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SOILS FIELD TESTER 
CIT PROGRAM 

Written Test:  Open book – 90 multiple choice questions 

Grading:  Must score at least 60% on each section of the written exam with an 
overall score of 70% or better to pass. Failure on any part of the written exam 
requires retaking the entire exam. 

Must pass all performance exam sections. Failure of three or less performance 
subtest requires retest on only the subtest(s) failed. Failure of four or more 
subtests of the performance exam requires retest on the entire performance 
exam.  

Exam Results:  Exams will be graded in two to three weeks. Exam results are 
mailed to the student. Exam results are not given over the phone. 

Exam Re-takes:   Students who need to re-take either the written and/or 
performance exam need to register to do so. The re-take registration form can be 
found on the CIT website at www.citksu.com. 

To be Certified:  Students must successfully pass the written exam and the 
performance exam. The student will be mailed a certification card and letter. 
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Reasons for Certified Inspector Training (CIT) Training Program 

Overview 

The Kansas Department of Transportation (KDOT) has established this training program 
to educate, test and certify those individuals responsible for performing inspection and testing 
functions on KDOT construction projects.  KDOT’s Bureau of Construction and Materials has 
responsibility for the establishment and administration of the materials portion of the KDOT’s 
Quality Control/Quality Assurance (QC/QA) Program.  The Bureau develops standards and 
specifications for materials, establishes sampling procedures and frequencies, and test 
procedures used in the laboratory and the field in order to assure compliance with 
specifications.  It performs materials testing to assist each of the six KDOT districts in 
administering quality assurance functions of the QC/QA Program.  Such testing includes tests on 
materials purchased by contractors or the State for use in maintenance or construction 
activities.  The Bureau also conducts tests on soils, concrete, bituminous mixtures and 
numerous other specialized materials, the results of which are used by others for a variety of 
reasons.  

Quality control and quality assurance activities involve the routine sampling, testing and 
analysis of various materials to determine the quality of a given product and to attain a quality 
product.  The goal of the Certified Inspection and Testing Training Program (CIT2) is to provide 
persons engaged in the inspection and/or testing of KDOT construction projects specific training 
in, but not limited to, soils, aggregates, and concrete and/or asphalt disciplines.   

Each student is required to demonstrate specific abilities as defined by the training 
modules described in the CIT2 manual. The manual can be found online at: 
http://www.ksdot.org/descons.asp#CIT. 

Federal Funding 

On projects involving federal funds, KDOT must certify to the Federal Highway 
Administration as to the quality of each type of material used on each project before the State 
is completely reimbursed by the federal government.   

The certification and training requirements contained in this manual are intended to 
comply with the requirements of 23 CFR Part 637 which states, “After June 29, 2000, all 
sampling and testing data to be used in the acceptance decision or the IA (Independent 
Assurance) program shall be executed by qualified sampling and testing personnel.”   

Reasons for Quality Control/Quality Assurance 

Inspectors fulfill a very important job on any project—they safeguard the public interest 
in a number of ways. 
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The primary reason for materials inspection, sampling and testing requirements is to 
verify that all materials incorporated into the work will meet the requirements of the contract 
documents, including the plans, specifications, and special provisions.   

Plans and specifications are prepared to require the use of certain specific materials 
known or expected to perform satisfactorily with minimum maintenance throughout the life of 
the facility or infrastructure project.  Any material that deviates appreciably from the 
specifications requirements will not perform as expected and, in all probability, will shorten the 
useful life of the facility or add unexpected costs in maintenance.  Because there are limited 
dollars available for transportation infrastructure, the useful life and long-term maintenance 
costs of every project are critical considerations.  

Secondly, all contractors bidding or furnishing materials to a project should be treated 
equally.  That is, the contract documents provide a fair and uniform basis for bidding because 
they define the requirements to be met--ideally with the least possible difference of 
interpretation.  The contractor commits to furnish materials and complete work that will equal 
or exceed such requirements.  For this reason it is essential that quality assurance be correctly 
understood and applied uniformly by engineers and inspectors from project-to-project so that 
all contractors and suppliers are treated alike.   

Thirdly, the expenditure of public funds must be documented to substantiate whether 
taxpayers actually received the quantity and quality of materials specified in exchange for tax 
dollars spent.  Whether or not to pay the costs invoiced by contractors is a decision which relies 
heavily upon inspection reports and test results.  In a fundamental way, inspectors play a key 
role in serving the public--to justify the expenditure of public monies and the acceptance of any 
contractor’s work.  Through the work of knowledgeable, competent and skilled inspectors, 
KDOT can verify and confirm whether or not the contractor has fulfilled its obligations to build 
the project as intended. 

Finally, the specification requirements for materials are constantly evolving, based on 
new developments, past performance of material in the field, research and technological 
innovations.  Accurate recordkeeping of materials and test results using consistent inspection 
practices provides a basis to compare results over time—an indispensable advantage for 
meaningful research.  Data properly collected and recorded by inspectors can confirm whether 
or not changes in material specifications and testing requirements have, in fact, resulted in a 
better product, state-wide or in a particular location or application.   

All inspectors should review the applicable clauses of the Standard Specifications at 
regular intervals to refresh their understanding of material and testing requirements. 
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Soils Field 
Tester
INSTRUCTOR: ISAAC M. FERGUSON

Section 2

Dry Preparation of Disturbed Soil 
and Soil –Aggregate Samples for 
Test
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Scope

 This method describes the dry preparation of soil
and soil aggregate as received from the field, for
mechanical analysis, physical test, and other test
as may be desired.

3. APPARATUS

 3.1 Balance
 3.2 Drying Apparatus
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3.2 Drying Apparatus
Oven 140oF (60oC)

3.3 Sieves
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3.4 Pulverizing 
Apparatus

 Mortar and rubber-
covered pestle

3.4 Pulverizing 
Apparatus

 Mechanical device 
consisting of a power-
driven, rubber-covered 
muller
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3.4 
Pulverizing 
Apparatus

3.4 
Pulverizing 
Apparatus
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3.5 Sample 
Splitter

 Riffle Splitter
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Soils Field Tester
INSTRUCTOR: ISAAC FERGUSON
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Atterberg Demonstration

 https://www.youtube.com/watch?v=EcXJ961qjGA
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5.9.10 PLASTICITY TESTS (Kansas Test Method KT-10) 
 

1. SCOPE 
 
This method of test covers the procedures for determining the liquid limit, plastic limit and plastic index 
of soils and the minus No. 40 (425 µm) portions of aggregates.  For aggregates, use the wet preparation 
method described in Section 9 of this test method.  KT-10 reflects testing procedures found in AASHTO 
R-58, T 89 and T 90. 
 
2. REFERENCED DOCUMENTS 
 
2.1. Part V, 5.9; Sampling and Test Methods Foreword 
 
2.2 KT-11; Moisture Tests 
 
2.3. ASTM E11; Woven Wire Test Sieve Cloth and Test Sieves 
 
2.4. AASHTO T 89; Determining the Liquid Limit of Soils 
 
2.5. AASHTO T 90; Determining the Plastic Limit and Plasticity Index of Soils 
 
3. APPARATUS 
 
3.1. The balance shall conform to the requirements of Part V, Section 5.9; Sampling and Test Methods 
Foreword for the class of general purpose required for the principal sample mass of the sample being 
tested. 
 
3.2. A suitable device capable of drying samples at a temperature not exceeding 140°F (60°C), for the 
preparation of the samples. 
 
3.3. Oven thermostatically controlled capable of maintain a uniform temperature of 230 ± 9°F (110 ± 
5°C), for drying of moisture samples. 
 
3.4. A porcelain-evaporating dish, preferably unglazed about 4.5 in (115 mm) in diameter. 
 
3.5. Spatula having a blade about 0.75 in (20 mm) wide and 3 in (75 mm) long. 
 
3.6. A mechanically operated Liquid Limit Device consisting of a brass cup and carriage meeting the 
requirements of AASHTO T 89, Figure 1 and Sections 4.3.1 and 4.3.2 of this test method. 
 
3.7. A manually operated device constructed in accordance with AASHTO T 89, Section 3.3.1. 
 
3.8. Curved grooving tool meeting the requirements of AASHTO T 89, Figure 1. 
 
3.9. A gage whether attached to the grooving tool or separate, conforming to the critical dimension “d” 
shown in AASHTO T 89 Figure 1 and may be, if separate, a metal bar 0.394 + 0.008 in. (10.0 + 0.2 mm) 
thick and approximately 2 in 950 mm) long. 
 
NOTE: All Liquid Limit Devices and curved grooving tools should be examined for conformance with 
the requirements of AASHTO T 89 before they are used. 
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3.10. Suitable containers made of material resistant to corrosion and not subject to change in mass or 
disintegration on repeated heating and cooling.  Containers shall have close-fitting lids to prevent loss of 
moisture from samples before initial mass determination and to prevent absorption of moisture from the 
atmosphere following drying and before final mass determination.  One container is needed for each 
moisture content determination. 
 
3.11. Pulverizing apparatus: Either a mortar and rubber-covered pestle or a mechanical device consisting 
of a power driven rubber-covered muller suitable for breaking up the aggregation of soil particles without 
reducing the size of the individual grains. 
 
NOTE: Other types of apparatus, such as a revolving drum into which the soil sample and rubber-
covered rollers are placed and tumbled until soil aggregations are pulverized, are satisfactory if the 
aggregations of soil particles are broken up without reducing the size of the individual grains. 
 
3.12. Series of sieves including No. 4 (4.75 mm), No. 10 (2.00 mm), and No. 40 (425 µm) conforming to 
ASTM E11. 
 
3.13. Standard KDOT 16 by 10 by 5.5 in (400 by 250 by 140 mm) wash pan equipped with No. 40 (425 
µm) screen (optional). 
 
3.14. Ground glass plate.  The finish on the ground glass plate is obtained using a medium to fine grade of 
abrasive dust.  An emery dust essentially passing the No. 60 (250 µm) sieve and retained on the No. 100 
(150 µm) sieve has been found to be satisfactory. 
 
A small amount of water is sprinkled on a glass plate along with the abrasive dust.  Another plate is laid 
on top and the plates are rubbed together until a uniform frosty finish is obtained. 
 
3.15. Plastic Limit Device such as a Gilson SA-18.  (See Figure 2) This is used for the alternate 
procedure using the Plastic Limit Device, see Section 6.4 of this test method. 
 
4. LIQUID LIMIT TEST1 
 
4.1. Definition:  The liquid limit of a material is the water content, when determined in accordance with 
this test method, at which the material passes from a plastic to a liquid state.  This corresponds to a 
theoretical moisture content at which the material will flow in such a manner as to produce a 0.5 in (13 
mm) closure of a groove when jarred by 25 drops of the cup on the Liquid Limit Device. 
 
4.2. Preparation of Sample:  Dry the material at a temperature not exceeding 140°F (60°C).  See Section 
9, aggregate material preparation. 
 
4.2.1. The dried sample shall be separated into two fractions using a No. 10 (2.00 mm) sieve.  The 
fraction retained on the sieve shall be ground with the pulverizing apparatus until the aggregations of soil 
particles are broken into separate grains.  The ground soil shall then be separated into two fractions using 
the No. 10 (2.00 mm) sieve.  Discarding the material retained on the sieve. 
 
4.2.2. Dry-screen the material over a No. 40 (425 µm) sieve to remove as much of the portion passing the 
No. 40 (425 µm) sieve as possible. 
 

 
1 AASHTO T 89 and ASTM D4318 allow for both method “A” and method “B”.  KT-10 allows for method “A” 
only. 
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4.2.3. The fraction retained on the No. 40 (425 µm) sieve shall be ground with the pulverizing apparatus 
in such a manner as to break up the aggregations without fracturing the individual grains.  If the sample 
contains brittle particles, such as flakes of mica, fragments of seashells, etc., the pulverizing operation 
shall be done carefully and with just enough pressure to free the finer material that adheres to the coarser 
particles.  The ground soil shall then be separated into two fractions by means of the No. 40 (425 µm) 
sieve and the material shall be reground as before.  When the repeated grinding produces only a small 
quantity of soil passing the No. 40 (425 µm) sieve, the material retained on the No. 40 (425 µm) sieve 
shall be discarded.  The several fractions passing the No. 40 (425 µm) sieve obtained from the grinding 
and sieving operations just described shall be thoroughly mixed together and set aside for use in 
performing the physical tests. 
 
4.3. Test Procedure 
 
4.3.1. Adjust the height of drop of the brass cup on the Liquid Limit Device by means of the adjustment 
plate.  The height to which the cup is lifted by the cam is adjusted so that the point on the cup which 
comes in contact with the base is 0.394 ± 0.008 in (10.0 ± 0.2 mm) above the base.  Secure the adjustment 
plate by tightening the appropriate screws. 
 
Place a piece of masking tape across the outside bottom of the cup parallel with the axis of the cup hanger 
pivot (See Figure 3).  Place the tape between the wear spot and the pivot so that the edge of the tape away 
from the cup hanger bisects the spot on the cup that contacts the base.  Slide the height gauge under the 
cup to the device and turn the crank until the cup is raised to its maximum height. 
 
The adjustment is checked with the gauge in place by revolving the crank several times.  If the adjustment 
is correct, a slight ringing sound will be heard when the cam strikes the cam follower.  If the cup is raised 
off the gauge or no sound is heard, further adjustment is made. 
 
Remove the tape after adjustment. 
 
4.3.2. Inspect the Liquid Limit Device to be sure that it is in good working order and that there are no 
worn or “out of alignment” parts that will affect the test results. 
 
4.3.3. Take a sample weighing approximately 100 g and place in the mixing dish.  The sample shall be 
thoroughly mixed with 15 to 20 mL of distilled or demineralized water by alternately and repeatedly 
stirring, kneading and chopping with a spatula.  Further additions of water shall be made in 1 to 3 mL 
increments.  Each increment of water shall be thoroughly mixed with the soil, as previously described, 
before another increment of water is added.  Once testing has begun, no additional dry soil should be 
added to the moistened soil.  The cup of the Liquid Limit Device shall not be used for mixing soil and 
water.  If too much moisture has been added to the sample, the sample shall either be discarded, or mixed 
and kneaded until the natural evaporation lowers the closure point into acceptable range. 
 
NOTE: Some soils are slow to absorb water; therefore, it is possible to add increments of water so fast 
that a false liquid limit value is obtained.  This can be avoided if more mixing and/or time is allowed.  
Tap water may be used for routine testing if comparative tests indicate no differences in results between 
using tap water and distilled or demineralized water.  However, referee, or disputed tests shall be 
performed using distilled or demineralized water. 
 
4.3.4. When sufficient water has been thoroughly mixed with the soil to form a uniform mass of stiff 
consistency, a sufficient quantity of this mixture shall be placed in the cup above the spot where the cup 
rests on the base and shall be squeezed and spread with the spatula to level and at the same time trimmed 
to a depth of 10 mm at the point of maximum thickness.  As few strokes of the spatula as possible shall be 
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used, care being taken to prevent the entrapment of air bubbles within the mass.  The excess soil shall be 
returned to the mixing dish.  The soil in the cup of the device shall be divided by a firm stroke of the 
grooving tool along the diameter through the centerline of the cam follower so that a clean sharp groove 
of proper dimensions will be formed.  To avoid tearing the sides of the groove or slipping of the soil cake 
on the cup, up to six strokes from front to back or from back to front counting as one stroke shall be 
permitted.  The depth of the groove should be increased with each stroke and only the last stroke should 
scrape the bottom of the cup. 
 
4.3.5. The cup containing the sample prepared as described in Section 4.3.4 of this test method, shall be 
lifted and dropped by turning the crank at the rate of approximately two revolutions per second until the 
two sides of the sample come in contact at the bottom of the groove along a distance of about 0.5 in (13 
mm).  The number of shocks required to close the groove this distance shall be recorded.  The base of the 
machine shall not be held with the free hand while the crank is turned. 
 
NOTE: Some soils tend to slide on the surface of the cup instead of flowing.  If this occurs, more water 
should be added to the sample and remixed, then the soil-water mixture placed in the cup, a groove cut 
with grooving tool and Section 4.3.5 repeated.  If the soil continues to slide on the cup at a lesser number 
of blows than 25, the test is not applicable and a note should be made that the liquid limit could not be 
determined. 
 
4.3.6. A slice of soil approximately the width of the spatula, extending from the edge to edge of the soil 
cake at right angles to the groove and including that portion of the groove in which the soil flowed 
together, shall be removed and placed in suitable container.  Record the sample mass to the nearest 0.01 g.  
The soil in the container shall be dried in accordance with KT-11 to determine the moisture content.  The 
use of a lid for the container as stated in KT-11 is required. Record the results. 
 
4.3.7. The soil remaining in the cup shall be transferred to the mixing dish.  The cup and grooving tool 
shall be washed and dried in preparation for the next trial. 
 
4.3.8. The foregoing operations shall be repeated for at least two additional portions of the sample to 
which sufficient water has been added to bring the soil to a more fluid condition.  The object of this 
procedure is to obtain samples of such consistency that at least one determination will be made in each of 
the following ranges of shocks:  25-35, 20-30, 15-25. The range of the three determinations shall be at 
least 10 shocks. 
 
5. CALCULATIONS 
 
5.1. Calculate the moisture content of the sample as follows: 
 
Moisture Content = 100 X (A-C) 
   (C-B)          
  
 
Where:  A= Mass of wet soil and container, g 
  B= Mass of container, g 
  C= Mass of dry soil and container, g 
 
5.1.1. Record the moisture content to the nearest 0.1%. 
 
5.2. A “Flow Curve” representing relation between moisture content and corresponding number of shocks 
shall be plotted on a semi-logarithmic graph with the moisture contents as abscissa on the arithmetical 
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scale, and the number of shocks as ordinates on the logarithmic scale.  The flow curve shall be a straight 
line drawn as nearly as possible through the three plotted points.  (Figure 1) 
 

 
Figure 1  

Flow Curve Chart 
(KDOT Form No. 664) 

 
5.3. The moisture content corresponding to the intersection of the flow curve with the 25 shock ordinate 
shall be taken as the liquid limit of the soil.  Report this value to the nearest whole number. 
 
6. PLASTIC LIMIT TEST 
 
6.1. Definition:  The plastic limit of a material is the lowest water content, when determined in 
accordance with this test method, at which the material remains plastic. 
 
6.2. Preparation of Sample:  The test is conducted using material finer than the No. 40 ( 425 µm) sieve.  
The minus No. 40 ( 425 µm) material is prepared as outlined in Section 4.2 of this test method. 
 
6.3. Test Procedure 
 
6.3.1. Thoroughly mix the minus No. 40 ( 425 µm) material and place approximately 20 g in an 
evaporation dish. 
 
6.3.2. Thoroughly mix with distilled or demineralized water until the mass becomes plastic enough to be 
easily shaped into a ball.  Take a portion of this ball with a mass of about 10 g for the test sample. 
 
NOTE: Tap water may be used for routine testing if comparative tests indicate no differences between 
using tap water and distilled or demineralized water.  However, referee or disputed tests shall be 
performed using distilled or demineralized water. 
 
6.3.3. If both the liquid and plastic limits are required, take a test sample with a mass of about 10 g from 
the thoroughly wet and mixed portion of the soil prepared in accordance with Section 4.3.3 of this test 
method.  Take the sample at any stage of the mixing process at which the mass becomes plastic enough to 
be easily shaped into a ball without sticking to the fingers excessively when squeezed.  If the sample is 
taken before completion of the liquid limit test, set it aside and allow it to season in air until the liquid 
limit test has been completed.  If the sample taken during the liquid limit test is too dry to permit rolling 
to a 1/8 in (3.0 mm) thread, add more water and remix. 
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6.3.4. Select 1.5 to 2.0 g of soil taken in Section 6.3.3 of this test method.  Form into an ellipsoidal mass. 
 
6.3.5. Roll this mass between the fingers and the palm of the hand and a ground glass plate with just 
sufficient pressure to roll the mass into a thread of uniform diameter throughout its length.  The rate of 
rolling shall be between 80 and 90 strokes per minute, counting a stroke as one complete motion of the 
hand forward and back to the starting position again.  Reduce the diameter of the thread to 1/8 in (3.0 
mm), taking no more than 2 min.  Quickly squeeze and reform the thread into an ellipsoidal shaped mass 
and re-roll.  Continue this alternate reforming and re-rolling to a thread 1/8 in (3.0 mm) in diameter, 
gathering together, kneading and re-rolling, until the thread crumbles under the pressure required for 
rolling and the material can no longer be rolled into a thread.  The crumbling may occur when the thread 
is greater than 1/8 in (3.0 mm) in diameter.  This shall be considered a satisfactory end point, provided the 
material has been rolled to a thread of 1/8 in (3.0 mm) during the previous rolling.  The crumbling will 
manifest itself differently with various types of material.  Some materials fall apart in numerous small 
aggregations of particles; others may form an outside tubular layer that starts splitting at both ends.  
Splitting progresses toward the middle, and finally, the thread falls apart in many small platy particles.  It 
is not practical to define crumbling to an exact degree since, as stated above, crumbling will manifest 
itself differently for different materials.  At no time shall the operator attempt to produce failure at exactly 
1/8 in (3.0 mm) diameter by allowing the thread to reach 1/8 in (3.0 mm), then reducing the rate of rolling 
or the hand pressure or both, and continuing the rolling without further deformation until the thread falls 
apart.  It is permissible, however, to reduce the total amount of deformation for feebly plastic soils by 
making the initial diameter of the ellipsoidal shaped mass nearer to the required 1/8 in (3.0 mm) final 
diameter. 
 
6.3.6. Place the crumbled thread in a watch glass or other suitable container of known mass and close to 
prevent evaporation loss. Repeat steps 6.3.4. to 6.3.6. until the entire 10 gram sample has been tested. 
 
6.3.7. Gather the portions of the crumbled soil together and place in a suitable tared container.  Record the 
sample mass to the nearest 0.01 g.  The soil in the container shall be dried in accordance with KT-11 
Sections 3 through 5, to determine the moisture content.  The use of a lid for the container as stated in 
KT-11 is required. Record the results. 
 
6.4. Alternate procedure using the Plastic Limit Device 
 
6.4.1. Attach smooth unglazed paper to both the bottom fixed plate and the top of the Plastic Limit 
Device. 
 
6.4.2. Split the 10 g. test sample taken in Section 6.3.3 and 6.3.4 of this test method into four or five 
masses of 1.5 to 2.0 g each.  Squeeze into an ellipsoidal-shape and place two to three masses on the 
bottom plate.  Place the top plate in contact with the soil masses.  Simaltaneously with a slight downward 
force, apply a back-and-forth rolling motion with the top plate until the top plate comes into contact with 
the 3.2 mm side rails, within two minutes.  Do not allow the soil thread to come into contact with the side 
rails. 
 
6.4.3. Continue the test as outlined in Sections 6.3.5, 6.3.6, and 6.3.7 of this test method. 
 
7. CALCULATIONS 
 
7.1. Calculate the moisture content of the sample at its plastic limit as follows: 
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Plastic Limit
100 × A -C  

C-B
 

 
Where:  A= Mass of wet soil and container, g 
  B= Mass of container, g 
  C= Mass of dry soil and container, g 
 
7.2. Record all masses to the nearest 0.01 g.  Calculate and record the percentage of moisture to the 0.1%, 
report the percentage of moisture to the nearest whole percent. 
 
8. PLASTIC INDEX 
 
8.1. Definition:  The plastic index of a material is the numerical difference between the liquid limit and 
the plastic limit. 
 
8.2. Calculations: Calculate the plastic index as follows, or calculate on KDOT Form 663. 
 
Plastic Index = Liquid Limit (as recorded) – Plastic Limit (as recorded). 
 
8.3. Reporting: Report the plastic index and liquid limit (when required) to the nearest whole number. 
 
NOTE: When testing extremely sandy samples, it is permissible to conduct the plastic limit test first.  If 
the plastic limit cannot be determined, report the plastic index as NP (i.e. nonplastic).  If the plastic limit 
is equal to or greater than the liquid limit, report the plastic index as NP. 
 
9. WET PREPARATION (FOR AGGREGATE MATERIAL ONLY) 
 
9.1. The following “wash” method of preparation shall be used for all types of aggregates, binder soil and 
mineral fillers.  However, in the case of a mineral filler which all passes a No. 40 (425 µm) sieve, the 
washing process may be waived and the sample prepared for testing by reducing it to particle size using 
the pulverizing apparatus. 
 
9.2.1. Dry the material to a moisture condition at which it can be pulverized and dry-screened without 
sticking or clogging the screens. 
 
9.2.2. Dry-screen the material over a No. 40 (425 µm) sieve to remove as much of the portion passing the 
No. 40 (425 µm) sieve as possible before washing.  Several larger sieves may be used in this process to 
keep part of the load off the No. 40 (425 µm) sieve.  This initial dry-screening is very important as it 
helps to reduce the time and water required for the washing process which follows.  Set aside the minus 
No. 40 (425 µm) material obtained in this manner for recombination with material obtained by later steps. 
 
9.2.3. Place the material retained on the No. 40 (425 µm) sieve in a pan, cover with water and soak for a 
minimum of 30 minutes. 
 
9.2.4. Following the soaking period, wash the material, using not less than four applications of wash 
water, including the soaking water.  Each application of water must cover the entire sample.  The washing 
for each application is accomplished by a “sloshing” action of the pan.  Should an appreciable amount of 
plastic material remain with the sample after four applications of water, use additional applications 
accompanied by more vigorous agitation of the material.  Decant each application of the wash water 
through a No. 40 (425 µm) sieve, saving all of the wash water and material. 
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9.2.5. Evaporate the water from the washed plus No. 40 (425 µm) material and from the material washed 
through the No. 40 (425 µm) sieve using an oven with temperature settings not to exceed 140°F (60°C).  
In most cases, after a short period of heating, the particles in suspension will settle out so that the clear 
water at the top of the pan may be siphoned off to reduce the drying time. 
 
9.2.6. If the material in the retained wash water becomes caked during the drying process, break it down 
to pass the No. 40 (425 µm) sieve with the pulverizing apparatus.  This pulverizing shall be done, insofar 
as possible, in a manner which will not change the characteristics of the material. 
 
9.2.7. Dry-screen the dried material, retained on the No. 40 (425 µm) sieve during the washing process, 
over a No. 40 (425 µm) sieve after which the material retained on the sieve may be discarded. 
 
9.2.8. Recombine and thoroughly mix the minus No. 40 (425 µm) material obtained by the initial dry-
screening, that obtained by washing and that obtained by re-screening the coarse material after washing.  
The sample thus prepared is ready for testing. 
 

 
 

Figure 2 
Plastic Limit Device 
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Figure 3 
Brass Cup Calibration 
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Constant Mass Method
1. Weigh empty soil can with lid
2. Weigh moist sample with can
3. Remove Lid and Place container with moist sample into a oven 
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Constant Mass Method
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3. Remove Lid and Place container with moist sample into a 

oven (230oF +/- 9oF ; 110o C +/-5o C )to dry
4. Remove from oven replace the lid and allow the sample to 

cool to room temperature
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5.9.11 MOISTURE TESTS (Kansas Test Method KT-11) 

 

1. SCOPE 

 

This method of test covers the procedure for the determination of the moisture content of soil and aggregate.  

KT-11 reflects testing procedures found in AASHTO T 217 and T 265. 

 

2. REFERENCED DOCUMENTS 

 

2.1. Part V, 5.9; Sampling and Test Methods Foreword 

 

2.2. AASHTO T 217; Determination of Moisture in Soils by Means of a Calcium Carbide Gas Pressure 

Moisture Tester 

 

2.3. AASHTO T 265; Laboratory Determination of Moisture Content of Soils 

 

3. CONSTANT MASS METHOD 

 

3.1. Apparatus: 

 

3.1.1. The balance shall conform to the requirements of Part V, 5.9, Sampling and Test Methods 

Foreword for the class of general-purpose balance required for the principal sample mass of the sample 

being tested. 

 

3.1.2. Drying oven should be thermostatically controlled, preferably of the forced-draft type.  It shall be 

capable of being heated continuously at a temperature of 230 ± 9°F (110 ± 5°C). 

 

3.1.3. Drying pans.  

 

4. TEST PROCEDURE FOR CONSTANT MASS METHOD 

 

4.1. Select a representative quantity of sample in the amount indicated in the method of test.  If no amount 

is indicated, the minimum mass of the sample shall be in accordance with the following table: 

 

Maximum Particle Size Minimum Mass  

of Sample, g 

No. 40 (425 µm) sieve 10 

No. 4 (4.75 mm) sieve 100 

1/2 in (12.5 mm) sieve 300 

1 in (25.0 mm) sieve 500 

2 in (50.0 mm) sieve 1000 

 

 

4.2. Weigh a clean, dry container (with its lid if used for soils) and place the moisture content sample in the 

container.  Replace the lid (if used) immediately, and weigh the container, including the lid (if used) and 

moist sample.  Remove the lid (if used) and place the container with the moist sample in the drying oven 

maintained at a temperature of 230 ± 9°F (110 ± 5°C) and dry to a constant mass.  Immediately upon 

removal from the oven, replace the lid (if used) and allow the sample to cool to room temperature.  Weigh 

the container including lid (if used) and dried sample. 
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NOTE: Checking every moisture content sample to determine that it is dried to a constant mass is 

impractical.  In most cases, drying of a moisture sample over-night (15 to 16 hours) is sufficient.  In cases 

where there is doubt concerning the adequacy of overnight drying, drying should be continued until the 

mass after two successive periods of drying indicate no change in mass.  Samples of sand may often be 

dried to constant mass in a period of several hours.  Since dry samples may absorb moisture from wet 

samples, dried samples should be removed before placing wet samples in the oven. 

 

NOTE: (for bulk soil samples): A container without a lid may be used provided the moist sample is 

weighed immediately after being taken and providing the dried sample is weighed immediately after being 

removed from the oven or after cooling in a desiccators.  This provision does not apply to samples used for 

plasticity index determination; lids must be used. 

 

NOTE: Moisture content samples for soils should be discarded and should not be used in any other tests. 

 

5. CALCULATIONS 

 

5.1. Calculate the moisture content as follows: 

 

w=[(mass of moisture)/(mass of oven-dried sample)]×100 

 

w=[(W1-W2)/(W2-Wc)]×100 

 

Where: w = moisture content, percent 

 W1 = mass of container and moist sample, g 

  W2 = mass of container and oven-dried sample, g 

  Wc = mass of container, g 

 

5.2. Calculate the percent of moisture content. 

 

6. REPORT  

 

6.1. Record the moisture content to the nearest 0.01% of mass of the oven dried sample.  Report the percent 

of moisture content to the nearest 0.1%. 

 

7. GAS PRESSURE (‘SPEEDY”) METHOD 

 

7.1 Significance and Use 

 

This test method outlines procedures for determining the moisture content of soil by chemical reaction 

using calcium carbide as a reagent to react with the available water in the soil producing a gas. A 

measurement is made of the pressure produced when a specified mass of wet or moist soil is placed in a 

testing device with an appropriate volume of reagent and mixed.  

 

This method is not intended as a replacement for Section 3, Constant Mass Method, but as a supplement 

when rapid results are required, for field use some distance from a lab or where an oven is not practical for 

use on the project.  

 

This method is applicable for most soils, however, some soils that contain highly plastic clays that are not 

friable and do not break down may not produce representative results as the reagent may not react with all 
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the moisture contained in the sample. It is recommended to use Section 3 if highly accurate results are 

needed. 

NOTE: This method shall not be used on granular materials having more than 5% particles large enough 

to be retained on a No. 4 (4.75 mm) sieve as determined by a visual estimate.   The Super 200 D Tester is 

intended to be used when testing aggregate. 

 

7.2. Apparatus 

 

7.2.1. Calcium carbide pressure moisture tester. (Figure 1) 

 

7.2.2. The balance shall conform to the requirements of Part V, 5.9, Sampling and Test Methods 

Foreword. 

 

7.2.3. Two 1.25 in (31.75 mm) steel balls. 

 

7.2.4. Cleaning brush and cloth. 

 

7.2.5. Scoop for measuring calcium carbide reagent. 

 

8. MATERIAL 

 

8.1. Calcium carbide reagent. 

 

NOTE: The calcium carbide must be finely pulverized and should be of a grade capable of producing 

acetylene gas in the amount of at least 2.25 ft3/lb (90.14 m3/kg) of carbide. 

 

NOTE: The “shelf life” of the calcium carbide reagent is limited, so it should be used according to 

manufacturer recommendations. 

 

NOTE: When combined with water, the calcium carbide reagent produces a highly flammable or explosive 

acetylene gas. Testing should not be carried out in confined spaces or in the vicinity of open flame or other 

source of heat that could cause combustion.  

 

9. TEST PROCEDURE FOR SPEEDY METHOD 

 

9.1. When using the 20 g or 26 g tester, place three scoops (approximately 24 g) of calcium carbide in the 

body of the moisture tester.  When using the Super 200 D Tester to test aggregate, place 6 scoops 

(approximately 48 g) of calcium carbide in the body of the moisture tester. 

 

NOTE: Care must be exercised to prevent the calcium carbide from coming into direct contact with water. 

 

9.2. Weigh a sample of the exact mass specified by the manufacturer of the instrument in the balance 

provided and place the sample in the cap of the tester.  When using the 20 g or 26 g size tester, place two 

1.25 in (31.75 mm) steel balls in the body of the tester with the calcium carbide. 

 

NOTE: If the moisture content of the sample exceeds the limit of the pressure gauge (12% moisture for 

aggregate tester or 20% moisture for soil tester), a one-half size sample must be used and the dial reading 

must be multiplied by 2.  This proportional method is not directly applicable to the dry mass percent scale 

on the Super 200 D Tester. 
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9.3. With the pressure vessel in an approximately horizontal position, insert the cap in the pressure vessel 

and seal the unit by tightening the clamp, taking care that no carbide comes in contact with the soil until a 

complete seal is achieved. 

 

9.4. Raise the moisture tester to a vertical position so that the soil in the cap will fall into the pressure vessel. 

 

9.5. Shake the instrument vigorously so that all lumps will be broken up to permit the calcium carbide to 

react with all available free moisture.  When steel balls are being used in the tester and when using the 

larger tester to test aggregate, the instrument should be shaken with a rotating motion so the steel balls or 

aggregate will not damage the instrument or cause soil particles to become embedded in the orifice leading 

to the pressure diaphragm. 

 

NOTE: Shaking should continue for at least 60 seconds with granular soils and for up to 180 seconds for 

other soils so as to permit complete reaction between the calcium carbide and the free moisture.  Time 

should be permitted to allow dissipation of the heat generated by the chemical reaction. 

 

9.6. When the needle stops moving, read the dial while holding the instrument in a horizontal position at 

eye level. 

 

9.7. Record the dial reading.1 

 

9.8. With the cap of the instrument pointed away from the operator, slowly release the gas pressure.  Empty 

the pressure vessel and examine the material for lumps.  If the sample is not completely pulverized, the test 

should be repeated using a new sample.  Clean the cap thoroughly of all carbide and soil before running 

another test. 

 

NOTE: When removing the cap, care should be taken to point instrument away from the operator to avoid 

breathing the fumes and away from any potential source of ignition for the acetylene gas.  

 

9.9. The dial reading is the percent of moisture by wet mass and must be converted to dry mass.  With the 

Super 200 D Tester the dial reading is the percent of moisture by dry mass, and no further calculation is 

required. 

 

10. CALCULATION 

 

10.1 The percentage of moisture by dry mass of the soil may be determined from the conversion curve 

either provided with the device, a curve developed from local soils or the calculation provided with the 

device.  Preference should be given to a curve developed from local soils that are to be used on a project.  

 

10.2 Calibration curves are produced by selecting several samples representing the range of soil materials 

to be tested and having a relatively wide range of moisture content. Utilize the method in Section 3 

alongside the Speedy to develop the curve.  

 

 

 

 

 
1 AASHTO T 217 requires recording sample mass and dial reading. 
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NOTE: A conversion curve, similar to Figure 2, is normally supplied with the moisture tester.  However, 

check each moisture tester for accuracy of its gage, or the accuracy of the conversion curve annually2.  

Accuracy of the tester gage may be checked by using a calibration kit (obtainable from the tester 

manufacturer), equipped with the standard gage; in case of discrepancy, the gage tester should be adjusted 

to conform to the standard gage.  For checking the accuracy of the conversion curve, a calibration should 

be made for meter readings using locally prepared soils at known moisture contents.  Also, additional testing 

may be necessary to extend the conversion curve (Figure 2) beyond 44% moisture content. 

NOTE: It may be convenient for field use of the apparatus to prepare a table of moisture tester readings 

versus oven-dry moisture content for the moisture tester. 

 

11. REPORT 

 

11.1. Record the dial reading to the nearest 0.1% and determine the percent moisture from the conversion 

chart.  Report the percentage of moisture to the nearest whole percent. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2 KDOT requires that each Speedy Moisture tester be checked annually for accuracy of reading. 
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Figure 1 Calcium Carbide Gas Pressure Moisture Meter 

 

Figure 2 Conversion Curve for 

Moisture Tester Reading 
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5.9.12 STANDARD COMPACTION TEST (Kansas Test Method KT-12) 

 
1. SCOPE 

 

1.1. Fine Grained Materials (Section 4.): This method of test is used to determine the relation between the 

moisture content and density of soils or other fine grained materials when subjected, at various moisture 

contents, to a standard compactive effort while confined in a rigid metal mold.  KT-12 reflects testing 

procedures found in AASHTO T 99. 

 

The procedure for compaction of “fine grained materials” shall be followed whenever: 

 

(1) The material has less than 10% retained on the No. 4 (4.74 mm) sieve, or 

 

(2) The material has more than 10 % but less than 30% retained on the No. 4 (4.75 mm) sieve and 

the fraction passing the No. 40 (425 µm) sieve has a plastic index greater than 8. 

 

1.2. Granular Materials (Section 5.): This method of test is used to determine the relation between the 

moisture content and density of granular materials, when subjected, at various moisture contents, to a 

standard compactive effort while confined in a rigid mold.  KT-12 reflects testing procedures found in 

AASHTO T 99. 

 

Granular materials are classified as materials passing the 3/4 in (19.0 mm) sieve. 

 

2. REFERENCED DOCUMENTS 

 

2.1. Part V, 5.9; Sampling and Test Methods Foreword 

 

2.2 KT-11; Moisture Tests 

 

2.3. AASHTO T 19; Bulk Density (“Unit Weight”) and Voids in Aggregate 

 

2.4. AASHTO T 99; Moisture-Density Relations of Soils Using a 5.5 lb (2.5 kg) Rammer and a 12 in (305 

mm) Drop 

 

2.5. AASHTO T 265; Laboratory Determination of Moisture Content of Soils 

 

2.6. ASTM D2168; Test Methods for Calibration of Laboratory Mechanical-Rammer Soil Compactors 

 

3. APPARATUS 

 

3.1. Fine Grained Material: 

 

3.1.1. The mold shall be solid wall, metal cylinders 4 in (101.6 mm) with a capacity of 0.0333 ± 0.0005 ft3 

(0.000943 ± 0.000014 m3) and an internal diameter of 4.000 ± 0.016 in (101.60 ± 0.40 mm) and a height of 

4.584 ± 0.018 in (116.40 ± 0.50 mm).  It shall have a detachable collar assembly approximately 2.375 in 

(60 mm) in height.  The mold and collar assembly shall be constructed so that it can be fastened firmly to 

a detachable base plate made of the same material.  The base plate shall be plane to 0.005 in. 

 

3.1.1.1. A mold that fails to meet manufacturing tolerances after continued service may remain in use 

provided those tolerances are not exceeded by more than 50%; and the volume of the mold calibrated in 

accordance with AASHTO T 19, Section 8, for Unit Mass of Aggregate, is used in the calculations. 
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3.1.1.2. Any correction to the volume requires a new calculated multiplier (F).  The multiplier is an inverse 

function of the mold volume. 

 

NOTE: The volume of the mold (without the collar) is measured by coating one end with cup grease or 

Vaseline to form a seal and then placing it on a glass plate which should be placed in a level position on a 

scale.  The other end of the mold is coated with cup grease or Vaseline and then the mold and two glass 

plates are weighed.  The mold may then be filled with 77 ± 2°F (25 ± 1° C)1 water after which the second 

glass plate should be placed on top of the mold in such a way as to eliminate air bubbles and excess water.  

Any excess water thus removed must be carefully wiped off after which the final weight of the mold, water 

and glass plates may be determined.  The volume of the mold may then be calculated using 62.243 lb/ft3 

(997 kg/m3) as the density of water. 

 

3.1.2. Rammer 

 

3.1.2.1. Manually operated.  A metal rammer with a mass of 5.5 ± 0.02 lb (2.495 ± 0.009 kg) and having a 

flat circular face of 2.000 in (50.80 mm) diameter with a tolerance of ± 0.01 in (0.25 mm).  The in-service 

diameter of the flat circular face shall be not less than 1.985 in (50.42 mm).  The rammer shall be equipped 

with a suitable guide-sleeve to control the height of drop to a free fall of 12.00 ± 0.06 in (305 ± 2 mm) 

above the elevation of the soil.  The guide-sleeve shall have at least 4 vent holes, no smaller than 3/8 in 

(9.5. mm) diameter spaced at 90 degrees (1.57 rad) apart and 3/4 in (19 mm) from each end; and shall 

provide sufficient clearance so the free fall of the rammer shaft and head is unrestricted. 

 

3.1.2.2. Mechanically operated.  A mechanically operated metal rammer is equipped to control the height 

of drop to 12 ± 0.06 in (305 ± 2.0 mm) above the elevation of the soil and to distribute the blows over the 

soil surface.  The rammer has a 2 in (50.8 mm) diameter, flat circular face and has a mass of 5.5 ± 0.02 lb 

(2.495 ± 0.009 kg). 

 

NOTE: The mechanically operated rammer must be calibrated as directed by ASTM D 2168, Method A. 

 

3.1.3. Sample extruder (desirable) should consist of, a frame, jack and circular metal loading plate or other 

suitable device for removing specimens from the mold. 

 

3.1.4. The balance shall conform to the requirements of Part V, 5.9; Sampling and Test Methods 

Foreword, for the class of general purpose balance required for the principal sample mass of the sample 

being tested. 

 

3.1.5. A thermostatically controlled drying oven capable of maintaining a temperature of 230 ± 9°F (110 ± 

5°C) for drying moisture samples. 

 

3.1.6. A hardened-steel straightedge at least 10 in (250 mm) in length.  It shall have one beveled edge, and 

at least one longitudinal surface shall be plane within 0.01 in per 10 in (0.250 mm per 250 mm) (0.1%) of 

length within the portion used for trimming the soil. 

 

3.1.7. No. 4 (4.75 mm) sieve. 

 

 
1 AASHTO T 99 references AASHTO T 19 to calibrate the mold.  AASHTO T 19 permits the use of varying 

temperatures 77 ± 2°F (25 ± 1°C) with correction factors to compensate for the water density.  By using the fixed 

temperature requirement, KDOT uses a single value (62.243 lb/ft3 [997 kg/m3]) for the density of water during the 

calibration of such apparatuses. 
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3.1.8. Drying pans. 

 

3.1.9. Trowels, spatulas and other mixing tools or a mechanical mixer that will thoroughly mix the material 

and water. 

 

3.2. Granular Material: 

 

3.2.1. The mold shall be solid wall, metal cylinders 6 in (152.4 mm) with a capacity of 0.07500 ± 0.0009 ft3 

(0.002124 ± 0.000025 m3) and an internal diameter of 6.000 ± 0.026 in (152.40 ± 0.70 mm) and a height of 

4.584 ± 0.018 in (116.40 ± 0.50 mm). It shall have a detachable collar assembly approximately 2.375 in (60 

mm) in height.  The mold and collar assembly shall be constructed so that it can be fastened firmly to a 

detachable base plate made of the same material.  The base plate shall be plane to 0.005 in. 

 

3.2.1.1. A mold that fails to meet manufacturing tolerances after continued service may remain in use 

provided those tolerances are not exceeded by more than 50%; and the volume of the mold calibrated in 

accordance with AASHTO T 19, Section 7, for Unit Mass of Aggregate, is used in the calculations. 

 

3.2.2. A hardened-steel straightedge at least 10 in (250 mm) in length.  It shall have one beveled edge, and 

at least one longitudinal surface shall be plane within 0.01 in per 10 in (0.250 mm per 250 mm) (0.1%) of 

length within the portion used for trimming the soil. 

 

3.2.3. Other apparatus as listed under Section 3.1 of this test method. 

 

NOTE: When a mechanical compactor is used, the 2 in (50.8 mm) diameter circular face foot may be 

replaced with a rigid “pie-shaped” foot.  The “pie-shaped” foot shall be a sector of a 6 in (152.4 mm) 

diameter circle and shall have an area equal to that of the circular face foot. 

 

4. FINE GRAINED MATERIALS 

 

4.1. Sample Preparation. 

 

4.1.1. Obtain a 60 to 80 lbs (30 to 35 kg) sample, dry at 140°F (60°C) if necessary and break it down to 

pass the No. 4 (4.75 mm) sieve.  Discard granular particles retained on the sieve. 

 

4.1.2. Mix thoroughly and weigh out six portions, each weighing 5 lbs (2200 g). 

 

4.2. Test Procedure. 

 

4.2.1. Add a measured amount of water (approximately 12% by dry mass) to one 5 lb (2200 g) portion and 

thoroughly mix it into the sample. 

 

4.2.2. The sample of soil-water mixture shall be placed in a closed container to minimize moisture loss.  

The sample shall then be allowed to stand for a minimum of 12 hours before compacting. 

 

NOTE: When testing a mixture containing cementitious material such as cement or fly ash, skip section 

4.2.2 to minimize the effects of hydration on the sample. 

 

4.2.3. Obtain the mass of the mold to the nearest 0.0001 lb (0.0001 kg).  It is suggested that the mold and 

collar be lightly coated with a light lubricant. 
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4.2.4. Place the assembled mold on the rigid base and fill the mold so that the compacted layer will equal 

1/3 of the mold volume. 

 

4.2.5. Compact the material with 25 blows of the rammer dropped from a height of 12 in (304.8 mm) above 

the surface of the material.  Distribute the blows of the rammer evenly over the surface. 

 

4.2.6. Place two more layers of the material in the mold and compact each layer as stipulated in Section 

4.2.3 above. 

 

4.2.7. Remove the top collar and trim the excess material level with the top of the mold. 

 

4.2.8. Remove the base and trim excess material level with the bottom of the mold. 

 

4.2.9. Weigh the sample to the nearest 5 g while it is in the mold and multiply the mass of the sample and 

the mold, minus the mass of the mold, by 30 (1060), and record the result as the wet density, Dw, in pounds 

per cubic foot, (kilograms per cubic meter), of the compacted soil. 

 

4.2.10. Repeat the compaction procedure using the other 5 lb (2200 g) increments of the sample to which 

different measured amounts of water have been added, thoroughly mixed and cured as in the note following 

Section 4.2.1 of this test method.  This procedure will be continued with varying moisture contents until at 

least three points are obtained on the dry side of “optimum moisture” and at least two points are obtained 

on the wet side of “optimum moisture.”  This can usually be accomplished by compacting different 

specimens at moisture intervals of 2 to 3%, starting on the dry side of “optimum moisture” and ending on 

the wet side. 

 

4.2.11. Remove the material from the mold and slice vertically through the center.  Take a representative 

sample, weighing a minimum of 100 g of the material from one of the cut faces, determine the mass 

immediately and dry in accordance with KT-11, to determine the moisture content. 

 

4.3. Calculations: 

 

The calculations used are given in Section 6. of this test method. 

 

4.4. Compaction Curve 

 

4.4.1 Plot a density/moisture curve on coordinate paper (KDOT Form No. 638) to determine the maximum 

density and optimum moisture.  The dry density values are plotted as ordinates, the corresponding moisture 

contents are plotted as abscissa and a smooth curve is drawn to best fit the points. 

 

NOTE: In drawing a curve by this method, all of the points will not necessarily be on the curve and the 

maximum density may be more or less than the highest test point. (See example at the end of this test 

method.) 

 

The optimum moisture content is the moisture content at which the maximum density occurs on the curve. 
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5. GRANULAR MATERIALS 

 

5.1. Sample Preparation. 

 

5.1.1. Obtain approximately 100 lbs (45 kg) of the material to be tested, dry to maximum of 140°F if 

necessary and pulverize in such a manner as to avoid reducing the natural size of individual particles. 

 

5.1.1.1. Sieve an adequate quantity of the pulverized soil over the 3/4 in (19.0 mm) sieve.  Discard the 

coarse material, if any, retained on the 3/4 in (19.0 mm) sieve. 

 

5.1.2. Thoroughly mix and weigh out six portions, each weighing 16 lbs (7 kg). 

 

5.2. Test Procedure. 

 

5.2.1. Add a measured amount (approximately 5%) of water and thoroughly mix one 16 lbs (7 kg) portion.  

After the addition of water and thorough mixing, the sample shall be placed in a covered container and 

allowed to stand for a minimum of 2 hours before conducting the moisture-density test. 

 

5.2.2. Place the assembled mold on the rigid base and fill in three approximately equal layers.  Compact 

each layer with 56 blows of the rammer with the blows being distributed uniformly over the surface of the 

layer. 

 

5.2.3. After the third layer has been compacted, remove the collar and trim excess material level with the 

top of the mold. 

 

5.2.4. Remove the base and trim excess material level with the bottom of the mold. 

 

5.2.5. Weigh the sample while it is in the mold and multiply the mass of the sample and the mold, minus 

the mass of the mold, by 13.33 (471), and record the result as the wet density, Dw, in lb/ft3 (kg/m3), of the 

compacted soil.  

 

5.2.6. Repeat the compaction procedure using the other 16 lbs (7 kg) increments of the sample to which 

different measured amounts of water have been added, thoroughly mixed and cured as in the note following 

Section 5.2.1 of this test method.  This procedure will be continued with varying moisture contents until at 

least three points are obtained on the dry side of “optimum moisture” and at least two points are obtained 

on the wet side of “optimum moisture.”  This can usually be accomplished by compacting different 

specimens at moisture intervals of 2 to 3%, starting on the dry side of “optimum moisture” and ending on 

the wet side. 

 

5.2.7. Remove the material from the mold and slice vertically through the center.  Take a representative 

sample, weighing a minimum of 300 g of the material from one of the cut faces, determine the mass 

immediately and dry in accordance with KT-11, to determine the moisture content. 

 

5.3. Calculations. 

 

The calculations used are given in Section 6. of this test method. 

 

5.4. Plot a density/moisture curve on coordinate paper (KDOT Form No. 638) to determine the maximum 

density and optimum moisture.  The dry density values are plotted as ordinates, the corresponding moisture 

contents are plotted as abscissa and a smooth curve is drawn to best fit the points. 
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NOTE: In drawing a curve by this method, all of the points will not necessarily be on the curve and the 

maximum density may be more or less than the highest test point. (See example at the end of this test 

method.) 

 

The optimum moisture content is the moisture content at which the maximum density occurs on the curve. 

 

The data for this test may be recorded on the “Work Sheet for Standard Compaction Tests” (KDOT Form 

No, 676) which is in bound book form. 

 

6. CALCULATIONS 

 

W=
A -B

B -C
×100 

 

And 

 

D=
Dw

W +100
×100 

 

Where:  W= percentage of moisture in the specimen, based on oven dry mass of soil 

  A= mass of container and wet soil 

  B= mass of container and dry soil 

  C= mass of container 

  D= dry density, in lb/ft3 (kg/m3) of compacted soil 

  Dw= wet density, in lb/ft3 (kg/m3) of compacted soil 

 

Where: 

 

DW= (A -C)F 

 

F = 30 for the 4 in mold and 13.33 for the 6 in mold (see Section 5.2.5.) (1060 for 101.6 mm mold and 471 

for 152.4 mm mold) 

 

7. RECORD AND REPORT 

 

7.1. Record the density to the nearest 0.1 lb/ft3 (1 kg/m3).  Report the density to the nearest whole number.  

Record the moisture to the nearest 0.1%.  Report the moisture to the nearest whole number. 
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COMPACTION CURVE EXAMPLES 
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5.9.13 FIELD DENSITY TESTS OF SOILS, TREATED BASE COURSES AND WATER BOUND 

BASE COURSES (Kansas Test Method KT-13) 

 
1. SCOPE 

 

This method of test covers the procedure for measuring the “in-place” density of soils and granular base 

courses.  The density of a material is defined as the ratio of the mass of material to the volume of the same 

mass of material.  The tests described consist of measuring the volume that a given mass of soil or base 

material occupies when it is in-place.  KT-13 reflects testing procedures found in AASHTO T 191. 

 

2. REFERENCED DOCUMENTS 

 

2.1. Part V, 5.9; Sampling and Test Methods Foreword 

 

2.2 KT-11; Moisture Tests 

 

2.3. KT-15; Bulk Specific Gravity and Unit Weight of Compacted Hot Mix Asphalt Mixtures (HMA) 

 

2.4. KT-43; Moisture Content of Asphalt Mixtures or Mineral Aggregates - Microwave Oven Method 

 

2.5. AASHTO T 99 Test for Moisture-Density Relations of Soils 

 

2.6. AASHTO T 180; Moisture-Density Relations of Soils Using a 10 lb (4.54 kg) Rammer and an 18” 

(457 mm) Drop 

 

2.7. AASHTO T 191; Density of Soil In-Place by the Sand-Cone Method 

 

 

3. APPARATUS 

 

3.1. General for all tests. 

 

3.1.1. The balance shall conform to the requirements of Part V, 5.9; Sampling and Test Methods 

Foreword, for the class of general purpose balance required for the principal sample mass of the sample 

being tested. 

 

3.1.2. Oven capable of maintaining a uniform temperature of approximately 230°F (110°C) or a hot plate 

with a buffer consisting of a pan of sand or thick steel plate placed between the drying pan and the flame.  

If available, a microwave oven as described in KT-43 may be used. 

 

3.1.3. Equipment or shelter to protect balance from wind currents and the samples from exposure to the sun 

and wind. 

 

3.1.4. Soil auger. 

 

3.1.5. Speedy Moisture equipment as described in KT-11. 

 

3.1.6. Miscellaneous equipment including standard drying pans, trowel, large spoon, hammer, chisels, 

heavy bladed knife, square point shovel and 12 in (300 mm) straight edge. 

 

3.2. Sand Density Apparatus. 
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3.2.1. A cylindrical container of known volume usually between 0.05 and 0.10 ft3. 

 

3.2.2. A pouring container with a volume larger than the volume of the test hole. A one pound coffee can 

with the rim bent into a “V” shape have previously been used as a pouring container, for shallow holes. 

 

3.2.3. Any clean, dry, free-flowing, uncemented sand having few, if any, particles passing the No. 200 

(75 µm) or retained on the No. 10 (2.00 mm) sieves.  In selecting sand for use, several bulk density 

determinations should be made using the same representative sample for each determination.  To be 

acceptable the sand shall not have a variation in bulk density greater than 1%. 

 

3.3. Sand Cone Apparatus. 

 

3.3.1. The density apparatus shall consist of a 1 gal (4 L) jar and a detachable appliance consisting of a 

cylindrical valve with an orifice 1/2 in (12.7 mm) in diameter and having a small funnel continuing to 

standard G mason jar on one end and a large funnel on the other end.  The valve shall have stops to prevent 

rotating the valve past the completely closed positions. (See Figure 1 and Figure 2) 

 

NOTE: The apparatus1 describe here represents a design that has proven satisfactory.  Other apparatus of 

similar proportions will perform equally well so long as the basic principles of the sand-volume 

determination are observed.  This apparatus, when full, can be used with test holes having a volume of 

approximately 0.1 ft3 (2.7 L).  The base plate is optional; its use may make leveling more difficult but 

permits test holes of larger diameter and may reduce loss in transferring soil from test-hole to container as 

well as afford a more constant base for tests in soft soils.  When the base plate is used it shall be considered 

a part of the funnel in the procedures of this test method. 

 

3.3.2. Any clean, dry, free-flowing, uncemented sand having few, if any, particles passing the No. 200 

(75 µm) or retained on the No. 10 (2.00 mm) sieves.  In selecting sand for use, several bulk density 

determinations should be made using the same representative sample for each determination.  To be 

acceptable the sand shall not have a variation in bulk density greater than 1%. 

 

3.4. Alternate Test Method Apparatus. 

 

3.4.1. Small pipe about 3/4 in diameter. 

 

3.4.2. 1/10 ft3 bucket. 

 

3.4.3. Funnel fitting small pipe in Section 3.4.1. 

 

 

4. TEST PROCEDURE 

 

4.1. Sand Density Method2. 

 

4.1.1. Determine the loose unit weight of sand in lb/ft3 (kg/m3) as follows: 

 

 
1 See AASHTO T 191 Figure 1 for size requirements. 
2 Sand Density Method is KDOT method only.  AASHTO has no similar method.  
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4.1.1.1. Fill the cylinder of known volume and mass to slightly overflowing by pouring the dry sand at a 

uniform rate from the spout of the pouring container.  The spout is held approximately 2 in (50 mm) above 

the top of the container. 

 

4.1.1.2. Strike off the excess sand level with top of the container, being extremely careful to avoid jarring 

the container during the process.  Weigh the cylinder and sand.  Conduct a total of three tests to determine 

the loose unit weight of the sand and use the average value obtained when computing the “in-place” density 

of the material being tested. 

 

4.1.2. Select the area where density is to be measured, determine and record the station, distance from center 

line, and elevation as distance below the final grade. 

 

4.1.3. Trim off all raised or uneven spots to produce a smooth, flat surface not less than 18 in (450 mm) 

square, using a square point shovel or other suitable tool, and remove all loose material from the area. 

 

4.1.4. Drill or cut a test hole through the depth of the material being tested and save all material removed, 

protecting the sample from weather conditions which might change the moisture content. 

 

4.1.5. Weigh the material, record the mass, and dry the entire sample or a representative portion to constant 

mass.  Weigh and record the dry mass. 

 

NOTE: If the “Speedy” moisture tester is used to determine the moisture content, the procedure set forth 

in KT-11 is followed.  The dry mass of material is calculated as shown in Section 5.1.5 of this test method. 

 

4.1.6. Determine and record the mass of the pouring container with a volume of sand somewhat greater 

than the volume of the test hole. 

 

4.1.7. Fill the hole level full of sand by pouring the sand at a uniform rate while holding the spout 2 in (50 

mm) above the top of the test hole, as was done when calibrating the sand.  The straight edge should be 

used to ensure that the sand is level with the surface of the material surrounding the test hole. 

 

4.1.8. Weigh the pouring container and remaining sand and record the mass. 

 

4.2. Alternate Sand Density Method for Test Holes Exceeding Two Feet in Depth. 

 

4.2.1. Using a funnel, deposit the sand through a small pipe (about 3/4 of an inch in diameter). 

 

4.2.2. Let the pipe rest on the bottom of the hole and pour the sand into the pipe until it is full, then raise 

the pipe about 8”.  Continue to pour sand until the pipe is again full, and again raise the pipe the same 

distance, being careful not to let the pipe settle in the sand.  The number of sections of pipe used does not 

affect the accuracy of the results, and each section may be removed as necessary.  Care must be taken to 

prevent the pipe from settling in the sand during this process. 

 

4.2.3. Use fine sand as described in Section 3.2. of this test method. 

 

4.2.4. The sand must be calibrated by the same method as it is deposited, that is, by setting a short section 

of pipe in the bottom of the 1/10 ft3 bucket  and pouring sand into the pipe until it is full.  Raise it 8” and 

continue to pour sand, keeping the pipe full, until the bucket is filled with sand. 

 

 

5. CALCULATIONS 
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5.1. Density of dry sand (DS): 

 

DS=
MSC

VC

 

 

Where:  MSC= Mass of sand in container lb (kg) 

  VC= Volume of container ft3 (m3) 

 

NOTE: 1 m3 = 1000 L  1 L = 1000 mL  1000 kg = 1 m3 Water 

 

5.1.1. Percent moisture content of material (W): 

 

W=
100 (MW-MD)

MD

 

 

Where:  MW= Wet Mass of material removed from test hole 

  MD= Dry Mass of material removed from test hole 

 

5.1.2. Mass of sand in test hole lb (kg) (MSH): 

 

MSH=(MI-MF) 

 

Where:  MI= Initial Mass of sand plus pouring container 

  MF= Final Mass of sand plus pouring container 

 

5.1.3. Volume of test hole (V) ft3 (m3): 

 

V=
MSH

DS

 

 

Where:  MSH = Mass of sand in test hole lb (kg) 

  DS= Density of sand lb/ft3 (kg/m3) 

 

5.1.4. In-place dry density of material being tested (D) lb/ft3 (kg/m3): 

 

D=
MD  

V
  

 

Where:  MD= Dry mass of material removed from test hole 

  V= Volume of test hole 

 

5.1.5. Mass of dry material removed from the test hole (when “Speedy” moisture tester or a portion of the 

sample is used to determine moisture content) (MD): 
 

MD=
100 (MW)

(W +100)
 

 

Where:  MW= Mass of wet material removed from test hole, lb (kg) 

  W= Percent moisture of wet material removed from test hole 
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6. SAND CONE METHOD 
 

6.1. Determination of volume of jar and attachment up to and including the volume of the valve orifice as 

follows: 
 

NOTE: The volume in this procedure is constant as long as the jar and attachment are in the same relative 

position.  If the two are to be separated, match marks should be made to permit reassembly to this position. 
 

6.1.1. Weigh the assembled apparatus and record. 
 

6.1.2. Place the apparatus upright and open the valve. 
 

6.1.3. Fill the apparatus with water until it appears over the valve. 
 

6.1.4. Close the valve and remove excess water. 
 

6.1.5. Weigh the apparatus and water. 
 

6.1.6. Repeat the procedure described in Section 6.1.2 to 6.1.3 of this test method, at least twice.  Convert 

the mass of water, in grams, to milliliters.  The volume used shall be the average of three determinations 

with a maximum variation of 3 mL. 

 

6.1.7. Calculate the volume of the density apparatus as follows: 
 

English: 
 

𝑉1=
G

62.4 lb/ft
3
 

 

Metric: 
 

𝑉1=
G

1000 kg/m3
 

 

Where:  V1= volume of the density apparatus, ft3 (m3) 

  G= mass of water required to fill apparatus lbs (kg) 

 

Calculate the volume of the density apparatus to the nearest 0.001 ft3 (0.00003 m3). 

 

6.2. Determination of Bulk Density of Sand. 

 

NOTE: Vibration of the sand during any mass-volume determination may increase the bulk density of sand 

and decrease the accuracy of the determination.  Appreciable time intervals between the bulk density 

determinations of the sand and its use in the field may result in change in the bulk density caused by a 

change in the moisture content or effective gradation. 

 

NOTE: It is possible to determine the bulk density of the sand in other containers of known volume that 

dimensionally approximate the largest test hole that will be dug.  The general procedure used is that given 

in Section 4.1.1 of this test method, for determining the density of dry sand.  If this procedure is to be 

followed it shall be determined that the resulting bulk density equals that given by the jar determination. 

 

6.2.1. Place the empty apparatus upright on a firm, level surface; close the valve and fill the funnel with 

sand. 

 

65



Page 6/10 5.9.13 2022 

  Revised 2022 

  KT-13 

6.2.2. Open the valve and keeping the funnel at least half full of sand, fill the apparatus.  Close the valve 

sharply and empty excess sand. 

 

6.2.3. Weigh the apparatus and sand.  Determine the net mass of sand by subtracting the mass of the 

apparatus. 

 

6.2.4. Calculate the bulk density of the sand as follows: 

 

DS =
MSA

V1
  

 

Where:  DS= Bulk density of the sand, lb/ft3 (kg/m3) 

  MSA= Mass of sand required to fill apparatus lb (kg) and 

  V1= Volume of apparatus in ft3 (m3) 

 

Calculate the bulk density of the sand to the nearest 0.1 lb/ft3 (1 kg/m3). 

 

6.3. Determination of mass of sand filling the funnel. 

 

NOTE: This determination may be omitted if the procedure given in NOTE in Section 6.2 regarding bulk 

densities is followed.  When the base plate is used, it shall be considered a part of the funnel. 

 

NOTE: Where test holes of maximum volume are desired it is possible, after the bulk density 

determination, to settle the sand by vibration and increase the mass of sand available shall be determined 

by re-weighing. 

 

6.3.1. Put sand in the apparatus and obtain the mass of the apparatus and sand. 

 

6.3.2. Seat the inverted apparatus on a clean, level, plane surface. 

 

6.3.3. Open the valve and keep open until the sand stops running. 

 

6.3.4. Close the valve sharply.  Weigh the apparatus with remaining sand and determine the loss of the sand.  

This loss represents the mass of sand required to fill the funnel. 

 

NOTE: For each container/bag of sand there will be a unique cone correction and sand calibration factor.  

Each sand-cone and matched base plate will also have a set of unique cone corrections and bulk sand 

densities.  If more than one sand-cone apparatus is available, the sand-cone and base plate should be marked 

and the associated correction/density factors recorded. 

 

6.3.5. Replace the sand removed in the funnel determination and close the valve. 

 

6.4. Determination of Density of Soil In-Place. 

 

6.4.1. Prepare the surface of the location to be tested so that it is a level plane. 

 

6.4.2. Seat the inverted apparatus on the prepared plane surface and mark the outline of the funnel.  Drill or 

cut a test hole.  Carefully save all material. 

 

NOTE: In soils such that leveling is not successful, a preliminary test shall be run at this point measuring 

the volume bounded by the funnel and ground surface.  This step requires balances at the test site or 
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emptying and refilling the apparatus.  After this measurement is complete, carefully brush the sand from 

the prepared surface. 

 

6.4.3. Seat the apparatus in the previously marked position, open the valve, and after the sand has stopped 

flowing, close the valve. 

 

6.4.4. Weigh the apparatus and remaining sand.  Determine the mass of sand used in the test. 

 

6.4.5. Weigh the material that was removed from the test hole. 

 

6.4.6. Mix the material thoroughly and secure and weigh a representative sample for moisture 

determination. 

 

6.4.7. Determine the moisture content in accordance with KT-11. 

 

6.4.8. The minimum test hole volumes suggested in determining the in-place density of soil mixtures are 

given in Table 1.  This table shows the suggested minimum mass of the moisture content sample in relation 

to the maximum particle size in soil mixtures. 

 

Table 1 

Minimum Field Test Hole Volumes and Minimum Moisture Content Sample 

Sizes Based on Maximum Size of Particle 

 

Maximum Particle Size Minimum Test Hole Volume Minimum 

Moisture Content 

Sample 

Sieve mm ft3 cm3 g 

No. 4  (4.75) 0.025 (700) 100 

1/2 in (12.5) 0.050 (1400) 250 

1 in (25.0) 0.075 (2100) 500 

2 in (50.0) 0.100 (2800) 1000 

 

6.5. Calculations. 

 

6.5.1. Calculate the volume of the hole: 
 

VH=
MSH

DS

 

 

MSH= MI – MC – MF 
 

Where:  DS= Bulk density of the sand, lb/ft3 (kg/m3) 

  MSH= Mass of sand required to fill hole lb (kg)  

  VH= Volume of hole in ft3 (m3) 

  MC= Mass of the sand in the cone lb (kg) 

  MI= Initial Mass of the apparatus + sand lb (kg)  

  MF= Final mass of the apparatus + sand lb (kg) 
 

Calculate the volume of the hole to the nearest 0.001 ft3 (0.00003 m3) 

 

6.5.2. Calculate the wet density of the material removed from the hole: 
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Dw=
MW

VH
 

 

Where:  Dw= Wet density of the material, lb/ft3 (kg/m3) 

  MW= Mass of material from the hole, lb (kg) 

  VH= Volume of hole in ft3 (m3) 

 

Calculate the wet density of the material to the nearest 0.1 lb/ft3 (1 kg/m3) 

 

6.5.3. Calculate the in-place dry density of the material tested: 

 

D=
Dw

W + 100
× 100 

 

Where:  Dw= Wet density of the material, lb/ft3 (kg/m3) 

  D= Dry density of the material, lb/ft3 (kg/m3) 

  W= Percent moisture as determined per Section 5.1.1 of this test method. 

 

Calculate the in-place dry density of the material tested to the nearest 0.1 lb/ft3 

 

NOTE: It may be desired to express the in-place density as a percentage of some other density, for example, 

the laboratory maximum density determined in accordance with AASHTO T 99.  This relation can be 

determined by dividing the in-place density by the maximum density and multiplying by 100. 

 

NOTE: 0.001 g/cm3 = 1 kg/m3 
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Figure 1 
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Figure 2 
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5.9.37 MAKING, CURING AND TESTING CEMENT TREATED AND UNBOUND BASES (Kansas 
Test Method KT-37) 
 

1. SCOPE 
 
This method covers the procedure for making and curing compression test specimens of Cement Treated 
and Unbound Base under accurate control of quantities of materials and test conditions.  Bound bases are 
considered the same as Cement Treated Bases. 
 
2. REFERENCED DOCUMENTS 
 
2.1. Part V, 5.9; Sampling and Test Methods Foreword 
 
2.2. KT-11; Section 2. Moisture Tests, Section 4. Constant Mass Method 
 
2.3. KT-12; Standard Compaction Test 
 
2.4. ASTM E11; Woven Wire Test Sieve Cloth and Test Sieves 
 
2.5. AASHTO T 99; Moisture-Density Relations of Soils Using a 5.5 lb (2.5kg) Rammer and a 12 in 

(305 mm) Drop 
 
2.6. ASTM C1231; Use of Unbonded Caps in Determination of Compressive 

      Strength of Hardened Cylindrical Concrete Specimens 
 
3. APPARATUS 
 
3.1. A calibrated cylindrical mold, solid or split, of predetermined volume approximately 6 in (150 mm) in 
diameter and 6 in (150 mm) in height and having a volume of approximately 1/10 ft3 (2.8 L).  The mold is 
equipped with a removable base plate.  Example of acceptable mold assembly is the Humboldt compaction 
mold, model number H-4163, Durham GEO S-328, or a Durham GEO S-319.  Note that a minimum of 3 
molds are required for production testing and a minimum of 9 molds are required for mix design. 
 
NOTE: The volume of the mold (without the collar) is measured by coating one end with cup grease or 
Vaseline to form a seal and then placing it on a glass plate which should be placed in a level position on a 
scale.  The other end of the mold is coated with cup grease or Vaseline and then the mold and two glass 
plates are weighed.  The mold may then be filled with 77 ± 2°F (25 ± 1° C) water after which the second 
glass plate should be placed on top of the mold in such a way as to eliminate air bubbles and excess water.  
Any excess water thus removed must be carefully wiped off after which the final weight of the mold, water 
and glass plates may be determined.  The volume of the mold may then be calculated using 62.243 lb/ft3 
(997 kg/m3) as the density of water. 
 
3.2. Rigid steel straight edge meeting standards set forth in AASHTO T 99, Section 3.6. 
 
3.3. A mechanically operated metal rammer equipped to control the height of drop to 12.00 + 0.06 in (305 
+ 2 mm) above the elevation of the material and to distribute the blows uniformly over the material surface.  
The rammer has a rigid “pie-shaped” (sector) foot.  The foot shall be a sector of a 6 in (150 mm) diameter 
circle and shall have an area equal to that of a 2 in (50 mm) diameter circle.  The nominal mass of the 
rammer is 5.50 ± 0.02 lb. (2.495 ± 0.009 kg). 
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3.4. Manually operated.  Metal rammer with a mass of 5.5 ± 0.02 lb (2.495 ± 0.009 kg) and having a flat 
circular face of 2.000 in (50.80 mm) diameter with a tolerance of ± 0.01 in (± 0.25 mm).  The in-service 
diameter of the flat circular face shall be not less than 1.985 in (50.42 mm).  The rammer shall be equipped 
with a suitable guide-sleeve to control the height of drop to a free fall of 12.00 ± 0.06 in (305 ±2 mm) above 
the elevation of the soil.  The guide-sleeve shall have at least 4 vent holes, no smaller than 3/8 in (9.5 mm) 
diameter spaced at 90 degrees apart and 3/4 in (19 mm) from each end; and shall provide sufficient clearance 
so the free fall of the rammer shaft and head is unrestricted. 
 
3.5. Sieves meeting requirements set forth under for 1 in (25.0 mm), 3/4 in (19.0 mm), 1/2 in (12.5 mm), 
3/8 in (9.5mm), No. 4 (4.75 mm), No. 8 (2.36 mm ASTM E11 and No. 16 (1.18 mm). 
 
3.6. The balance shall conform to the requirements of Part V, 5.9; Sampling and Test Methods 
Foreword, for the class of general purpose balance required for the principal sample mass of the sample 
being tested. 
 
3.7. A thermostatically controlled drying oven capable of maintaining a temperature of 230 ± 9°F (110 ± 
5°C). 
 
3.8. Sample extruder (desirable) should consist of a frame, jack and circular metal loading plate or other 
suitable device for removing specimens from the mold. 
 
3.9. Drying pans. 
 
3.10. Trowels, spatulas and other mixing tools or a mechanical mixer that will thoroughly mix the material, 
cementitious material and water. 
 
3.11. A moist room or cabinet (CTB only) capable of maintaining a temperature of 73 ± 3°F (23 ± 2°C) and 
a relative humidity of not less than 96%. 
 
3.12. A tamping rod (CTB only) 5/8 in (16 mm) diameter and approximately 24 inches (600 mm) in length 
that is round with at least one end having a hemispherical tip. 
 
3.13. Soft rubber mallet. 
 
4. SAMPLE PREPARATION. 
 
4.1. For mix design, dry the base aggregate to a constant mass at approximately 230°F (110°C). 
 
Separate the base aggregate by dry screening into the desired fractions and compute the percentage retained 
on each sieve.  The following size fractions are recommended as a minimum: 
 
 
1 1/2 in to 1 in (37.5 mm to 25 mm) No. 4 to No. 8 (4.75 mm to 2.36 mm) 
1 in to 3/4 in (25 mm to 19 mm) No. 8 to No. 16 (2.36 mm to 1.18 mm) 
3/4 in to 1/2 in (19 mm to 12.5 mm) No. 16 to No. 30 (1.18 mm to 600 µm) 
1/2 in to 3/8 in (12.5 mm to 9.5 mm) No. 30 to No. 100 (600 µm to 150 µm) 
3/8 in to No. 4 (9.5 mm to 4.75 mm) No. 100 to No. 200 (150 µm to 75 µm) 

 
4.2. Make six portions of base aggregate for each percent of cementitious material to be tested.  Recombine 
the aggregate fractions at the percentage determined in Section 4.1 of this test method.  Each portion shall 
weigh 7000 g minus the amount of cementitious material to be added. 
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4.3 Thoroughly mix each sample portion of aggregate with the required amount of cementitious material 
and place the mixture in a separate pan if applicable. 
 
4.4. For production (QC/QA) control, prepare field material in the following manner: 
 
4.4.1. Acquire a random sample of at least 35 lbs (15 kg) of material.  Split the material as follows: 
 
4.4.1.1. Place the sample on clean sheet metal and mix thoroughly with a trowel. 
 
4.4.1.2. Divide the pile into two equal halves with a straightedge (trowel or similar metal blade) and 
completely remove the back half of the sample. 
 
4.4.1.3. If the sample isn’t the proper size (approximately 7000 g), then use the trowel (or metal blade) to 
remove or add a portion to achieve the proper size. 
 
5. MOISTURE DENSITY RELATIONSHIP TEST PROCEDURE 
 
5.1. For mix design purposes, add a measured amount (approximately 5%) of water and thoroughly mix 
with one-7000 g portion.  After the addition of water and thorough mixing, compact immediately.  DO 
NOT CURE OR AGE THE SPECIMEN AT THIS POINT.  For field production obtain a 7000 g portion 
of combined material. 
 
5.2. Determine the mass of the mold. Place the assembled mold and collar on the rigid base and compact 
by one of the following methods: 
 
5.2.1. For samples with 1 in (25 mm) slump or less, compact the material in four lifts. Place enough loose 
moist material in the mold to fill half the mold (not the collar and mold depth).  Compact the layer with 56 
blows of the rammer with the blows being distributed uniformly over the surface of the layer.  Place three, 
approximately equal, additional layers of material in the mold and compact each layer in a similar manner. 
 
5.2.2. For samples with a slump greater than 1 inch (25 mm), it may be more appropriate to rod the sample 
instead of using the rammer. Compact the material in three lifts. Place enough material in the mold to fill 
half the mold (not the collar and mold depth).  Rod the material 25 times throughout its depth with the 
strokes being uniformly distributed over the cross section of the mold.  After rodding, tap the outsides of 
the mold lightly 10 to 15 times with a soft rubber mallet, to close any holes left by rodding and to release 
any large air bubbles that may have been trapped. Repeat this process for the second and third lifts.  The 
second lift should completely fill the mold, while the third lift should come close to filling the mold and 
collar.  While rodding the second and third lifts, be sure to penetrate the lower lifts by about 1/2 in (12 mm). 
 
5.3. After the final layer has been compacted, remove the collar and trim excess material level with the top 
of the mold. 
 
5.4. Remove the base and weigh the specimen while it is in the mold.  Subtract the mass of the mold to 
determine the wet mass of the compacted specimen.  Then remove the specimen from the mold and place 
it in an individual drying pan. 
 
5.5. (For Laboratory Prepared Material Only): Repeat the compaction procedure using the other 7000 g 
increments of the sample to which different measured amounts of water have been added and thoroughly 
mixed.  This procedure will be continued with varying moisture contents until at least three points are 
obtained on the dry side of “optimum moisture” and at least two points are obtained on the wet side of 
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“optimum moisture.”  This can usually be accomplished by compacting different specimens at moisture 
intervals of 2 to 3%, starting on the dry side of “optimum moisture” and ending on the wet side. 
 
5.6. Dry each specimen to constant mass or remove a small representative increment from each specimen 
(at least 500 g) and determine its moisture content in accordance with KT-11, Section 3. 
 
6. CALCULATIONS 
 
6.1. When the entire specimen is dried: 
 

Moisture Content % =
100(Wet Mass-Dry Mass)

Dry Mass
 

 

Dry Density =
Dry Mass of Specimen

Volume of Mold
 

 
Where:  Dry density    = lb/ft3 (kg/m3) 
  Dry mass of specimen    = lb (kg) 
  Volume of mold    = ft3 (m3) 
 
 
6.2. When a small increment of each specimen is dried, compute dry mass of specimen as follows: 
 

Dry Mass of Specimen =
100(Wet Mass of Specimen)1

100 + % Moisture
  

 
Compute dry density of specimen as in Section 6.1 of this test method. 
 
7. LABORATORY PREPARED MATERIAL COMPACTION CURVE 
 
7.1. Plot a density/moisture curve on coordinate paper (KDOT Form No. 638) to determine the maximum 
density and optimum moisture.  The dry density values are plotted as ordinates, the corresponding moisture 
contents are plotted as abscissa and a smooth curve is drawn to best fit the points. 
 
NOTE: In drawing a curve by this method all of the points will not necessarily be on the curve and the 
maximum density may be more or less than the highest test point (See KT-12 for examples). 
 
The optimum moisture content is the moisture content at which the maximum density occurs on the curve. 
 
8. COMPRESSION TEST PROCEDURE (FOR CTB ONLY) 
 
8.1. Prepare the molds by lightly oiling the inside of the mold and placing a filter paper disk in the bottom 
of the mold prior to introducing the material for the first lift.   
 
8.1.1. For mix designs: Prepare nine essentially identical specimens at the selected mix design parameter 
by the procedures shown in Section 4. through Section 5.3 of this test method except scratch the surface 
of each lift after it is compacted to facilitate bonding between lifts. 
. 

1 “Wet mass of the specimen” is the mass of the molded plug. 
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8.1.2. For production (QC/QA) control: Mold 1 specimen per test as stated in Section 4. through Section 
5.4.of this test method except scratch the surface of each lift after it is compacted to facilitate bonding 
between lifts. 
 
8.2. Cure the specimens in a moist room from the time compaction is complete until tested. 
 
NOTE: If a moisture room is not available, then place each of the specimens in a sealable plastic container 
(plastic bags are not acceptable), drape a damp cotton towel over the specimen and seal the container for 
the specified time.  The object is to achieve and maintain near 100% moisture conditions throughout the 
curing process. 
 
8.2.1. For mix designs: demold 3 specimens at 24 ± 4 hours, three at 48 ± 4 hours, and three at 72 ± 4 
hours. 
 
8.2.2. For production (QC/QA) control: demold specimen at 24 ± 4 hours.  If this falls on a non-working 
day, then adjust as stipulated in Section 9.4 of this test method.   
 
8.3. When the cure is completed; the specimens are removed from the moist room, measured for diameter, 
capped, weighed and measured for height after capping and broken.  Use sulfur or unbonded caps to cap 
the CTB specimens.  Follow the procedures set forth in KT-77 for sulfur caps and ASTM C1231 for 
unbonded caps.  Allow sulfur caps to cure for a minimum of 2 hours prior to breaking. 
 
8.4. Test specimens at 7 days ± 4 hours.  Place the specimen on the table of the compression-testing 
machine.  Make sure the vertical axis of the specimen is aligned with the center of thrust of the load head.  
Apply the load continuously and without shock.  Adjust the loading to a constant rate of 10-12 psi/sec (69-
83 kPa/sec) for a hydraulic system.  Record the total load to the nearest 10 lbf (50 N). 
 
8.5. After testing, place each specimen in a drying pan and put in a 230°F (100°C) oven for 24 to 48 hours 
until a constant mass is attained.  Determine the mass of the dry specimen. 
 
9. CALCULATIONS 
 
9.1. Determine the moisture content at the time of testing and the dry density of the specimen using the 
methods shown in Section 6.1 of this test method. 
 
NOTE: The moisture and density determined in this section will not be used in the plotting of the control 
charts, but can be used for comparison purposes should other tests results fail to meet criteria. 
 
9.2. Determine the correction factor for the value of the ratio of the length of the specimen to the diameter 
(L/D) from the following table: 
 

L/D Correction Factor L/D Correction Factor 
1.94 – 2.00 1.00 1.23 – 1.28 0.93 
1.82 – 1.93 0.99 1.19 – 1.22 0.92 
1.69 – 1.81 0.98 1.15 – 1.18 0.91 
1.56 – 1.68 0.97 1.11 – 1.14 0.90 
1.46 – 1.55 0.96 1.06 – 1.10 0.89 
1.38 – 1.45 0.95 1.02 – 1.05 0.88 
1.29 – 1.37 0.94 1.00 – 1.01 0.87 
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9.3. Multiply the failure load by the correction factor determined from the table above and divide by the 
area of the test specimen to determine the corrected compressive strengths in psi (kPa)] at failure.  Record 
this value as P. 
 

𝑃𝑃 = 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
𝐴𝐴

  

Where: 
 
Fcor = failure load x correction factor 
 
𝐴𝐴 = 𝜋𝜋𝑟𝑟2 
 
9.4. Design: During the Design phase develop a time adjustment factor for the 48-hour and 72-hour molded 
specimens to correlate back to the 24-hour molded specimens in the following manner: 
 
9.4.1. Determine the average corrected compressive strengths for each of the three sets (24, 48, 72-hour) of 
molded specimens. 
 
9.4.2. Determine the time adjustment factor by dividing the base time compressive strength (24-hour) by 
the extended times compressive strengths in the following manner: 
 

T48=
P24
P48

 

 

T72=
P24
P72

 

 
Where:  T48, T72= Time adjustment factor for a given (either 48-hour or 72-hour) molded specimen. 
  P24, P72= Average compressive strength values for a given (either 48-hour or 72-hour) set 
of molded specimens. 
 
9.5. Production: During the field production phase, apply the appropriate time adjustment whenever 
specimens are not removed from the mold in 24 ± 4 hours in the following manner: 
 
Padj = P x T48 or Padj = P x T72 
 
10. REPORTING 
 
10.1. For laboratory prepared material, report the pressure at failure of each specimen in the three-specimen 
set in addition to the average failure pressure of the three specimens.  For field prepared material, report the 
pressure at failure for each specimen.  The report should reference this test procedure.  Record the 
compressive strength to the nearest 1 psi (0.01 MPa).  Report the compressive strength to the nearest 10 psi 
(0.1 MPa).  Record the density to 0.1 lb/ft3 (1 kg/m3).  Report the density to the nearest to whole number. 
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Soil Field Tester
INSTRUCTOR: ISAAC M FERGUSON

Section 8 – KT 65
Sampling & Splitting Cement Treated Base 
Mixtures

87



Cement Treated Base Mixture

Aggregate
Before added Cement + Water 

Second Stage
Cement is Added to 
Aggregate

Final Stage
Water is Added to Cement + 
Aggregate mixture

Sampling Procedure

 3.1 Truck Beds
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Sampling Procedure

 3.1 Truck Beds
 3.2 Conveyor Belt

Sampling Procedure

 3.1 Truck Beds
 3.2 Conveyor Belt
 3.3 Sampling from Discharge or Flowing Streams
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Sampling 
Procedure
 3.1 Truck Beds

This Photo by Unknown Author is licensed under CC BY-SA

Sampling Procedure

 3.1 Truck Beds
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Sampling Procedure

 3.1 Truck Beds

Sampling Procedure

 3.1 Truck Beds

91



Sampling Procedure

 3.2 Conveyor Belt

Collect Aggregate Sample
 3.2 Conveyor Belt
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Sampling 
Procedure
 3.3 Sampling from Discharge 

or Flowing Streams

Sampling 
Procedure
 3.3 Sampling from Discharge 

or Flowing Streams
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Sampling Procedure

 3.3 Sampling from Discharge or Flowing Streams

Sampling Procedure

 3.3 Sampling from Discharge or Flowing Streams
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Sampling Procedure

 3.3 Sampling from Discharge or Flowing Streams

Splitting Procedure
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Splitting Procedure

Splitting Procedure
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Splitting Procedure
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END OF PRESENTATION
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5.9.65 SAMPLING AND SPLITTING CEMENT TREATED BASE MIXTURES 

(Kansas Test Method KT-65) 

 

1. SCOPE 

 

This method covers the procedure for sampling cement treated base mixtures from truck beds, batch 

plants, and continuous mix plants. 

 

NOTE: The total length of time required to sample and split the material shall take no longer than 45 

minutes. 

 

2. APPARTUS 

 

2.1. Square pointed shovel or scoop. 

 

2.2. A five-gallon container that will be filled with loose, cement treated base mixture.  The container 

should be equipped with a handle that will permit it to be carried easily.  The container should also have a 

lid to prevent moisture loss during transport. 

 

3. SAMPLING PROCEDURE 

 

3.1. Truck beds. 

 

3.1.1. Divide the truck bed into at least three areas of approximately equal size. 

 

3.1.2. Dig a hole about 1 ft (0.3 m) deep at a point that will be representative of each area. 

 

3.1.3. Take a sample near the bottom of each hole and place in container, taking care to prevent 

segregation. 

 

3.1.4. Combine the individual samples into a single sample and mix thoroughlya. 

 

3.1.5. The combined sample size shall be at least four times the amount required for testing. 

 
3.2. Conveyor Belt. 
 
3.2.1. Stop the conveyor belt while the sample increments are being obtained. Insert two templates, 

the shape of which conforms to the shape of the belt in the mixture stream on the belt. Space the 

templates such that the material contained between will yield an increment of the required mass. 

 

3.2.2. Obtain at least three approximately equal increments, selected at random, from the unit 

being sampled. 

 

3.2.3. Carefully scoop all material between the templates into the container and collect the fines from 

the belt with a brush and dust pan and add to the container. 

 

3.2.4. Combine the individual samples into a single sample and mix thoroughly. 

 
3.2.5. The combined sample size shall be at least four times the amount required for testing. 
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3.3. Sampling from Discharge or Flowing Streams. 

 

3.3.1. The batch mixer or the continuous mixer (pugmill) shall be capable of sampling at the discharge 

outlet.  When a sample is taken from the discharge, use a loader(s) or other heavy equipment capable of 

intercepting the entire cross section of the discharge stream. 

 

3.3.2. Divide the material in the loader bucket into at least three areas of approximately equal size. Obtain 

a sample from each of the three sections. 

 

3.3.3. Combine the individual samples into a single sample and mix thoroughlya. 

 

3.3.4. The combined sample size shall be at least four times the amount required for testing. 

 

NOTE a: After mixing, place the lid securely on the container immediately following sampling to 

prevent moisture loss in the material.  The lid shall not be removed until the splitting procedure begins. 

 

 

4. SPLITTING PROCEDURE 

 

4.1. During mixing and reducing, care must be exercised to prevent moisture loss within the sample. 

 

4.2. Reduce sample to the required size by splitting or quartering in the following manner: 

 

4.2.1. Spread a sheet of paper (Kraft or similar) on a hard, clean smooth and level surface.  Place the 

sample in a pile near the center of the paper and mix by alternately lifting each corner towards the 

opposite corner thereby rolling the mixture to the opposite corner.  This should be performed in a 

vigorous manner.  Placing the sample on clean sheet metal and mixing thoroughly with a trowel is an 

acceptable alternative. 

 

4.2.2. Divide the pile into four equal quarters with a straightedge (trowel or similar metal blade) and 

completely remove two pre-selected diagonally opposite quarters. 

 

4.2.3. Continue this quartering procedure until the original sample is reduced to the approximately desired 

size.  On the final quartering step, if the sample is too large before quartering, but will be too small after 

quartering, the sample pile is divided into equal opposite sectors but unequal adjacent sectors.  This can 

be accomplished by varying the dividing angle at the center of the sample pile from the normal 90 

degrees.  Opposite sections can then be selected to obtain the desired sample size. 
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Soils Field Tester

INSTRUCTOR: ISAAC M. FERGUSON

Soil Survey
Section 9
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Example of Proposed 
Project

Existing Road New 
Alignmenthttps:/
/support.apple.co

m/en-
us/HT201222

Example of a truck mounted 
Hydraulic Soil Sampler
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Example of a sample rod

103



1C1

1A1

1C2

1A1

1C1

1C2

1A1

1C2

STA
100+00

STA
105+00

STA
110+00

1C1

1A1

1C2

1A1

1C1

1C2

1A1

1C2

STA
100+00

STA
105+00

STA
110+00

104



105



Use overhead

106



107



108



109



110



111



112



113



114



115



Volume Multiplication Factor
(VMF)

FIELD DENSITY
STANDARD COMPACTION

VMF =

116



117



118



119



120



121



122



123



124



125



126



127



128



129



130



131



132



133



134



135



136



137



138



139



140



141



142



143



144



145



146



147



205 - EXCAVATION AND EMBANKMENT FOR HIGHWAYS 

200-12

SECTION 205 

EXCAVATION AND EMBANKMENT FOR HIGHWAYS 

205.1 DESCRIPTION 
Excavate, haul, place, remove and dispose of the specified materials.  Construct the embankments as 

specified in the Contract Documents.  Compact the earthwork according to the requirements for the type of 
compaction and moisture range specified in the Contract Documents. 

 BID ITEMS UNITS 
 Common Excavation Cubic Yard 
 Common Excavation (Contractor-Furnished) Cubic Yard 
 Rock Excavation Cubic Yard 

Rock Excavation (Non-Durable Shale) Cubic Yard 
 Unclassified Excavation Cubic Yard 
 Common Excavation (Unstable) Cubic Yard 
 Common Excavation (Unsuitable) Cubic Yard 

Compaction of Earthwork (Type *) (MR-**) Cubic Yard 
 Embankment Cubic Yard 
 Embankment (Contractor-Furnished) Cubic Yard 
 Eradication of Traveled Way Station 
 Water (Grading) (Set Price) M Gallon 

*Type of Compaction
**Moisture Range

205.2 MATERIALS 
Provide water for earthwork compaction that complies with DIVISION 2400. 
If "Common Excavation (Contractor-Furnished)" is specified, provide soil or a mixture of soil and gravel, 

stone or other acceptable material.  Provide material that is similar to the material shown in the Contract Documents 
or found in the Report of Soil Survey.  Provide material with a quality satisfactory for the purpose intended.  Do not 
use material that has sod, roots, stumps and other perishable and deleterious matter.  Provide soil that complies with 
the requirements shown in the Contract Documents for the material used in the top 18 inches of the embankment.   

The Engineer will accept the material based on compliance with these requirements and visual inspection 
of the material placed on the project. 

Provide crushed stone for backfill that complies with DIVISION 1100.  

205.3 CLASSIFICATION OF EXCAVATION 
The geological information shown in the Contract Documents is based on studies made in the field, and 

represents the best information available to KDOT.  The classification of embankment and drainage excavation as 
"Common Excavation", "Rock Excavation" or "Rock Excavation (Non-Durable Shale)", which classifications shall 
include all materials of whatever nature encountered, is shown in the Contract Documents.  As the work is 
performed, the Engineer in conjunction with the Regional Geologist will determine if the classification of 
embankment and drainage excavation requires adjustment.  The Engineer has the authority to identify and define the 
physical characteristics that determine the classification.  The classification of materials for excavation is based on 
the materials in an unfrozen condition. 

a. Common Excavation.  Common excavation is all excavation not included as rock excavation or
excavation otherwise classified.  The following are included in common excavation: hot mix asphalt or concrete 
sidewalk, concrete ditch lining, concrete or stone wash checks and hot mix asphalt pavement 6 inches or less in 
thickness.  

Depending on the makeup and characteristics of the common excavation, some material may or may not be 
used for embankment.  The Engineer will identify which materials may not be used for embankment. 
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b. Common Excavation (Contractor-Furnished).  Common excavation (Contractor-Furnished) is
material provided by the Contractor that complies with the material requirements of this specification. 

Non-durable shale provided as common excavation (Contractor-Furnished) shall be manipulated (sized) 
with equipment and water as required for non-durable shale excavation. 

c. Rock Excavation.  Rock excavation includes firm, rigid and unweathered sedimentary, igneous and
metamorphic rock that is naturally in-place.  Boulders or detached stones with a volume of 2 cubic yards or more 
are classified as rock excavation. 

Portland cement concrete pavement, portland cement concrete base, cement treated base, hot mix asphalt 
pavement greater than 6 inches in thickness, concrete curb and gutter and any hot mix asphalt placed upon these 
structures is classified as rock excavation. 

When common excavation is interlayered with the rock excavation, and the common excavation makes up 
25% or less of the volume, the entire volume is classified as rock excavation. 

d. Rock Excavation (Non-Durable Shale).  Rock excavation (Non-Durable Shale) is non-durable rock
shale that if used in embankments is required to be manipulated with construction equipment and water added until 
it is broken down to particle sizes shown in subsection 205.4c.  

e. Unclassified Excavation.  Unclassified excavation includes all excavation, regardless of type, nature or
condition of materials encountered.  When excavation is unclassified, the Contractor assumes full responsibility to 
estimate the kind and extent of the various materials to be encountered in order to accomplish the work. 
Unclassified excavation includes materials which, if classified, would be included in subsections 205.3a., b., c. and 
d. 

f. Common Excavation (Unstable).  Common excavation (Unstable) is considered to be material in the
subgrade or embankment with any of the following characteristics:   

 When the material encountered has a moisture content above the plastic limit of the soil.
 When the plastic limit of the soil is at or less than the optimum moisture content, the soil is not capable

of being compacted at the optimum moisture content.

Suitable material with excess moisture caused by the Contractor’s negligent operations is not classified as 
unstable excavation. 

g. Common Excavation (Unsuitable).  Common excavation (Unsuitable) is material encountered in the
subgrade or embankment that contains a high organic content (such as peat or A-horizon soils). 

205.4 CONSTRUCTION REQUIREMENTS 
a. General Excavation Requirements.  Before beginning the excavation, clear and grub all vegetation

according to the Contract Documents.  Remove existing structures as shown in the Contract Documents. 
Strip and stockpile the existing topsoil from within the construction limits.  To the extent practical use this 

material to cap the finished embankment and cut slopes.  This work is subsidiary to grading items in the contract. 
Where practical, do not store equipment or materials (including soil stockpiles) within 50 feet of rivers, 

streams or other surface waters.  Where such storage is necessary, obtain the Engineer’s written approval and 
include in the project SWPPP appropriate best management practices for the storage area. 

Unless requested in writing from the Contractor, and approved in writing by the Engineer, or specified 
otherwise in the Contract Documents, do not exceed 750,000 square feet of surface area of erodible earth material 
per equipment spread at one time.  The Engineer will limit the surface area of erodible earth material exposed by 
clearing and grubbing, excavation, borrow (within right-of-way) and embankment operations.  Limit the exposed 
erodible earth material according to the capability and progress, and in keeping with the approved schedule. 

Areas will not count toward the 750,000 square feet limit, when the following conditions are met: 
For areas that will not be disturbed again due to project phasing: 
 Finish grade the completed area;
 Stabilize and maintain stabilization according to SECTION 902; and
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 Do not disturb the area again without a written request from the Contractor and written approval
from the Engineer;

For areas that will be disturbed again due to project phasing: 
 Rough grade; and
 Stabilize and maintain stabilization according to SECTION 902.

DO NOT clear and grub areas unless work will actively be performed in the exposed area (or portions of 
the exposed area) within 7 calendar days on exposed steep slope areas (40% or greater) or within 14 calendar days 
for all other exposed areas.  If areas are cleared and grubbed and not finish graded, not part of project phasing and 
no meaningful work toward the completion of the bid item is performed within the exposed area (or portions of the 
exposed area) for 7 calendar days on exposed steep slope areas (40% or greater) or 14 calendar days for all other 
exposed areas, stabilize and maintain stabilization at these exposed areas according to SECTION 902 at no cost to 
KDOT.  

Before beginning excavation or depositing waste at the Contractor-Furnished site, obtain all permits and 
clearances required for compliance as shown in SECTION 107, (which most commonly includes wildlife and 
archaeological clearances). See SECTION 106 for requirements for use of private property. 

Before incorporating any material from these areas into the project, the Engineer shall require a copy of the 
KDWP clearance and the KSHS clearance.   Before depositing any project waste onto these waste sites, the 
Engineer shall require a copy of the KDWP clearance, the KSHS clearance, and when required, the KDHE waste 
disposal permit. 

If the Contractor’s excavation operations expose potentially historical or archaeological significant sites, 
discontinue the excavation of such sites until the Engineer determines the disposition of the discovery.  The 
Engineer will contact the ESS to determine the proper course of action, according to SECTION 107. 

Obtain the Engineer’s approval before wasting surplus excavation material.  Use approved surplus 
excavated material to widen embankments, flatten slopes, or as directed by the Engineer.  If surplus excavation 
material is wasted on the project, place the material to provide a neat appearance.  Do not place waste materials in a 
manner that is detrimental to the abutting property. 

If the Contract Documents designate certain materials to be excavated and stockpiled for future use, do not 
contaminate these materials in the process.  Stockpile the materials neatly and compactly at locations approved by 
the Engineer. 

Before beginning excavation, allow the Engineer to define the limits and cross-section the borrow areas 
shown in the Contract Documents.  The Contractor shall define the limits and cross-section Contractor-Furnished 
sites before beginning excavation.  Do not remove any material beyond the dimensions and elevations established. 
When borrow excavation is complete, grade the site uniformly to drain.  Comply with any permit requirements. 

The Engineer may allow the use of borrow pits or waste areas other than those shown in the Contract 
Documents, provided the change does not increase the cost for KDOT. 

If rock, shale or unsuitable material is encountered in cuts, excavate this material to the cross-section or 
limits shown in the Contract Documents. 

Do not overbreak rock excavation below the cross-section shown in the Contract Documents.  If 
overbreakage occurs, backfill the overbreakage with material designated in the Contract Documents.  If the 
designated backfill is material obtained through normal excavation, compact the backfill to the density requirements 
shown in the Contract Documents.  If the designated backfill is crushed aggregate or other special aggregate, make 
sure that there are no layers of earth or shale between the backfill material and the surface of the rock.  Before 
backfilling overbreakage areas with crushed stone for backfill or other specified material, shape the rock 
overbreakage area to drain.   

Trim all slopes to the lines shown on the cross-sections. When warranted, the Engineer may approve a 
modified slope in rock or other material.  Remove rock so that the resulting rock slope has a uniform face.  Do not 
disturb any materials beyond the limits of the excavation. 

Excavate all side ditches as shown in the Contract Documents. 
Provide temporary erosion and pollution control according to DIVISION 900. 

b. Presplit Rock Excavation.  If designated in the Contract Documents, use a presplitting technique to
split the face of the rock along the designated backslope.  Presplit along the backslope before blasting the interior 
portion of the rock cut. 
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Devise a plan for the diameter, spacing and loading of the presplit holes.  Drill the presplit holes the full 
depth of the rock ledge.  Demonstrate to the Engineer with a 100-foot test section that the presplitting plan will 
produce an acceptable backslope.  If the backslope of the test section is unacceptable, establish additional test 
sections until satisfactory results are obtained. 

c. Shale Excavation.  Shale will be classified as durable or non-durable in the Contract Documents.
Durable and non-durable shale is prohibited in the top 18 inches of the embankment, unless specified in the 
Contract Documents.  

 Durable Shale.  Durable shale may be used as any other rock in a fill.
 Non-Durable Shale.  Manipulate non-durable shale with equipment and water until 100% of the material

is smaller than 6 inches in all dimensions, and until a minimum of 90% of the material is smaller than 3
inches in all dimensions.  The Engineer will verify manipulation requirements with a visual inspection
(e.g. have the Contractor scarify a known area to a known depth, calculate theoretical volume scarified,
calculate an average volume for the stones between 3 and 6 inches and if the volume for the stones
exceeds 10%, the test fails).  Continue manipulation and retest until the above requirements are met.
Compact and adjust the moisture content of this material as specified in the Contract Documents.

The Contractor will determine whether to manipulate and use the non-durable shale on the project, or 
waste the non-durable shale and replace it with other suitable material.  

d. Common Excavation (Unstable).  Excavate unstable material encountered during construction to the
limits designated by the Engineer.  Allow the Engineer to measure the area before the backfill is placed.  Backfill 
the area where the unstable material was removed with suitable material from the project. 

Aerate the unstable material until the moisture content is acceptable.  Use this material in the construction 
of the project.  

Remove and dry unstable material caused by the Contractor’s negligence to an acceptable moisture content 
and use in the project.   

e. Common Excavation (Unsuitable).  If excavation to the finished graded section results in subgrade or
slopes of unsuitable material, excavate the unsuitable material to the limits designated by the Engineer.  Remove the 
unsuitable material from the project.  Allow the Engineer to measure the area before placing the backfill.  Backfill 
with suitable material from the project.   

f. Eradication of Traveled Way.  Remove the surfacing, if any, excavate the embankment and fill the
ditches.  Grade the traveled way to approximately the original ground contour, or as shown in the Contract 
Documents.  Stockpile any materials designated for salvage at the locations shown in the Contract Documents.  Do 
not contaminate the salvaged material.  Dispose of excess excavation, base materials and surfacing not designated 
for salvage. 

g. Compaction Requirements.  Requirements for the various types of compaction are shown in TABLE
205-1.
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TABLE 205-1: SOIL COMPACTION REQUIREMENTS 
Type Minimum Compacted Soil Density  

Type AAA 100% of Standard Density 
Type AA 95% of Standard Density 
Type A 90% of Standard Density 

Type B 

Such that no further consolidation is gained by additional rolling.  The 
Engineer will visually determine acceptable Type B compaction based on the 
following: 
 Acceptable Type B compaction is demonstrated if the tamping feet of a

tamping (sheepsfoot) roller “walks out” of the soil and rides on top of
the lift being compacted.

 In soil with low plasticity or nonplastic fine-grained materials, the
tamping feet may not “walk out” of the material being compacted.
With these materials, acceptable Type B compaction is demonstrated if
the tamping feet support the weight of the roller (without the drum of
the roller contacting the lift being compacted).

 In sand and gravel, where the use of a tamping roller produces
unacceptable results, use other types of rollers (such as a pneumatic-
tired) to compact this type of material.  With these materials,
acceptable Type B compaction is demonstrated if no further
consolidation is evident after additional passes of the roller.

 In small irregular areas where the use of conventional compaction
equipment is impracticable, use other equipment and methods to obtain
compaction.  The Engineer will determine by visual inspection if Type
B compaction is obtained.

 If the Engineer is unable to visually determine that Type B compaction
is obtained, the Engineer may conduct density tests on the compacted
soil.  If tested, the compacted soil density shall be at least 90% of the
standard density.

h. Moisture Control Requirements.  At the time of compaction, use soil with uniform moisture content
within the moisture range designated in the Contract Documents. 

Adjust the moisture content of the soil by adding water to or aerating the material to bring soil within the 
required moisture content.  

If the soil is unstable within the designated moisture range, the DME will adjust the moisture range. 
Water may be added to the soil in borrow and cut areas (before hauling) or on the embankment (after 

hauling).  Use methods and equipment that will prevent undue loss of moisture.  Add only the quantity of water 
necessary to provide a moisture content within the required moisture range plus a reasonable quantity to compensate 
for evaporation and other unavoidable losses.   

Excavation areas may be pre-watered to provide uniform moisture content.  Submit sketches of the areas 
with details of the proposed methods and equipment for the pre-watering for approval by the Engineer.  Provide 
drilling equipment to obtain samples for moisture determination before, during and after the pre-watering.  Using 
the results of the moisture samples, the Contractor and Engineer will jointly determine the quantities of water 
necessary to bring the soils to optimum moisture.  The Engineer will allow sufficient water to bring the full depth 
and width of the excavation to optimum moisture plus up to 20% for evaporation. 

In areas to be pre-watered, leave the vegetation in place until the watering is completed.  If runoff is 
observed during the pre-watering, rip the area on the contour to a depth of approximately 2 feet at 4-foot intervals. 
To permit penetration to the full depth of the excavation (for uniform moisture content), allow a curing period after 
the pre-watering is completed.  The Contractor and Engineer will use the moisture samples obtained by the 
Contractor (at locations and depth agreed to by the Contractor and Engineer) to determine moisture content and 
uniformity for the pre-watered areas.  Strip the vegetation from the areas after the water has penetrated the soils. 

Requirements for the various moisture ranges are shown in TABLE 205-2. 
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TABLE 205-2:  SOIL MOISTURE CONTENT REQUIREMENTS 
Moisture Range Moisture Content 
0-5 (MR-0-5) A maximum of 5 percentage points above optimum, nor less than optimum. 
3-3 (MR-3-3) A maximum of 3 percentage points above optimum, and a maximum of 3 percentage 

points below optimum. 
5-5 (MR-5-5) A maximum of 5 percentage points above optimum, and a maximum of 5 percentage 

points below optimum. 
90 (MR-90) Sufficient to allow the type of compaction specified in the Contract Documents.  If 

Type B compaction is specified, the Engineer will determine by visual inspection if 
satisfactory moisture control and compaction are obtained. 

i. Foundation Treatment.  If an embankment is started less than 4 feet below the finished subgrade,
remove all vegetation from the surface where the embankment will be placed.  Plow, scarify or break up the cleared 
surface to a minimum depth of 6 inches (foundation area).   Adjust the foundation area to a moisture content within 
the specified moisture range.  Compact the foundation area as specified in the Contract Documents for the 
embankment. 

If an embankment is placed over an existing surface (PCCP, HMA, gravel), plow, scarify or break up the 
full depth of the existing surface regardless of the height of the embankment. 

j. Embankment Requirements.  Construct the embankment from material classified as Soil, Rock/Soil or
Rock, as defined in TABLE 205-3. 

TABLE 205-3:  EMBANKMENT GRADATION CLASSIFICATION 
Classification Gradation Criteria

Soil ≤ 20% retained on the ¾ inch sieve 
Rock/Soil > 20%, but < 80% retained on the ¾ inch sieve
Rock* ≥80% retained on the ¾ inch sieve 

*Could include concrete pavement.

If frozen soil is encountered in the surface of the original ground or in the surface of a partially constructed 
embankment, remove the frozen material or allow the frozen material to thaw before continuing construction of the 
embankment. 

Unless shown otherwise in the Contract Documents, if shale (all shale classified as non-durable or common 
excavation) is used as embankment material, manipulate the shale with equipment and water until it complies with 
subsection 205.4c.  Adjust the moisture content and compact the shale as specified in the Contract Documents. 

Construct and backfill culverts and other structures below the embankment surface before the embankment 
is constructed. 

When the embankment is placed against a hillside or an existing embankment with slopes steeper than 4:1, 
bench the existing slope with each lift of the embankment.  Cut the benches wide enough to accommodate the 
hauling and compacting equipment.  Begin cutting (horizontally) each new bench at the intersection of the original 
ground and the vertical side of the previous bench.  Use the material excavated from the benches in the 
embankment. 

Exercise care placing and compacting the embankment, when placed on only one side of a structure (such 
as abutments, piers and wingwalls).  Do not put excessive pressure against the structure. 

Place soil embankment material in horizontal lifts approximately 8 inches thick (loose measurement). 
Compact the earthen material as specified in the Contract Documents before placing the next lift.  Compact 
manipulated (sized) non-durable shale to the compaction requirement in the Contract Documents and adjust the 
moisture content of the manipulated non-durable shale to MR-5-5.  Use compaction equipment as specified in 
DIVISION 150.  Provide sufficient motorgraders and tamping rollers to adequately blade and compact the material 
delivered to the embankment.  Route the construction equipment uniformly over the entire surface of each lift. 
Continuously use a motorgrader to level and manipulate the material during the placing and compacting of each lift 
of the embankment.  If the material delivered to the embankment is not properly placed and compacted, suspend 
delivery of materials to the embankment until the problem is corrected. 
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Where it is impracticable to use a roller, use a mechanical tamper.  Place the embankment material in 
horizontal lifts not to exceed 8 inches (loose measurement) capable of being compacted by the mechanical tampers. 
Compact the earthen material as specified in the Contract Documents before placing the next lift. 

If the Contract Documents do not specify a compaction requirement for the earthwork, place the 
embankment in uniform lifts not to exceed approximately 8 inches thick (loose measurement).  Compact the earthen 
material to the requirements of Type B, MR-90.  

Place rock/soil embankment material in horizontal lifts approximately 10 inches thick (loose 
measurement).  Compact the embankment by making consecutive passes of a vibratory roller, with a minimum 
weight of 16 tons, until no further increase in density is achieved by successive passes.  The Engineer shall verify 
the density by using the nuclear moisture/density gauge. 

Place rock embankment material in horizontal lifts approximately the average size of the larger rocks, a 
maximum of 2 feet thick (loose measurement).  Make no more than 10% of the rock embankment material larger 
than 7 feet in circumference measured in any direction and no more than 10% passing the 1-inch sieve as 
determined by visual inspection.  The maximum size of rock placed will be limited by the thickness of rock to be 
placed, as shown on the plans. 

An embankment made up largely of rock consists of rock in interparticle contact with itself, with no 
intervening layers of soil.  Distribute the large stones uniformly and fill the voids with smaller stones, earth, sand or 
gravel.  Level and manipulate each lift with a motorgrader, bulldozer or similar equipment capable of shifting and 
shaping the material.  Compact each lift by routing construction traffic over the lift until no further consolidation 
under the traffic is visible.  When shown in the Contract Documents to construct the top 12 inches with rock 
excavation, finish the grade with crushed stone for backfill compacted to Type B, MR-90, SECTION 204.  No 
shale is allowed in the top 12 inches. 

If the embankment is constructed of rock mixed with enough compactable material to make rolling 
feasible, and if the Contract Documents specify compaction, compact the embankment to meet Type B compaction 
requirements (regardless of the type of compaction specified). 

If possible, use rock embankment material to form the base (full width) of the embankment.  If rock and 
other embankment material are delivered to the embankment at the same time, place the rock in the outer portions of 
the embankment and the other material in the center of the embankment.   Adjust the hauling and compacting 
operations (for both materials) as necessary to construct the embankment in level lifts. 

Before rock embankment material is placed on compacted embankment constructed of other material, 
shape the top of the compacted embankment to slope from centerline to the outside.  Do not build undrained pockets 
of rocks into the embankment. 

Do not place rocks, broken concrete or other solid materials in embankment areas where piling will be 
driven or where culverts will be installed.  Do not place rocks larger than 3 inches (in any dimension) in the top 12 
inches of the embankment. 

Where a grass median is constructed, do not place any rock excavation material or shale in the top 18 
inches of the median area.  Construct the top 18 inches of medians with earthen material suitable for growth of 
vegetation.   

Dispose of all loose rocks within the right-of-way that will interfere with mechanical mowing. 
Apply water as needed to control dust on the project.  

k. Compaction in Cuts.  Plow, scarify or break up the soil 6 inches below the grade line in cut sections.  If
necessary to obtain compaction, adjust the soil to a moisture content within the specified moisture range.  Compact 
the soil as specified in the Contract Documents. 

If the depth of compaction in cut sections is greater than 6 inches, excavate all material to within 6 inches 
of the lower limit of compaction.  Plow, scarify or break up the material left in place.  If necessary to obtain 
compaction, adjust the soil to a moisture content within the specified moisture range.  Compact the soil as specified 
in the Contract Documents.  Replace and compact (as embankment) the excavated material until the cut is 
compacted to the grade line shown in the Contract Documents. 

205.5 MEASUREMENT AND PAYMENT 
a. Contract Quantities.  Provided the project is constructed essentially to the lines and grades shown in

the Contract Documents, the quantities shown in the Contract Documents for the various balances will be the 
quantities for which payment is made. 
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If the Contract Documents are altered, or if the Engineer or Contractor questions the accuracy of the 
contract quantities in any balance, either party may request the quantities involved be measured by the cross-section 
method.  Unless errors are noted or the original ground was disturbed before the work started, the cross-sections 
shown in the Contract Documents will be used as the original field cross-sections.  Additional original cross-
sections may be interpolated, or determined by other approved methods, at points necessary to accurately determine 
the quantities. 

If the Contractor elects to waste the non-durable shale, or fraction thereof, and provide Common 
Excavation (Contractor-Furnished) in lieu of manipulating the non-durable shale, payment will be made for "Rock 
Excavation (Non-Durable Shale)," as though it was not wasted, not "Common Excavation (Contractor-Furnished)" 
actually used. 

b. Measured Quantities. The Engineer will measure excavation and borrow (including rock, shale,
unstable and unsuitable) by the cubic yard.  The Engineer will measure quantities for the various types of 
excavation by cross-sectioning the area.  The Engineer will compute the quantities (volume) by the average end area 
method.  Where it is not possible to measure material by the cross-section method, the Engineer may use 3-
dimensional measurements.  If the depth of compaction through cut areas is greater than 6 inches, the material 
excavated to gain access to the lower 6-inch layer will be measured for payment.  The excavation of unstable and 
unsuitable material necessary to obtain compaction in cut sections and in foundations for fill sections will be 
measured for payment.  The Engineer will not measure rock overbreakage (below the depth shown in the Contract 
Documents) for payment.  Excavation required for benching into an existing slope will not be measured for 
payment.  The excavation required to remove unstable material caused by the Contractor’s negligent operations will 
not be measured for payment. 

If either the Contractor or Engineer questions the accuracy of the plan quantity for non-durable shale 
excavation, contact the Regional Geologist for guidance. 

The Engineer will measure compaction of earthwork (in place after the rolling or tamping is complete) by 
the cubic yard. The Engineer will measure compaction of earthwork by cross-sectioning the area.  The Engineer will 
compute the quantities (volume) by the average end area method.  Where it is impractical to measure material by the 
cross-section method, the Engineer may use 3-dimensional measurements.  The Engineer will not measure for 
payment the compaction of foundation area under a fill or the bottom 6-inch layer in a cut section. 

The Engineer will measure water used for earthwork compaction and non-durable shale manipulation and 
compaction by the M Gallon by means of calibrated tanks or water meters.   

If the Contractor uses non-durable shale for "Common Excavation (Contractor-Furnished)", the Engineer 
will not measure the manipulation water for payment.  However, the Engineer will measure the water required to 
meet moisture requirements for compaction. 

The Engineer will not measure water used for dust control, water wasted through the Contractor’s 
negligence or water in excess of the quantity required to obtain the proper moisture content. 

If the Contract Documents include the bid items "Embankment" or "Embankment (Contractor-Furnished)", 
the Engineer will not measure excavation, compaction and water separately for payment.  The Engineer will 
measure the embankment in place by the cubic yard.  The Engineer will measure quantities for the embankment by 
cross-sectioning the area.  The Engineer will compute the quantities (volume) by the average end area method. 
Where it is impractical to measure material by the cross-section method, the Engineer may use 3-dimensional 
measurements.  No payment will be made for quantities beyond the limits of the Contract Documents.   

If the Contract Documents include the bid item "Eradication of Traveled Way", the Engineer will measure 
this item by the station along the centerline of the traveled way being eradicated.  If the Contract Documents do not 
include the bid item "Eradication of Traveled Way", excavation required for this activity is measured for payment. 

c. Payment.
(1) General. Payment for "Common Excavation", "Common Excavation (Contractor-Furnished)", "Rock

Excavation", "Rock Excavation (Non-Durable Shale)", "Unclassified Excavation", "Compaction of Earthwork", 
"Embankment", "Embankment (Contractor-Furnished)" and "Eradication of Traveled Way" at the contract unit 
prices is full compensation for the specified work.  Deduct any measured quantities placed beyond the limits of the 
Contract Documents, unless the placement was authorized by the Engineer. 

Payment for "Water (Grading) (Set Price)" at the contract set unit price is full compensation for the 
specified work.  Payment for water used for pre-watering excavation areas at 75% of the contract set unit price for 
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Water (Grading) (Set Price) is full compensation for the specified work.  The contract set unit price will govern 
regardless of the accepted quantity provided. 
 (2) Common Excavation (Unstable).  Payment for "Common Excavation (Unstable)", as provided below, is 
full compensation for the specified work to remove, manipulate and replace material, including any additional 
material needed to fill the created void. 

Compaction for backfill of areas removed as Common Excavation (Unstable) will be paid for at the 
appropriate contract unit prices. 

 Rural Projects (outside incorporated city limits): 1½ times the contract unit price for "Common 
Excavation", up to a maximum of $6.00 per cubic yard.  If the contract unit price for "Common 
Excavation" is greater than $6.00 per cubic yard, the contract unit price is the maximum paid per cubic 
yard for this item. 

 If the Contract Documents have the bid item of "Embankment" instead of "Common Excavation" the 
Engineer will pay for Common Excavation (Unstable) at 1½ times the contract unit price for 
"Embankment", up to a maximum of $6.00 per cubic yard. 

 Urban Projects (inside incorporated city limits): 1½ times the contract unit price for "Common 
Excavation", up to a maximum of $10.00 per cubic yard.  If the contract unit price for "Common 
Excavation" is greater than $10.00 per cubic yard, the contract unit price is the maximum paid per 
cubic yard for this item. 

 If the Contract Documents have the bid item of "Embankment" instead of "Common Excavation," the 
Engineer will pay for Common Excavation (Unstable) at 1½ times the contract unit price for 
"Embankment", up to a maximum of $10.00 per cubic yard. 

 (3) Common Excavation (Unsuitable).  Payment for the "Common Excavation (Unsuitable)", as provided 
below, is full compensation for the specified work. 
 Compaction for backfill of areas removed as Common Excavation (Unsuitable) will be paid for at the 
appropriate contract unit prices. 
 Excavation to replace unsuitable material removed from the project will be paid for at the appropriate 
contract unit price.   

 Common Excavation (Unsuitable) not designated in the Contract Documents and encountered during 
construction is paid for at 3 times the contract unit price for "Common Excavation", up to a maximum 
of $12.00 per cubic yard, which price shall include the disposal of materials.  If the contract unit price 
for "Common Excavation" is greater than $12.00 per cubic yard, the contract unit price will be the 
maximum paid per cubic yard for this item, which price shall include the disposal of materials. 

 If the Contract Documents have the bid item of "Embankment" instead of "Common Excavation", the 
Engineer will pay for Common Excavation (Unsuitable) at $12.00 per cubic yard. 
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5.9. SAMPLING AND TEST METHODS FOREWORD 

 

1. SAFETY 

 

The responsibility for safety rests with each and every employee in the laboratory or field.  You must use 

common sense and work carefully to avoid the hazards your job may expose you to like hazardous 

chemicals, flying particles and heavy or awkward lifting are a few of the hazards you will be exposed to.   

 

You are responsible to know the hazards that each test may expose you to so that you can work with the 

right level of protection while completing certain test procedures.  Through OSHA 1910 and 1926 and 

KDOT SOM 2.6.2 your employer is required to tell you what hazards you will be exposed to and how to 

protect yourself from those hazards.   

 

OSHA 1910 and 1926 also makes it the employee’s responsibility to understand and follow the safety 

programs provided by their employers to protect them.  SOM 2.6.2 refers to the KDOT safety Manual 

which requires employees to follow the guidelines of KDOT Hazardous Communications Program and 

the KDOT Personal Protection Program.  These two programs will assist you with how to read an MSDS 

and provide information on the type of personal protection required to protect you from the physical, 

chemical, biological and ergonomic hazards you will be exposed to while performing the tests in this 

manual.   

 

2. SCOPE 

 

The purpose of this section is to standardize the testing procedures used throughout the State by all 

laboratories.  A hierarchy for test methods exists in order to establish a specific test procedure for a given 

circumstance. 

 

Test method hierarchy corresponds to the following publications unless otherwise stated in the Standard 

Specifications, plans or project specifications:  

 

  First - Kansas Department of Transportation Construction Manual, Part V. 

 

  Second - Standards published by the American Association of State Highway and Transportation 

Officials (AASHTO). 

 

  Third - Standards published by the American Society for Testing and Materials (ASTM). 

 

Each test method is an independent document, page numbered and printed individually.  The primary 

number linking it to this manual is the sub-paragraph number.  Any future corrections, additions or 

revisions will be printed and forwarded to the manual holders at the time they occur, to reflect current 

testing procedures.           

 

Footnotes at the bottom of the page of a test procedure are a quick check for contractors or consultants to 

determine differences between KT methods and AASHTO/ASTM standards.  ALL PROCEDURES 

ARE TO BE PERFORMED AS STATED WITHIN KT METHODS, EXCLUDING THE 

INFORMATION FOUND IN THE KT FOOTNOTES. 

 

Unless noted in the test method, the use of potable water is required. 

 

Unless otherwise stated in the test method, drying to a constant mass means less than 0.1% mass decrease 

from the previous measurement after 1 hour following the temperature requirements in the test method. 
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Consult the Bureau of Construction and Materials and in case of ambiguity or difficulty in the 

interpretation of testing procedures.  

3. ACCURACY 

 

As a general guideline use the following for an accuracy requirement when not stated within the test 

procedure: 

    

Thermometers: Temp < 140oF (60oC), accuracy of 0.2oF (0.1oC); Temp > 140oF (60oC), accuracy of 

2oF (1oC). 

 

Balances/Scales:  Accuracy is equal to the mass stated or 0.1 percent of the test load, whichever is 

greater, throughout the range of use.  The following table shows the various classes as established in 

AASHTO M 231: 

 

Class   Readability and Sensitivity  Accuracy*  

G1    0.01 g    0.02 g or 0.1 percent 

G2    0.1 g    0.2 g or 0.1 percent 

G5    1 g    2 g or 0.1 percent 

G20    5 g    5 g or 0.1 percent 

G100      20 g    20 g or 0.1 percent 

 

       * Accuracy equal to the mass stated or 0.1 percent of the test load, whichever is greater, throughout 

the range of use. 

 

4. SI UNITS 

 

The following information provides the user of these test procedures with specific comparisons between 

metric (SI) and English units and nomenclature. 

 

Where possible, "Hard Conversion" practices are used converting the testing procedures from English to 

SI units.  This system establishes an approximate measurement in SI units compared to the English units.  

An example of this is to convert one inch to SI units.  One inch is equal to 25.4 millimeters (1 in = 25.4 

mm).  Using Hard Conversion, 25 mm is the new measurement, and compared to the 25.4 mm, is easier 

to verify.  However, where test methods requires rigidly specified equipment or procedures measured in 

English units, a soft conversion will be shown.  These cases should be obvious due to the outrageous 

metric number presented. 

 

The nomenclature used to represent SI units are as follows (conversions originated or derived from 

ASTM E 380): 

 

  SI (full name)   =  ENGLISH (full name)  X  Conversion            

 

AREA 

  mm2 (millimeter2)   in2 (inches2)            645.16 

 

  m2 (meters2)         ft2 (feet2)       0.092903 

 

  m2                   yd2 (yard2)    0.8361274 

 

DENSITY (MASS PER UNIT VOLUME) 

  kg    kilogram      lb  or  pound            16.01846 
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  m3     meter3         ft3        feet3 

    (also known as PCF) 

 

FORCE 

  N  (Newton)     lbf (pound-force)         4.448222 

 

 

LENGTH 

  mm (millimeters)     in (inches)              25.4 

 

  m  (meters)           ft (feet)               0.3048 

 

  km (kilometer)          (mile)             1.609347 

 

 

SI (full name)   =  ENGLISH (full name)  X   Conversion           

 

 

MASS 

  g  (gram)            lb (pound)             453.5924 

 

  kg (kilogram)        lb (pound)           0.4535924 

 

  Mg (megagram)          TONS                  0.9071847 

 

 

PRESSURE (FORCE PER UNIT AREA) 

kPa (kilopascal)  psi or  pound-force      6.894757 

          inches2 

 

 

TEMPERATURE 

  oC (Celsius)         oF (Fahrenheit)        tC = (tF - 32)/1.8 

 

 

VOLUME 

  mm3 (millimeters3) in3 (inches3)          16,387.06  

 

  m3  (meters3)        ft3 (feet3)            0.02831685 

 

  m3                   yd3 (yards3)          0.7645549 

 

  mL  (milliliter)     in3                          16.38706 

 

  L   (Liter)          qt  (quart)             0.9463529 

       

  L                    gal (gallon)            3.785412 

 

  L                    ft3                           28.31685 
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NOTE: 1 m3 = 1,000 L 

             1 L = 1,000 mL 

 

 

160



 SAMPLING AND TESTING FREQUENCY CHART 
CONTRACTOR QUALITY CONTROL TESTING

CONSTRUCTION OR 
MATERIAL TYPE
2015 Std. Spec.  (SS 2015)

TESTS REQUIRED 
(RECORDED TO)

TEST 
METHOD

CODE QUALITY CONTROL BY 
CONTRACTOR

CODE VERIFICATION BY 
KDOT

DIVISION 300

CEMENT TREATED BASE 
(CTB)
Sec. 306 & 1105

Sieve Analysis of Aggregate
(1%, 0.1% for No. 200 sieve, of 
mass)

KT-02 c
h

1 per day. 1 per week.

Moisture Tests
(0.1 g or 0.01% of mass)

KT-11 or 
KT-41

4 per day per design. 1 per week.

Density

(0.1 lb/ft3 or 0.1% of optimum 
density)

KT-37 or 
KT-20*

1 per day per design
(* KT-20 option is only 
permitted in conjunction with a 
fluid mix.)

1 per project per design.

Compressive Strength
(1 psi)

KT-37 1 specimen per sublot 1 specimen per lot.

Completed Base Field Density Tests

(0.1 lb/ft3 or 0.1% of optimum 
density)

KT-13 or 
KT-41

4 per day per design. 1 per week per design.

Moisture Tests
(0.1 g or 0.01% of mass)

KT-11 or 
KT-41

4 per day per design. 1 per week per design.

DIVISION 500

PORTLAND CEMENT 
CONCRETE PAVEMENT
Sec. 501 & 503

Sieve Analysis of Aggregate
(1%, 0.1% for No. 200 sieve, of 
mass)

KT-02 c
m

1 per 350 TONS of combined 
aggregate.

1 per project.

Individual Aggregates Clay Lumps and Friable Particles in 
Aggregate
(0.1 g or 0.01% of mass)

KT-07 c
h

As required.
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 SAMPLING AND TESTING FREQUENCY CHART 
CONTRACTOR QUALITY CONTROL TESTING

CONSTRUCTION OR 
MATERIAL TYPE
2015 Std. Spec.  (SS 2015)

TESTS REQUIRED 
(RECORDED TO)

TEST 
METHOD

CODE QUALITY CONTROL BY 
CONTRACTOR

CODE VERIFICATION BY 
KDOT

PORTLAND CEMENT 
CONCRETE PAVEMENT
Sec. 501 & 503 (continued)

Shale or Shale-Like Materials in 
Aggregate
(0.1 g or 0.01% of mass)

KT-08 c
h

As required.

Individual Aggregates
(continued)

Sticks in Aggregate
(0.01% of mass)

KT-35 c
h

As required.

Unit Weight – lightweight aggregates 
only
(0.1 lb or 0.1% of mass)

KT-05 c
k

As required.

Moisture in Aggregate
(0.1 g or 0.01% of mass)

KT-24 p 1 per 1/2 day. 1 per week.

Coal AASHTO
T 113

As required.

Organic Impurities AASHTO
T 21

As required.

Concrete Mass per cubic foot

(0.1 lb/ft3)

KT-20 a 1 per 500 yd3. 1 per day.

Slump
(0.25 in)

KT-21 a 1 per 500 yd3. 1 per day.

Temperature
(1 °F)

KT-17 a 1 per 500 yd3. 1 per day.

DIVISION 500 (continued)
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 SAMPLING AND TESTING FREQUENCY CHART 
CONTRACTOR QUALITY CONTROL TESTING

CONSTRUCTION OR 
MATERIAL TYPE
2015 Std. Spec.  (SS 2015)

TESTS REQUIRED 
(RECORDED TO)

TEST 
METHOD

CODE QUALITY CONTROL BY 
CONTRACTOR

CODE VERIFICATION BY 
KDOT

PORTLAND CEMENT 
CONCRETE PAVEMENT
Sec. 501 & 503 (continued)
Concrete (continued)

Air Content
(0.25%)

KT-18 or 
KT-19

a 1 per 500 yd3 or every 2 hours 
(mainline), every 4 hours 
(other slipformed pvmt), 
whichever is more frequent.  
Determine the air loss due to 
paving operations once in the 
AM and once in the PM.  
Determine the difference 
between the air content from 
concrete sampled before the 
paver, and concrete sampled 
behind the paver.

1 per day.

Density of Fresh Concrete

(0.1 lb/ft3)

KT-38 Initially, 1 complete transverse 
profile, then 1 density per ½ 
day.

1 density per week.

Beams
(1 psi)

KT-22 & 
KT-23

1 set of 3 as required for 
opening to traffic.

1 set of 3 per week as 
required for opening to 
traffic.

Cores
(1 lbf, 0.01 in, 1 psi)

KT-49 As required in SS 2015 section 
501.5g.

Thickness measurement and 
compression test – 1 per lot.

DIVISION 500 (continued)
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 SAMPLING AND TESTING FREQUENCY CHART 
CONTRACTOR QUALITY CONTROL TESTING

CONSTRUCTION OR 
MATERIAL TYPE
2015 Std. Spec.  (SS 2015)

TESTS REQUIRED 
(RECORDED TO)

TEST 
METHOD

CODE QUALITY CONTROL BY 
CONTRACTOR

CODE VERIFICATION BY 
KDOT

PORTLAND CEMENT 
CONCRETE PAVEMENT
Sec. 501 & 503 (continued)

Air Void Analyzer
(0.0001 in)

KT-71 Prequalification of mix 
required as per SS 2015 sec. 
403.4.

1 test randomly during every 
4 weeks of production.

Concrete (continued) Permeability
(0.01%, KT-73; 
10 coulomb, AASHTO T 277; 
nearest 0.1 kΩ-cm, KT-79

KT-73 or
AASHTO 
T 277 or
KT-79

o 1 per mix design per project.

Profilograph KT-46 2 tracks per 12 ft of width for 
the full length of the project.

At the Engineer’s discretion.

Vibrator Frequency
Per Standard Specification 154.2e

SS 154.2e Every 4 hours Daily

ON-GRADE CONCRETE
(OGCA)

See 5.6 Section 5.4.4 of this 
manual. 

DIVISION 500 (continued)
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 SAMPLING AND TESTING FREQUENCY CHART 
CONTRACTOR QUALITY CONTROL TESTING

CONSTRUCTION OR 
MATERIAL TYPE
2015 Std. Spec.  (SS 2015)

TESTS REQUIRED 
(RECORDED TO)

TEST 
METHOD

CODE QUALITY CONTROL BY 
CONTRACTOR

CODE VERIFICATION BY 
KDOT

DIVISION 600

HMA (Plant Mix)  
Sec. 602, 603, 611 & 1103
Individual Aggregates Sieve Analysis of Aggregate

(1%, 0.1% for No. 200 sieve, of 
mass)

KT-02 c 1 per 1000 TONS for each 
individual aggregate.

1 during the first 5000 
TONS of HMA produced 
for each individual 
aggregate.

Clay Lumps and Friable Particles in 
Aggregate
(0.1 g or 0.01% of mass)

KT-07 c
h

As required.

Shale or Shale-Like Materials in 
Aggregate
(0.1 g or 0.01% of mass)

KT-08 c
h

As required.

Sticks in Aggregate
(0.01% of mass)

KT-35 c
h

As required.

Uncompacted Void Content of Fine 
Aggregate
(0.1%)

KT-50 l 1 on the first lot then 1 per 
10,000 TONS of crushed 
gravel.

1 during the first 5000 
TONS of HMA produced.

Uncompacted Void Content of 
Coarse Aggregate
(0.01%)

KT-80 l 1 on the first lot then 1 per 
10,000 TONS of crushed 
gravel.

1 during the first 5000 
TONS of HMA produced.
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 SAMPLING AND TESTING FREQUENCY CHART 
CONTRACTOR QUALITY CONTROL TESTING

CONSTRUCTION OR 
MATERIAL TYPE
2015 Std. Spec.  (SS 2015)

TESTS REQUIRED 
(RECORDED TO)

TEST 
METHOD

CODE QUALITY CONTROL BY 
CONTRACTOR

CODE VERIFICATION BY 
KDOT

HMA (Plant Mix) continued
Sec. 602, 603, 611 & 1103

Mineral Filler Supplement Sieve Analysis of Aggregate
(1%, 0.1% for No. 200 sieve, of 
mass)

KT-02 c
h

1 per 250 TONS. 1 during the first 5000 
TONS of HMA produced.

Plasticity Tests
(0.01 g or 0.1% of mass)

KT-10 c
h

1 per 250 TONS.

Combined Aggregate Coarse Aggregate Angularity 
(Determination of Crushed Particles 
in Crushed Gravel)
(0.1% of mass)

KT-31 c
g

1 per lot 1 per week or 1 per 10,000 
TONS.

Uncompacted Void Content of Fine 
Aggregate
(0.1%)

KT-50 1 on the first lot then 1 per 
10,000 TONS of combined 
aggregate.

1 during the first 5000 
TONS of HMA produced.

Sand Equivalent Test
(1%)

KT-55 f 1 per lot.

Flat or Elongated Particles
(1%)

KT-59 1 on the first lot.

Moisture Tests
(0.1 g or 0.01% of mass)

KT-11 1 per lot.

Asphalt Material Sampling KT-26 b
e

Sample per sampling 
frequency level chart

HMA Mixtures Percent Moisture in Mixture
(0.1 g or 0.01% of mass)

KT-11 1 per lot. 1 during the first 5000 
TONS of HMA produced.

Air Voids
(Va = 0.01%; Gmm & Gmb = 0.001)

KT-15, 
KT-39,
KT-58, & 
SF Manual

q 1 per sublot.
(See code n for Gmm)

j 1 per lot.  [Compact split 
sample on KDOT Gyratory 
– 1 per week or every 
15,000 TONS]

DIVISION 600 (continued)
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 SAMPLING AND TESTING FREQUENCY CHART 
CONTRACTOR QUALITY CONTROL TESTING

CONSTRUCTION OR 
MATERIAL TYPE
2015 Std. Spec.  (SS 2015)

TESTS REQUIRED 
(RECORDED TO)

TEST 
METHOD

CODE QUALITY CONTROL BY 
CONTRACTOR

CODE VERIFICATION BY 
KDOT

HMA Mixtures (continued) Binder Content (by ignition)
(0.1 g or 0.01% of mass)

KT-57 1 per sublot. j 1 per lot.

Mix Gradation (after ignition)
(0.1 g or 0.01% of mass)

KT-34 1 per sublot. 1 per lot.

Moisture Damage to Mix (Modified 
Lottman)
(0.1%)

KT-56 d 1 on first lot then 1 per week 
or every 10,000 TONS.

1 during the first 5000 
TONS of HMA produced. 
Performed by the District 
Lab.

Reclaimed Asphalt Pavement 
(RAP)

Binder Content in RAP (by ignition)
(0.1 g or 0.01% of mass)

KT-57 1 during the first lot then 1 per 
1000 TONS of RAP.

j 1 during the first lot then 1 
per 4000 TONS of RAP.

RAP Gradation (after ignition)
(0.1 g or 0.01% of mass)

KT-34 1 per 1000 TONS of RAP. 1 during the first 5000 
TONS of HMA produced.

Percent Moisture in RAP
(0.1 g or 0.01% of mass)

KT-11 1 per lot.

Recycled Asphalt Shingles (RAS) Binder Content in RAS (by ignition)
(0.1 g or 0.01% of mass)

KT-57 1 during the first lot then 1 per 
1000 TONS of RAP + RAS.

j 1 during the first lot then 1 
per 4000 TONS of RAP + 
RAS.

RAS Gradation (after ignition)
(0.1 g or 0.01% of mass)

KT-34 1 per 1000 TONS of RAP + 
RAS.

1 during the first 5000 
TONS of HMA produced.

Percent Moisture in RAS
(0.1 g or 0.01% of mass)

KT-11 1 per lot.

HMA (Plant Mix continued)
Sec. 602, 603, 611 & 1103

DIVISION 600 (continued)
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 SAMPLING AND TESTING FREQUENCY CHART 
CONTRACTOR QUALITY CONTROL TESTING

CONSTRUCTION OR 
MATERIAL TYPE
2015 Std. Spec.  (SS 2015)

TESTS REQUIRED 
(RECORDED TO)

TEST 
METHOD

CODE QUALITY CONTROL BY 
CONTRACTOR

CODE VERIFICATION BY 
KDOT

Completed Road Work

Field Density Tests
(Use Cores or Nuclear Density 
Gauge on all HMA roadway or 
shoulder construction greater than or 
equal to 1.5 inches)

Field Density - Cores or Nuclear 
Density Gauge

(Gmb = 0.001; 0.1 lb/ft3 or 0.01% of 

Gmm)

KT-15 or 
KT-32

i 10 tests per lot. i 5 companion tests per lot.

(Use approved rolling procedure and 
Nuclear Density Gauge on all HMA 
roadway or shoulder construction 
less than 1.5 inches)

Field Density -Nuclear Density 
Gauge

(Gmb = 0.001; 0.1 lb/ft3 or 0.01% of 

Gmm)

KT-32 i 10 Nuclear Gauge readings per 
lot

Verify Approved Rolling 
Procedure every 2 hours

Profilograph KT-46 2 tracks per 12 ft of width for 
the full length of the project.

At the Engineer’s discretion.

Cold In-Place Recycle (CIR)
Sec. 604

Sampling Aggregate KT-01 2 per mile.
(Sieve according to 
specification.)

k 1 per day.

Percent Retained on the #200 Sieve 
by Dry Screen

KT-04 2 per day.

Field Moisture Tests
(0.1 g or 0.01% of mass)

KT-32 Minimum 1 per day.  Use 
nuclear gauge w/o 
correction.  (Test before 
overlay or seal.)

Field Density

(Gmb = 0.001; 0.1 lb/ft3 or 0.01% of 

Gmm)

KT-32 3 locations per width laid 
per mile per lift.  Minimum 
of 1 per day.

DIVISION 600 (continued)

HMA (Plant Mix continued)
Sec. 602, 603, 611 & 1103
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 SAMPLING AND TESTING FREQUENCY CHART 
CONTRACTOR QUALITY CONTROL TESTING

CONSTRUCTION OR 
MATERIAL TYPE
2015 Std. Spec.  (SS 2015)

TESTS REQUIRED 
(RECORDED TO)

TEST 
METHOD

CODE QUALITY CONTROL BY 
CONTRACTOR

CODE VERIFICATION BY 
KDOT

Asphalt Material (Emulsion) Sampling KT-26 b 1 sample for every 3 loads. b
Lime Slurry Percent Solids of Lime Slurry KT-62 1 at beginning of project then 

1 at each mix design change.
k

MICROSURFACING
Sec. 606 & 1109

Sieve Analysis of Aggregate
(1%, 0.1% for No. 200 sieve, of 
mass)

KT-02 c 1 per 250 TONS for each 
individual aggregate.

1 per day.

Moisture Tests
(0.1 g or 0.01% of mass)

KT-11 3 per day. 1 per day.

Emulsified Asphalt KT-26 1 per project. k
Sampling Cement KT-29 1 per project. k
Percent Crushed Particles in Crushed 
Gravel
(0.1%)

KT-31 1 per project. k

Uncompacted Void Content of Fine 
Aggregate
(0.1%)

KT-50 1 per project. k

Sand Equivalent Test
(1%)

KT-55 1 per project. k

Individual Aggregates Sieve Analysis of Aggregate
(1%, 0.1% for No. 200 sieve, of 
mass)

KT-02 c
h

1 per 1000 TONS for each 
individual aggregate.

1 per project per individual 
aggregate.

Uncompacted Void Content of Fine 
Aggregate
(0.1%)

KT-50 l 1 on the first lot then 1 per 
10,000 TONS of crushed 
gravel.

1 per project.

DIVISION 600 (continued)

ULTRATHIN BONDED ASPHALT SURFACE (UBAS)
Sec. 613 & 1103
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 SAMPLING AND TESTING FREQUENCY CHART 
CONTRACTOR QUALITY CONTROL TESTING

CONSTRUCTION OR 
MATERIAL TYPE
2015 Std. Spec.  (SS 2015)

TESTS REQUIRED 
(RECORDED TO)

TEST 
METHOD

CODE QUALITY CONTROL BY 
CONTRACTOR

CODE VERIFICATION BY 
KDOT

Mineral Filler Supplement Sieve Analysis of Aggregate
(1%, 0.1% for No. 200 sieve, of 
mass)

KT-02 c
h

1 per 250 TONS. 1 per project.

Plasticity Tests
(0.01 g or 0.1% of mass)

KT-10 c
h

1 per 250 TONS. 1 per project.

Combined Aggregate Coarse Aggregate Angularity
(0.1% of mass)

KT-31 c
g
h

1 per lot of combined 
aggregate

1 per week or 1 per 10,000 
TONS.

Uncompacted Void Content of Fine 
Aggregate
(0.1%)

KT-50 f 1 on the first lot then 1 per 
10,000 TONS of combined 
aggregate.

1 per project.

Sand Equivalent Test
(1%)

KT-55 f 1 per lot. 1 per project.

Moisture Tests
(0.1 g or 0.01% of mass)

KT-11 1 per 2000 TONS of combined 
mix.

1 per project.

Asphalt Material Sampling KT-26 b
e

Sample per sampling 
frequency level chart

HMA Mixtures Percent Moisture in Mixture
(0.1 g or 0.01% of mass)

KT-11 1 per 2000 TONS of combined 
mix.

1 per project.

Theoretical Maximum Specific 
Gravity (Rice)
(Gmm = 0.001)

KT-39 n 1 per sublot. 1 per lot.

Binder Content (by ignition)
(0.1 g or 0.01% of mass)

KT-57 1 per sublot. j 1 per lot.

Mix Gradation (after ignition)
(0.1 g or 0.01% of mass)

KT-34 1 per sublot. 1 per lot.

DIVISION 600 (continued)
ULTRATHIN BONDED ASPHALT SURFACE (UBAS)
Sec. 613 & 1103 (continued)
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 SAMPLING AND TESTING FREQUENCY CHART 
CONTRACTOR QUALITY CONTROL TESTING

CONSTRUCTION OR 
MATERIAL TYPE
2015 Std. Spec.  (SS 2015)

TESTS REQUIRED 
(RECORDED TO)

TEST 
METHOD

CODE QUALITY CONTROL BY 
CONTRACTOR

CODE VERIFICATION BY 
KDOT

Individual Aggregates Sieve Analysis of Aggregate
(1%, 0.1% for No. 200 sieve, of 
mass)

KT-02 c 1 per 1000 TONS for each 
individual aggregate.

1 during the first 5000 
TONS of HMA produced 
for each individual 
aggregate.

Clay Lumps and Friable Particles in 
Aggregate
(0.1 g or 0.01% of mass)

KT-07 c
h

As required.

Shale or Shale-Like Materials in 
Aggregate
(0.1 g or 0.01% of mass)

KT-08 c
h

As required.

Sticks in Aggregate
(0.01% of mass)

KT-35 c
h

As required.

Mineral Filler Supplement Sieve Analysis of Aggregate
(1%, 0.1% for No. 200 sieve, of 
mass)

KT-02 c
h

1 per 250 TONS.
1 during the first 5000 
TONS of HMA produced.

Plasticity Tests
(0.01 g or 0.1% of mass)

KT-10 c
h

1 per 250 TONS.

Combined Aggregate Sand Equivalent Test
(1%)

KT-55 f 1 per lot.

Flat or Elongated Particles
(1%)

KT-59 1 on the first lot.

Moisture Tests
(0.1 g or 0.01% of mass)

KT-11 1 per lot.

Asphalt Material Sampling KT-26 b
e

Sample per sampling 
frequency level chart

HMA Mixtures Percent Moisture in Mixture
(0.1 g or 0.01% of mass)

KT-11 1 per lot. 1 during the first 5000 
TONS of HMA produced.

DIVISION 600 (continued)

HMA Base [Reflective Crack Interlayer (RCI)] 
Sec. 614
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 SAMPLING AND TESTING FREQUENCY CHART 
CONTRACTOR QUALITY CONTROL TESTING

CONSTRUCTION OR 
MATERIAL TYPE
2015 Std. Spec.  (SS 2015)

TESTS REQUIRED 
(RECORDED TO)

TEST 
METHOD

CODE QUALITY CONTROL BY 
CONTRACTOR

CODE VERIFICATION BY 
KDOT

HMA Mixtures (continued) Air Voids
(Va = 0.01%; Gmm & Gmb = 0.001)

KT-15, 
KT-39,
KT-58, & 
SF Manual

q 1 per sublot.
(See code n for Gmm)

j 1 per lot.  [Compact split 
sample on KDOT Gyratory 
– 1 per week or every 
15,000 TONS]

Binder Content (by ignition)
(0.1 g or 0.01% of mass)

KT-57 1 per sublot. j 1 per lot.

Mix Gradation (after ignition)
(0.1 g or 0.01% of mass)

KT-34 1 per sublot. 1 per lot.

Completed Road Work Field Density
Approved Rolling Procedure
Nuclear Gauge

(Gmb = 0.001; 0.1 lb/ft3 or 0.01% of 
Gmm)

KT-32 Verify Approved Rolling 
Procedure every 2 hours

10 Nuclear Gauge readings per 
day

DIVISION 600 (continued)

HMA Base [Reflective Crack Interlayer RCI)] Sec. 614 (continued)
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5.9.15 BULK SPECIFIC GRAVITY AND UNIT WEIGHT OF COMPACTED HOT MIX ASPHALT 

(HMA) (Kansas Test Method KT-15) 

 

1. SCOPE 

 

This method of test covers the procedure for determining the bulk specific gravity of specimens of 

compacted asphalt mixtures.  The specimens may have been molded in the laboratory or cut or cored from 

compacted pavements.  KT-15 reflects testing procedures found in AASHTO T 166 and AASHTO 

T 331.  

 

2. REFERENCED DOCUMENTS 

 

2.1. Part V, 5.9.; Sampling and Test Methods Foreword 

 

2.2. AASHTO T 166; Bulk Specific Gravity of Compacted Hot Mix Asphalt (HMA) Using Saturated 

Surface – Dry Specimens 

 

2.3. AASHTO T 331; Bulk Specific Gravity and Density of Compacted Hot Mix Asphalt (HMA) Using 

Automatic Vacuum Sealing Method 

 

3. APPARATUS 

 

3.1. The balance shall conform to the requirements of Part V, 5.9; Sampling and Test Methods 

Foreword, for the class of general purpose balance required for the principal sample mass of the sample 

being tested. 

 

3.2. Wire basket formed of No. 4 (4.75 mm) mesh hardware cloth, 1/4 in (6.3 mm) mesh or perforated 

shelf or suitable bucket.  The size shall be sufficient to fully support the specimen. 

 

3.3. Container with overflow device, for immersing the wire basket, shelf or bucket in water and 

maintaining a constant water level. 

 

3.4. Measuring device to establish the physical dimensions of a specimen. 

 

3.5. Vacuum chamber with a 1.25 h (0.93kW) pump capable of evacuating a sealed and enclosed chamber 

to 29.5 in Hg vacuum (100 kPa vacuum) in less than 60 seconds.  The chamber shall be large enough to 

seal samples of 6 in (150 mm) wide by 14 in (350 mm) long by 6 in (150 mm) thick.  The device shall 

automatically seal the plastic bag and exhaust air back into the chamber in a controlled manner to ensure 

proper conformance of the plastic to the asphalt specimen. 

 

3.6. Plastic bags used with the vacuum device shall be one of the two following sizes.  The smaller bags 

shall have a minimum opening of 9.25 in (235 mm) and a maximum opening 10.25 in (260 mm).  The 

larger bags shall have a minimum opening of 14.75 in (275 mm) and a maximum opening of 15.5 in (294 

mm). 

 

3.7. Specimen sliding plate used within the vacuum chamber for reduction of friction on the plastic bags. 
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4. PROCEDURE 

 

4.1. The bulk specific gravity of a compacted asphalt mix specimen is determined by computing the ratio 

of its mass in air to its bulk volume.  Procedure I is a rapid method which generally provides sufficient 

accuracy for the routine testing of specimens with dense, impermeable surfaces.  Procedure II corresponds 

to AASHTO T 331 test method for Bulk Specific Gravity and Density of Compacted Hot Mix Asphalt 

(HMA) Using Automatic Vacuum Sealing Method.  Procedure III is a laboratory method which is used to 

determine the bulk specific gravity of saturated specimens, and corresponds to AASHTO T 166, Method 

A.  This method is most suitable for testing specimens with slightly permeable surfaces in order to obtain 

the water absorption.  Procedure IV is a method which establishes the bulk specific gravity of specimens 

which are composed of “open” mixes that typically display high porosity and permeability.  In the event 

of dispute, Procedure IV will take precedence over Procedures I & II.  Marshall and Superpave design 

specimens molded at the estimated “optimum” asphalt content will be subjected to Procedure III to 

determine the water absorption (by volume).  If the water absorption is equal to or greater than 2.0%, 

Procedure II shall be used for both design and routine or field purposes. 

 

4.1.1. Constant mass shall be defined as the mass at which further drying does not alter the mass by more 

than 0.05%.  Initially dry the specimen overnight by either placing in an oven at 125 ± 5° F (52 ± 3°C) or 

by placing in front of a fan on an elevated wire rack and then weigh the next day at one-hour1 intervals. 

 

4.1.2. Specimens are defined to be at room temperature when meeting the following procedure:  Check 

surface temperature.  Let the specimen set for 5 minutes while at ambient air conditions (no flow of any 

type should be flowing across the specimen).  Recheck the surface temperature.  The original check and 

recheck must fall within 77 ± 5°F (25 ± 3°C) or the specimen temperature has not stabilized to room 

temperature. 

 

4.2. Procedure I 

 

4.2.1. Weigh specimen at room temperature to the nearest 0.1 g after it has attained room temperature.  

 

4.2.2. Place the specimen in the basket or bucket and determine it’s mass to the nearest 0.1 g while 

immersed in water with a temperature of 77 ± 2°F (25 ± 1°C).  The mass of the specimen in water shall be 

determined as quickly as possible after the specimen is immersed.  This method should not be used if the 

specimen contains open or interconnecting voids. 

 

4.3. Procedure II 

 

4.3.1. Dry the specimen to constant mass and weigh it to the nearest 0.1g. 

 

4.3.2. Cool the specimen to room temperature. 

 

4.3.3. Select an appropriate size bag.  For all 4 in (100 mm) diameter samples and samples with 6 in (150 

mm) diameter and less than 2 in (50 mm) thickness, it is possible to use the bag with the smaller opening 

size. 

 

4.3.4. Place a bag inside the vacuum chamber on top of the sliding plate. 

 

4.3.5. Gently open the bag and place the specimen in the plastic bag on top of the sliding plate, while 

being careful not to handle the bag in such a manner that would create a puncture. 

 
1 AASHTO T 166 and T 331 require a two-hour interval. 
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4.3.6. Allow the vacuum chamber to remove the air from the chamber and the plastic bag.  The vacuum 

chamber shall automatically seal the bag once the air is removed. 

 

4.3.7. Exhaust air into the chamber until the chamber door opens indicating atmospheric pressure within 

the chamber.  The chamber door latch can be used to avoid automatic opening of the door after 

completion of the test. 

 

4.3.8. Remove the sealed specimen from the vacuum chamber.  Handle the sealed specimen with extreme 

care. 

 

4.3.9. Weigh the sealed specimen in air to the nearest 0.1g. 

 

4.3.10. Weigh the sealed specimen while immersed in water at 77 ± 2°F (25 ± 1°C) to the nearest 0.1 g.  

Verify that no air bubbles are entrapped underneath the plastic bag material.  This can be accomplished by 

placing the sealed specimen in water with the plastic bag oriented in a vertical direction. 

 

4.3.11. Reweigh the sealed specimen in air to the nearest 0.1 g. 

 

4.4. Procedure III 

 

4.4.1. For cores, dry the specimen to constant mass.  Cool the specimen to room temperature and weigh 

the dry mass to the nearest 0.1 g, and record as A.  Immerse the specimen in a 77 ± 2°F (25 ± 1°C) water 

bath, let saturate for 4 + 1 minutes, then weigh and record mass as C.  Remove the immersed and 

saturated specimen from the water bath, quickly damp dry the saturated specimen with a damp absorbent 

cloth and as quickly as possible, weigh and record the specimen as B.  Any water which seeps from the 

specimen during the weighing operation is considered as part of the saturated specimen. 

 

NOTE: If desired, the sequence of testing operations can be changed to expedite the test results.  For 

example, first the mass of saturated damp dry specimen can be taken.  Then the saturated specimen in 

water can be weighed.  The dry mass of the specimen can be determined last. 

 

NOTE: Terry cloth has been found to work well for an absorbent cloth.  Damp is considered to be when 

no water can be wrung from the towel. 

 

4.5. Procedure IV 

 

4.5.1. Dry the specimen to constant mass. 

 

4.5.2. After the specimen has cooled to room temperature, weigh it to the nearest 0.1 g (see Section 

4.4.1.1 of this test method). 

 

4.5.3. Measure the height of the specimen to the nearest 0.001 in (0.025 mm) at four approximately 

equally spaced locations and average the four measurements.  The diameter of the test specimen shall be 

determined to the nearest 0.001 in (0.025 mm) by averaging three diameters measured at approximately 

120° from each other at about mid-height of the specimen.   The average diameter shall be used in 

calculations. 
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5. CALCULATIONS 

 

A = Mass of dry specimen in air, g. 

B = Mass of saturated specimen in air after 4 minutes in water, g. 

C = Mass of saturated specimen in water, g. 

D = Mass of sealed specimen in air, g. 

E = Mass of sealed specimen in water, g. 

F = Apparent specific gravity of plastic sealing material at 77 ± 2°F (25 ± 1°C). 

V = Calculated volume of specimen at 77 ± 2°F (25 ± 1°C). 

G = Mass of specimen weighed immediately in water, g. 

d = Specimen diameter (in [mm]). 

h = Specimen height (in [mm]). 

 

5.1. Procedure I: Bulk Specific Gravity (Gmb) 

 

Gmb =      A  

 (A-G)  

 

5.2. Procedure II: Bulk Specific Gravity of Plastic Sealed Specimens 

 

Gmb =             A   

 (D − E)– (
D -A

F
) 

 

5.3. Procedure III: Bulk Specific Gravity and Absorption of Saturated Samples 

 

Gmb =      A  

 (B-C)  

 

Calculate the percent of water absorbed by the specimen as follows: 

 

% Water Absorbed (Volume Basis) = 
100 × (B -A)

(B -C)
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5.4. Procedure IV: Bulk Specific Gravity by Physical Dimensions 

 

Vol (in3) = (0.7854) (d2) (h) (English) 

 

Vol (mm3) = (0.7854) (d2) (h) (SI) 

 

Unit wt. (lb/ft3) = 3.8096 (mass in grams)      (English) 

   Volume in in3 

 

Unit wt. (kg/m3) = 1,000,000 (mass in grams)      (SI) 

   Volume in mm3 

 

Gmb = Unit weight in lb/ft3    (English) 

        62.243d 

 

Gmb = Unit weight in kg/m3    (SI) 

        997.04d 

 

NOTE: Density of water varies based on temperature.  Since the water bath temperature is fixed at 77 ± 

2°F (25 ± 1°C), use the specified values.  For tests not restrained by the 77 ± 2°F (25 ± 1°C) requirement, 

temperature correction can be determined by selecting the proper density for water from Table 1. 
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Table 1 

Density of Water 

 

Temperature Density 

°C °F kg/m3 lb/ft3 

15 59.0 999.09 62.371 

16 60.8 998.94 62.362 

17 62.6 998.77 62.351 

18 64.4 998.60 62.341 

19 66.2 998.40 62.328 

20 68.0 998.20 62.316 

21 69.8 997.99 62.302 

22 71.6 997.77 62.289 

23 73.4 997.54 62.274 

24 75.2 997.30 62.259 

25 77.0 997.04 62.243 

26 78.8 996.78 62.227 

27 80.6 996.50 62.209 

28 82.4 996.23 62.193 

29 84.2 995.94 62.175 

30 86.0 995.65 62.156 

31 87.8 995.34 62.137 

32 89.6 995.03 62.118 

33 91.4 994.70 62.097 

34 93.2 994.37 62.077 

35 95.0 994.03 62.055 

 

NOTE: The table was derived from the table 10-28 of Lange’s Handbook of Chemistry; Twelfth Edition; 

Copyright 1979. 

 

5.5. SGcorr. 

 

SGcorr. = (
dw

997.04
) 

 

Where:  dw = density of water at temperature other than 77 ± 2°F (25 ± 1°C). 

 

6. PRECISION 

 

6.1. Duplicate determinations by multi laboratory, multi operator shall check to within 0.031.  This value 

is derived from the 2006 Independent Assurance Gyratory Comparisons. 
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5.9.20 MASS PER CUBIC FOOT (METER), YIELD, AND AIR CONTENT (GRAVIMETRIC) OF 

FRESHLY MIXED CONCRETE (Kansas Test Method KT-20) 

 

1. SCOPE 

 

This method of test covers the procedure for determining the mass per cubic foot (meter) of freshly mixed 

concrete and gives formulas for calculating the following values: Yield, Relative Yield, Actual Cement 

Factor and Air Content.  KT-20 reflects testing procedures found in AASHTO T 121. 

 

2. REFERENCED DOCUMENTS 

 

2.1. Part V, 5.9; Sampling and Test Methods Foreword 

 

2.2. KT-05 Unit Weight of Aggregate  

 

2.3. KT-17; Sampling Freshly Mixed Concrete 

 

2.4. KT-18; Air Content of Freshly Mixed Concrete by the Pressure Meter 

 

2.5. KT-19; Air Content of Freshly Mixed Concrete by the Volumetric Method 

 

2.6 AASHTO T 121; Weight per Cubic Foot, Yield, and Air Content (Gravimetric) of Concrete 

 

3. APPARATUS 

 

3.1. The balance shall conform to the requirements of Part V, 5.9; Sampling and Test Methods 

Foreword, for the class of general purpose balance required for the principal sample mass of the sample 

being tested. 

 

3.2. Tamping rod shall be a straight steel rod, 5/8 in (16 mm) in diameter and approximately 24 in 

(600 mm) in length with both ends rounded to a hemispherical tip of the same diameter. 

 

3.3. A cylindrical container made of steel or other suitable material.  It shall be watertight and sufficiently 

rigid to retain its form and calibrated volume under rough usage.  Measures that are machined to accurate 

dimensions on the inside and provided with handles are preferred.  The minimum capacity of the measure 

shall conform to the requirements in Table 1.  All measures, except for measuring bowls of air meters 

which are also used for KT-20 of this manual, shall conform to the requirements of KT-05 of this 

manual.  When measuring bowls of air meters are used, they shall conform to the requirements of KT-18 

of this manual.  The top rim of the air meter bowls shall be smooth and plane within 0.01 in (0.25 mm). 

 

NOTE: The metal or other suitable material should not be readily subject to attack by cement paste.  

However, reactive materials such as aluminum alloys may be used in instances where, as a consequence 

of an initial reaction, a surface film is rapidly formed which protects the metal against further corrosion. 

 

NOTE: The top rim is satisfactorily planed if a 0.01 in (0.25 mm) feeler gauge cannot be inserted 

between the rim and a piece of 1/4 in (6 mm) or thicker glass plate laid over the top of the measure. 
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Table 1 

Minimum Capacity of Measures 

 

Maximum Nominal Size of Coarse Aggregate Capacity of Measure, min  

in Mm ft3 m3 

1 25.0 0.2 0.006 

1 1/2  37.5 0.4 0.011 

2 50 0.5 0.014 

3 75 1.0 0.028 

4 1/2  114 2.5 0.017 

6 152 3.5 0.099 

 

 

NOTE: For maximum nominal aggregate sizes 1 in (25 mm) or less, the pressure meter bowl may be 

used. 

 

NOTE: Aggregate of a given maximum nominal size may contain up to 10% of particles retained on the 

sieve referred to. 

 

NOTE: To provide for wear, measures may be up to 5% smaller than indicated in this table. 

 

3.4. 1A rigid, flat glass or heavy plastic cover plate at least 1/2 (13 mm) thick and at least 2 in (50 mm) 

larger than the diameter of the measure for accurately striking off and leveling the surface of the concrete.  

The edges of the plate shall be straight and smooth with a tolerance of 1/16 in (1.6 mm). 

 

3.5. Hand scoop. 

 

3.6. Trowel. 

 

3.7. Mallet with rubber or rawhide head having a mass approximately 1.25 ± 0.50 lb (600 ± 200 g) for use 

with measures of 0.5 ft3 (0.014 m3) or smaller.  Mallet having a mass of 2.25 ± 0.50 lb (1000 ± 200 g) for 

use with measures larger than 0.5 ft3 (0.014 m3). 

 

3.8. Internal vibrators may have rigid or flexible shafts, preferably powered by an electric motor.  The 

diameter of the vibrating element shall be not less than 0.075 in (19 mm) or more than 1.50 in (38 mm) 

and the length of the shaft should be 24 in (600 mm) or more.  The frequency of vibration shall be 7000 

vibrations per minute (117 Hz) or greater.  A tachometer should be used to check the frequency of 

vibration. 

 

4. CALIBRATION OF MEASURE, AND CALIBRATION FACTOR 

 

4.1. Determine the mass of the empty measure to the nearest 0.05 lb (20 g) and record this mass as A. 

Determine the mass of the empty measure (coated with grease on the top rim if necessary) and cover plate 

to the nearest 0.05 lb (20 g) and record this mass as C. 

 

4.2. Fill the measure with water, using the cover plate to ensure that it is exactly full.  Wipe excess water 

from sides and bottom of the measure with an absorbent cloth. 

 
1 AASHTO T 121 allows the use of a metal plate. 
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4.3. Weigh and record the mass of the measure, water, and cover plate. Record this mass as B. 

 

4.4. Measure and record the temperature of the water and determine the density as found in KT-15, 

interpolating if needed. 

 

4.5. Calculations: 

 

V = B – C 

          D 

 

Where:  V = Volume of the measure, ft3 (m3) 

  B = Mass of the measure filled with water plus cover plate, lb (kg) 

  C = Mass of the measure and cover plate, lb (kg) 

  D = Density of water (see KT-15 ), lb/ft3  (kg/m3) 

 

F =     D =  1  

           B – C          V 

 

Where:  F = Calibration factor, 1/ft3 (1/m3) 

 

5. TEST PROCEDURE 

 

5.1. Obtain a sample of freshly mixed concrete in accordance with KT-17 of this manual. 

 

5.2. Weigh the measure and record the mass as A. 

 

5.3. Concrete at different slump levels requires different methods of consolidation to prepare satisfactory 

test specimens.  The methods listed below should be used as a guide in determining the type of 

consolidation to use: 

 

Slump of Concrete Type of Consolidation 

More than 3 in (75 mm) Rodding 

1 to 3 in (25 to 75 mm) Rodding or Vibration 

Less than 1 in (25 mm) Vibration 

 

5.4. Rodding procedure. 

 

5.4.1 Place concrete in the measure in three equal layers. 

 

5.4.2. Rod each layer 25 times when 0.5 ft3 (0.014 m3) or smaller measures are used and 50 times when 

the 1 ft3 (0.28 m3).  When rodding the first layer, avoid striking the bottom of the container and when 

rodding successive layers, use only enough force to penetrate the surface of the underlying layer about 1 

in (25 mm). 

 

5.4.3. After each layer is rodded, tap the sides of the measure smartly 10 to 15 times with the mallet to 

close any voids left by the tamping rod and to release any large bubbles of air that may have been trapped. 

 

5.4.4. After consolidation, strike-off the top surface of the concrete and finish it smoothly with the flat 

strike-off plate using great care to leave the measure just full.  The strike-off is best accomplished by 

pressing the strike-off plate on the top surface of the measure to cover about 2/3 of the surface and 
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withdrawing the plate with a sawing motion to finish only the area originally covered.  Then place the 

plate on the top of the measure to cover the original 2/3 of the surface and advance it with a vertical 

pressure and a sawing motion to cover the whole surface of the measure.  Several final strokes with the 

inclined edge of the plate will produce a smooth finished surface. 

 

5.4.5. Clean all excess concrete from the exterior of the filled measure.  Weigh the filled measure to the 

nearest 0.1 lb (50 g) and record the mass as D. 

 

5.5. Vibration Procedure. 

 

5.5.1. Fill the measure approximately 1/2 full of concrete.  Place all the concrete required for the layer in 

the measure before starting vibration. 

 

5.5.2. Consolidate the layer by three insertions of the vibrator evenly distributed over the surface.  Do not 

let the vibrator rest or touch the bottom or sides of the measure.  The duration of vibration will depend on 

the effectiveness of the vibrator and the consistency of the concrete, but usually sufficient vibration has 

been applied when the surface of the concrete becomes relatively smooth in appearance. 

 

5.5.3. Fill the measure to an elevation somewhat above the top rim and vibrate this second layer.  In 

compacting the final layer, the vibrator shall penetrate into the underlying layer approximately 1 in 

(25 mm).  Take care that the vibrator is withdrawn in such a manner that no air pockets are left in the 

specimen.  A small quantity of concrete may be added to correct a deficiency.  If the measure contains a 

great excess of concrete at completion of consolidation, remove most of the excess concrete with a trowel 

or scoop immediately before the measure is struck-off. 

 

5.5.4. Strike-off the surface as in Section 5.4.4 of this test method. 

 

5.5.5. Proceed as in Section 5.4.5 of this test method. 

 

6. CALCULATIONS 

 

6.1. Mass per cubic foot (meter) of fresh concrete. 

 

W = F (D- A) 

 

Where:  W = Mass of concrete lb/ft3 (kg/m3) 

  D = Mass of measure filled with concrete, lb (kg) 

  A = Mass of measure, lb (kg) 

  F = Calibration factor 
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6.2. Volume of Concrete produce per batch. 

 

𝑆 =  
𝑊𝑐 + 𝑊𝑓𝑎 + 𝑊𝑐𝑎 + 𝑊𝑤 + 𝑊𝑜

𝑊
 

 

Where:  S = Volume of concrete produced per batch, ft3 (m3) 

  Wc = Total mass of cement in batch, lb (kg) 

  Wfa = Total wet mass of fine aggregate in batch, lb (kg) 

  Wca = Total mass of coarse aggregate in batch lb (kg) 

  Ww = Total mass of mixing water added to batch, lb (kg) 

  Wo = Total mass of any other solid or liquid material used, lb (kg) 

 

6.3. Relative yield is the ratio of actual volume of concrete obtained to the volume as designed for the 

batch and shall be calculated as follows: 

 

(English) 

𝑅𝑌 =  
𝑆

27(𝑉𝑑)
 

 

 

(SI) 

𝑅𝑌 =  
𝑆

𝑉𝑑
 

    

Where;  RY = Relative density 

  Vd = Volume of concrete which the batch was designed to produce, yd3 (m3) 

  S = Volume of concrete produced per batch, ft3 (m3) 

 

NOTE: A value for RY greater than 1.00 indicates that an excess volume of concrete is being produced.  

Whereas, a value less than 1.00 indicates the batch to be “short” of its designed volume. 

6.4. Air Content: calculate as follows: 

 

𝐴 =  
100(𝑇 − 𝑊)

𝑇
 

 

 

Where:  A = Air content in the concrete 

  T = Theoretical mass of the concrete, lb/ft3 (kg/m3), air free basis 

  W = Mass of concrete lb/ft3 (kg/m3) 

 

NOTE: When the same materials and proportions are used to prepare different batches of concrete, it is 

assumed that the theoretical, air free, mass per cubic foot (meter) of the concrete is constant for all 

batches.  It is calculated from the formula: 

 

𝑇 =  
𝑊1

𝑉
 

 

       

Where:  W1 = Wc + Wfa + Wca + Ww + Wo 

    V = Total absolute volume of the component ingredients in the batch, ft3 (m3) 
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The absolute volume of each ingredient is calculated in accordance with subsection 5.10.1 of this manual.  

For aggregate components, the bulk specific gravity and mass should be based on the saturated, surface-

dry condition. 

 

6.5. Actual Cement Factor:  Cement factor based on theoretical yd3 (m3) of concrete required and actual 

quantity of cement used is calculated as follows: 

 

𝐴𝐶𝐹 =  
𝐴

𝐵
 

 

Where:  A = Actual cement used lb (kg) 

  B = Theoretical volume of concrete, yd3 (m3) 
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Two attempts may be made by the applicant. The applicant may stop themselves once and not have 
that count as one of the two attempts. If the applicant stops voluntarily, draw a line at that point and 
note that the applicant stopped themselves then restart at the top of the next attempt. 
 

Applicant:  CIT #:  

Employer:   
 
 
  1st Test Stopped Test 3rd Test 
 Procedure    
1. The total length of time required to sample 

and split the material shall take no longer than 
45 minutes. (Note) 

PASS    FAIL PASS    FAIL PASS    FAIL 

 Truck Beds    
2. Divide the truck bed into at least three areas 

of approximately equal size (3.1.1) PASS    FAIL PASS    FAIL PASS    FAIL 

      
3. Dig a hole about 1 ft (0.3m) deep at a point 

that will be representative of each area. 
(3.1.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

      
4. Take a sample near the bottom of each hole 

and place in container, taking care to prevent 
segregation (3.1.3.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

      
5. Combine the individual samples into a single 

sample and mix thoroughly (3.1.4.) PASS    FAIL PASS    FAIL PASS    FAIL 

      
6. The combined sample size shall be at least 

four times the amount required for testing. 
(3.1.5) 

PASS    FAIL PASS    FAIL PASS    FAIL 

 Conveyor Belt    
7. Stop the belt, Insert two templates, Space the 

templates such that the material contained 
between will yield an increment of the 
required mass (3.2.1) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
8. Obtain at least three approximately random 

equal increments, selected at random, from 
the unit being sampled. (3.2.2) 

PASS    FAIL PASS    FAIL PASS    FAIL 
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  1st Test Stopped Test 3rd Test 
     
9. Carefully scoop all material between the 

templates into the container and collect the 
fines from the belt with a brush and dust pan 
and add to the container.(3.2.3) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
10. Combine the individual samples into a single 

sample and mix thoroughly.(3.2.4) PASS    FAIL PASS    FAIL PASS    FAIL 

     
11. The combined sample size shall be at least 

four times the amount required for 
testing.(3.2.5) 

PASS    FAIL PASS    FAIL PASS    FAIL 

 Discharge or Flowing Streams    
12. The batch mixer or the continuous mixer 

(pugmill) shall be capable of sampling at the 
discharge outlet. When a sample is taken from 
the discharge, use a loader(s) or other heavy 
equipment capable of intercepting the entire 
cross section of the discharge stream. (3.3.1) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
13. Divide the material in the loader bucket into 

at least three areas of approximately equal 
size.  Obtain a sample from each of the three 
sections. (3.3.2) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
14. Combine the individual samples into a single 

sample and mix thoroughly. (3.3.3) PASS    FAIL PASS    FAIL PASS    FAIL 

     
15. The combined sample size shall be at least 

four times the amount required for 
testing.(3.3.4) 

PASS    FAIL PASS    FAIL PASS    FAIL 
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Overall Score 

Circle One 

1st Test Stopped Test Re-Test 

PASS PASS PASS 

FAIL FAIL FAIL 

Witness Examiner:    
(First Try) Signature  Date 

Witness Examiner:    
(Stopped Try) Signature  Date 

 Witness Examiner:    
(Re-Test) Signature  Date 
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Two attempts may be made by the applicant. The applicant may stop themselves once and not have 
that count as one of the two attempts. If the applicant stops voluntarily, draw a line at that point and 
note that the applicant stopped themselves then restart at the top of the next attempt. 
 

Applicant:  CIT #:  

Employer:   
 
 
  1st Test Stopped Test Re-Test 
 Test Procedure    
1. Place a piece of masking tape across the 

outside bottom of the cup parallel with the axis 
of the cup hanger pivot. Place the tape between 
the wear spot and the pivot so that the edge of 
the tape away from the cup hanger bisects the 
spot on the cup that contacts the base. Slide the 
height gauge under the cup to the device and 
turn the crank until the cup is raised to its 
maximum height.  If the adjustment is correct, 
a slight ringing sound will be heard when the 
cam strikes the cam follower. Remove the tape 
after adjustment. (4.3.1.1.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
2. Inspect the liquid limit device to be sure that it 

is in good working order and that there are no 
worn or “out of alignment” parts that will 
affect the test results. (4.3.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

3. Take a sample weighing approximately 100 g 
and place in the mixing dish. The sample shall 
be thoroughly mixed with 15 to 20 mL of 
distilled or demineralized water by alternately 
and repeatedly stirring, kneading, and 
chopping with a spatula. (4.3.3.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
4. Additions of water shall be made in 1 to 3 mL 

increments. Each increment of water shall be 
thoroughly mixed with the soil before another 
increment is added. Once testing has begun no 
additional dry soil is to be added to the 
moistened soil. (4.3.3.) 

PASS    FAIL PASS    FAIL PASS    FAIL 
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  1st Test Stopped Test Re-Test 
5. The liquid limit device shall not be used for 

mixing the soil and water. If too much 
moisture has been added to the sample, the 
sample shall either be discarded, or mixed and 
kneaded until the natural evaporation lowers 
the closure point into acceptable range. (4.3.3.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
9. A sufficient quantity of this mixture shall be 

placed in the cup above the spot where the cup 
rests on the base and shall be squeezed and 
spread with the spatula to level and at the same 
time trimmed to a depth of 10 mm at the point 
of maximum thickness. (4.3.4.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
10. The soil in the cup shall be divided by a 

maximum of six firm strokes of the grooving 
tool.  The depth of the grove should be 
increased with each stroke and only the last 
stroke should scrape the bottom of the cup.  
(4.3.4.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
11. The cup containing the sample shall be lifted 

and dropped by turning the crank at the rate of 
approximately two revolutions per second until 
the two sides of the sample come in contact at 
the bottom of the groove along a distance of 
about 0.5 in. (13 mm). DO NOT hold the base 
with the free hand while crank is turned. 
(4.3.5.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
12. Record the number of shocks. (4.3.5.) PASS    FAIL PASS    FAIL PASS    FAIL 
13. Remove a slice of the soil approximately the 

width of the spatula, extending from edge to 
edge of the soil cake at right angles to the 
groove and including that portion of the groove 
in which the soil flowed together, and place in 
a suitable container. (4.3.6.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
14. Record the sample mass to the nearest 0.01 g. 

The soil in the container (with lid) shall be 
dried in accordance with KT-11 to determine 
the moisture content.  Record the results. 
(4.3.6.) 

PASS    FAIL PASS    FAIL PASS    FAIL 
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  1st Test Stopped Test Re-Test 
15. Transfer the soil remaining in the cup to the 

mixing dish. (4.3.7.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
16. Wash and dry the grooving tool and cup. 

(4.3.7.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
17. Add water to the sample in the mixing dish to 

bring the soil to a more fluid condition. (4.3.8.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
18. The object of this procedure is to obtain 

samples of such consistency that at least one 
determination will be made in each of the 
following ranges of shocks: 25-35, 20-30, 15-
25. The range of the three determinations shall 
be at least 10 shocks. (4.3.8) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
19 Calculate the moisture content. (5.1) PASS    FAIL PASS    FAIL PASS    FAIL 
     

 
Overall Score 

Circle One 

1st Test Stopped Test Re-Test 

PASS PASS PASS 

FAIL FAIL FAIL 

Witness Examiner:    
(First Try) Signature  Date 

Witness Examiner:    
(Stopped Try) Signature  Date 

Witness Examiner:    
(Re-Test) Signature  Date 
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Two attempts may be made by the applicant. The applicant may stop themselves once and not have 
that count as one of the two attempts. If the applicant stops voluntarily, draw a line at that point and 
note that the applicant stopped themselves then restart at the top of the next attempt. 
 

Applicant:  CIT #:  

Employer:   
 
 
  1st Test Stopped Test Re-Test 
 Sample Preparation    
1. The test is conducted using material finer 

than the No. 40 (425 µm) sieve. (6.2.) PASS    FAIL PASS    FAIL PASS    FAIL 

 Procedure    
2. Thoroughly mix the minus No. 40 (425 µm) 

material and place approximately 20 g in an 
evaporating dish. (6.3.1.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
3. Thoroughly mix with distilled or 

demineralized water until the mass becomes 
plastic enough to be easily shaped into a ball. 
Take a portion of this ball with a mass of 
about 10 g for the test sample. (6.3.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
4. Select 1.5 to 2.0 g of sample, form into an 

ellipsoidal mass. (6.3.4.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
5. Form the mass into a uniform 1/8 in (3 mm) 

diameter thread by rolling it at a rate between 
80 and 90 strokes per minute between the 
palm or fingers and a ground-glass plate or 
paper laying on a smooth surface. (6.3.5.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
6. Reduce the diameter of the thread to 1/8 in (3 

mm) taking no more than 2 min. (6.3.5.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
7. Quickly squeeze and reform the thread into 

an ellipsoidal shaped mass and re-roll. 
Continue this alternate reforming and re-
rolling, until the thread crumbles under the 
pressure required for rolling and the material 
can no longer be rolled into a thread. (6.3.5.)  

PASS    FAIL PASS    FAIL PASS    FAIL 
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  1st Test Stopped Test Re-Test 
8. The crumbling may occur when the thread is 

greater than 1/8 in (3 mm) in diameter. This 
shall be considered a satisfactory end point, 
provided the material has been rolled to a 
thread of 1/8 in (3 mm) during the previous 
rolling. (6.3.5.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
9. At no time shall the operator attempt to 

produce failure at exactly 1/8 in (3 mm) 
diameter by allowing the thread to reach 1/8 
in (3 mm), then reducing the rate of rolling or 
the hand pressure or both, and continuing the 
rolling without further deformation until the 
thread falls apart. (6.3.5.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
10. Place the crumbled thread in a watch glass or 

other suitable container of known mass and 
close to prevent evaporation loss.  (6.3.6.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
11. Record the sample mass to the nearest 0.01 g. 

(6.3.7.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
12. The soil in the container shall be dried in 

accordance with KT-11, to determine the 
moisture content. The use of a lid for the 
container as stated in KT-11 is required. 
Record the results.  (6.3.7.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

 Alternate procedure using the Plastic 
Limit Device    

13. Attach smooth unglazed paper to both the 
bottom fixed plate and the top plate of the 
plastic limit device. (6.4.1.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
14. Split the 10 g test sample into four or five 

masses of 1.5 to 2.0 g each. Squeeze into an 
ellipsoidal-shape and place two to three 
masses on the bottom plate. (6.4.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
15. Place the top plate in contact with the soil 

masses. Simultaneously with a slight 
downward force, apply a back-and forth-
rolling motion with the top plate until the top 
plate comes into contact with the 3.2 mm side 
rails, within two minutes. (6.4.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 
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1st Test Stopped Test Re-Test 
16. Do not allow the soil thread to come into 

contact with the side rails. (6.4.2.) PASS    FAIL PASS    FAIL PASS    FAIL 

Calculations 
17. Calculate and record the percentage of 

moisture to the 0.1%, report the percentage of 
moisture to the nearest whole percent. (7.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

18. Calculate the plastic index as follows: 
Plastic Index= Liquid Limit – Plastic Limit 
(8.2)   

Report to the nearest whole number. (8.3) 

PASS    FAIL PASS    FAIL PASS    FAIL 

Overall Score 

Circle One 

1st Test Stopped Test Re-Test 

PASS PASS PASS

FAIL FAIL FAIL

Witness Examiner: 
(First Try) Signature Date 

Witness Examiner: 
(Stopped Try) Signature Date 

Witness Examiner: 
(Re-Test) Signature Date
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Two attempts may be made by the applicant. The applicant may stop themselves once and not have 
that count as one of the two attempts. If the applicant stops voluntarily, draw a line at that point and 
note that the applicant stopped themselves then restart at the top of the next attempt. 
 

Applicant:  CIT #:  

Employer:   
 
 
  1st Test Stopped Test Re-Test 
 Procedure    
1. Using 20 g or 26 g tester, place three scoops 

of calcium carbide in the body of the 
moisture tester. (9.1.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
2. Weigh a sample of the exact mass specified 

by manufacturer of the instrument in the 
balance provided, and place the sample in 
the cap of the tester. (9.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
3. Place two steel balls in the body of the tester 

with the calcium carbide (9.2.). PASS    FAIL PASS    FAIL PASS    FAIL 

     
4. With the vessel in a horizontal position, 

insert the cap in the vessel and seal unit 
tight, make sure no carbide comes into 
contact with the soil. (9.3.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
5. Raise the moisture tester to a vertical 

position so that the soil in the cap will fall 
into the pressure vessel. (9.4.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
6. Shake the instrument so that the lumps will 

be broken up to permit the calcium carbide 
to react with all available free moisture. 
(9.5.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
7. Make sure instrument is shaken with a 

rotating motion. (9.5.) PASS    FAIL PASS    FAIL PASS    FAIL 
     
8. Shaking should continue for at least 60 

seconds with granular soils and for up to 180 
seconds for soils so as to permit complete 
reaction between the calcium and the free 
moisture. (Note: 9.5) 

PASS    FAIL PASS    FAIL PASS    FAIL 
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  1st Test Stopped Test Re-Test 
9. When needle stops moving, read the dial 

while holding the instrument in a horizontal 
position at eye level. (9.6.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
10. Record the dial reading. (9.7.) PASS    FAIL PASS    FAIL PASS    FAIL 
     
11. With the cap pointed away from operator, 

slowly release the gas pressure. (9.8.)  PASS    FAIL PASS    FAIL PASS    FAIL 
     
12. Empty the pressure vessel and examine the 

material for lumps. If sample is not 
completely pulverized, the test should be 
repeated using a new sample (9.8.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
13. The percentage of moisture by dry mass of 

the soil may be determined from the 
conversion curve. (9.9.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
14. Record the dial reading to the nearest 0.1% 

and determine the percentage of moisture 
from the conversion chart. Report the 
percentage of moisture to the nearest whole 
percent. (11.1.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

 
 

Overall Score 

Circle One 

1st Test Stopped Test Re-Test 

PASS PASS PASS 

FAIL FAIL FAIL 

Witness Examiner:    
(First Try) Signature  Date 

Witness Examiner:    
(Stopped Try) Signature  Date 

Witness Examiner:    
(Re-Test) Signature  Date 
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Two attempts may be made by the applicant. The applicant may stop themselves once and not have 
that count as one of the two attempts. If the applicant stops voluntarily, draw a line at that point and 
note that the applicant stopped themselves then restart at the top of the next attempt. 
 

Applicant:  CIT #:  

Employer:   
 
 
  1st Test Stopped Test Re-Test 
 Test Sample    
1. Select a representative quantity of sample in 

the amount indicated in the appropriate table.  
(4.1.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

 Procedure    
2. Weigh a clean, dry container (with lid for 

soils).  Record the weight.  (4.2.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
3. Place the moisture sample in the container 

and weigh. (with lid for soils)  Record the 
weight. (4.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
4. Place the container with the sample in the 

drying oven 230 +/- 9 o F (110 o +/- 5o C) and 
dry to a constant mass. (remove lid) (4.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
5. Immediately upon removal from the oven, 

replace the lid and allow sample to cool to 
room temperature. (replace lid) (4.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
6. Weigh the container and the dried sample 

(with lid). (4.2.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
7. Calculate the moisture content.  (5.1.) PASS    FAIL PASS    FAIL PASS    FAIL 
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Overall Score 

Circle One 

1st Test Stopped Test Re-Test 

PASS PASS PASS

FAIL FAIL FAIL

Witness Examiner: 
(First Try) Signature Date 

Witness Examiner: 
(Stopped Try) Signature Date 

Witness Examiner: 
(Re-Test) Signature Date
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Two attempts may be made by the applicant. The applicant may stop themselves once and not have 
that count as one of the two attempts. If the applicant stops voluntarily, draw a line at that point and 
note that the applicant stopped themselves then restart at the top of the next attempt. 
 

Applicant:  CIT #:  

Employer:   
 
 
  1st Test Stopped Test Re-Test 
 Sample Preparation Fine    
1. Obtain a 60 to 80 lb (30 to 35 kg) sample, 

dry at 140ºF (60ºC) if necessary. Break it 
down to pass the No. 4 (4.75 mm) sieve. 
Discard granular particles retained on the 
sieve. (4.1.1.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
2. Mix thoroughly and weigh out six portions, 

each weighing 5 lb (2200 g). (4.1.2.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
3. Add a measured amount of water 

(approximately 12% by dry mass) to one 5 lb 
(2200 g) portion and thoroughly mix it into 
the sample. (4.2.1.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
4. The sample of soil water mixture shall be 

placed in a closed container to minimize 
moisture loss. The sample shall then be 
allowed to stand for a minimum of 12 hours 
before conducting the moisture density test. 
(4.2.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

 Test Procedure    
5. Obtain the mass of both the mold and base 

attached together. (It is suggested that the 
mold and collar be lightly coated with a light 
lubricant). (4.2.3.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
6. Place the assembled mold on the rigid base 

and fill the mold so that the compacted layer 
will equal 1/3 of the mold volume. (4.2.4.)  

PASS    FAIL PASS    FAIL PASS    FAIL 
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  1st Test Stopped Test Re-Test 
7. Compact the material with 25 blows of the 

rammer dropped from a height of 12 in 
(304.8 mm) above the surface of the 
material. Distribute the blows of the rammer 
evenly over the surface. (4.2.5.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

8. Place two more layers of the material in the 
mold and compact each layer as stipulated 
above. (4.2.6.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
9. Remove the top collar and trim the excess 

material level with the top of the mold. 
(4.2.7.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
10. Weigh the sample to the nearest 5 g while it 

is in the mold and still attached to the base. 
(4.2.9.)  

PASS    FAIL PASS    FAIL PASS    FAIL 

     
11. Remove the material from the mold and slice 

vertically through the center. Take a 
representative sample, weighing a minimum 
of 100 g, of the material from one of the cut 
faces, determine the mass immediately and 
dry in accordance with KT-11 to determine 
moisture content. (4.2.11.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
12. Repeat the compaction procedure using the 

other 5 lb (2200 g) increments of the sample 
to which different measured amounts of 
water have been added. (4.2.10.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
13. This procedure will be continued with 

varying moisture contents until at least three 
points are obtained on the dry side of 
“optimum moisture” and at least two points 
are obtained on the wet side of “optimum 
moisture”. (4.2.10.) 

PASS    FAIL PASS    FAIL PASS    FAIL 
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Overall Score 

Circle One 

1st Test Stopped Test Re-Test 

PASS PASS PASS 

FAIL FAIL FAIL 

Witness Examiner:    
(First Try) Signature  Date 

Witness Examiner:    
(Stopped Try) Signature  Date 

Witness Examiner:    
(Re-Test) Signature  Date 
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Two attempts may be made by the applicant. The applicant may stop themselves once and not 
have that count as one of the two attempts. If the applicant stops voluntarily, draw a line at that 
point and note that the applicant stopped themselves then restart at the top of the next attempt. 

Underlined items will be administered orally 
 

   

Applicant:  CIT #:  

Employer:   
 
 

TEST    TRIAL           
 
  1st Test Stopped Test 3rd Test 
 Determine the Volume of Jar & 

Attachment    

1. Weigh the assembled apparatus and record. 
(6.1.1.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
2. Place the apparatus up right and open the 

valve. (6.1.2.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
3. Fill the apparatus with water until it appears 

over the valve. (6.1.3.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
4. Close the valve and remove excess water. 

(6.1.4) PASS    FAIL PASS    FAIL PASS    FAIL 
     
5. Weigh the apparatus and water. (6.1.5) PASS    FAIL PASS    FAIL PASS    FAIL 
     
6. Repeat the procedure described above at least 

twice. The volume used shall be the average 
of three determinations with a maximum 
variation of 3 mL. (6.1.6.)   

PASS    FAIL PASS    FAIL PASS    FAIL 

 Determination of Bulk Density of Sand    
7. Place the empty apparatus upright on a firm, 

level surface; close the valve and fill the 
funnel with sand. (6.2.1.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
8. Open the valve and keeping the funnel at least 

half full of sand, fill the apparatus. Close the 
valve sharply and empty excess sand. (6.2.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 
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  1st Test Stopped Test 3rd Test 
     
9. Weigh the apparatus and sand. Determine the 

net weight of sand by subtracting the mass of 
the apparatus. (6.2.3) 

PASS    FAIL PASS    FAIL PASS    FAIL 

 Determination of mass of sand filling the 
funnel    

10. Put sand in the apparatus and obtain the mass 
of the apparatus and sand. (6.3.1.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
11. Seat the inverted apparatus on a clean, level, 

plane surface. (6.3.2.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
12. Open the valve and keep open until the sand 

stops running. (6.3.3.) PASS    FAIL PASS    FAIL PASS    FAIL 
     
13. Close the valve sharply. Weigh the apparatus 

with remaining sand and determine the loss of 
sand. This loss represents the mass of sand 
required to fill the funnel. (6.3.4.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
14. Replace the sand removed in the funnel 

determination and close the valve. (6.3.5.) PASS    FAIL PASS    FAIL PASS    FAIL 

 Determination of Density of Soil in-place    
15. Prepare the surface of the location to be tested 

so that it is a level plane. (6.4.1) PASS    FAIL PASS    FAIL PASS    FAIL 

     
16. Seat the inverted apparatus on the prepared 

plane surface and mark the outline of the 
funnel.  (6.4.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
17. Drill or cut a test hole.  Carefully save all 

material. (6.4.2.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
18. Seat the apparatus in the previously marked 

position, open the valve, and after the sand 
has stopped flowing, close the valve.  (6.4.3.)   

PASS    FAIL PASS    FAIL PASS    FAIL 

     
19. Weigh the apparatus and remaining sand. 

Determine the mass of sand used in the test. 
(6.4.4.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
20. Weigh the material that was removed from the 

test hole. (6.4.5.) PASS    FAIL PASS    FAIL PASS    FAIL 
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  1st Test Stopped Test 3rd Test 
     
21. Mix the material thoroughly and secure and 

weigh a representative sample for moisture 
determination.  (6.4.6.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

22. Determine the moisture content in accordance 
with KT-11. (6.4.7.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
23. Calculate the volume of the density apparatus. 

(6.1.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
24. Calculate the bulk density of sand. (6.2.4.) PASS    FAIL PASS    FAIL PASS    FAIL 
     
25. Calculate the wet density of the material 

removed from the hole. (6.5.2.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
26. Calculate the in place dry density of the 

material tested to the nearest 0.1 lb/ft3  (6.5.3.) PASS    FAIL PASS    FAIL PASS    FAIL 

 
Overall Score 

Circle One 

1st Test Stopped Test 3rd Test 

PASS PASS PASS 

FAIL FAIL FAIL 

Witness Examiner:    
                      (First Try) Signature  Date 

Witness Examiner:    
                          (Stopped Try) Signature  Date 

  
Witness Examiner:    

                             (Re-Test) Signature  Date 
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Two attempts may be made by the applicant. The applicant may stop themselves once and not have 
that count as one of the two attempts. If the applicant stops voluntarily, draw a line at that point and 
note that the applicant stopped themselves then restart at the top of the next attempt. 
 

Applicant:  CIT #:  

Employer:   
 
 
  1st Test Stopped Test Re-Test 
 Test Procedure    
 Loose Unit Weight of Sand    
1. Fill the cylinder of known volume to slightly 

overflowing by pouring the dry sand at a 
uniform rate from the spout of the pouring 
container. (4.1.1.1.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
2. Hold spout approximately 2 in (50 mm) above 

the top of the container. (4.1.1.1.) PASS    FAIL PASS    FAIL PASS    FAIL 

     
3. Strike off the excess sand level with top of the 

container, avoid jarring the container. Weigh 
the cylinder and sand.(4.1.1.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
4. Conduct a total of three tests to determine the 

loose unit weight of the sand and use the 
average value obtained when computing the 
“in-place” density. (4.1.1.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

 Density Determination    
5. Select test site, determine and record the 

station, distance from centerline, and 
elevation as distance below the final grade. 
(4.1.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
6. Trim off all raised or uneven spots to produce 

a smooth, flat surface not less than 18 in (450 
mm) square, using a point shovel or other 
suitable tool, and remove all loose material 
from the area. (4.1.3.) 

PASS    FAIL PASS    FAIL PASS    FAIL 
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  1st Test Stopped Test Re-Test 
7. Drill or cut a test hole through the depth of 

the material being tested and save all material 
removed, protecting the sample from weather 
conditions which might change the moisture 
content. (4.1.4.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

8. Weigh the material, record the mass, and dry 
the entire sample or a representative portion 
to constant mass. Weigh and record the dry 
mass. (4.1.5.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
9. Determine and record the mass of the pouring 

container with a volume of sand somewhat 
greater than the volume of the test hole. 
(4.1.6.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
10. Fill the hole level full of sand by pouring the 

sand at a uniform rate while holding the spout 
2 in (50 mm) above the top of the test hole. 
(4.1.7.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
11. The straight edge should be used to insure 

that the sand is level with the surface of the 
material surrounding the test hole. (4.1.7.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
12. Weigh the pouring container and remaining 

sand and record the mass. (4.1.8.) PASS    FAIL PASS    FAIL PASS    FAIL 
 Alternate Method    
13. Using a funnel, deposit the sand through a 

small pipe (about 3/4 in. in diameter). (4.2.1.) PASS    FAIL PASS    FAIL PASS    FAIL 
     
14. Let the pipe rest on the bottom of the hole and 

pour the sand into the pipe until it is full, then 
raise the pipe about 8 in. Repeat this step. 
(4.2.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

     
15. Do not let the pipe settle in the sand. The 

number of sections of pipe used does not 
affect the accuracy of the results, and each 
section may be removed as necessary. (4.2.2.) 

PASS    FAIL PASS    FAIL PASS    FAIL 
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  1st Test Stopped Test Re-Test 
16. Do the following calculations: 

Density of dry sand 
Percent moisture content of material 
Mass of sand in test hole 
Volume of test hole 
In place dry density of material being 

tested 
Mass of dry material removed from the 

test hole.       (5.) 

PASS    FAIL PASS    FAIL PASS    FAIL 

 
 

Overall Score 

Circle One 

1st Test Stopped Test Re-Test 

PASS PASS PASS 

FAIL FAIL FAIL 

Witness Examiner:    
(First Try) Signature  Date 

Witness Examiner:    
(Stopped Try) Signature  Date 

Witness Examiner: 
 

 
 

(Re-Test) Signature  Date 
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Example 1

Plastic Limit

Sample Computation

Information Data

Dish No. A B C D

Blow Count 15 23 32

Dish + Wet Soil (g) 55.76 56.40 50.95 46.02

Dish + Dry Soil (g) 50.61 52.00 47.10 44.94

Wt. of Dish (g) 39.77 42.20 38.12 39.35

Wt. of Dry Soil (g)

Wt. of Water (g)

% of Water

Liquid Limit___________  Plastic Limit_________  Plasticity Index________

Data

SOILS FIELD TESTER
KT-10

PLASTICITY TESTS

Liquid Limit

Computation

10

B
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W
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������� �	 
���� =

��� �	 
����


��� �	 ��� ����
× 100%

% WATER
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Example 2

Plastic Limit

Sample Computation

Information Data

Dish No. A B C D

Blow Count 19 26 35

Dish + Wet Soil (g) 55.37 55.39 56.48 41.77

Dish + Dry Soil (g) 48.66 49.51 50.12 40.40

Wt. of Dish (g) 37.96 39.69 38.86 35.40

Wt. of Dry Soil (g)

Wt. of Water (g)

% of Water

Liquid Limit___________  Plastic Limit_________  Plasticity Index________

Liquid Limit

Computation

Data

SOILS FIELD TESTER
KT-10

PLASTICITY TESTS

10

B
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��� �	 ��� ����
× 100%

% WATER
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NAME:

Description

Moisture Can Number 1 2 3 4 5

Mass of Can and Moist Soil (g) 140.1 121 165 135 173.7

Mass of Can and Dry Soil (g) 118.7 103.5 132.7 109.9 139.6

Mass of Moisture Can (g) 20.6 11.0 13.0 18.0 24.8

Mass of Water (g)

Mass of Dry Soil (g)

Moisture Content (%) (record)

Moisture Content (%) (report)

or

rev Sept 2021

Test Number
Variables

SOILS FIELD TESTER
KT-11

MOISTURE TESTS

� =
(�� − ��)

(�� − �	)
× 100% � =

(� − �)

(� − �)
× 100%

���� �� ����� = (�� − ��)

���� �� ��� ���� = (�� − �	)

���� �� ����� = (� − �)

���� �� ��� ���� = (� − �)

��, �

��, �

�� , C

�

�
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Name

Steps Description Units A B C D E F

1 Volume (Factor for 4 inch Mold ) Cu. Ft. 30 30 30 30 30 30

2 Mass of Mold g 907 907 907 907 907 907

3 Mass of Mold + Sample g 2719 2787 2847 2877 2832 2800

4 Mass of Sample ( steps 3-step 2) g

5 Convert grams to lbs  lb

Multiplying Step 5 by 0.0022

6 Moisture Can Identifications A B C D E F

7 Mass of Moisture Can + Moist Soil g 217.37 216.20 203.38 208.65 202.19 221.84

8 Mass of Moisture Can + Dry Soil g 199.93 196.02 181.89 184.06 175.66 189.95

9 Mass of Can g 27.65 29.22 27.29 28.08 27.52 28.75

10 Mass of Water g

11 Mass of Dry Sample g

13 Wet Density (Step 5 x Step 1) pcf

Maximum Dry Density pcf

Optimum Moisture Content %

note: 453.59 grams = 1 pound

SOILS FIELD TESTER
KT-12

PROCTOR TEST

Moisture Content Data and Calculations

12 %

Density Calculations

14 pcf

% ������	
 =
��

 10

��

 11
�100%

�	� �
����� =
��

 13

��

 12 + 100
�100
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Revised July 2024 

1 

 

SOILS FIELD TESTER 

SAND CONE WORKSHEET 

KT-13 

 

Container Volume Determination 

 

1 Weight of empty Apparatus  lb 

2 Weight of apparatus and water  lb 

3. Weight of Water 

 

 

 

 

 

___________lb 

 

4. Unit Weight of water (for water at 77oF) 62.243 lb 

5. Volume of Apparatus  

 

� =
�

�
 

 

���� 5 =  
���� 3

���� 4
 

 

 

 

 

___________ft3 

 

Calculate the volume of the density apparatus to the nearest 0.001 cubic feet 

 

Container Volume Determination 

 

6. Mass of empty Apparatus (from step 1)  lb 

7. Mass of apparatus + sand  lb 

8. Mass of Sand  lb 

9. Volume of apparatus (from step 5.)   

10. Bulk Density of sand (to the nearest 0.1 pcf) 

 

� =
�

�
 

���� 10 =  
���� 8

���� 5
 

 

 

 

___________pcf 

 

 

Cone Calibration 

11. Mass of apparatus + Sand initial (from step 7.)  lb 

12. Mass of apparatus + Sand (after filling cone)  lb 

13.  Mass of sand in Cone  lb 
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Revised July 2024 

2 

 

Volume of Hole 

A.  Mass of sand in Cone (from step 13)  lb 

B. Mass of apparatus + Sand (from step 11.)  lb 

C. Mass of apparatus + Sand (after filling hole)  lb 

D. Mass of Sand in hole 

 

���� � = ����� �� − ����� �� − ����� �� 

 

 

 

 

 

 

 

___________lb 

 

E. Volume of Hole 

 

� =
�

�
 

 

���� � =  
���� �

���� 10
 

 

 

 

 

 

 

___________ft3 

 

 

Density of Soil 

F.  Mass of wet material from hole  2.88 lb 

G. Wet Density  

 

� =
�

�
 

 

��� ������� =
���� �

���� �
 

 

 

 

 

 

 

 

 

 

___________pcf 

 

H. Moisture content 11%  

I. Dry Density 

 

��� ������� =
��� �������

�������� ������� + 100
!100 

 

 

��� ������� =
���� "

���� # + 100
!100 

 

 

 

 

 

 

 

 

 

 

___________pcf 
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