laboratory will also be checked by the 

Department during initial source certification and 

on a biennial basis thereafter. 
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Mechanical Splitters 

Straightedge Pan Style 

 

6.1 Reduction of Field Samples.  Field 

samples must be reduced to test sample size 

before testing.  The test sample size for gradation 

testing shall conform to the Illinois Specification 

201, Aggregate Gradation Sample Size Table & 

Quality Control Sieves.  The test sample size shall 

be as stated in Illinois Specification 201. 

 

Reduction of field samples shall conform to 

AASHTO R 76 (see Appendix A, herein).  Selection 

during splitting of an exact predetermined mass for 

the sample is not permitted. 

 

The required splitting method for coarse aggregate 

in the program shall be mechanical splitters as 

detailed in Article 6.1.1 (following).  The preferred 

splitting method for fine aggregate shall be 

mechanical splitters; however, quartering and 

miniature stockpile sample may be used.  If a 

mechanical splitter is used, it shall conform to 

AASHTO R 76, Method ‘A’ (see Appendix A 

herein). 

 

6.1.1 Method ‘A’ - Mechanical Splitters - As 

stated in the specification, the mechanical splitter 

shall have an even number of same-width chutes, 

directed alternately to different sides.  There shall 

be a minimum of eight chutes for coarse aggregate 

and twelve chutes for fine aggregate.  All chutes 

shall be at least 50% larger than the largest particle 

in the field sample.  Two pans, each of which 

covers the entire width of the chute area, shall be 

used to catch the two split halves.  The splitter shall 

be equipped with a hopper (preferred type) or a 

straight edged pan, either of which shall give a 

width equal to or slightly less than the overall width 

of the chutes.  The splitter and accessory 

equipment shall be designed and operated so that 

the sample will flow smoothly without restriction or 

loss of material and can be fed at a slow, controlled 

rate during the splitting process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mechanical Splitters 

Hopper Style 
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All aggregate splitters used must conform to 

AASHTO R 76. 

 

The actual splitting procedure requires the field 

sample be placed in the hopper or pour pan 

and evenly distributed from edge to edge.  This 

allows the material to be divided into 

approximately equal amounts by flowing 

through the chutes.  The sample shall be 

introduced into the chutes in an even flow.  A 

fast discharge or “shot-gunning” the sample into 

the chutes may cause material to bridge over a 

chute, creating a non-representative sample.  

One of the two splits may then be reintroduced 

into the hopper or pour pan for further splitting.  

This procedure should be done the appropriate 

number of times to result in the correct test 

sample size. 

 

On the final split, the masses of the two halves 

(after splitting) shall be within +/- 10% of each 

other.  This is determined adding 10% of the 

mass of the smaller split to the mass of the 

smaller split; the larger split cannot exceed this 

calculated mass.  If it does, both split halves 

shall be recombined and split until the mass 

comparison requirement is met. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example problem of final split calculation: 

  Weight of 1st half is 2020 g 
  Weight of 2nd half is 1853 g 
 

(Smaller split) _______ g x 10% = _________ g 

 

(Add to smaller split) _______g + _________g = _________g 

 

The mass of the larger split half (2020 g) cannot be larger than 

the calculated mass in order to be a valid split. 

 
If the larger half exceeds the calculated mass, recombine the 

two halves and split again. 
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Mechanical Splitting 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STEP 1 STEP 2 

STEP 3 STEP 4 

STEP 5 
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6.1.2 Method ‘B’ - Quartering - Quartering, as 

described in AASHTO R 76, requires the fine 

aggregate field sample be placed on a hard, 

clean, level surface or on a canvas blanket.  (See 

page 6-6.)   The sample is then thoroughly mixed 

by turning over the entire samples four times with 

a shovel, forming a small conical pile.  If the 

canvas blanket is used, mixing may also be 

accomplished by alternately lifting each corner of 

the canvas and pulling it over the sample 

diagonally toward the opposite corner.  This 

causes the material to be rolled and mixed.  The 

mixing procedure, whether by shove or canvas, 

shall be repeated three times, resulting with the 

formation of a small conical pile.  Care shall be 

taken not to lose material or add foreign material 

in either mixing procedure. 

 

The small conical pile shall be flattened to a 

uniform thickness and diameter by applying the 

shovel to the apex of the pile.  The diameter 

should be approximately four to eight times the 

thickness. 

 

The flattened pile shall then be divided into four 

equal quarters with a shovel or trowel.  Two 

diagonally opposite quarters shall be removed, 

including all fine material.  A brush may be used 

to clean the cleared spaces.  Remix and quarter 

the remaining material as many times as 

necessary following the above-described method 

to achieve the required test sample size. 

 

On the final split, both split halves shall conform 

to the +/- 10% mass requirement detailed in 

Article 6.1.1 herein. 
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Quartering 
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6.1.3 Method ‘C’ - Miniature Stockpile –

Miniature stockpile sampling may be used on 

only damp, fine aggregate.  The material is 

mixed using the same procedure as just 

described in quartering.  The small conical pile 

is flattened to a sampling pad of uniform 

thickness and diameter by applying the shovel 

to the apex of the pile.  Each quarter section of 

the resulting pad will contain the material 

originally in it.  The test sample is then obtained 

by selecting at least five increments in a 

random “X” pattern over the miniature sampling 

pad using a sampling thief, small scoop, or 

spoon.  The number of increments should be 

sufficient to provide a sample slightly larger 

than the required minimum test sample size 

when dried to constant weight. 

 

For all State monitor splits, the number of 

increments, as described above, shall be 

doubled to provide a sample twice the required 

size.  This material shall then be dried to 

constant weight and split in accordance to 

Method ‘A’ (mechanical splitter), or, instead of 

drying and mechanically splitting, the material 

may be split in accordance to Method ‘B’ 

(quartering) of IL Modified AASHTO R 76.  Both 

split halves shall conform to the +/- 10% weight 

requirement detailed in Article 6.1.1 herein. 

 

6.2  Drying of Test Sample – The test sample 

shall be dried back to constant weight in 

conformance to the AASHTO T 255 utilizing an 

oven, specifically designed for drying, set at 

and capable of maintaining a uniform 

temperature of 230 +/- 9˚F (110 +/- 5˚C).  

Constant weight is defined as “The sample 

weight, at which there has not been more than 

a 0.5-gram weight loss during an additional 1 

hour of drying”.  This shall be verified 

occasionally. 
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The sample may also be dried in a pan on an 

electric hot plate or gas burner in lieu of using 

an oven.  Since this method can create drying 

temperatures greatly exceeding the allowed 

oven temperatures, extreme care must be used 

when using this drying method.  The technician 

shall continually attend the sample on the 

electric hot plate or gas burner.  While 

microwave ovens are not permitted for drying 

aggregate gradation samples, microwave ovens 

can be used when drying non-gradation test 

samples used for moisture determination only. 

 

 

The electric hot plate and/or gas burner should 

be operated on a low-as-needed heat during 

drying.  This will eliminate the popping, 

crackling, and/or sizzling noise which indicates 

potential aggregate breakdown.  The heat must 

be turned down if these noises persist, or the 

sample must be constantly stirred to prevent 

this potential aggregate particle disintegration. 

 

 

After the test sample has been dried back to 

constant weight, the sample shall be cooled 

down to room temperature.  The sample shall 

then have its weight determined to the nearest 

1 gram for coarse aggregate and to the nearest 

0.1 gram for fine aggregate on scales or a 

balance conforming to the AASHTO Standard 

M 231, Weighing Devices Used in the Testing 

of Materials.  All scales or balances shall be 

tared before being used to determine any 

weight required in this chapter.  This procedure 

provides the Total Dry Weight of the original 

test sample. 
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6.3 Wash Test – The wash test, AASHTO T 

11, “Amount of Material Finer than No. 200 

[75um] Sieve in Aggregate”, requires the 

sample be placed in a sufficiently sized pan and 

covered with water.  If necessary, a wetting 

agent, such as a detergent or dispersing 

solution, may be added to assure thorough 

separation of the fines from the coarse 

particles. (Note:  There should be enough 

wetting agent to produce only a small amount of 

suds when the sample is agitated. Excessive 

suds may overflow the sieves and carry some 

material with them.) The sample shall be 

agitated by the use of a large spoon or similar 

instrument to bring the fines into suspension in 

the water.  The water is then immediately 

poured into a nested set of sieves.  The nested 

set of sieves must consist of the No. 200 

[75µm] sieve with an additional sieve placed 

directly on top.  The sieve placed on top of the 

No. 200 (75µm) is used as a protectant sieve 

and can be any sieve from the #8 (2.36mm) 

through the No. 16 (1.18mm).  Care shall be 

taken to avoid pouring many of the coarse 

particles onto the sieves.  This procedure is 

repeated as many times as necessary until the 

wash water is clear.  At this time, all material 

retained on the wash sieves is then carefully 

washed back into the sample. 

 

A mechanical device, such as a Ploog washer, 

may be used for coarse aggregate samples 

providing its results match the manual 

procedure.  If using a mechanical washing 

device, the protectant sieve needs to be an 

extra tall sieve (at least 6-8”) to avoid loss of 

material due to splashing. A loss of fines due to 

the dripping of water from the outside edge will 

not be allowed and can be prevented by 

applying a coating of wax around the outside 

edge of the drum lip.  If sample degradation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

occurs, then mechanical washing method will 

not be allowed.  After completing the washing, 

the test sample is dried back to constant weight 

and its weight determined.  This weight is 

recorded as the Total Wash Weight to the 

nearest 1 gram for coarse aggregate and the 

nearest 0.1 gram for fine aggregate. 

 

If the wash test is not required, Section 6.3 

may be eliminated. 

Manual Wash Method 

Mechanical Wash Method 
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Wash Test 
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6.4  Dry Sieve Test – The test sample, after 

drying back to constant mass and having its mass 

determined, shall be run in the dry sieve test 

conforming AASHTO T 27, “Sieve Analysis of 

Fine and Coarse Aggregates”.  All equipment 

used shall conform to AASHTO T 27 

 

The first step in the test procedure requires a 

nested set of 12” [300mm] sieves (8” [200mm] are 

acceptable for fine aggregate samples), be 

gathered and stacked.  As the sieves are being 

stacked, they should be inspected for cracks, 

breaks, or any other problem which would 

exclude their continued use or alter test results in 

any way. The size of the sieves used shall 

conform to the gradation specifications of the 

aggregated tested.  The No. 200 (75um) sieve is 

required to be part of all nested sets when running 

a gradation test.  It is also required, when using 

12” (300mm) sieves, the use of additional cutter 

sieves beyond the specified gradation sieves for 

all coarse aggregate gradations is required per 

Illinois Specification 201. Cutter sieves may be 

required for any aggregate gradation if it is 

determined that overloading of individual sieves 

occurs.  Please refer to the current Illinois 

Specification 201-Aggregate Gradation Sample 

Size Table & Quality Control Sieves (See 

Appendix A herein) for the listing of required 

cutter sieves by gradation. 

 

The sample is then introduced into the nested set 

of sieves and placed on or into a mechanical 

shaker.  The shaker shall impart a vertical, or 

lateral and vertical, motion to the nested set.  This 

causes the aggregate particles to bounce and 

turn so as to present different particle chance for 

a particle to pass a certain sized 

orientations to the sieves.  This allows every 

sieve. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The shaker shall be run for a minimum of 7 

minutes, controlled by an automatic shut-off timer.  

Seven (7) minutes of shaking shall be considered 

the standard unless reduced shaker efficiency is 

demonstrated through finish hand-shaking as 

described in Paragraph 8.4 of AASHTO T 27 (See 

Appendix B herein).  Shaking time shall be 

increased if necessary to comply with AASHTO T 

27.  Shaking time shall not exceed 10 minutes. 
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Extreme care shall be taken not to overload 

individual sieves or even approach the overload 

limits.  An overload is defined as several layers 

of particles, one on top of the other, which do 

not permit the top layers of particles access to 

the sieve openings.  Sample results which show 

overloading or a borderline situation are 

immediately suspect.  If samples continually 

overload a sieve or sieves, then future samples 

shall be run in the appropriate number of portions 

to prevent overloading, or additional cutter sieves 

shall be added to the nested set to correct the 

problem. 

 
After mechanical shaking, all sieves shall be 

finished off by hand-shaking.  For hand-shaking, 

the largest sieve that contains material shall be 

removed from the stack, visually inspected for an 

overload, and inverted over an empty pan.  While 

inverted, all particles shall be cleaned from the 

sieve.  The material shall then be placed back on 

the same sieve and hand-shaken over an empty 

pan.  Any amount of material that is considered to 

be an overload or to be approaching and overload 

shall be hand-shaken in at least two increments.  

Any appreciably large amount of particles passing 

a sieve may indicate poor mechanical shaking or 

overloading.  The finish hand-shaking noted in 

Paragraph 8.4 of AASHTO T 27 shall then be 

initiated. 

 
After hand-shaking, any retained material shall be 

removed from the sieve.  Particles shall not be 

forced through the sieves.  The sieve shall be 

inverted and lightly tapped on the sides to facilitate 

removal for weighing.  A dowel rod or putty knife 

may be used to gently remove wedged particles 

from all sieves down through and including the No. 

10 (2.00mm).  A soft brass-wired brush shall be 

used on the No. 16 (1.18mm) through the No. 40 

(425 µm) sieves, while a soft china brush shall be 

used the No. 50 (300 µm) sieve through the No. 

200 (75µm) sieve. 
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Dry Sieve Test 
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After hand-shaking and cleaning, the material retained on 

each sieve shall have its mass determined and the mass 

recorded.  All determination of mass shall start with the 

largest sieve in the nested set and proceed down to the 

pan.  Determination of mass shall be to the nearest 1 gram 

for coarse aggregate and to the nearest 0.1 gram for fine 

aggregate.  Any material that passed the sieve during 

hand-shaking shall be placed on the next smaller sieve. 

 

After use, all sieves shall be inspected for cracks, breaks, or any other problem which would exclude 

their continued use. 

 

6.5 Calculation / Reporting - All recording/ calculation and report shall be done on the 

Department’s gradation form.  Individual source forms may be used if approved by the District 

Materials Engineer.  The procedure for test calculation and reporting is as follows: 

 

6.5.1 Calculation of Test Results – Calculation of test results shall follow the procedure described 

below.  Refer to the Department’s gradation form herein. 

 

6.5.1.1   The DIFF. – No. 200 (-0.075) shall be determined by subtracting the Washed Mass (weight) 

from the Total Dry Mass (weight). 

 

6.5.1.2 The “Minus” 75um (No. 200) by Washing” shall be determined by using the following formula: 

 

 

  

 

where TDM= Total Dry Mass (weight)    
 
and TWM = Total Wash Mass (weight) 

 

 This result shall be rounded to the nearest 0.1% and recorded on the gradation form. 

 

6.5.1.3 Calculate the “Cumulative Mass (weight) Retained” for each sieve by adding its “Individual Mass 

(weight) Retained” and the “Individual Mass (weight) Retained” for each larger sieve in the 

nested set of sieves.  Record the “Cumulative Mass (weight) Retained”. 

 

% -200 (-75µm) by Washing = 
TDW-TWW 

X 100 
TDW 
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6.5.1.4 Calculate the “Maximum Gain-Loss” of the mass (weight) allowed for acceptance by using the 

following formula; rounding the result to the nearest 1 gram for coarse aggregate and to the 

nearest 0.1 gram for fine aggregate: 

 

Maximum Gain-Loss = 0.3% x TDW 

 where TDM = Total Dry Mass (weight) 

6.5.1.5 Calculate the “Cumulative Percent Retained” for each sieve by using the following formula and 

record it by rounding to the nearest 0.1%. 

 

         

 

 where   CMR = Cumulative Mass (weight) Retained 

 
 and  TDM = Total Dry Mass (weight) 

 

6.5.1.6 Calculate the percent passing each sieve by using the following formula: 

 

% passing = 100 – Cumulative % Retained 

 These results shall be recorded to the nearest 0.1%. 

 

6.5.2 Reporting - All percent passing results except the washed minus 75um (minus No. 200) shall 

be reported on the gradation form as whole numbers.  The washed minus No. 200 (75um) 

result’s shall be reported to the nearest 0.1%.   The gradation forms shall be completed with all 

required information.  All forms shall be sent to the District office on a weekly basis for entry into 

the MISTIC system. 

 

 Rounding of values will be according to ASTM E 29. 

 For all sieves treated as an overload, an “S” will be notated on the worksheet next to the sieve 

size designation.  

Cumulative % Retained = CWR X 100 
TDW 
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6.6  Aggregate Moisture Content - Aggregate moisture content may be run on the gradation 

sample prior to gradation testing or on a separate test sample. Field samples must be reduced 

to test sample size before testing according to Section 6.1 herein (according to AASHTO R 76 

and shall meet the minimum sample size requirements of Illinois Specification 201, Aggregate 

Gradation Sample Size Table and Quality Control Sieves (See Appendix A, herein). 

 

Both field and test samples must be stored in sealable, non-absorbing plastic bags and/or plastic 

containers to prevent moisture loss, prior to determining the mass (weight) of the sample. 

 

The Aggregate Technician may be required, by the source, to perform this test on an infrequent 

basis for information on aggregate being shipped. The Aggregate Moisture Content test is 

commonly required to be run at both HMA and P.C. concrete plants per QC/QA specifications. 

When run, all test results shall be reported on the appropriate report forms and documented in 

a plant diary. 

 

6.6.1  Test Procedure - Aggregate moisture content test procedure shall conform to AASHTO T 255. 

 

The test sample shall be initially weighed to the nearest gram for coarse aggregate and to the 

nearest 0.1 gram for fine aggregate on scales or a balance conforming to AASHTO M 231. All 

scales shall be tared before being used for any weighing. This weighing procedure provides the 

"Original Sample Mass (weight), g" .The test sample shall be dried back to constant mass 

according to Section 6.2 herein (according to AASHTO T 255).  When performing an aggregate 

moisture content test only, a microwave oven or heat lamp may also be used for drying purposes 

on a non-gradation test samples. 

 
After the test sample has been dried to constant mass and cooled sufficiently, so as not to 

damage the balance or scale, the mass of the test sample will be determined as required above 

in this Section (6.6.1). The test sample shall have its mass determined as soon as the container 

can be safely handled to prevent additional moisture from being pulled from the air into the 

aggregate structure. This procedure provides the "Total Dry Mass (weight) g". 
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Calculation / Reporting - The "Aggregate Moisture Content" shall be determined by using 

the following formula:  

 

P = 
(OSW – TDW) 

X 100 
TDW 

 

Where     P = Aggregate Moisture Content (%), 

 

 OSM = Original Sample Mass (weight), g, 

 

and TDM = Dried Sample Mass (weight), g 

 

Test results shall be rounded to the nearest 0.1%. 

 
Example: 

 
With the following given information calculate the percent moisture for a  
sample of CM11 material: 

 
OSW = 5,165 g 
TDW = 5,045 g 

 

P = 
(5,165-5,045) 

X 100 
5,045 

 
  

      P   = ____________ 
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Illinois Specification 201 

Illinois Department of Transportation (IDOT) 

AGGREGATE GRADATION SAMPLE SIZE TABLE & QUALITY CONTROL SIEVES 
 

Effective:  December 1, 2021 

 

Note:  See footnotes below Fine Aggregate Gradation Table for explanation of symbols 
 
 

COARSE AGGREGATE GRADATION TABLE 

CA(CM)1, 2 
Minimum Field 

Sample Size3 

Minimum 

Test 

Sample 

Size3 

3” 2 1/2” 2” 1 3/4” 1 1/2” 1” 3/4” 5/8” 1/2” 3/8” 1/4” #4 #8 #16 #40 #50 #200 

CA01 110 lbs (50 kg) 10,000 g X XMN X  X X           X 

CA02 110 lbs (50 kg) 10,000 g  X XMN  XC X XC  X   X  X X  X 

CA03 110 lbs (50 kg) 10,000 g  X XMN  X X   X        X 

CA04 110 lbs (50 kg) 10,000 g   X  XMN X XC  X XC  X  X X  X 

CA055 110 lbs (50 kg) 10,000 g    X XMN XMB,6 XC  X   X6     X 

CA06 55 lbs (25 kg) 5,000 g     X XMN XC  X XC  X  X X  X 

CA075 55 lbs (25 kg) 5,000 g     X XMN XC XC XMB,6 XC XC X6     X 

CA08 55 lbs (25 kg) 5,000 g     X XMN X XC X XC XC X  X   X 

CA09 55 lbs (25 kg) 5,000 g     X XMN XC XC X XC XC X  X   X 

CA10 55 lbs (25 kg) 5,000 g      X XMN XC X XC XC X  X X  X 

CA115 55 lbs (25 kg) 5,000 g      X XMN XC XMB,6 XC XC X  X6   X 

CA12 35 lbs (16 kg) 2,000 g       X  XMN X XC X XC X X  X 

CA135 35 lbs (16 kg) 2,000 g       X  XMN X XC XMB,6 XC X6   X 

CA145 35 lbs (16 kg) 2,000 g        X XMN XMB,6 XC X6     X 

CA15 35 lbs (16 kg) 2,000 g         X XMN XC X XC X   X 

CA165 25 lbs (11 kg) 1,500 g         X XMN XC XMB,6 XC X6   X 

CA17 35 lbs (16 kg)4 4,000 g4 X  XC   XC   XC XC  XMN, 4  X  X X 

CA18 35 lbs (16 kg)4 4,000 g4 X     XMN, 4   XC XC  X  X  X X 

CA19 35 lbs (16 kg)4 4,000 g4 X     XMN, 4   XC XC  X  X X X X 

CA20 25 lbs (11 kg) 2,000 g         X XMN XC X X X   X 
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Illinois Specification 201 

Illinois Department of Transportation (IDOT) 

AGGREGATE GRADATION SAMPLE SIZE TABLE & QUALITY CONTROL SIEVES 
 

Effective:  December 1, 2021 

Notes below apply to Fine and Coarse Aggregate Gradation Tables Only 

X = Required Gradation Specification Sieves 

XC = Required Cutter Sieves 

MB = Master Band Sieves for Category I Coarse Aggregate for PCC and HMA Mixes; Bituminous use only for fine aggregate. 

MN = Maximum Nominal Sieve for Crushed Gravels – Maximum Nominal Size is defined as the first specification sieve in the 

product  gradation on which material may be retained. 

1 = CA = Coarse Aggregate; CM = Coarse Aggregate, Modified; FA = Fine Aggregate; FM = Fine Aggregate, Modified 

2 = CM and FM gradations shall be sampled and tested the same as the corresponding CA and FA gradations. 

3 = Slag should be adjusted accordingly due to its lighter or heavier mass. 

4 = Will vary with the gradation of the material being used 

5 = Control Charts Required 

6 = Required Sieve for Control Charts 

 

FINE AGGREGATE GRADATION TABLE 

FA(FM)1, 2 
Minimum Field 

Sample Size3 

Minimum Test 

Sample Size3 

1” 1/2” 3/8” #4 #8 #10 #16 #30 #40 #50 #80 #100 #200 

FA01 25 lbs (11 kg) 500 g   X XMN XMB  X XMB  X  X X 

FA02 25 lbs (11 kg) 500 g   X XMN XMB  X XMB  X  X X 

FA03 25 lbs (11 kg) 500 g   X XMN  X   X  X  X 

FA04 25 lbs (11 kg) 500 g   X    XMN       

FA05 25 lbs (11 kg) 500 g   X XMN        X X 

FA06 25 lbs (11 kg) 500 g X X X XMN        X X 

FA07 25 lbs (11 kg) 100 g    X  XMN   X  X  X 

FA08 25 lbs (11 kg) 100 g     X    XMN   X X 

FA09 25 lbs (11 kg) 100 g     X     XMN  X X 

FA10 25 lbs (11 kg) 100 g      X   XMN  X  X 

FA205 25 lbs (11 kg) 500 g   X XMN XMB  X XMB, 6  X  X X6 

FA215 25 lbs (11 kg) 500 g   X XMN XMB  X XMB, 6  X  X X6 

FA225 25 lbs (11 kg) 500 g   X XMB XMB, 6  X      X6 

FA235 25 lbs (11 kg) 500 g   X XMN XMB  X XMB, 6  X  X X6 

FA245 25 lbs (11 kg) 500 g   X XMN XMB  X XMB, 6  X  X X6 
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Illinois Specification 201 

Illinois Department of Transportation (IDOT) 

AGGREGATE GRADATION SAMPLE SIZE TABLE & QUALITY CONTROL SIEVES 
 

Effective:  December 1, 2021 

 
 
 
 
 
 
 
 
 

Notes below apply to Large Sized Aggregate Gradation Table Only 
 
X = Required Gradation Specification Sieves 
XC = Required Cutter Sieves 
1 = CS = Coarse Aggregate Subgrade; RR/RRM = Rip Rap 
2 = Dry Gradations Only 
3 = Slag should be adjusted accordingly due to its lighter or heavier mass. 
4 = A round nosed shovel may be used for sampling 
5 = Metal plates with precisely sized square holes may be used for the gradation 
6 = Test sample size shall be taken in the field.  No splitting is required. 
 
 
 
 
 
 
 
 
 

LARGE SIZED AGGREGATE GRADATION TABLE 

 

CS/RR1,2 

Minimum Test 

Sample Size3 

 

8” 

 

6” 

 

4” 

 

3” 

 

2” 

 

1 ½” 

 

1” 

 

½” 

 

#4 

CS01 50,000 g X X X XC X  XC XC X 

CS02 50,000 g  X X XC X  XC XC X 

RR01 20,000 g    X XC X XC XC X 

RR02 20,000 g   X XC X XC XC XC X 
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FIELD/LAB GRADATIONS 
MI 504M 

(Revised 11/9/22) 
 

1. MISTIC ID: MISTIC test identification number. Leave blank, the MISTIC system will generate the 
test identification number. 

 

2. INSPECTOR NO.: Identify the individual who took the sample. For split samples, the same 
inspector number should be used for both halves of the sample. 

 
a) IDOT personnel should enter their MISTIC inspector number. 
 
b)  Contractor, Subcontractor, Producer, should use a “9”, the District Number, and seven zeroes (0’s).  

Example: (960000000) for District 6  
 

c)  Consultant personnel enter their company’s MISTIC inspector number. 
 
d)  Local agency personnel are to enter a “9”; followed by the District number, which is repeated until 

the field is filled. 
Example: (966666666) for District 6 local agency. 

 

3. INSPECTOR NAME: Enter the name of the inspector who took the sample. 
 

4. DATE SAMPLED: Enter the date the sample was taken as month, day, and year in mmddyy 
format. Example: (103112) 

 
5. SEQ. NO.: Sequence number. May be any combination of letters and/or numbers up to 6 characters 

in length. It is used to differentiate multiple samples of the same gradation, taken on the same day. 
For a split sample, both halves of the split shall have “SPLIT” in this field. 

 
6. MIX PLANT NO.: The MISTIC code number for the P.C. Concrete or Hot Mix Asphalt Producer. 

Only one plant may be shown on one report. 
 

7. MIX PLANT NAME: Name of mix plant. 
 

8. CONTRACT NO.: Leave blank unless the gradation has been sampled at a jobsite for a specific 
contract. Enter the 5 digit contract number. If it is a local agency contract without a 5 digit number, 
then enter the 16 or 17 character MFT (Motor Fuel Tax) contract number. 

 
9. JOB NO.: Leave blank unless gradation sampled at the jobsite for a specific contract. Enter the 8 

character number that corresponds with the 5 digit contract number. If the contract number is not 5 
digits, leave this field blank. 

 

10. RESPONSIBLE LOC.: Enter the District identification number as a “9” followed by the District. 
Example: 96 for District 6 
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11. LAB: Enter the 2 letter MISTIC lab code. 
 

Laboratory Locations MISTIC Lab Codes 

 

Producer Plant Site Laboratory PP 
 

Producer Non-Plant Site Laboratory PL 
 

Producer Construction Site PC 
 

Producer Quarry Laboratory PQ 
 

Independent Plant Site Laboratory IP 
 

Independent Non-Plant Site Laboratory IL 
 

Independent Construction Site IC 
 

Independent Quarry Laboratory IQ 
 

Independent Laboratory IN 
 

IDOT/Local Agency Plant Site Laboratory FP 
 

IDOT/Local Agency Construction Site FC 
 

IDOT/Local Agency Quarry Laboratory FQ 
 

DISTRICT LABORATORY DI 
 

DISTRICT SATELLITE LABORATORY DS 
 

NOTE: A Contractor, Subcontractor, and Producer are to use one of the “Producer” lab codes. An 
IDOT Consultant, Contractor Consultant, Subcontractor Consultant, and Producer Consultant 
are to use one of the “Independent” lab codes. 

 
12. LAB NAME: Enter the name of the company which cannot exceed 20 characters. 

 

13. SOURCE NAME: Enter the name of the aggregate producer. 
 

14. SOURCE: Enter the MISTIC code number of the aggregate 
producer. Example: 50912-02 

 

15. MAT. CODE NO.: Material code for the aggregate product. Enter the 8 to 10 character 
code number of the material being tested. 

 

The following information will help you determine if you have the correct material code number. 
 

• The first space is a “0” to indicate the material is an aggregate. 

• The second space indicates the QUALITY LEVEL of the aggregate. Coarse and fine aggregates 
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used in concrete are always “A” quality. Hot mix asphalt surface course and fine aggregates are 
generally “B” quality. Hot mix asphalt binder course aggregates are generally “C” quality and fine 
aggregate are “B” quality (see below) 

The third space indicates the Type of Material (see below). 

The fourth space indicates the Aggregate Type (see below). 

The fifth space indicates the SPECIFICATION of the aggregate (see below). 

The sixth space is always a “M” to Metric. 

The seventh and eighth spaces are the Gradation Number of the aggregate. See Articles 
1003.01(c) and 1004.01(c) of the Standard Specifications. 
 

• The ninth and tenth spaces indicate superstructure quality aggregate for concrete use. Always 
enter “01” if testing superstructure quality aggregate. 

  
QUALITY LEVEL TYPE OF MATERIAL AGGREGATE TYPE 

0 & 1 Have No Quality 0 = Gravel C = Coarse Aggregate 
2 = A Quality 1 = Crushed Gravel F = Fine Aggregate 
3 = B Quality 2 = Crushed Stone  

4 = C Quality 3 = ACBF Slag  

5 = D Quality 7 = Natural Sand  

6 = D Quality Stabilized 8 = Stone Sand  

 9 = Special Aggregate  

 

SPECIFICATION 

A = Standard Specification 
M = Modified or QC/QA Specification 

 

16. TYPE INSP: Type of inspection (see below). For additional information see Attachment 4 in 

the Project Procedures Guide. 
 

AGENCY QC/QA NON QC/QA 

Contractor/Producer/ 
Consultant 

 
PRO 

 
----- 

IDOT/Consultant 
at Aggregate Source 

 
IND (split), INV 

 
PRO 

IDOT/Consultant 
at Mix Plant 

 
IND (split), INV 

 
IND (split-share), INV 

 
 

17. ORIG. I.D. #: Original identification number. Use for resample tests only. Enter the 
original MISTIC test identification number of the failing test. 

 

18. INSP. QTY.: Inspected Quantity. Leave blank. IDOT personnel may enter the quantity that 
is represented by the gradation test but it is not required. 
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19. SPEC.: Specification. Leave blank. IDOT aggregate personnel should enter the master band 
ranges under a “PRE” test at the beginning of each production season. 

Example: MB2036 
 

20. LEDGE: A five-digit code, provided by the District that correlates to the production method of the 
sampled material. Enter “99999” for all stockpile samples and material sampled at a Terminal or 
Supply Yard. 

 
21. SAMPLED FROM: Enter the 2 character designation in the first two spaces. Refer to “Sampled 

From Codes”. 
 

Sample From Sampled From Codes 

 

Barge BR 

Belt End (Stream) BE 

Cold Feed CF 

Hot Bin HB 

On Belt (Stopped) OB 

Production PR 

Rail Car CR 

Road RD 

Silo / Bin SI 

Stockpile SP 

Truck Dump TD 

Truck TK 

Weigh Belt WB 
 

 

22. LOADOUT / TERMINAL:  Enter name of site for multiple samples from the same source 

 
23. WASH/DRY:  Enter “W” if the test was a washed gradation, or a “D” if it was a dry gradation. 
 

24. GRADATION RESULTS INPUT TABLE:  Enter the percent passing test results, “percent % 
passing”, from the calculation table for all sieves. All test results shall be reported to the nearest 
1%, except for the 0.075 mm (#200) sieve, which shall be reported to the nearest 0.1%. 

 

25. WASH - 0.075 (-#200): Enter the washed minus 0.075 mm (#200) value from the 
calculation table to the nearest 0.1%. 

 

26. PI RATIO: Plasticity index ratio. Leave blank. IDOT personnel, when appropriate, should enter 
the PI ratio value. 

 

27. TEST RESULTS:  Enter “APPR” for results meeting specifications or “FAIL” for failure to meet 

specifications. Show under “Remarks” action taken for samples not meeting specifications. For 
example, retest, checked equipment, test method incorrect, will monitor. 
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28. REMARKS: This space should be used to record any comments about the aggregates, or the 
stockpiling and handling methods used. 

 

For “IND” inspection, a comparison remark is required, because the assurance test is from a split 
sample. For an acceptable comparison, enter the following: 
 

• Enter “C” when tests compare within acceptable limits of precision. 

• Enter date of comparison 

• Enter initials for “IND” inspector 

• Enter “ws” if the sample was witnessed by the “IND” 

 Example: C – 100197 TCS ws 

 

For an unacceptable comparison, enter the following: 

• Enter “X” when tests do not compare within acceptable limits of 
precision. 

• Enter date of comparison. 

• Enter initials for “IND” inspector. 

• Enter “ws” if the sample was witnessed by the “IND” 

• Explain reason for unacceptable comparison. 

 Examples: Contractor obtained sample incorrectly; IDOT equipment required 
repair; Contractor performed test method incorrectly; problem was not 
identified, will investigate further if problem continues. 

• Enter “ws” if the sample was witnessed by the “IND” 

 Example: X - 100297 TCS ws. Contractor obtained sample incorrectly. 

 
29. INDIV. WT. RETAINED: Enter the weight of aggregate on each sieve individually, starting with 

the largest sieve first. Weigh coarse aggregate to the nearest 1 gram, and fine aggregate to the 
nearest 0.1 gram. If the sieve was overloaded and split into two or more portions to hand 
sieve, then write a “S” outside the table on that row (right or left side). 

 

30. CUMUL. WT. RETAINED: Cumulative Weight Retained. Add the weight on each sieve, to the 
weight on any larger sieve(s), and enter that value. 

 

31. CUMUL. % RETAINED: Cumulative Percent Retained. Divide the cumulative weight retained 
by the total dry weight, and multiply by 100, for each sieve. Round to the nearest 0.1%, and 
enter that value. 

 

32. PERCENT % PASSING: Subtract the cumulative percent retained, from 100, for each sieve. 
Record to nearest 0.1%, and enter that value 

 

33. MINIMUM % PASSING: Enter the specification minimum for all appropriate sieves. These 
may be Standard Specifications, or modified Standard Specification, or master band limits. 
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34. MAXIMUM % PASSING: Enter the specification maximum for all appropriate sieves. These 
may be Standard Specifications, or modified Standard Specification, or master band limits 

 

35. TOTAL DRY Wt.: Enter the weight of the sample after it has been dried to a constant 
weight. Weigh coarse aggregate to the nearest 1 gram, and fine aggregate to the nearest 0.1 
gram. 

 

36. TOTAL WASHED WT.: Enter the weight of the sample after it has been washed, and dried 
back to a constant weight. Weigh coarse aggregate to the nearest 1 gram, and fine aggregate to 
the nearest 0.1 gram. 

 

37. DIFF. -0.075 (-200): Subtract total washed weight from the total dry weight, and enter that 
value. 

 

38. % WASHED -0.075:  Divide the “Diff. -0.075” by the “Total Dry Wt.” and multiply by 100. Round to 
the nearest 0.1%, and enter that value. 

 

39. 0.075 / 0.425: Leave blank. IDOT personnel, when appropriate, enter the ratio of the 
percent passing the 0.075 mm (#200) sieve and the 0.425 mm (#40) sieve. 

 
40. ORIGINAL WET WT.:  Enter weight of the “as received” material before drying. 

 
41. MOISTURE %:  Percent difference between the “Original Wet Wt.” and “Total Dry Wt.” 
 

42. LOT:  Leave blank. IDOT mix plant personnel use if performing individual hot bin “IND” tests. Enter the 
lot corresponding to the Daily Plant Output (MI 305). Also, enter this in the remarks. 

 

43. BIN: Leave blank. IDOT mix plant personnel use if performing individual hot bin “IND” tests. Enter the 
appropriate hot bin number. Also, enter this in remarks. 

  
44. TECH / INSP.: Leave blank. IDOT will enter initials of the person entering the test results 

into MISTIC. 
 

45. TESTED BY:  Print the name of the individual who tested the aggregate. The individual’s 
signature is also required. If the test is run by a Gradation Technician, then the supervisor 
should sign here also. 

 

46. AGENCY:  Enter testers employer 
 

47. COPIES TO: Enter the distribution of this report. The normal distribution for mix plant results is 
the original goes to the District Engineer, a copy goes to the Resident Engineer(s), and a copy 
goes to the QC Manager(s). The distribution for aggregate source tests is the original goes to 
the District Engineer and a copy goes to the Source’s QC manager. Non-QC/QA – Same as 
above, except that the file copy stays with the tester or the individual who completed the report. 

 

48. REPORT DATE: Leave blank. IDOT will enter the date the results are entered into MISTIC as 

month, day, and year n mmddyy format. 
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Responsibilities 
(Chapter 7, Aggregate Technician Course Manual) 
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Revised: December 1, 2021 

 
 
7.0 QUALITY CONTROL (QC) MANAGER / AGGREGATE TECHNICIAN / 
 AGCS TECHNICIAN / MIXTURE AGGREGATE TECHNICIAN / 
 IDOT INSPECTOR / GRADATION TECHNICIAN RESPONSIBILITIES 
 

The Quality Control (QC) Manager, Aggregate Technician, AGCS Technician, 
Mixture Aggregate Technician, IDOT Aggregate Inspector, and the Gradation 
Technician have specific responsibilities under the Aggregate Gradation Control 
System.  Many of these responsibilities are similar, including gradation 
sampling/testing and visual inspection of production.  Several are limited to the QC 
Manager, the Aggregate Technician, or the IDOT Aggregate Inspector.  It should 
be noted that only the Aggregate Technician or the AGCS Technician may also be 
the QC Manager. 
 
The following table denotes the responsibilities and the person responsible. 
 

 QC 
Manager 

Aggregate 
Tech. 

AGCS 
Tech. 

Mixture 
Agg. 
Tech. 

IDOT 
Inspector 

Gradation 
Tech. 

▪ Knowledge 
of Specs 

X X X  X  

▪ Quality 
Sampling 

    X  

▪ Visual 
Inspection 

X X X  X  

▪ Gradation 
Sampling 

X X X X X  

▪ Gradation 
Testing 

X 
Note 2 

X  X X X 
Note 1 

▪ Plant Diary X X X X   

▪ Aggregate 
Certification 

X      

▪ Safety X X X X X X 
Note 1: Only under direct supervision of Aggregate Technician or Mixture 

Aggregate Technician 
Note 2:  Not allowed for AGCS Technician 

 
Each responsibility is discussed below. 
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7.1 Knowledge of Current Specifications.  The QC Manager, the Aggregate 

Technician, the AGCS Technician, and the IDOT Aggregate Inspector must 
maintain up-to-date knowledge of the specifications that apply to the aggregate 
products currently being produced at the Source.  The Aggregate Technician and 
the AGCS Technician shall have available at the Source a copy of the current 
Standard Specification, any applicable supplemental specifications, and the 
Manual of Test Procedures for Materials.  All four individuals shall be aware of any 
special provisions which change current aggregate specifications.  This applies to 
both quality and gradation specifications.  A copy of the current Standard 
Specifications, Sections 1003 and 1004, and the supplemental specifications to 
Sections 1003 and 1004 are located in the Appendix. 

 
7.2 Quality Sampling / Testing.  IDOT will continue to sample and test all aggregates 

for quality.  The IDOT Aggregate Inspector shall sample any certified stockpile at 
the frequency designated in the Manual for Aggregate Inspection.  All quality 
samples are sent to the Central Bureau of Materials for testing.  The tests run were 
discussed previously in Chapter 3.0 herein.  Any certified stockpile must meet the 
designated quality before shipment.  Willful shipment of out-of-specification 
material shall be handled according to Section 11.2 of the Department’s current 
Policy Memorandum, “Aggregate Gradation Control System (AGCS)”, in Chapter 
8.0. 
 

 Although the Aggregate Technician/AGCS Technician will not be sampling or 
testing for quality, he will be notified when sampling occurs and may witness the 
sampling.  The Aggregate Technician/AGCS Technician should obtain and 
maintain quality information on specific ledges, production methods, and the 
certified stockpiles.  Shipment of approved material remains the responsibility of 
the Source. 
 
A Consultant, hired by the Department to perform the duties of an Aggregate 
Inspector, shall not be allowed to take any quality or Freeze-Thaw samples at an 
aggregate source. 

 
7.3 Visual Inspection.  The responsibility of visually inspecting an aggregate Source’s 

process on a frequent basis falls on the Aggregate Technician, the AGCS 
Technician, and the IDOT Aggregate Inspector.  Visual inspection can be defined 
as observing the processing or production area, the stockpiling methods, and the 
loading/handling operation, as well as the condition of the aggregate in the flow 
stream or stockpiles.
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7.3.1 For the Aggregate Technician/AGCS Technician, visual inspections shall be a daily 

occurrence—several (three or more) inspections spread uniformly through-out the 
production day—while producing certified aggregate.  Visual inspections by the 
IDOT Aggregate Inspector may be at a reduced frequency.  Most Aggregate/AGCS 
Technicians/Inspectors will establish an inspection route when they enter the 
Source.  As an example, the inspection route will take them past the ledge face to 
verify from where the raw feed is coming.  This also allows for visual examination 
of the face for contamination or the intrusion of poor quality material into the ledge. 
 
The production plant, from the primary crusher to the final screening/log washing, 
is visited next.  This stop verifies that the correct production method is being used 
to produce the required quality and gradation.  Problems with equipment, such as 
screen cloth, etc., can be observed and corrected. 
 
Finally, the stockpiling/load-out area can be observed.  Segregation, degradation, 
or contamination can be readily identified and proper steps taken to eliminate the 
problems. 

 
7.3.2 This quick type of inspection helps the Aggregate Technician/AGCS Technician/ 

Inspector “keep a handle on” the aggregate being produced.  It does not take away 
from actual testing of the aggregate but enhances the inspection to ensure quality 
aggregate. 

 
 Remember, it is an Aggregate/AGCS Technician’s/Inspector’s responsibility to 

observe the overall aggregate operation to detect segregation, degradation, and 
contamination that is detrimental to the quality of the aggregate product.  These 
observations should be communicated immediately to the QC Manager for 
corrective action if necessary. 

 
7.4 Gradation Sampling.  Quality or gradation sampling involves taking a small, 

representative portion of a finished product for quality/gradation control or 
compliance testing.  The word “representative” is perhaps the most important word 
in that definition, especially in conjunction with gradation testing.  It is imperative 
that the sample accurately represents the material being produced.  Inaccurate 
samples can lead to acceptable material being rejected or to non-acceptable 
material being used.  In either case, non-representative sampling often results in 
higher construction/maintenance costs. 
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7.4.1 Under the Aggregate Gradation Control System, the Aggregate Technician, the 

AGCS Technician, the Mixture Aggregate Technician, and the IDOT Aggregate 
Inspector must know how to correctly sample aggregate for gradation testing.  The 
Aggregate Technician/AGCS Technician/Mixture Aggregate Technician will have 
to sample at a specified frequency from both production and stockpiles.  They may 
choose one of the approved production sampling methods described in Illinois 
Modified AASHTO R 90, (Chapter 5.0 of the AGCS).  The stockpile sampling 
method noted in Chapter 5.0 is the only method allowed for sampling a stockpile. 

 The IDOT Aggregate Inspector will sample on a very infrequent basis.  Most of the 
IDOT monitor samples will be split samples taken and split by the Aggregate 
Technician/AGCS Technician/Mixture Aggregate Technician. However, the IDOT 
Aggregate Inspector may take a sample at any time under the program. 

 
7.4.2 The frequency of sampling for the Aggregate Technician/AGCS Tech-

nician/Mixture Aggregate Technician, and the IDOT Aggregate Inspector is 
covered in the Department’s current Policy Memorandum, “Aggregate Gradation 
Control System (AGCS)”, in Chapter 8.0.  The high number of samples required, 
especially by the Aggregate Technician/AGCS Technician/Mixture Aggregate 
Technician, makes it imperative that the technician/ inspector takes the time and 
has the knowledge to accurately sample for gradation testing.  The overall program 
relies on accurate results to supply in-gradation aggregate to IDOT construction 
projects. 

 
7.5 Gradation Testing.  Illinois Modified AASHTO T 11 / Illinois Modified AASHTO T 

27 ( Chapter 6.0 of the AGCS) describes the correct and acceptable method to run 
a gradation test.  As with gradation sampling, inaccurate results hurt both the 
aggregate producer as well as IDOT.  It is therefore the responsibility of the 
Aggregate Technician, the Mixture Aggregate Technician, the Gradation 
Technician, and the IDOT Aggregate Inspector to correctly run the gradation test.  
The AGCS Technician is not allowed to split or run gradation tests under the 
AGCS. 

 
7.6 Plant Diary.  The Aggregate Technician/AGCS Technician is required to maintain 

a plant diary when producing under the program.  This diary shall detail samples 
taken, pass/fail results, corrective action, plant/ledge changes, etc., daily.  The 
diary must be kept at the Source for periodic checking by the IDOT Aggregate 
Inspector. See Example on [following page (page 7-6 of Aggregate Technician 
Course Manual)]. 

 
 The IDOT Aggregate Inspector is required to keep a personal diary on his daily 

inspection trips.  Much of the same information required for the Aggregate 
Technician/AGCS Technician diary is noted by the IDOT Aggregate Inspector. 
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7.7 Aggregate Certification.  The previous discussions on numerous individual 

responsibilities focus attention on the QC Manager’s/Aggregate 
Technician’s/AGCS Technician’s/Inspector’s overall responsibilities.  The Source’s 
QC Manager has the overall responsibility of certifying that material being placed 
on the certified stockpile is produced under and conforms to the Aggregate 
Gradation Control System.  The production or quarry supervisor, if not the QC 
Manager, also assumes some of the responsibility for assuring that in-specification 
material is being made and shipped to IDOT projects. 

 
 The IDOT Aggregate Inspector, through his monitoring activities (sampling/ 

testing, visual inspection, etc.), must verify the continued compliance to the 
Aggregate Gradation Control System.  Any lack of compliance, as noted by the 
IDOT Aggregate Inspector, will be grounds for Source decertification under the 
program and shall be communicated to the QC Manager as expediently as 
possible for correction. 

 
7.8 Safety.  It is the responsibility of the QC Manager, the Aggregate Technician, the 

AGCS Technician, the Mixture Aggregate Technician, the IDOT Aggregate 
Inspector, and the Gradation Technician to perform their respective duties in a safe 
manner.  To assure that this condition is met, the QC Manager, the Aggregate 
Technician, the AGCS Technician, the Mixture Aggregate Technician, and the 
IDOT Aggregate Inspector should be familiar with any and all safety regulations in 
force.  Great care should be taken when sampling around moving equipment, e.g., 
conveyor belts, screen decks, hopper grates, etc.  Due to poor visibility and large 
truck/equipment traffic, caution should also be used when driving around the plants 
and stockpiles. 

 
The QC Manager, the Aggregate Technician, the AGCS Technician, the Mixture 
Aggregate Technician, and the IDOT Aggregate Inspector must have a knowledge 
of applicable Mine Safety and Health Administration (MSHA) regulations.  The 
IDOT Aggregate Inspector is also regulated by Departmental policies covered in 
the “Employee Safety Code” handbook. 
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(Chapter 7, Aggregate Technician Course Manual) 
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Effective: November 1, 1995 
Revised: December 1, 2021 

 
EXAMPLE 

 
Company Name: _______________________________ 

 
Aggregate / AGCS Technician Plant Diary 

 

Date:  

Plant Name:  

Weather:  

Ledge Information:  

Material Being Produced:  

 

VISUAL INSPECTION: 1ST VISIT 2ND VISIT 3RD VISIT ADDITIONAL VISITS 

Time:     

Stockpile/Loadout:     

 Degradation YES/NO YES/NO YES/NO YES/NO 

 Segregation YES/NO YES/NO YES/NO YES/NO 

 Contamination YES/NO YES/NO YES/NO YES/NO 

Plant:     

Pit Area:     

Graph(s):     

Samples Taken:     

 Production     

     

     

 Loadout:     

     

     

 Resample:     

     

     

SIGNATURE:     

 

Problems: 
(Init./Time) 

 

 

 

Action Taken: 
(Init./Time) 

 

 

 

Comments:  
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9.0 AGGREGATE PRODUCER CONTROL CHART PROCEDURE 
 
 Gradation control charts provide an effective way to monitor the aggregate production process 
 and can present a graphical record of aggregate gradation during  continuous production and 
 stockpiling. Specific changes or gradual trends in a product's gradation can be readily identified 
 before major trouble occurs. Other benefits may also be realized by using control charts  including 
 but not limited to: 
  

• Decreased product variability 
 

• Established production capabilities 
 

• Permanent record of gradation quality 
 

• Increased sense of "quality awareness" at the Source 
 
 For these reasons, an Aggregate Producer Control Chart Procedure is an important requirement 
 in the Gradation Control Program at certified aggregate Sources in Illinois. 
 
 Under the Illinois Aggregate Producer Control Chart Procedure, all gradation test results  (percent 
 passing) for each required gradation/production point tested shall be recorded on a control chart 
 within one working day of sampling. The control chart/s for any gradation in the program must 
 therefore have each required sieve represented on the chart. 
 
 The gradation control charts are to be readily accessible at the source and/or approved  laboratory 
 and available for inspection upon request by the Aggregate Inspector or a representative of the 
 Department. Computer-maintained charts are the property of the Department and shall not be 
 removed or altered in any manner. The Aggregate Inspector shall check the control charts on a 
 regular basis. 
 
 The “Illinois Specification 201 Aggregate Gradation Sample Size Table & Quality Control 
 Sieves” document from the “Manual of Test Procedures for Materials” designates the required 
 sieves for coarse and fine aggregate gradations. 
 
9.1 Definitions 
 
9.1.1 Average: The sum of a series of test results or measurements divided by the number of values or 
 measurements included in the sum, also, known as the arithmetic mean. 
 
9.1.2 Check Samples: Samples taken for a specific purpose, other than required by Table 1. This 
 information may be used to verify an observation or conclusion, or as a means of confirmation of 
 corrective action, other than required by Table 1. Such samples are permitted under any 
 circumstances except to replace samples required by Table 1. 
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 9.1.3 Control Charts:  A visual representation of test results, observations, or measurements  
   arranged in an orderly sequence in respect to time.  Control charts provide the means of  
   measuring the effectiveness of process control, detecting lack of control, directing a   
   course of action to restore control, and increased sense of “quality awareness”. 
 
 9.1.4 “Master Band” or Control Limits: Mathematical limits placed on gradations, based on  
   established Master Band limits, which when exceeded initiate action by those   
   responsible for process control, and/or acceptance of aggregate products. These limits  
   may be established on the basis of previous historical experience or by start of   
   production results. 
  
 9.1.5 Sample Testing Frequency: As per Table 1. 
 
 9.1.6 Table 1: Table 1 of the current Central Bureau of Materials’ Policy Memorandum,  
   “Aggregate Gradation Control System (AGCS)” found in the “Manual of    
   Test Procedures for Materials”. 
 
 9.1.7 Trend:  When two or more points move away from the mid-point target values in either  
   direction (±), thus producing either a steep angled line or three points moving with a   
   gradual angle. This is usually associated with the moving average points but can also be  
   determined from individual test points. Trends are indications that a problem(s) are or  
   will be present if corrective action is not taken. 
 
 9.1.8 “Warning Band” or Moving Average:  The average of 5 consecutive values (sample  
   results) obtained per Table 1 requirements, based on established Warning Band limits.  
   Such values always represent the most recently obtained test results or measurements  
   within the prescribed group of observations. These limits may be established on the   
   basis of previous historical experience or by start of production results. 
 
 9.2 Control Chart Paper / Size: Control Charts for the Gradation Control Program, when  
   created by hand, must be placed on 10x10 cross-sectional graph paper measuring 420  
   mm x 280 mm (16-1/2” x 11”) or 216 mm x 280 mm (8-1/2” x 11”). Graph paper used for  
   this purpose, can be ordered through office supply specialty stores, companies dealing  
   in drafting materials or ordered through the internet. An example of a control chart is  
   found on the last page of this document. 
 
 9.3 Chart Preparation: At the top of the control chart, the aggregate product material code  
   and the Master Band (when known) will be noted. 
 
   Lines corresponding to the upper and lower percent-passing Standard Specification   
   limits for each required sieve/gradation shall be drawn horizontally across the graph. 
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  The vertical distance between these lines must accurately represent the difference between the  
  upper and lower limits for each sieve using a vertical scale of one division (square) which will  
  equal one percent (1%) passing on all sieves except the 75-µm (No. 200), see Article 9.3.1. 
 
  On the left side of the control chart, the upper and lower specification lines of each sieve shall be 
  connected by a drawn vertical double arrow. 
 
  The specification limits for the each sieve, e.g., 45% for upper limit and 15% for lower limit, must 
  be indicated at the top (for upper limit) and bottom (for lower limit) of the arrow. The sieve size,  
  e.g., 4.75 mm (No. 4), shall also be indicated between the limits on the far left side of the chart. 
 
  The vertical scale [(1% = 1 division (square) or 0.1% = 1 division (square)] shall be noted below  
  each required sieve. 
 

   Each test value will be spaced horizontally every 1/2” or 5 horizontal divisions (squares).   
 
 9.3.1 The 75-µm (No. 200) sieve, when plotted, shall be plotted for washed tests only.  
 
 9.3.2 Master Bands and Warning Bands shall be drawn across the graph for the critical sieve, when  

  required, as defined in Article 9.5.1 herein. Master Band limits, once known, shall be   
  represented by a solid line and the Warning Band limits shall be represented by a broken line. 

 
 9.4  Plotting of Test Values. The Gradation Control Program allows the producer to run both  

  washed and dry gradation tests. The percent passing results for each different kind of gradation  
  test run shall be plotted on the control chart using specific symbols. All symbols must measure  
  approximately 2.5 mm (1/10”) on each side/diameter. 

 
9.4.1 The symbols to be used for each test type are as follows: 
  

Type of Gradation Test Symbol 

Washed Production Open Circle                   o 

Dry Production Circled X                                     

Stockpile (can be plotted on separate chart) Asterisk  
Moving Average Open Square □ 

 
9.4.2 In addition to the required symbols, line-types are used to further facilitate proper  interpretation  of 
  the plotted information. Washed production test results will be connected with a broken line  
  while moving average results are to be connected with a solid line. 
 
  



Aggregate Technician Course Manual                           Revised November 2023 

HARD COPIES UNCONTROLLED  Page 9-4 

Illinois Department of Transportation 
 

Aggregate Producer Control Chart Procedure 
(Chapter 9, Aggregate Technician Course Manual) 

Appendix A3 
 

Effective:  November 1, 1995 
Revised: December 1, 2017 

 
 9.4.3 The moving average will be calculated and plotted on the last five consecutive washed  
   production test values on each critical sieve and is only plotted when a new washed  
   production test is ran. 
 
   The moving average will be started by taking the fifth test value after the start of yearly  
   production, or production restarted after a protracted shutdown, and averaging it with the  
   four preceding test values. Once the moving average is established, the moving average  
   will be calculated and plotted each time a new washed production test value is ran and  
   plotted. 

 
 9.4.4 Each individual test result that is ran and plotted will have the following information   
   located at the bottom of the chart below the respective plotted test result. 
 

• Date the sample was taken (e.g. 07/15/11) 
 

• Time the sample was taken (e.g. 10:15 am) 
 

• Every resample was taken (An ‘R’ shall be placed under the test result that it 
represents) 
 

• Initials of the Aggregate technician plotting the test results 
 

• All individual test symbols shall have the numerical value written just below the 
symbol. 

 
 9.4.5 Stockpile load out test results may be plotted or summarized on a separate control chart,  
   graph, or table. The reporting format may be developed by the Source. The reporting  
   format shall include the information required in this article (sample type, time, and date). 
 
   The control limits and deviation from the established Master Band shall be identified. 
 
 9.5 Master Band/Warning Band. During Start of Production, Master Bands/Warning Bands  
   must be developed and placed on the control chart after five tests or within the first   
   9,100 metric tons (10,000 tons), whichever occurs first, for each product's critical sieve,  
   when required. Any production or equipment change after development of a Master   
   Band may necessitate the development of a new Master Band. 
 
   Historical data from washed production samples may also be used, at the Source's   
   request, to establish Master Band targets. The average, rounded to the nearest whole  
   number, used to establish the Master Band shall be based only on washed production  
   critical sieve test results. 
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9.5.1 Master Bands/Warning Bands will be drawn plus/minus using the below-listed    
  percentages from a rounded average for each listed coarse aggregate sieve/gradation.  
  
  If the critical sieve and the plus/minus percentages for coarse aggregates is not listed,   
  this information will be assigned by the Central Bureau of Materials on an as-needed basis. 
 

Gradation Sieve Master Band (%) Warning Band (%) 

CA/CM 5 25 mm (1") ± 8 ± 6 

CA/CM 7 12.5 mm (1/2") ± 8 ± 6 

CA/CM 11 12.5 mm (1/2") ± 8 ± 6 

CA/CM 13 4.75 mm (No. 4) ± 8 ± 6 

CA/CM 14 9.5 mm (3/8") ± 8 ± 6 

CA/CM 16 4.75 mm (No. 4) ± 8 ± 6 

 
  Sand Producers – Refer to Illinois Specification 201 for gradation requirements. 
 
9.5.2 When a production change is made, a vertical line shall be drawn through the Master Band. The 
  change shall be noted on the chart and documented in the Source plant diary. 
 
9.5.3 A Master Band, when established, shall take precedence over the Standard Specification limits  
  set for that sieve/gradation. 
 
9.6  Test Values at Master Band/Warning Band Limits. When an individual test value on a Master 
  Band exceeds the Master Band limits, the producer must treat that test result as a failure.  
  Article 6.5 of the current Aggregate Gradation Control System Department Policy Memorandum  
  shall be enacted. Article 6.5 of the AGCS requires resamples/corrective action be taken in  
  response to the initial failing test. 
 
  The situation of the moving average hitting or exceeding a Warning Band is different than a  
  failing individual test and Master Bands. When the moving average hits or exceeds the  Warning 
  Bands, the Source must decide whether to take corrective action to bring the gradation  back  
  within the Warning Bands or to develop a new Master Band. 
 
  The Source must notify the District what action was taken. 
 
  If a new Master Band is developed, the material shall be stockpiled separately from the previous 
  production. 
 
  The development of a new Master Band may necessitate new HMA or PCC mix designs. 
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Note: The following has been added to this manual to better facilitate and understand the concepts of 
control charts in this class. This information is not part of the official document nor will it be found 
in the “Aggregate Producer Control Chart Procedure” document located in the current Manual of 
Test Procedures. 
 

Calculating Averages 
 
A technician obtains “n” (5) consecutive test values:   59 61 58 55 60 
 

What is the average of these five test values? 
 
Solution: The sum of the data values:  61 + 55 + 58 + 59 + 60  =  293   
 
The average is:    Sum of Data     = 293    =  58.6 or     59 
   Number of Data       5 
 
The value of 59 would then be the average for these five test values. (Answers should always reflect the 
required precision based on the given information).  
 
Example: All reported aggregate percent values are rounded to the nearest whole percent except the 
75-µm (No. 200 material). The 75-µm (No. 200) percent values are rounded to the nearest tenth of a 
percent. This applies to percent only and is not to be confused when working with weights (coarse and 
fine aggregate materials). 
 

"Moving" Average Calculation 
 
A technician obtains 15 consecutive test values (n): 
 
5l     46     50     53     49     48     56     47     49     48     43     52     56     44     49 
 
Determine the moving average for the 5th, 7th, 10th and the 15th tests? 
 
Solution for the 5th test value:    5l   46   50   53   49   48   56   47   49   48   43   52   56   44   49 
 
5l  +  46  +  50  +  53  +  49   =   249 
 

249  5 =   49.8   =   50    (50 would then be plotted for the 5th test moving average value) 
 
Solution for the 6th test value:    5l   46   50   53   49   48   56   47   49   48   43   52   56   44   49 
 
46  +  50  +  53  +  49  +  48   =   246 
 

246  5 =   49.2   =   49   (49 would then be plotted for the 6th test moving average value) 
 

Solve for the 10th test value: 5l    46    50    53    49    48    56    47    49    48    43    52    56    44    49 
 
Solve for the 15th test value: 5l    46    50    53    49    48    56    47    49    48    43    52    56    44    49  
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Note:  The following Illinois Specification 201 “Aggregate Gradation Sample Size Table &  Quality 
Control Sieves” 3-page document is officially found in the current “Manual of Test  Procedures” and 
is not part of the “Aggregate Producer Control Chart Procedure”  document. The Illinois Specification 
201 document is placed here as an aid to help  facilitate the discussion of Control Charts.  

 
 

Illinois Specification 201 
Illinois Department of Transportation (IDOT) 

AGGREGATE GRADATION SAMPLE SIZE TABLE & QUALITY CONTROL SIEVES 
 

Effective:  December 1, 2021 

 Note:  See footnotes below Fine Aggregate Gradation Table for explanation of symbols 
 
 

 
 
 

COARSE AGGREGATE GRADATION TABLE 

 
 
 

CA(CM)1,2 

 
 

Minimum Field 
Sample Size 3 

Minimum 
Test 

Sample 
Size3 

 
 
 

3” 

 
 
 

2 1/2” 

 
 
 

2” 

 
 
 

1 3/4” 

 
 
 

1 1/2” 

 
 
 

1” 

 
 
 

3/4” 

 
 
 

5/8” 

 
 
 

1/2” 

 
 
 

3/8” 

 
 
 

1/4” 

 
 
 

#4 

 
 
 

#8 

 
 
 

#16 

 
 
 

#40 

 
 
 

#50 

 
 
 

#200 

CA01 110 lbs (50 kg) 10,000 g X XMN X  X X           X 

CA02 110 lbs (50 kg) 10,000 g  X XMN  XC X XC  X   X  X X  X 

CA03 110 lbs (50 kg) 10,000 g  X XMN  X X   X        X 

CA04 110 lbs (50 kg) 10,000 g   X  XMN X XC  X XC  X  X X  X 

CA055 110 lbs (50 kg) 10,000 g    X XMN XMB,6 XC  X   X6     X 

CA06 55 lbs (25 kg) 5,000 g     X XMN XC  X XC  X  X X  X 

CA075 55 lbs (25 kg) 5,000 g     X XMN XC XC XMB,6 XC XC X6     X 

CA08 55 lbs (25 kg) 5,000 g     X XMN X XC X XC XC X  X   X 

CA09 55 lbs (25 kg) 5,000 g     X XMN XC XC X XC XC X  X   X 

CA10 55 lbs (25 kg) 5,000 g      X XMN XC X XC XC X  X X  X 

CA115 55 lbs (25 kg) 5,000 g      X XMN XC XMB,6 XC XC X  X6   X 

CA12 35 lbs (16 kg) 2,000 g       X  XMN X XC X XC X X  X 

CA135 35 lbs (16 kg) 2,000 g       X  XMN X XC XMB,6 XC X6   X 

CA145 35 lbs (16 kg) 2,000 g        X XMN XMB,6 XC X6     X 

CA15 35 lbs (16 kg) 2,000 g         X XMN XC X XC X   X 

CA165 25 lbs (11 kg) 1,500 g         X XMN XC XMB,6 XC X6   X 

CA17 35 lbs (16 kg)4 4,000 g4 X  XC   XC   XC XC  XMN, 4  X  X X 

CA18 35 lbs (16 kg)4 4,000 g4 X     XMN, 4   XC XC  X  X  X X 

CA19 35 lbs (16 kg)4 4,000 g4 X     XMN, 4   XC XC  X  X X X X 

CA20 25 lbs (11 kg) 2,000 g         X XMN XC X X X   X 
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Illinois Specification 201 
Illinois Department of Transportation (IDOT) 

AGGREGATE GRADATION SAMPLE SIZE TABLE & QUALITY CONTROL SIEVES 
Effective:  December 1, 2021 

Notes below apply to Fine and Coarse Aggregate Gradation Tables Only 
X = Required Gradation Specification Sieves 

 XC = Required Cutter Sieves 
 MB = Master Band Sieves for Category I Coarse Aggregate for PCC and HMA Mixes; Bituminous use only for fine aggregate. 
 MN = Maximum Nominal Sieve for Crushed Gravels – Maximum Nominal Size is defined as the first specification sieve in the 

product gradation on which material may be retained. 
 1 = CA = Coarse Aggregate; CM = Coarse Aggregate, Modified; FA = Fine Aggregate; FM = Fine Aggregate, Modified 
 2 = CM and FM gradations shall be sampled and tested the same as the corresponding CA and FA gradations. 
 3 = Slag should be adjusted accordingly due to its lighter or heavier mass. 
 4 = Will vary with the gradation of the material being used 
 5 = Control Charts Required 
 6 = Required Sieve for Control Charts 

FINE AGGREGATE GRADATION TABLE 

 
FA(FM)1,2 

Minimum Field 
Sample Size 3 

Minimum Test 
Sample Size3 

 
1” 

 
1/2” 

 
3/8” 

 
#4 

 
#8 

 
#10 

 
#16 

 
#30 

 
#40 

 
#50 

 
#80 

 
#100 

 
#200 

FA01 25 lbs (11 kg) 500 g   X XMN XMB  X XMB  X  X X 

FA02 25 lbs (11 kg) 500 g   X XMN XMB  X XMB  X  X X 

FA03 25 lbs (11 kg) 500 g   X XMN  X   X  X  X 

FA04 25 lbs (11 kg) 500 g   X    XMN       

FA05 25 lbs (11 kg) 500 g   X XMN        X X 

FA06 25 lbs (11 kg) 500 g X X X XMN        X X 

FA07 25 lbs (11 kg) 100 g    X  XMN   X  X  X 

FA08 25 lbs (11 kg) 100 g     X    XMN   X X 

FA09 25 lbs (11 kg) 100 g     X     XMN  X X 

FA10 25 lbs (11 kg) 100 g      X   XMN  X  X 

FA205 25 lbs (11 kg) 500 g   X XMN XMB  X XMB, 6  X  X X6 

FA215 25 lbs (11 kg) 500 g   X XMN XMB  X XMB, 6  X  X X6 

FA225 25 lbs (11 kg) 500 g   X XMB XMB, 6  X      X6 

FA235 25 lbs (11 kg) 500 g   X XMN XMB  X XMB, 6  X  X X6 

FA245 25 lbs (11 kg) 500 g   X XMN XMB  X XMB, 6  X  X X6 
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Illinois Specification 201 
Illinois Department of Transportation (IDOT) 

AGGREGATE GRADATION SAMPLE SIZE TABLE & QUALITY CONTROL SIEVES 
Effective:  December 1, 2021 

 
 
 
 
 
 
 
 
 
 
 

Notes below apply to Large Sized Aggregate Gradation Table Only 
 

X = Required Gradation Specification Sieves 
XC = Required Cutter Sieves 
1 = CS = Coarse Aggregate Subgrade; RR/RRM = Rip Rap 
2 = Dry Gradations Only 
3 = Slag should be adjusted accordingly due to its lighter or heavier mass. 
4 = A round nosed shovel may be used for sampling. 
5 = Metal plates with precisely sized square holes by be used for the gradation 
6 = Test sample size shall be taken in the field.  No splitting is required 
 

 
 

  

LARGE SIZED AGGREGATE GRADATION TABLE 

 
CS/RR1,2 

Minimum Test 
Sample Size3 

 
8” 

 
6” 

 
4” 

 
3” 

 
2” 

 
1 ½” 

 
1” 

 
½” 

 
#4 

CS01 50,000 g X X X XC X  XC XC X 

CS02 50,000 g  X X XC X  XC XC X 

RR01 20,000 g    X XC X XC XC X 

RR02 20,000 g   X XC X XC XC XC X 
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The following are the gradation tables taken from the 2022 Standard Specifications: 

 
 

Art. 1004.01 (10) (c)    Coarse Aggregate Gradation Table 
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Article 1003.01 (10) (c) Fine Aggregate Gradation Table 
 

FINE AGGREGATE GRADATIONS 

Grad 
No. 

Sieve Size and Percent Passing 

3/8 
No. 
4 

No. 
8 4/ 

No. 
10 

No. 
16 

No. 
30 5/ 

No. 
40 

No. 
50 

No. 
80 

No. 
100 

No. 
200 1/ 

FA 1 100 973   6520   1613  55  

FA 2 100 973   6520   2010  55  

FA 3 100 973  8015   5020  2515  33 

FA 4 7/ 100    55       

FA 5 100 928        2020 1515 

FA 6  928 2/        2020 66 

FA 7  100  973   7515  3510  33 

FA 8   100    6020   33 22 

FA 9   100     3015  55  

FA 10    100   9010  6030  77 

FA 20 100 973 8020  5015   1911  107 44 

FA 21 3/ 100 973 8020  5718   3010  2010 99 

FA 22 100 6/ 6/  88      22 

FA 23 100 80+10 57±13  39±11 26±8  18±7  12±6 10±5 

FA 24 100 95±5 77±13  57±13 35±10  19±6  15±6 10±5 

 
1/ Subject to maximum percent allowed in Fine Aggregate Quality Table. 

 
2/ 100 percent shall pass the 1 in. (25 mm) sieve, except that for bedding material 100 percent shall pass the 3/8 in. (9.5 mm) 

sieve.  If 100 percent passes the 1/2 in. (12.5 mm) sieve, the No. 4 (4.75 mm) sieve may be 75 ± 25. 
 

3/ For all HMA mixtures.  When used, either singly or in combination with other sands, the amount of material passing the 
No. 200 (75 µm) sieve (washed basis) in the total sand fraction for mix design shall not exceed ten percent. 
 

4/ For each gradation used in HMA, the aggregate producer shall set the midpoint percent passing, and the Department will 
apply a range of ±15 percent.  The midpoint shall not be changed without Department approval. 
 

5/ For each gradation used in HMA, the aggregate producer shall set the midpoint percent passing, and the Department will 
apply a range of ±13 percent.  The midpoint shall not be changed without Department approval. 

 
6/ For the fine aggregate gradation FA 22, the aggregate producer shall set the midpoint percent passing, and the Department 

will apply a range of ±10 percent.  The midpoint shall not be changed without Department approval. 
 
7/ When used as backfill for pipe underdrains, Type 3, the fine aggregate shall meet one of the modified FA 4 gradations shown 

in the following table: 
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CHAPTER 6 – HOMEWORK 
 

 
 
 
 
   

 
 
Problem No. 1 
 
 

• Calculate the Percent Passing. 

• Show all weights and percents calculated. 

• Report Percent % passing on the Report line.  

• Calculate Max Loss. 

• Calculate % Moisture. 

 
 
Problem No. 2 
 
 

• Calculate the Percent Passing. 

• Show all weights and percents calculated. 

• Report Percent % passing on the Report line. 

• Calculate the % Washed -200. 

• Calculate Max Loss. 

• Calculate % Moisture 
 

 

 
 
Problem No. 3 
 
 

• Calculate the Percent Passing. 

• Show all weights and percents calculated. 

• Report Percent % passing on the Report line. 

• Calculate the % Washed -200. 

• Calculate Max Loss. 

• Calculate % Moisture 

 
 

OVER – (HOMEWORK CONTINUED)

READ ALL OF THE FOLLOWING INSTRUCTIONS ON PAGES HM-1 AND 
HM-2, BEFORE COMPLETING THE HOMEWORK.  THE INSTRUCTIONS 
ARE FOR THE CALCULATIONS HOMEWORK PROBLEMS 1 THRU 6, 
WHICH ARE LOCATED ON PAGES HM-3 TO HM-13.   
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CHAPTER 6 – HOMEWORK (Cont’d) 
 

Problem No. 4 
 

• Calculate the percent passing 

• Show all weights and percents calculated. 

• Report Percent % passing on the Report line. 

• Calculate the % Washed -200. 

• Calculate Max Loss. 

• Calculate % Moisture. 

• Use given information below and complete as much of the form as possible. 
(Directions for filling out the form are located in Chapter 6 on pages 6-27 thru 
6-32.) 

 
GIVEN:   Sam Jones is the Quality Control Manager for Maine Construction 

Company (918-02). Sam took a sample of 022CM16 from a 
stockpile located at Maine Construction’s asphalt plant site on 
June 20, 2023.  Joyce Walker, a Mixture Aggregate Technician, 
who also works for Maine Construction, ran a washed gradation 
(Seq. No. 005) on this material the same day.  The testing took 
place on site in the Maine Construction’s laboratory.  The stone 
came from Alta Materials. (50587-03). Maine Construction’s plant 
and laboratory is located in District 3. 

 
Problem No. 5 
 

• Calculate the Percent Passing. 

• Show all weights and percents calculated. 

• Report Percent % passing on the Report line. 

• Calculate the % Washed -200. 

• Calculate Max Loss. 

• Calculate % Moisture. 
 
 

Problem 6 - Sample Comparison Problem 
  
 

• Transfer the producer rounded passing from each sieve to this worksheet. 

(from Problem No. 5) 

• Calculate the monitor’s and producer’s fraction, fraction difference, and write 

in the applicable tolerance. 

• Specify the proper disposition (ok or out) 
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HOMEWORK PROBLEM 6 
 

SAMPLE COMPARISON DATA 
 

If the comparison has no out-of-tolerance fractions, both sample results are considered valid. If an 
out-of-tolerance situation has been identified, both the producer certified technician and the State 
inspector shall immediately investigate the splitting procedure, test equipment, test method, and 
calculations for possible equipment failure or procedure errors. The State Monitor Sample shall 
always take precedence unless shown to be invalid during investigation. 
 
 

 
022CM16 

1/2" 
(12.5 mm) 

3/8" 
(9.5 mm) 

1/4" 
(6.3 mm) 

#4 
(4.75 mm) 

#8 
(2.36 mm) 

#16 
(1.18 mm) 

#200 
(75 µm) 

Monitor,  
% Passing 

100 97 73 33 10 5 2.0 

Producer,  
% Passing 

       

 
 

Comparison Data 

Consecutive 
Sieve Sizes 

Monitor 
Fraction 

Producer 
Fraction 

Fraction 
Difference 

Applicable 
Tolerance 

 
Disposition 

1/2" and 3/8" 
(12.5 mm and 9.5 mm) 

     

3/8" and 1/4" 
(9.5 mm and 6.3 mm) 

     

1/4" and #4 
(6.3 mm and 4.75 mm) 

     

#4 and #8 
(4.75 mm and 2.36 mm) 

     

#8 and #16 
(2.36 mm and 1.18mm) 

     

#16 and #200 
(1.18 mm and 75 µm) 

     

#200 and Pan 
(75 µm and Pan) 
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5-Day Aggregate Technician Chapter 9 
Control Chart Homework 

 
Create a control chart for a Category I 042CM11 aggregate product 
with a Master Band set at 47%, then:  
 
A) Plot the following information on the control chart 
B) Identify all required retest and/or corrective action situations 
 
Sampling              Critical    Bottom      Gradations 
Frequency Date  Time   Sieve  Sieve Wash      Dry 
 
     Start  06/05   am      45       4      X 
       of  06/05   pm      44       6      X 
Production 06/06   am      45       3      X 
Frequency 06/06   pm      49       4      X 
  06/07   am      45       4      X  
 
   Normal  06/10   am      42       2       X 
Production 06/10   pm      41       1    X 
Frequency 06/11   am      35       2      X 
  06/12   am      38       1      X 
  06/12   am      41       3      X  
  06/12   pm      39       2      X  
  06/13   am      49       3      X  
  06/13   pm      45       5      X  
  06/14   am      47       4      X  
  06/14   pm      48       7      X 
  06/14   pm      46       3      X  
  06/17   am      48       4      X  
  06/17   pm      45       3      X  
  06/18   am      45       2      X  
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Illinois Specification 201 

Illinois Department of Transportation (IDOT) 

AGGREGATE GRADATION SAMPLE SIZE TABLE & QUALITY CONTROL SIEVES 
 

Effective:  December 1, 2021 

 

Note:  See footnotes below Fine Aggregate Gradation Table for explanation of symbols 
 

COARSE AGGREGATE GRADATION TABLE 

CA(CM)1, 2 
Minimum Field 

Sample Size3 

Minimum 

Test 

Sample 

Size3 

3” 2 1/2” 2” 1 3/4” 1 1/2” 1” 3/4” 5/8” 1/2” 3/8” 1/4” #4 #8 #16 #40 #50 #200 

CA01 110 lbs (50 kg) 10,000 g X XMN X  X X           X 

CA02 110 lbs (50 kg) 10,000 g  X XMN  XC X XC  X   X  X X  X 

CA03 110 lbs (50 kg) 10,000 g  X XMN  X X   X        X 

CA04 110 lbs (50 kg) 10,000 g   X  XMN X XC  X XC  X  X X  X 

CA055 110 lbs (50 kg) 10,000 g    X XMN XMB,6 XC  X   X6     X 

CA06 55 lbs (25 kg) 5,000 g     X XMN XC  X XC  X  X X  X 

CA075 55 lbs (25 kg) 5,000 g     X XMN XC XC XMB,6 XC XC X6     X 

CA08 55 lbs (25 kg) 5,000 g     X XMN X XC X XC XC X  X   X 

CA09 55 lbs (25 kg) 5,000 g     X XMN XC XC X XC XC X  X   X 

CA10 55 lbs (25 kg) 5,000 g      X XMN XC X XC XC X  X X  X 

CA115 55 lbs (25 kg) 5,000 g      X XMN XC XMB,6 XC XC X  X6   X 

CA12 35 lbs (16 kg) 2,000 g       X  XMN X XC X XC X X  X 

CA135 35 lbs (16 kg) 2,000 g       X  XMN X XC XMB,6 XC X6   X 

CA145 35 lbs (16 kg) 2,000 g        X XMN XMB,6 XC X6     X 

CA15 35 lbs (16 kg) 2,000 g         X XMN XC X XC X   X 

CA165 25 lbs (11 kg) 1,500 g         X XMN XC XMB,6 XC X6   X 

CA17 35 lbs (16 kg)4 4,000 g4 X  XC   XC   XC XC  XMN, 4  X  X X 

CA18 35 lbs (16 kg)4 4,000 g4 X     XMN, 4   XC XC  X  X  X X 

CA19 35 lbs (16 kg)4 4,000 g4 X     XMN, 4   XC XC  X  X X X X 

CA20 25 lbs (11 kg) 2,000 g         X XMN XC X X X   X 
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Illinois Specification 201 

Illinois Department of Transportation (IDOT) 

AGGREGATE GRADATION SAMPLE SIZE TABLE & QUALITY CONTROL SIEVES 

Effective:  December 1, 2021 
 

 

Notes below apply to Fine and Coarse Aggregate Gradation Tables Only 

X = Required Gradation Specification Sieves 

XC = Required Cutter Sieves 

MB = Master Band Sieves for Category I Coarse Aggregate for PCC and HMA Mixes; Bituminous use only for fine 

aggregate. 

MN = Maximum Nominal Sieve for Crushed Gravels – Maximum Nominal Size is defined as the first specification sieve in 

the product  gradation on which material may be retained. 

1 = CA = Coarse Aggregate; CM = Coarse Aggregate, Modified; FA = Fine Aggregate; FM = Fine Aggregate, Modified 

2 = CM and FM gradations shall be sampled and tested the same as the corresponding CA and FA gradations. 

3 = Slag should be adjusted accordingly due to its lighter or heavier mass. 

4 = Will vary with the gradation of the material being used 

5 = Control Charts Required 

6 = Required Sieve for Control Charts 

 

FINE AGGREGATE GRADATION TABLE 

FA(FM)1, 2 
Minimum Field 

Sample Size3 

Minimum Test 

Sample Size3 1” 1/2” 3/8” #4 #8 #10 #16 #30 #40 #50 #80 #100 #200 

FA01 25 lbs (11 kg) 500 g   X XMN XMB  X XMB  X  X X 

FA02 25 lbs (11 kg) 500 g   X XMN XMB  X XMB  X  X X 

FA03 25 lbs (11 kg) 500 g   X XMN  X   X  X  X 

FA04 25 lbs (11 kg) 500 g   X    XMN       

FA05 25 lbs (11 kg) 500 g   X XMN        X X 

FA06 25 lbs (11 kg) 500 g X X X XMN        X X 

FA07 25 lbs (11 kg) 100 g    X  XMN   X  X  X 

FA08 25 lbs (11 kg) 100 g     X    XMN   X X 

FA09 25 lbs (11 kg) 100 g     X     XMN  X X 

FA10 25 lbs (11 kg) 100 g      X   XMN  X  X 

FA205 25 lbs (11 kg) 500 g   X XMN XMB  X XMB, 6  X  X X6 

FA215 25 lbs (11 kg) 500 g   X XMN XMB  X XMB, 6  X  X X6 

FA225 25 lbs (11 kg) 500 g   X XMB XMB, 6  X      X6 

FA235 25 lbs (11 kg) 500 g   X XMN XMB  X XMB, 6  X  X X6 

FA245 25 lbs (11 kg) 500 g   X XMN XMB  X XMB, 6  X  X X6 
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Illinois Specification 201 

Illinois Department of Transportation (IDOT) 

AGGREGATE GRADATION SAMPLE SIZE TABLE & QUALITY CONTROL SIEVES 
 

 

Effective:  December 1, 2021 

 
Notes below apply to Large Sized Aggregate Gradation Table Only 
 
X = Required Gradation Specification Sieves 
XC = Required Cutter Sieves 
1 = CS = Coarse Aggregate Subgrade; RR/RRM = Rip Rap 
2 = Dry Gradations Only 
3 = Slag should be adjusted accordingly due to its lighter or heavier mass. 
4 = A round nosed shovel may be used for sampling 
5 = Metal plates with precisely sized square holes may be used for the gradation 
6 = Test sample size shall be taken in the field.  No splitting is required. 
 
 

LARGE SIZED AGGREGATE GRADATION TABLE 

 
CS/RR1,2 

Minimum Test 
Sample Size3 

 
8” 

 
6” 

 
4” 

 
3” 

 
2” 

 
1 ½” 

 
1” 

 
½” 

 
#4 

CS01 50,000 g X X X XC X  XC XC X 

CS02 50,000 g  X X XC X  XC XC X 

RR01 20,000 g    X XC X XC XC X 

RR02 20,000 g   X XC X XC XC XC X 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2021 
Revised Date: December 1, 2023 

 
Standard Test Method for 

Sampling Aggregate Products 

 

Reference AASHTO R 90-18 (2022) 

 

AASHTO 
Section Illinois Modification 

1.1 Remove “of coarse, fine, or combinations” in the first paragraph. Remove “which 
the aggregate is furnished” and replace with “the AGCS Policy” in the first 
paragraph.  Add “for the following purposes” to the end of the last sentence of the 
first paragraph. 

1.1.1 Add: “Preliminary investigation of the potential source of supply.” 

1.1.2 Add: “Control of the product at the source of supply.” 

1.1.3 Add: “Control of the operations at the site of use.” 

1.1.4 Add: “Acceptance or rejection of the materials.” 

1.1.4 
Note1 

Add: “Sampling plans and acceptance and control tests vary with the type of 
construction in which the material is used.” 

1.2 Replace with the following: “The text of this standard references notes which 
provide explanatory material. These notes (excluding those in tables and figures) 
shall not be considered as requirements of the procedure.” 

1.3 Replace with the following: “The values stated in either SI units or inch-pound 
units are to be regarded separately as standard. The values stated in each 
system may not be exact equivalents.  Therefore, each system shall be used 
independently of the other. Combining values from the two systems may result in 
non-conformance with the procedure.” 

1.4 Replace with the following: “This standard does not purport to address all of the 
safety concerns, if any, associated with its use. It is the responsibility of the user 
of this procedure to establish appropriate safety and health practices and 
determine the applicability of regulatory limitations prior to use.” 

1.4 
Note 2 

Replace with the following: “The quality of the results produced by this procedure 
are dependent on the competence of the personnel performing the procedure and 
the capability, calibration, and maintenance of the equipment used.” 

  

2.1 Replace with the following: 
Illinois Modified AASHTO Standards 

• T11, Materials Finer Than No. 200 (75μm) Sieve in Mineral Aggregates by 
Washing 

• T27, Sieve Analysis of Fine and Coarse Aggregates 

2.3 Insert the following: 
Illinois Specification: 

• Illinois Specification 201 Aggregate Gradation Sample Size Table 

3 Replace with the following: “3 TERMINOLOGY” 

3.1 Add: “Definitions:” 

3.1.1 Add: “Maximum size of aggregate, n—in specifications for, or descriptions of 
aggregate—the smallest sieve opening through which the entire amount of 
aggregate is required to pass.” 

3.1.2 Add: “Maximum aggregate size, (Superpave) n—in specifications for, or 
descriptions of aggregate—one size larger than the nominal maximum aggregate 
size.” 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2021 
Revised Date: December 1, 2023 

 
Standard Test Method for 

Sampling Aggregate Products 

 

Reference AASHTO R 90-18 (2022) 

 

AASHTO 
Section Illinois Modification 

3.1.3 Add: “Nominal maximum aggregate size (of aggregate), n—in specifications for, or 
descriptions of aggregate—smallest sieve opening through which the entire amount of the 
aggregate is permitted to pass.” 

3.1.4 Add: “Nominal maximum aggregate size (Superpave), n—in specifications for, or 
descriptions of aggregate—one size larger than the first sieve that retains more than 10% 
aggregate.” 

3.1.4.1 Add: Discussion – These definitions in 3.1.2 and 3.1.4 apply to hot mix asphalt (HMA) 
mixtures designed using the Superpave system only. 

3.1.4.2 Add: Discussion – Specifications on aggregates usually stipulate a sieve opening through 
which all the aggregate may, but need not, pass so that a slated maximum portion of the 
aggregate may be retained on that sieve. A sieve opening so designated is the nominal 
maximum size. 

4 Replace with the following: “4 SIGNIFICANCE AND USE” 

4.1 Add: “Sampling is a critical step in determining the quality of the material being evaluated. 
Care shall be exercised to ensure that samples are representative of the material being 
evaluated.” 

4.2 Add: “This practice is intended to provide standard requirements and procedures for 
sampling coarse and fine aggregate products. The detailed requirements as to materials, 
interpretation of results, and precision and bias are described in specific test methods.” 

4.3 Add: “For sampling of potential aggregate sources and preliminary site investigation, refer 
to Central Bureau of Materials AGCS Policy Memo.” 

5 Replace with the following: “5 APPARATUS” 

5.1 Add: Template – The template shall be designed with two end plates and shall be 
adjustable. The distance between the two end plates may therefore be changed to gather 
more material from the belt for each increment. The end plates shall also be machined or 
cut to the approximate belt size and shape. A template with a single end plate may be 
used in the sampling method, if care is exercised. 

5.2 Add: Sampling Device – The sample device used to cut the flow stream from the end of 
the belt, or the bin discharge, must be strong enough to handle the force of the flow 
stream. The device must also be large and deep enough to cut the entire flow stream and 
not overflow when passing through the stream. The device may be a bucket, a pan, or a 
manufactured sampling container. 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2021 
Revised Date: December 1, 2023 

 
Standard Test Method for 

Sampling Aggregate Products 

 

Reference AASHTO R 90-18 (2022) 

 

AASHTO 
Section Illinois Modification 

5.2 
Note 3 

Add: “Shelby tubes are not allowed as sampling devices.” 

5.3 Add: Shovel – The shovel shall be square-nosed and of a size easily handled. It 
shall also have built-up sides and back (approximately 1 ½” [37.5mm]) to facilitate 
the retention of material on the shovel when sampling. 

5.4 Add: Sampling Containers – Bags or other containers so constructed as to 
preclude loss or contamination of any part of the sample, or damage to the 
contents from mishandling during shipment. For moisture content samples, 
containers must prevent moisture loss. 

6 Replace with the following: “6 PROCEDURE” 

6.1 Add: General – Samples to be tested for quality shall be obtained from the 
finished product. Samples from the finished product to be tested for abrasion loss 
shall not be subject to further crushing or manual reduction in particle size in 
preparation for the abrasion test unless the size of the finished product is such 
that it requires further reduction for the testing purposes. 

6.2 Add: Inspection – The material shall be inspected to determine discernible 
variations. The seller shall provide suitable equipment needed for proper 
inspection and sampling. 

6.3 Add: Sampling – Aggregate production sampling shall be accomplished by one of 
the following methods: 
1. Belt-stream sampling 
2. Bin-discharge sampling (requires IDOT approval) 
3. On-belt sampling 
4. Truck-dump or stockpile sampling 

6.3 
Note 4 

Add: “No other sampling methods will be permitted.” 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2021 
Revised Date: December 1, 2023 

 
Standard Test Method for 

Sampling Aggregate Products 

 

Reference AASHTO R 90-18 (2022) 

 

AASHTO 
Section Illinois Modification 

6.3.1 
 

Add: Sampling from Belt-Stream Discharge or from Bins: 
 
Belt-Stream Sampling – The sample shall be taken by cutting the stream of aggregate as 
it leaves the end of the production belt. A sampling device is passed uniformly through the 
entire width and depth stream flow during normal production and belt load. Each sampling 
pass (increment) is combined with others to make up the field sample. A minimum of three 
increments shall be taken during a 10 to 15-minute sampling period. Enough increments 
shall be taken and combined to provide the correct field sample size. Extreme care shall 
be taken to make sure the sampling device passes completely and uniformly through the 
entire stream flow (from outside the stream on one side to outside the stream on the other 
side) and to ensure the device does not overflow. 
 
Bin Sampling – Bin discharge shall be sampled in a manner similar to belt-stream 
sampling. A sampling device is passed through the entire bin discharge stream. A 
minimum of three increments shall be taken during a 10 to 15-minute sampling period and 
combined to form the field sample. Before cutting the bin discharge stream, the bin must 
be emptied until such time that the stream of material entering the bin is the stream of 
material exiting the bin. Sampling may take place at that time. Extreme care shall be taken 
to make sure the sampling device passes completely and uniformly through the entire 
stream flow (from outside the stream on one side to outside the stream on the other side) 
and to ensure the device does not overflow. Samples shall be taken only during normal 
plant operation and when the bin is being fed under normal load. The major problems 
associated with bin-discharge sampling involve segregated material clinging to the sides 
of the bin. This material can and does break loose, altering the bin-discharge stream 
gradation. The sampling method therefore shall be used only when approved by the 
District Engineer. 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2021 
Revised Date: December 1, 2023 

 
Standard Test Method for 

Sampling Aggregate Products 

 

Reference AASHTO R 90-18 (2022) 

 

AASHTO 
Section Illinois Modification 

6.3.2 Add: On-Belt Sampling – The sample shall be taken by stopping the belt containing the 
finished product. A template shall be inserted into the material on the belt. All the material 
between the template shall be removed and shall represent one of the three increments 
(minimum) making up the field sample. Extreme care shall be taken, including the use of a 
brush, to remove all fines on the belt between the template for inclusion in the increment. 
The belt shall be stopped at least three times (three increments) during approximately 10 
to 15 minutes of operation to obtain a field sample. If additional material is needed beyond 
three increments due to the amount of material on the belt, additional template cuts may 
be taken during the three belt stoppages. Automatic samplers may be used as long as the 
gradations compare to samples taken with the sample template. Contact the Central 
Bureau of Materials for further guidance. Samples shall be taken only during normal plant 
operation and when the belt is under normal load. 

6.3.3 Add: Sampling from Truck-Dumps or from Stockpiles: 
 
Sampling from inside of transportation units is not permitted. The transportation unit 
shall be off-loaded and sampled only by the sampling methods listed, herein. 
 
Truck-Dump Sampling – The sample shall be taken by placing one or two truck dumps 
together. This may occur during the building of a stockpile or feeding of a plant. The truck 
dump(s) shall be cut with an end loader and two or more bucket loads extracted. The 
bucket loads shall be dumped on one another to form a small pile. The small pile shall 
then be mixed from two directions perpendicular to each other. To mix the pile, the end 
loader shall cut into the pile along its base until approximately its midpoint. The loader 
bucket shall be lifted, the loader moved 1 to 2 feet forward, and the bucket dumped on the 
other half of the pile. Care shall be exercised to avoid cutting below the base of the truck 
dumps or small pile and contaminating the material to be sampled. 
 
After mixing twice, the end loader shall drop the angle of its bucket downward on one side 
of the pile and back drag the pile into a layer not less than 1 foot thick. 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2021 
Revised Date: December 1, 2023 

 
Standard Test Method for 

Sampling Aggregate Products 

 

Reference AASHTO R 90-18 (2022) 

 

AASHTO 
Section Illinois Modification 

6.3.3 
(cont’d) 

 
The layer shall be sampled using a required shovel to take increments in a random “X” 
pattern over the layer. The shovel shall be forced vertically to its full depth when sampling 
each increment except that care shall be used to not dig completely through the layer. 
This would contaminate the sample being obtained. Care shall also be exercised to retain 
as much material on the shovel as possible when taking increments. Sufficient increments 
shall be taken to make up a correct field sample. 
 
CS01, CS02, RR1 and RR2 Sampling – The preparation of the sample pile shall be in 
accordance with section 6.3.3 on truck-dump sampling except after mixing twice, the end 
loader shall not back drag or strike off the top of the pile. The sample pile shall then be 
split in half by the end loader dragging away one half of the pile leaving a vertical slope. 
Spanning the breadth of the vertical face the sample shall be taken from higher and lower 
points in a “W” fashion. Sufficient increments shall be taken to obtain the correct field 
sample size. 
 
Stockpile Sampling – The sample shall be taken from the working face of the stockpile. 
The working face shall be perpendicular to the direction of flow used to build the stockpile. 
Stockpiles having no working face shall have one established prior to sampling. The 
working face shall have the interior of the pile exposed to permit proper re-blending of the 
pile to eliminate segregated aggregate. If necessary, material may be brought out of the 
main pile’s working face into the sub-stockpile for sampling. The stockpile sampling 
method shall follow the truck-dump sampling method using an end loader. The end loader 
shall cut across the working face as detailed in “Truck-Dump Sampling.” Any special 
mixing procedure used during loading shall be used when taking any samples. This is the 
only acceptable method for acquiring quality samples. 

6.4 Add: “Masses of Field Samples:” 

6.4.1 Add: Field Sample Sizes – The field sample size shall meet the minimum requirements as 
detailed in the Illinois Specification 201. 

7 Replace with the following: “7 SHIPPING SAMPLES” 

7.1 Add: “Transport aggregates in bags or other containers so constructed as to preclude loss 
or contamination of any part of the sample, or damage to the contents from mishandling 
during shipment.” 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2021 
Revised Date: December 1, 2023 

 
Standard Test Method for 

Sampling Aggregate Products 

 

Reference AASHTO R 90-18 (2022) 

 

AASHTO 
Section Illinois Modification 

7.2 Add: “Shipping containers for aggregate samples shall have a LM-5 envelope attached to 
the container. Written on the outside of the LM-5 shall be the following information: 
producer number, test id# (including suffix), material code, ledge description. The required 
information to be written on the outside of the LM-5 shall also be written on the outside of 
the sample container. Inside the LM-5 shall contain a fully completed LM-6 form. The LM-
6 form shall be the most recent version of the Central Bureau of Materials online 
template.” 

7.3 Add: “Red Tag Samples – Used for Quality Samples only” 

7.3.1 Add: “The Central Bureau of Materials has established a procedure which allows the 
producer the opportunity to deliver their quality samples directly to the Central Bureau of 
Materials, located at 126 E. Ash Street in Springfield. The sample, taken by the District, 
will be sampled following the procedures outlined in 6.3.3. Upon completion of the 
sampling the District shall “Red Tag” the sample containers. During the tagging process 
the District shall write the “Red Tag” serial number on the LM-6 form. If the serial number 
is not indicated on the LM-6 form the samples will not be accepted. Once the sample 
containers are tagged and documentation has been completed the producer will then be 
allowed to deliver the samples to the Central Bureau of Materials. 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2022 
Revised Date: December 1, 2023 

 
Standard Test Method  

for 

Materials Finer Than 75-µm (No. 200) Sieve in Mineral Aggregates by Washing 

 

Reference AASHTO T 11-23 

 

AASHTO 
Section 

 
Illinois Modification 

1.1 Replace “method” with “procedure” in the first sentence of paragraph. 

1.2 Replace with the following: “There are two methods allowed for this procedure. The first 
method uses only water for the operation. The second allows the use of a wetting agent to 
assist in the loosening of the material finer than the No. 200 (75-µm) sieve from the coarser 
material. A wetting agent such as detergent or dispersing solution is recommended.” 

1.4 Delete the first sentence of paragraph 

2.1 Replace with “Illinois Modified AASHTO Standards”: 

• R 76, Standard Practice for Reducing Samples of Aggregate to Testing Size 

• R 90, Sampling Aggregate Products 

• T 27, Sieve Analysis of Fine and Coarse Aggregates 

• T 30, Mechanical Analysis of Extracted Aggregate 
 

2.2 Replace with the following: 
Illinois Specifications: 

▪ Illinois Specifications 201, Aggregate Gradation Sample Size Table 

2.3 Replace with the following: 
ASTM Standards: 

▪ E 11, Woven Wire Test Sieve Cloth and Test Sieves 
▪ E 29 (Illinois Modified), Using Significant Digits in Test Data to Determine 

Conformance with Specifications 
C 125, Standard Terminology Relating to Concrete and Concrete Aggregates 

2.4 Delete 

3.1 Delete “or water containing a wetting agent, as specified” from the first sentence of 
paragraph. 

4.2 Replace “in” with “with” in the first sentence of paragraph. Revise the second sentence to 
read: “In some cases, the finer material is adhering to the larger particles, such as some clay 
coatings and coatings on aggregates that have been extracted from bituminous mixtures.” 

5.2 Add sentence to end of paragraph: “The sieve cloth shall be mounted on substantial frames 
constructed in a manner that will prevent loss of material during sieving.” 

5.5 Add sentences to end of paragraph: “The oven shall be specifically designed for drying. In 
addition, a gas burner or electric hot plate may be used. Microwave ovens are not permitted 
for drying aggregate gradations samples.” 

5.7 
Note 1 

Revise with the following: “A mechanical device, such as a Ploog Washer, may be used for 
coarse aggregate samples providing its results match the manual procedure. When using a 
mechanical washing device, loss of fines from damage to the drum or dripping water will not 
be allowed. Applying wax to the rim of the drum will help prevent water from dripping down 
the outside of the drum.”   

6.1 Replace with the following: “Field samples of aggregate shall be taken according to Illinois 
Modified AASHTO R90. The field sample size shall meet the minimum requirements in the 
Illinois Specifications 201.” 
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Illinois Modified Test Procedure 

Effective Date: December 1, 2022 
Revised Date: December 1, 2023 

 
Standard Test Method  

for 

Materials Finer Than 75-µm (No. 200) Sieve in Mineral Aggregates by Washing 

 

Reference AASHTO T 11-23 

 

AASHTO 
Section 

 
Illinois Modification 

6.2 Replace with the following: “Field samples of aggregate shall be reduced to test sample 
size before testing according to Illinois Modified AASHTO R76.” 
Add and insert: “Test sample size for aggregate gradation samples shall meet the 
minimum requirements found in Illinois Specifications 201.” to the end of the paragraph. 

8.1 Replace with the following: The test sample shall be dried back to constant mass in an 
oven specifically designed for drying, set at and capable of maintaining a uniform 
temperature of 230±9˚F(110±5˚C). Constant mass is defined as the sample mass at which 
there has not been more than a 0.5-gram mass loss during an additional 1 hour of drying. 
This should be verified occasionally. 
 
The sample may also be dried to constant mass in a pan on an electric hot plate or gas 
burner. The technician shall continually attend the sample when drying on the electric hot 
plate or gas burner. The electric hot plate or gas burner should be operated on a low-as-
needed heat to prevent popping, crackling, and/or sizzling noise from the aggregate 
during drying. If these noises occur, the heat must be turned down and/or the sample 
must be constantly stirred during drying to prevent potential 
aggregate particle breakdown. 
 
After the test sample has been dried to constant mass and cooled down to room 
temperature, the sample shall have its mass determined to the nearest 1 gram for coarse 
aggregate and to the nearest 0.1 gram for fine aggregate. All balances or scales shall be 
tared before being used to determination of mass required by this test procedure. This 
procedure provides the “Total Dry Mass, g” (TDM) of the original test sample. 

8.2 Replace with the following: After drying and determining the mass, place the test sample 
in the container and add sufficient water to cover it. If a wetting agent is warranted as 
stated in 4.2, add the wetting agent to the water (Note 2). Agitate the sample with 
sufficient vigor to result in complete separation of all particles finer than the No. 200 
(75μm) sieve from the coarser particles, and to bring the fine material into suspension. 
The use of a large spoon or other similar tool shall be used to stir and agitate the 
aggregate in the wash water. Once the wash water becomes clear pour the wash water 
containing the suspended and dissolved solids over the nested sieves, arranged with the 
coarser sieve on top. Take care to avoid, as much as feasible, the decantation of coarser 
particles of the sample.  

8.2 
Note 3 

Add: There should be enough wetting agent to produce a small amount of suds when the 
sample is agitated. The quantity will depend on the hardness of the water and the quality 
of the detergent. Excessive suds may overflow the sieves and carry some material with 
them. 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2022 
Revised Date: December 1, 2023 

 
Standard Test Method  

for 

Materials Finer Than 75-µm (No. 200) Sieve in Mineral Aggregates by Washing 

 

Reference AASHTO T 11-23 

 

AASHTO 
Section 

 
Illinois Modification 

7.3 Replace with the following: Add a second charge of water to the sample in the container, 
agitate, and decant as before. Repeat this operation until the wash water is clear. 

7.3 
Note 4 

Add: If mechanical washing equipment is used, the charging of water, agitating, 
and decanting may be a continuous operation. 

7.3 
Note 5 

Add: A spray nozzle or a piece of rubber tubing attached to a water faucet may be 
used to rinse any of the material that may have fallen onto the sieves. The velocity of 
water, which may be increased by pinching the tubing or by use of a nozzle, should 
not be sufficient to cause any splashing of the sample over the sides of the sieve. 

8.4 Replace with the following: Return all material retained on the nested sieves by flushing 
per note 5. Dry the washed test sample to constant mass and determine the mass of the 
test sample in the same manner as detailed in 8.1 herein. This procedure provides the 
“Total Wash Mass, g” (TWM). 

8.4 
Note 6 

Add: Following the washing of the sample and flushing any material retained on the No. 
200 (75μm) sieve back into the container by washing from the back of the sieve. No water 
should be decanted from the container except through the No. 200 (75μm) sieve, to avoid 
loss of material. Excess water from flushing should be evaporated from the sample in the 
drying process.” 

9 Delete 

  “ 

10.1 Replace with the following: The “Percent Minus 75μm (No. 200) by Washing” shall be 
determined by using the following formula: 
 

% - No. 200 (-75μm) by Washing = 
𝑇𝐷𝑀−𝑇𝑊

𝑇𝐷𝑀
∗ 100 

 
TDM = Total Dry Mass, g. 
TWM = Total Wash Mass, g.” 

  

11.1 Replace with the following: The test results shall be rounded to the nearest 0.1 percent 
and recorded on the Illinois Department of Transportation (IDOT) gradation form. All 
rounding shall be according to ASTM E 29 (Illinois Modified).” 

  

  

12 Delete 

13 Delete 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2022 

 
Standard Test Method  

for 

Sieve Analysis of Fine and Coarse Aggregates 

 

Reference AASHTO T 27-23 

 

AASHTO 
Section Illinois Modification 

  

2.1 Replace “AASHTO Standards” with “Illinois Modified AASHTO Standards” 

2.2 Replace with the following: 
Illinois Specifications: 

• Illinois Specifications 201, Aggregate Gradation Sample Size Table 

2.3 Add and insert the following: 
ASTM Standards: 

• E 11, Woven Wire Test Sieve Cloth and Test Sieves 

• E 29 (Illinois Modified), Using Significant Digits in Test Data to Determine 
Conformance with Specifications 

• C 125, Standard Terminology Relating to Concrete and Concrete 
Aggregates 

3.1 Replace “method” with “procedure” in the first sentence of paragraph. 

4.2 Replace “T 11” with “T 11 (Illinois Modified)” in the second sentence of the 
paragraph. 

5.2 
Note 1 

Replace with the following:  
“When running Coarse Aggregate samples 12in (305mm) are required, if running 
Fine Aggregate samples 12in (305mm) or 8in (203mm) sieves are acceptable.” 
Delete. 

5.3 Delete: Note 2 

5.4 Add sentences to end of paragraph:  
“The oven shall be specifically designed for drying. In addition, a gas burner or 
electric hot plate may be used. Microwave ovens are not permitted for drying 
aggregate gradations samples.” 

6.1 Replace with the following:  
“Field samples of aggregate shall be taken according to Illinois Modified AASHTO 
Standards R90. The field sample size shall meet the minimum requirements in the 
Illinois Specifications 201.” 

6.2 Replace with the following:  
“Field samples of aggregate shall be reduced to test sample size before testing 
according to Illinois Modified AASHTO Standards R76.” 
“Test sample size for aggregate gradation samples shall meet the minimum 
requirements found in Illinois Specifications 201.” 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2022 

 
Standard Test Method  

for 

Sieve Analysis of Fine and Coarse Aggregates 

 

Reference AASHTO T 27-23 

 

AASHTO 
Section Illinois Modification 

6.3 Replace with the following:  
“In the event that the amount of material finer than No. 200 (75µm) sieve is to be 
determined by Illinois Modified AASHTO Standards T11, proceed as follows: use the 
procedure described in Section 7.3.1 or 7.3.2, whichever is applicable.” 

6.3.1 Add and insert the following:  
“Use the same test sample for testing by AASHTO Standards T 11 (Illinois Modified) and 
by this method. First test the sample according to T 11 (Illinois Modified) through the final 
drying operation, and then dry-sieve the sample as stipulated in Sections 8.2 through 8.6 
of this method.” 

6.3.2 Add and insert the following:  
“If the test sample is not to be tested by Illinois Modified AASHTO Standards T 11, follow 
Section 8, “Procedure”.” 

6.4 Delete. 

6.5 Delete. 

6.6 Delete. 

6.7 Delete. 

6.7.1 Delete. 

6.7.2 Delete. 

6.7.3 Delete. 

7.1 Replace with the following:  
“If the test sample has not been subject to testing by T 11 (Illinois Modified), the test 
sample shall be dried back to constant mass in an oven specifically designed for drying, 
set at and capable of maintaining a uniform temperature of 230±9˚F (110±5˚C). Constant 
mass is defined as the sample mass at which there has not been more than a 0.5-gram 
mass loss during an additional 1 hour of drying. This should be verified occasionally. 
 
The sample may also be dried to constant mass in a pan on an electric hot plate or gas 
burner. The technician shall continually attend the sample when drying on the electric hot 
plate or gas burner. Microwave ovens are not permitted for drying gradation samples. 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2022 

 
Standard Test Method  

for 

Sieve Analysis of Fine and Coarse Aggregates 

 

Reference AASHTO T 27-23 

 

AASHTO 
Section Illinois Modification 

7.1 
(cont’d) 

The electric hot plate or gas burner should be operated on a low-as-needed heat to 
prevent popping, crackling, and/or sizzling noise from the aggregate during drying. If these 
noises occur, the heat must be turned down and/or the sample must be constantly stirred 
during drying to prevent potential aggregate particle breakdown. 
 
After the test sample has been dried to constant mass and cooled down to room 
temperature, the sample shall have its mass determined to the nearest 1 gram for coarse 
aggregate and to the nearest 0.1 gram for fine aggregate. All balances or scales shall be 
tared before being used for determination of mass required by this test procedure. This 
procedure provides the “Total Dry Mass”, g (TDM) of the original test sample. When testing 
Recycled Asphalt Pavement (RAP) samples shall be air dried to a constant mass.” 

7.2 Replace with the following:  
“A nested set of sieves (8 inch [203mm] or 12 inch [305mm]) shall be gathered and 
stacked. As the sieves are being stacked, they should be inspected for cracks, breaks, or 
any other problem which would exclude their continued use. The size of the sieves used 
shall conform to the gradation specifications of the aggregate tested. The No. 200 (75μm) 
sieve is required to be part of all nested sets when running a gradation test. It is also 
required that 8-inch (203mm) and 12-inch (305mm) round sieves use additional cutter 
sieves beyond the specified gradation sieves for all coarse aggregate gradations. Some 
cutter sieves may be required for fine aggregate gradations if overloading of individual 
sieves occurs. Gradations CA/CM 7 and 11 require the 5/8-inch (16.0mm), 3/8-inch 
(9.5mm), and 1/4-inch (6.3mm) sieves as cutter sieves, while the gradations CA/CM 13, 
14, and 16 require the 1/4-inch (6.3mm) and the No. 8 (2.38mm) sieves. Cutter sieves for 
other gradations can be found in Illinois Specification 201. 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2022 

 
Standard Test Method  

for 

Sieve Analysis of Fine and Coarse Aggregates 

 

Reference AASHTO T 27-23 

 

AASHTO 
Section Illinois Modification 

7.2 
(cont’d) 

The sample shall then be introduced into the nested set of sieves and placed in a 
mechanical shaker. The shaker shall impart a vertical, or lateral and vertical, motion to the 
nested set. This causes the aggregate particles to bounce and turn so as to present 
different particle orientations to the sieves. This allows every chance for the particle to 
pass a certain sized sieve. 
 
The shaker shall be run for 7 minutes, controlled by an automatic shut-off timer. Seven (7) 
minutes of shaking shall be considered the standard unless reduced shaker efficiency can 
be demonstrated through finish hand-shaking as described in Section 8.4. Shaking time 
shall be increased, if necessary, to comply with the finish hand-shaking procedure in 
Section 8.4. Shaking time shall not exceed 10 minutes.” 

7.3 Replace with the following:  
“Extreme care shall be taken not to overload individual sieves or even approach the 
overload limits. An overload is defined as several layers of particles, one on top of the 
other, which do not permit the top layers of particles access to the sieve openings. 
Sample results which show overloading, or a borderline situation are immediately suspect. 
If samples continually overload a sieve or sieves, then future samples shall be run in the 
appropriate number of portions to prevent overloading, or additional cutter sieves shall be 
added to the nested set to correct the problem.” 

7.3.1 Delete. 

7.3.1.1 Delete. 

7.3.1.2 Delete. 

7.3.1.3 Delete. 

7.3.1.4 Delete. 

7.3.1.5 Delete. 

  

7.4 Add paragraph to beginning:  
“After mechanical shaking, all sieves shall be finished off by hand-shaking. When hand-
shaking, the largest sieve that contains material shall be removed from the stack, visually 
inspected for overload, and inverted over an empty pan. While inverted, all particles shall 
be cleaned from the sieve. The material shall then be placed back on the same sieve and 
hand-shaken over an empty pan. Any amount of material that is considered to be an 
overload or to be approaching an overload shall be hand-shaken in a least two 
increments. Any appreciable amount of particles passing a sieve may indicate poor 
mechanical shaking or overloading. The finish hand-shaking described in the following 
paragraph shall then be initiated.” 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2022 

 
Standard Test Method  

for 

Sieve Analysis of Fine and Coarse Aggregates 

 

Reference AASHTO T 27-23 

 

AASHTO 
Section Illinois Modification 

7.5 Replace with the following:  
“After hand-shaking, material shall be removed from the sieve. Particles shall not be 
forced through the sieves. The sieve shall be inverted and lightly tapped on the sides to 
facilitate removal for weighing. A dowel rod or putty knife may be used to gently remove 
wedged particles from all sieves down through the No. 10 (2.00mm). A soft brass-wired 
brush shall be used on the No. 16 (1.18mm) through the No. 40 (425μm) sieve. A soft 
china brush shall be used on the No. 50 (300μm) through the No. 200 (75μm) sieve. Any 
material that passed the sieve during hand-shaking shall be placed on the next smaller 
sieve. After use, all sieves shall be inspected for cracks, breaks, or any other problem 
which would exclude their continued use.” 

7.5 
Note 

Add: “The dowel rod can be made of any material that will not deposit foreign material into 
the test sample or cause damage to the sieves during the removal of wedged particles.” 

7.6 Add and insert the following:  
“After hand-shaking and cleaning, the material retained on each sieve shall have its mass 
determined and the mass recorded. All determination of mass shall start with the largest 
sieve in the nested set and proceed down to the pan. Determination of mass shall be to 
the nearest 1 gram for coarse aggregate and to the nearest 0.1 gram for fine aggregate. 
The total mass of the material after sieving should check closely with original mass of 
samples placed on the sieves. If the amounts differ by more than 0.3 percent, based on 
the original dry sample mass, the results should not be used for acceptance purposes.” 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2022 

 
Standard Test Method  

for 

Sieve Analysis of Fine and Coarse Aggregates 

 

Reference AASHTO T 27-23 

 

AASHTO 
Section Illinois Modification 

8.1 Replace with the following: “Calculation of test results shall follow the procedure described 
below: 
 
Calculated the “Cumulative Mass Retained” for each sieve by adding its “Individual Mass 
Retained” and the “Individual Mass Retained” for each larger sieve in the nested set of 
sieves. Record the “Cumulative Mass Retained”. 
 
Calculated the “Cumulative Percent Retained” for each sieve by using the following 
formula and record it by rounding to the nearest 0.1 percent: 
 

Cumulative % Retained = 
𝐶𝑀𝑅

𝑇𝐷𝑀
∗ 100 

 
where CMR = Cumulative Mass Retained 
and TDM = Total Dry Mass 
Calculated the percent passing each sieve by using the following formula: 
 
% = 100 – Cumulative % Retained 
 
These results shall be recorded to the nearest 0.1 percent.” 

8.1.1 Delete. 

9.2 Replace with the following:  
“All percent passing results except the washed minus No. 200 (75μm) and minus No. 200 
(75μm) shall be reported on the gradation form as whole numbers. The washed minus No. 
200 (75μm) and minus No. 200 (75μm) results shall be reported to the nearest 0.1 
percent. Illinois Department of Transportation (IDOT) gradation forms or forms approved 
by IDOT shall be used. These forms shall be competed with all required information.” 

9.3 Delete 

9.4 Add and insert the following: “For all sieves that are considered overloaded and split in 
more than one increment. An “S” next to the sieve must be notated on the worksheet.” 

10 Replace PRECISION AND BIAS with the following: “COMPARISON PROCEDURE” 

10.1 Replace with the following: 
“All comparison testing shall be conducted in accordance with the most current 
version of the Illinois Department of Transportation Manual of Test Procedures 
for Materials (Appendix A7).” 

10.2 Delete 

12 Delete. 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2021 
Revised Date: December 1, 2023 

 
Standard Test Method  

for 

Reducing Samples of Aggregate to Testing Size 

 

Reference AASH 

TO R 76-23 
 

AASHTO 
Section Illinois Modification 

2.1 Replace with the following: 
Illinois Modified AASHTO Standards: 

• R90, Sampling Aggregate Products 

• T11, Materials Finer Than No. 200 (75μm) Sieve in Mineral Aggregates by 
Washing 

2.2 Replace with the following: 
Illinois Specification: 

•  Illinois Specification 201 Aggregate Gradation Sample Size Table. 

2.3 Insert the following:  
ASTM Standard: 

• C125, Standard Terminology Relating to Concrete and Concrete 
Aggregates 

5.1 Replace with the following: “Fine Aggregate – The preferred splitting method for 
fine aggregate shall be a fine aggregate mechanical splitter (Method A). However, 
quartering (Method B) and miniature stockpile sampling (Method C) may be 
used.” 

5.1.1 
Note 1 

Replace with the following: “As a quick approximation of free moisture; if the fine 
aggregate will retain its shape when molded in the hand, it may be considered to 
be wetter than saturated surface-dry.” 

5.1.2 Replace “38 mm (1 ½ in.)” with “1 1/2in. (37.5mm)” in the second sentence of the 
paragraph 

5.2 Replace with the following: “Coarse Aggregate and Mixtures of Coarse and Fine 
Aggregate – The required splitting method for coarse aggregate and mixtures of 
coarse and fine aggregate shall be a coarse aggregate mechanical splitter 
(Method A). However, quartering (Method B) may be used for coarse aggregate 
moisture tests to proportion Portland cement concrete, cement aggregate mixture 
II, and controlled low-strength material mixtures.” 

5.3 Delete 

6.1 Replace with the following: “Field samples of aggregate shall be taken according 
to Illinois Modified AASHTO R90. The field sample size shall meet the minimum 
requirements in the Illinois Specifications 201.” 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2021 
Revised Date: December 1, 2023 

 
Standard Test Method  

for 

Reducing Samples of Aggregate to Testing Size 

 

Reference AASHTO R 76-23 
 

 

AASHTO 
Section Illinois Modification 

7.1 Replace with the following: “Sample Splitter – Sample splitters shall have an even 
number of equal width chutes, but not less than a total of eight for coarse 
aggregate, or twelve for fine aggregate, which discharge alternatively to each side 
of the splitter. For coarse aggregate and mixed aggregate, the minimum width of 
the individual chutes shall be approximately 50 percent larger than the largest 
particles in the sample to be split (Note 2). For dry fine aggregate in which the 
entire sample will pass the 3/8in. (9.5mm) sieve, the minimum width of the 
individual chutes shall be at least 50 percent larger than the largest particles in the 
sample and the maximum width shall be 3/4in. (19mm). The splitter shall be 
equipped with two receptacles to hold the two halves of the sample following 
splitting. It shall also be equipped with a hopper or straight-edged pan, which has 
a width equal to or slightly less than the overall width of the assembly of chutes, 
by which the sample may be fed at a controlled rate to the chutes. The splitter and 
accessory equipment shall be so designed that the sample will flow smoothly 
without restriction or loss of material (see Figure 1). 

7.1 
Note 2 

Replace with the following: “Mechanical splitters are commonly available in sizes 
adequate for coarse aggregate having the largest particles not larger than 1 1/2in. 
(37.5mm).” 

7.1 
Note 3 

Delete 

8.1 Replace with the following: “Place the original sample in the hopper or pan and 
uniformly distribute it from edge to edge, so that when it is introduced in the 
chutes, approximately equal amounts will flow through each chute. The rate at 
which the sample is introduced shall be such as to allow free flowing through the 
chutes into the receptacles below. Reintroduce the portion of the sample in one of 
the receptacles into the splitter as many times as necessary to reduce the sample 
to the size specified for the intended test. The portion of the material collected in 
the other receptacle may be reserved for reduction in size for other tests. Upon 
the final split, the mass of the two halves (after splitting) shall be within ±10 
percent of each other. This is determined by multiplying mass of the smaller split 
by (1.10 or 110%); the larger split cannot exceed this calculated mass. If it does, 
both split halves shall be recombined and split until the mass comparison 
requirement is met.” 

9.1 Replace “2 by 2.5 m (6 by 8 ft.)” with “6 by 8ft (2 by 2.5m)” 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2021 
Revised Date: December 1, 2023 

 
Standard Test Method  

for 

Reducing Samples of Aggregate to Testing Size 

 

Reference AASHTO R 76-23 
 

AASHTO 
Section Illinois Modification 

10.1.1 Replace with the following: “Mix the material thoroughly on a hard, clean, level surface by 
turning the entire sample over four times using a shovel. Each shovel full shall be 
deposited on top of the preceding one. This procedure shall be done three times, resulting 
in the formation of a small conical pile. Carefully flatten the conical pile to a uniform 
thickness and diameter by pressing down the apex with a shovel or trowel so that each 
quarter sector of the resulting pile will contain the material originally in it. The diameter 
should be approximately four to eight times the thickness. Divide the flattened mass into 
four equal quarters with a shovel or trowel. Remove two diagonally opposite quarters, 
including all fine material, and brush the cleared spaces clean. The two unused quarters 
may be set aside for later use and/or testing if desired. Successively mix and quarter the 
remaining material until the sample is reduced to the desired size (see Figure 2). Both 
halves of the final split shall meet the 10 percent comparison requirement of section 8.1 
herein.” 

10.1.2 Replace with the following: “As an alternative to the procedure in Section 10.1.1, the field 
sample may be placed on a canvas blanket. Mixing may be accomplished by the shovel 
method listed in 10.1.1 herein or by alternately lifting each corner of the canvas and 
pulling over the sample diagonally toward the opposite corner. This causes the material to 
be rolled and mixed. The material shall then be flattened and divided as required in 
10.1.1. (see Figure 3) Both halves of the final split shall meet the 10 percent comparison 
requirement of section 8.1 herein.” 

12.1 Revise with the following: “Mix the material thoroughly on a hard, clean, level surface as 
required in 10.1.1 or 10.1.2. The test sample shall be obtained by selecting at least five 
increments in a random “X” pattern over the resultant miniature sample pad using a 
sampling thief, small scoop, or spoon. A sufficient number of increments shall be obtained 
to provide a test sample slightly larger than the minimum test sample size when dried to a 
constant mass. For all samples from which a state monitor split will also be obtained, the 
number of increments shall be doubled to provide a sample twice the minimum required 
test size. This material shall then be dried to constant mass, as specified in Illinois 
Modified AASHTO T11, and split in a fine aggregate mechanical splitter according to 
Method A – Mechanical Splitter. Alternately, the material may also be quartered according 
to Method B – Quartering. Both halves of the final split shall meet the 10 percent 
comparison requirement of section 8.1 herein.” 

13 Delete  
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Illinois Modified Test Procedure 

Effective Date: December 1, 2023 
 

Standard Method of Test 
For 

Total Evaporable Moisture Content of Aggregates by Drying 
 

Reference AASHTO T 255-22 
AASHTO  
Section 

 
Illinois Modification 

1.1 Add the following: 
Aggregate moisture content may be run on a gradation sample prior to gradation testing or 
on a separate test sample. 

2.1 Revise the individual Standards as follows: 
AASHTO R 76 (Illinois Modified) 
AASHTO R 90 (Illinois Modified) 
AASHTO T 19/T 19M (Illinois Modified) 
AASHTO T 84 (Illinois Modified) 
AASHTO T 85 (Illinois Modified) 

2.2 Delete the individual Standard as follows: 
ASTM C 670 

5.2 Add the following: 
The oven shall be specifically designed for drying.  All the other specified sources of heat 
may be used for drying except for a microwave oven or an electric heat lamp.  A 
microwave oven or an electric heat lamp may be used only when drying a non-gradation 
test sample. 

6.1 Replace with the following: 
Field samples of aggregate shall be taken according to AASHTO R 90 (Illinois Modified).  
The field sample size shall meet the minimum requirements in the IDOT Aggregate 
Gradation Sample Size Table. 
 
Field samples shall be stored in sealable, nonabsorbent bags or containers prior to 
splitting to prevent moisture loss. 

6.2 Replace with the following: 
Field samples of aggregate shall be reduced to test sample size before testing according 
to AASHTO R 76 (Illinois Modified). 
 
Test sample size for non-gradation samples shall meet the minimum test sample size in 
Table 1. 
 
Test sample size for gradation samples also having aggregate moisture content 
performed shall meet the minimum requirements in the IDOT Aggregate Gradation 
Sample Size Table. 
 
Test samples shall be stored in sealable, nonabsorbent bags or containers prior to 
determining mass to start the test. 

7.1 Replace with the following: 
The test sample shall have its mass determined to the nearest 1 gram for coarse 
aggregate and to the nearest 0.1 gram for fine aggregate.  This procedure provides the 
“Original Sample Mass, g” (OSM). 

7.2 Replace with the following: 
The test sample shall be dried back to constant mass by the selected source of heat as 
specified herein. 
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Illinois Modified Test Procedure 
Effective Date: December 1, 2021 

 
Standard Method of Test 

For 
Total Evaporable Moisture Content of Aggregates by Drying 

(continued) 
Reference AASHTO T 255-00 (2021) 

AASHTO  
Section 

 
Illinois Modification 

7.2.1 Add the following: 
When a gas burner or electric hot plate is used for drying, the technician shall continually 
attend the sample.  The gas burner or electric hot plate should be operated on a low-as-
needed heat to prevent popping, crackling, and/or sizzling noise from the aggregate 
during drying.  If these noises occur, the heat must be turned down and/or the sample 
must be constantly stirred during drying to prevent potential aggregate particle breakdown. 

7.3 Delete. 

7.3.1 Delete. 

7.4 Replace with the following: 
Constant mass is defined as the sample mass at which there has not been more than a 
0.5-gram mass loss during 1 hour of drying. 

7.5 Replace with the following: 
After the test sample has been dried to constant mass and cooled sufficiently so as not to 
damage the balance or scale, determine the mass of the test sample to the nearest 0.1 
gram for fine aggregate. 
 
The test sample shall have its mass determined as soon as the pan or container can 
safely be handled to prevent additional moisture from being pulled from the air into the 
aggregate structure. 
 
This procedure provides the “Total Dry Mass, g” (TDM).  The TDM will also be used for 
calculation of gradation samples. 

8.1 Replace with the following: 
The “Aggregate Moisture Content” shall be determined by using the following formula: 
 

P = 
TDM

TDMOSM )(100 −
 

 
where P = Aggregate Moisture Content (%) 
 OSM = Original Sample Mass, g. 
and  TDM = Dried Sample Mass, g. 
 
Results shall be reported as required and in the appropriate plant diary. 
 
Test results shall be rounded to the nearest 0.1 percent.  All rounding shall be according 
to ASTM E 29 (Illinois Modified). 
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Illinois Modified Test Procedure 
Effective Date:  December 1, 2019 

 
Standard Method of Test  

for 
Using Significant Digits in Test Data to 

Determine Conformance with Specifications 
 

Reference ASTM E 29-13 (2019) 

 

Note: Several test procedures reference either ASTM E 29 for rounding of test results.  Results 
for Illinois Department of Transportation tests shall follow the “round up from five” rule, i.e.:  

 

When the digit beyond the last place to be retained (or 

reported) is equal to or greater than 5, increase by 1 the 

digit in the last place retained. 

 

The following modification to ASTM shall apply: 

ASTM 

Section 

 

Illinois Modification 

6.4.2 

 

Revise as follows: 

When the digit next beyond the last place to be retained (or reported) 

is equal to or greater than 5, increase by 1 the digit in the last place 

retained. 

6.4.3 Delete. 

6.4.4 Delete. 
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Illinois Department of Transportation 
QC/QA PROCEDURE 

Procedure for Sample Comparison 
Appendix A.5 

 
Effective Date:  November 10, 1997 
Revised Date: December 1, 2023 

 
Precision Comparison Table* 

State Monitor vs. Producer 

 Size Fraction Between 
Consecutive Sieves (%) † 

 
Tolerance (%)  

Coarse Aggregate:    0 to 3.0 2 

   3.1 to 10.0 3 

 10.1 to 20.0 5 

 20.1 to 30.0 6 

 30.1 to 40.0 7 

 40.1 to 50.0 9 

Fine Aggregate:    0 to 3.0 1 

   3.1 to 10.0 2 

 10.1 to 20.0 3 

 20.1 to 30.0 4 

 30.1 to 40.0 4 

 
 * Split Samples only (reported values) 

 † The State Monitor Sample shall be used to pick tolerances. 

  

Comparison Method 

Calculate size fraction between consecutive sieves, including cutter sieves, for both the State 
Monitor and Producer test results (% Passing). 
 
Show the fraction retained between consecutive sieves for both gradations, the fraction 
difference on each consecutive sieve grouping between the Monitor and Producer gradation, the 
applicable tolerance (if coarse aggregate, use coarse aggregate tolerances and, if fine 
aggregate, use fine aggregate tolerances- If size fraction between consecutive sieves exceeds 
largest fraction shown, use tolerance for largest size fraction), and whether they are in-tolerance 
or out-of-tolerance.
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Illinois Department of Transportation 

QC/QA PROCEDURE 
Procedure for Sample Comparison 

Appendix A.5 
(continued) 

Effective Date:  November 10, 1997 
Revised Date: December 1, 2023 

 
If the comparison has no out-of-tolerance fractions, both sample results are considered valid. If an 
out-of-tolerance situation has been identified, both the producer certified technician and the State 
inspector shall immediately investigate the splitting procedure, test equipment, test method, and 
calculations for possible equipment failure or procedure errors. The State Monitor Sample shall 
always take precedence unless shown to be invalid during investigation. 
 
Example:  

 
CA11 

1"  
(25 mm) 

3/4”  
(19 mm) 

5/8"  
(16 mm) 

1/2" 
(12.5 mm) 

3/8" 
(9.5 mm) 

1/4” 
(6.3 mm) 

#4 
(4.75 mm) 

#16 
(1.18 mm) 

#200 
(75 µm) 

Monitor,  
% Passing 

 
100 

 
87 

 
67 

 
36 

 
13 

 
4 

 
2 

 
1 

 
0.7 

Producer,  
% Passing 

 
100 

 
89 

 
67 

 
44 

 
14 

 
5 

 
3 

 
2 

 
1.3 

 
Comparison Data 

Consecutive 
Sieve Sizes 

Monitor 
Fraction 

Producer 
Fraction 

Fraction 
Differenc

e 

Applicable 
Tolerance 

 
Disposition 

1" and 3/4" 
(25 mm and 19 mm) 

13 11 2 5 OK 

3/4" and 5/8" 
(19 mm and 16 mm) 

() 

20 22 2 5 OK 

5/8" and 1/2" 
(16 mm and 12.5 mm) 

() 

31 23 8 7 OUT 

1/2" and 3/8" 
(12.5 mm and 9.5 mm) 

 

23 30 7 6 OUT 

3/8” and 1/4”  
(9.5 mm and 6.3 mm) 

9 9 0 3 OK 

1/4” and #4 
(6.3 mm and 4.75 mm) 

 

2 2 0 2 OK 

#4 and #16 
(4.75 mm and 111.18mm) 

 

1 1 0 2 OK 

#16 and #200 
(1.18 mm and 75 µm) 

 

0.3 0.7 0.4 2 OK 

#200 and Pan 
(75 µm and Pan) 

 

0.7 1.3 0.6 2 OK 
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GUIDELINE FOR COMPARISON 

 

Example: 
 

CM 11 
 

If the comparison has no out-of-tolerance fractions, both sample results are considered 
valid. If an out-of-tolerance situation has been identified, both the producer certified 
technician and the State inspector shall immediately investigate the splitting procedure, 
test equipment, test method, and calculations for possible equipment failure or procedure 
errors. The State Monitor Sample shall always take precedence unless shown to be invalid 
during investigation. 
 
Example:  

 
CM11 

1"  
(25 mm) 

3/4”  
(19 mm) 

5/8"  
(16 mm) 

1/2" 
(12.5 mm) 

3/8" 
(9.5 mm) 

1/4" 
(6.3 mm) 

#4 
(4.75 mm) 

#16 
(1.18 mm) 

#200 
(75 µm) 

Monitor,  
% Passing 

 
100 

 
95 

 
70 

 
40 

 
20 

 
11 

 
4 

 
3 

 
1.9 

Producer,  
% Passing 

 

 

        

 
 

Comparison Data 

Consecutive 
Sieve Sizes 

Monitor 
Fraction 

Producer 
Fraction 

Fraction 
Difference 

Applicable 
Tolerance 

 
Disposition 

1" and 3/4" 
(25 mm and 19 mm) 

     

3/4" and 5/8" 
(19 mm and 16 mm) 

() 

     

5/8" and 1/2" 
(16 mm and 12.5 mm) 

() 

     

1/2" and 3/8" 
(12.5 mm and 9.5 mm) 

 

     

3/8" and 1/4" 
(9.5 mm and 6.3 mm) 

 

     

1/4" and #4 
(9.5 mm and 4.75 mm) 

 

     

#4 and #16 
(4.75 mm and 1.18mm) 

 

     

#16 and #200 
(1.18 mm and 75 µm) 

 

     

#200 and Pan 
(75 µm and Pan) 
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Policy   Revision    
Number  Date   Memorandum Subject        Page 
 
9-08.2 7/24/18 Crushed Slag Producer Certification and Self-Testing 
  Program ....................................................................................... B-3 
 
10-08.3 7/24/18 Use of Non-Certified Aggregate Stockpiles under the .................. B-5 
  Aggregate Gradation Control System (AGCS) 
 
12-08.3 7/24/18 Crushed Gravel Producer Self-Testing Program .......................... B-7 
 
13-08.3 7/24/18 Slag Producer Self-Testing Program .......................................... B-11 
 
14-08.3 7/24/18 Inspection of Large Sized Aggregate and Rip Rap Used 
  For Erosion Protection, Sediment Control, Rockfill, 
  And Aggregate Subgrade Improvement ....................................  B-15 
 
27-08.1 7/24/18 Designation of Aggregate Information on Shipping Tickets ........ B-19 
 
31-13.2 7/24/18 Reclaimed Asphalt Pavement (RAP) for Aggregate 
  Applications ................................................................................ B-23 
 
80274m 4/1/16 Aggregate Subgrade Improvement ............................................ B-27 
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