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PCC Level | Technician Course Manual Revised November 1, 2016

LAKE LAND COLLEGE
INSTRUCTOR AND COURSE EVALUATION

Course: PCC Level | Technician Course Section: Date:

PURPOSE: The main emphasis at Lake Land College is teaching. In this regard, each instructor must be
continuously informed of the quality of his/her teaching and the respects in which that teaching can be
improved. As a student, you are in a position to judge the quality of teaching from direct experience, and in
order to help maintain the quality of instruction at Lake Land, you are asked to complete this evaluation.
DIRECTIONS: DO NOT SIGN YOUR NAME. Your frankness and honesty are appreciated.

First, please record your general impressions and/or comments on the following:

Course

Instructor

For each remaining item, circle the number from the scale which seems most appropriate to you for the
instructor and course that you are evaluating. You are strongly encouraged to make any comments that will
clarify particular rating on the back of this form; please refer to each item you are discussing by its number.

WEAK SUPERIOR

OBJECTIVES AND APPROPRIATENESS OF THE COURSE:

1. Clarity of The objectives of the course were clearly 1 2 3 4 5
Objectives identified. Objectives were adequately covered.

2. Selection Content was relevant and met the level of 1 2 3 4 5
content the class.

ORGANIZATION AND CONTENT OF LESSONS:

3. Teacher Instructor was organized and knowledgeable 1 2 3 4 5
preparation in subject matter and prepared for each class.

4. Organization Classroom activities were well organized and 1 2 3 4 5
of classes clearly related to each other.

5. Selection of  Instructional materials and resources used 1 2 3 4 5
materials specific, current, and clearly related to the

objectives of the course.

6. Clarity of Content of lessons was presented so that it 1 2 3 4 5
presentation was understandable to the students.

7. Clarity of Different point of view and/or methods with 1 2 3 4 5

presentation  specific illustrations were used when appropriate.
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LAKE LAND COLLEGE
INSTRUCTOR AND COURSE EVALUATION

(PAGE 2)
WEAK SUPERIOR
PERSONAL CHARACTERISTICS AND STUDENT RAPPORT:
8. Vocabulary Instructor's vocabulary level was appropriate 1 4 5
for the class.

9. Pupil Instructor encouraged students to ask 1 4 5
participation questions and actively participate in class.
and interest

10. Personal Instructor indicated an interest and 1 4 5
attributes enthusiasm for teaching the subject matter.

11. Personal Instructor was familiar with current 1 4 5
attributes industry practices.

12. Personal Instructor's mannerisms were pleasing. 1 4 5
attributes

13. Instructor- Instructor indicated a willingness to help you 1 4 5
student in times of difficulty.
rapport

14. Instructor- Instructor was fair and impartial in dealings 1 4 5
student with you.
rapport

EXAMINATION:

15. Exam The exam correlated to the materials being 1 4 5
material covered in class.

SUMMARY:

16. Considering everything, how would you rate this instructor? 1 4 5

17. Considering everything, how would you rate this course? 1 4 5

COMMENTS: (Please use the area below to add any additional comments regarding the class and exam.)
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COURSE REQUIREMENTS FOR
SUCCESSFUL COMPLETION

Student must attend all class sessions. Photo identification on first day of class and
prior to taking the written and physical exams is required.

PREREQUISITE COURSE — None.

WRITTEN TEST (Day 1) - The test is open book. The time limit is 1 hour. A minimum
grade of 70 is required.

Note: For day 1, the Department has no out-of-state reciprocity.

WRITTEN RETEST - If the student fails the written test, a retest can be performed. The
test is open book. The time limitis 1 hour. A minimum grade of 70 is required. A retest
will not be given on the same day as the initial test. A retest must be taken by the end of
the academic year that the initial test was taken. The academic year runs from
September 1% to August 31*. Failure of the written retest, or failure to comply with the
academic year retest time limit, shall require the student to retake the class and the test.
The student shall be required to pay the appropriate fee for the additional class.

NOTIFICATION — The student will be notified by letter of their test score. A certificate of
completion will be issued if the student passes the course, and the 6 professional
development hours earned will be indicated on the certificate. Once trained, the
Department will not require the individual to take the class again for recertification
purposes.

Note: If the student passes the Day 1 written test or the retest within the academic year
time limit noted above, but fails the ACI certification and does not successfully complete
ACI retesting within the ACI re-examination period, the student will be required to retake
the Day 1 class and test, unless otherwise determined by Course Administrators. The
Department must have dated documentation to show the student passed the Day 1
class and test when the student submits the ACI certification. The student is advised
that this documentation may be destroyed after an extended period of time.

ACI TESTS (Days 2 and 3) — The written and performance examinations will be in
accordance with the American Concrete Institute (ACI). Successful completion is
determined according to ACI.

Individuals enrolling in the Day 1 training course who possess current ACI certification
as a Concrete Field Testing Technician - Grade | are not required to repeat the written
and performance ACI examinations. These individuals will be required to attend the first
day of the three day course, and present their current ACI wallet card or certificate to
successfully complete the Department’s cast-in-place QC/QA concrete program.

NOTE: For Days 2 and 3, the Department has out-of-state reciprocity for the ACI
certification, Concrete Field Testing Technician - Grade I.

ACI RETEST — The written and performance re-examinations will be in accordance with
ACI. Successful completion is determined according to ACI.
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e ACI RECERTIFICATION — ACI certification as a Concrete Field Testing Technician -
Grade | is valid for five years. An individual has the option to renew this certification, but
it is not required for the cast-in-place concrete and precast concrete products QC/QA
programs. For the precast prestressed concrete QC/QA program, renewal of
certification is not required except as may be mandated for a fabrication plant certified
under the “Precast/Prestressed Concrete Institute Certified Program.”

Note: Successful completion of the ACI portion of the course, (Days 2 and 3), can be
used to meet the requirements of the precast prestressed concrete QC/QA program, and
the precast concrete products QC/QA program. Recertification requirements are
according to ACI. The Department also has out-of-state reciprocity for the ACI class.
Day 1 is specifically for the cast-in-place concrete QC/QA program.
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PREFACE

This manual has been prepared to train the student to become a Level | PCC Technician. The
manual discusses the various aspects to make concrete adjustments, for lllinois Department of
Transportation (herein referred to as “IDOT” or the “Department”), Quality Control/Quality
Assurance (QC/QA) projects. The manual discusses various test methods, but any question
regarding the correct test method shall be resolved by the Manual of Test Procedures for
Materials, which has precedence over this manual. The manual provides basic information, and
is intended to be a useful reference tool. This manual is applicable for the April 1, 2016,
Standard _Specifications for Road and Bridge Construction (link embedded) and the
Supplemental Specifications and Recurring Special Provisions, Adopted: January 1, 2017 (link
embedded).
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DEFINITIONS

Bleed Water — The migration of water to the surface of the freshly placed concrete, due to the
settlement of cement, finely divided minerals, and aggregates.

Blended Cement — A hydraulic cement which meets the requirements of AASHTO M 240
(ASTM C 595). The hydraulic cement consists of portland cement and one or more inorganic
constituents.

Bugholes — Voids in hardened concrete that result from entrapped air bubbles migrating to
where the concrete meets the form’s interior surface.

Cement Aggregate Mixture (CAM) Il — A lean (low cement and finely divided mineral)
concrete mixture for stabilized subbase.

Cement Factor — The number of pounds of cement per cubic yard (English). The number of
kilograms of cement per cubic meter (Metric). Cement factor is the same as cement content.

Cementitious Material — A general term used to indicate fly ash, ground granulated blast-
furnace slag, microsilica, or high-reactivity metakaolin. However, the term is misleading
because fly ash, microsilica, and high-reactivity metakaolin do not have cementitious
characteristics. The term may be used interchangeably with Finely Divided Mineral.

Cold Joint — A distinct and separate layer in hardened concrete.

Concrete — A mixture consisting of cement, water, and aggregates; as a minimum.
Admixtures and finely divided minerals may be added.

Consistency — The ability of freshly mixed concrete to flow. Consistency is measured by the
slump test.

Controlled Low-Strength Material (CLSM) — A self-consolidating mortar mixture, which is
typically used as a backfill.

Drying Shrinkage — The slight contraction of concrete when it dries.

Initial Set — The point of time where the concrete begins to become firm. This will typically
occur 2 to 4 hours after batching the concrete.

False Set — Early stiffness of the concrete without much heat. The stiffness can be dispelled
by further mixing with no additional water.

Final Set — The point of time where the concrete is no longer plastic and finishing no longer can
take place. This will typically occur 5 to 8 hours after batching the concrete.

Finely Divided Mineral — A general term to indicate fly ash, ground granulated blast-furnace
slag, microsilica, or high-reactivity metakaolin. The term may be used interchangeably with
Cementitious Material.

Flash Set — Early stiffness of the concrete, usually with much heat. The stiffness cannot be
dispelled by further mixing with no additional water.

Fly Ash — The finely divided residue that results from the combustion of ground or powdered
coal.
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Fold — A visible line between concrete lifts involving self-consolidating concrete.
Free Moisture — Water on the surface of the individual aggregate patrticles.

Ground Granulated Blast-Furnace (GGBF) Slag — The glassy granular material formed
when molten blast-furnace slag is rapidly chilled, and then finely ground.

High-Reactivity Metakaolin (HRM) — A manufactured product formed by calcining purified
kaolinite, at a specific temperature range.

Hundredweight (cwt) — A unit of measurement equal to 100 Ibs.
Independent Sample — A field sample obtained and tested by only one party.

Microsilica — The extremely fine by-product that results from the manufacture of silicon or
silicon alloys.

Mortar — The fine aggregate, cement, finely divided minerals, water, and air in a concrete
mixture.

Paste — The cement, finely divided minerals, water, and air in a concrete mixture.

Pervious Concrete — A permeable concrete that allows water to infiltrate the concrete and
drain into the soil beneath it. The zero slump concrete mixture has little or no fine aggregate.

Plasticity — The ease of molding the concrete. A plastic concrete mixture will maintain
suspension of the aggregates.

Plastic Shrinkage Cracking — Cracks as a result of rapid evaporation of moisture from the
concrete surface. The cracks occur when water evaporates from the surface faster than bleed
water can appear at the surface.

Portland Cement — A hydraulic cement which meets the requirements of AASHTO M 85
(ASTM C 150).

Scaling — The deterioration of the upper concrete surface, which normally extends to a
maximum depth of 0.5 in. (13 mm).

Segregation — For concrete, the coarse aggregate has separated from the mortar. For
aggregate, the separation of a well graded production aggregate into individual sizes, due to
handling.

Self-Consolidating Concrete (SCC) — A flowable concrete mixture that does not require
mechanical vibration for consolidation.

Split Sample — One of two equal portions of a field sample, where two parties each receive
one portion for testing.

Standard Specifications — The Standard Specifications for Road and Bridge Construction.

Supplementary Cementitious Material — See definition for Cementitious Material.
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Thermal Cracking — Cracks resulting from a significant drop in concrete temperature.

Thermal Shrinkage — The slight contraction of concrete as the temperature decreases.

Wash Water — Residual rinse water in the drum of a truck mixer or truck agitator.
Water/Cement Ratio — The weight (mass) of water, divided by the weight (mass) of cement.
The water shall include mixing water, water in admixtures, free moisture on the aggregates, and
water added at the jobsite.

When fly ash, ground granulated blast-furnace slag, microsilica, or high-reactivity metakaolin
are used in a concrete mix, the water/cement ratio will be based on the total cement and finely
divided minerals contained in the mixture.

Workability — A measure of how easy or difficult it is to place, consolidate, and finish concrete.

Yield — The volume of freshly mixed concrete from a known quantity of materials.
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SUMMARY OF TEST METHODS

Air Content:
Illinois Modified AASHTO T 152 and T 196

Slump:
Illinois Modified AASHTO T 119

Strength:
Illinois Modified AASHTO T22and T 177

Temperature:
Illinois Modified ASTM C 1064

Unit Weight/Yield:
lllinois Modified AASHTO T 121

Self-Consolidating Concrete (SCC)
Illinois Test Procedure SCC-1

Illinois Test Procedure SCC-2

Illinois Test Procedure SCC-3

Illinois Test Procedure SCC-4

Illinois Test Procedure SCC-6

Illinois Test Procedure SCC-8

Illinois Test Procedure SCC-10

Controlled Low-Strength Material (CLSM)
lllinois Test Procedure 307

Concrete Plant Tests

Illinois Test Procedure 255
Illinois Test Procedure 301
Illinois Test Procedure 302
Illinois Test Procedure 303
Illinois Test Procedure 306

All test methods are published in the Manual of Test Procedures for Materials.
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CLASS OF CONCRETE

Class Designation Description
PV Pavement
PP PCC Patching
RR Railroad Crossing
BS Bridge Superstructure
PC Precast Concrete
PS Precast Prestressed
DS Drilled Shaft
SC Seal Coat
Sl Structures

(except superstructure)

Refer to Article 1020.04 for additional information.
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1.0 QC/QA PERSONNEL
1.1 PERSONNEL REQUIREMENTS

The Special Provisions for Quality Control of Concrete Mixtures at the Plant and
Quality Control/Quality Assurance of Concrete Mixtures will indicate when the
presence of the Level | PCC Technician is required, and discusses the use of a
Concrete Tester. To review the Special Provisions, refer to Appendix A.

1.2 QUALIFICATIONS AND DUTIES OF CONCRETE QUALITY CONTROL PERSONNEL
The responsibilities of the Level | PCC Technician are listed in Appendix B.
In addition, the Level | PCC Technician is advised to take safety precautions when
testing concrete. Safety glasses should be worn to protect you from the concrete

mortar which can splash in your eyes. Also, gloves should be worn to protect your
hands from the cement which has a high pH that can irritate the skin.
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2.0 TESTING

2.1

2.2

2.3

2.4

EQUIPMENT REQUIREMENTS

The required testing equipment is indicated in Required Sampling and Testing
Equipment for Concrete. Refer to Appendix C.

When acquiring new equipment, the Contractor should require the manufacturer to
meet Department test method requirements. If the equipment does not meet the
requirements, the Contractor should then be able to have the manufacturer repair or
replace the equipment.

The Department has encountered the following problems with new equipment:
e Air meter tamping rods which are too short.

e Air meter tramping rods which are made out of aluminum or another material,
instead of steel.

¢ Type B air meters which do not have the strike-off bar.
e Mallets which are too heavy or too light.

e Beam molds which do not have the interior sides, bottom, and ends at right
angles. For example, beam molds with an interior radius at the bottom or top of
the mold are unacceptable.

e Slump molds having riveted handles. The interior of the slump mold is to be
relatively smooth and free from projections.

EQUIPMENT CALIBRATION

The forms for documenting equipment calibrations are indicated in Calibration of
Concrete Testing Equipment. Refer to Appendix D.

The proper calibration of an air meter is important. Therefore, air meter adjustment
instructions are provided in Appendix E to assist the Level | PCC Technician.

TYPES OF SAMPLES

An independent sample is a field sample obtained and tested by only one party. A
split sample is one of two equal portions of a field sample, where two parties each
receive one portion for testing. Contractor split sample test results shall be provided
to the Engineer before Department test results are revealed.

RANDOM SAMPLING

The procedures for random sampling are indicated in Method for Obtaining Random
Samples for Concrete. Refer to Appendix F. The Engineer will provide the
Contractor with random sample locations, and in a manner that doesn’t give the
Contractor an advantage for advance prior knowledge.

HARD COPIES UNCONTROLLED Page 2 of 54



PCC Level | Technician Course Manual Revised November 1, 2016

2.5 FREQUENCY OF SAMPLING AND TESTING

The frequency of sampling and testing is indicated in the Special Provisions for
Quality Control of Concrete Mixtures at the Plant (Appendix A) and Quality
Control/Quality Assurance of Concrete Mixtures (Appendix A). The sampling and
testing frequency indicated in the two Special Provisions is a minimum. Additional
sampling and testing may be necessary to control concrete production. The PCC
Level I Technician should also check the Quality Control Plan for sampling and
testing frequencies.

2.6 TEST METHODS
A helpful summary of various concrete test methods is provided in Appendix G.

Test results are rounded as follows:

Test Method Rounding
Air Content Nearest 0.1%
Slump Nearest 1/4 in. (5 mm)
Unit Weight Nearest 0.1 Ib/ft* (1 kg/m®)
Yield Nearest 0.1 ft* (0.01 m®)
Flexural Strength Nearest 5 psi (50 kPa)
Compressive Strength Nearest 10 psi (100 kPa)
Temperature Nearest 1 °F (0.5 °C)

For information on testing self-consolidating concrete (SCC) or controlled low-
strength material (CLSM), refer to Appendices H and I, respectively.

2.7 ADJUSTMENTS TO A CONCRETE MIXTURE AT THE JOBSITE

Tests for air content and slump shall be performed before adjusting a mix. Concrete,
which is modified at the jobsite, after initial testing, shall be retested. Testing after an
adjustment is very important. For example, assume a slump test at the jobsite
indicated low slump. The normal adjustment would be to add water. After the
adjustment, the test for slump may indicate the problem was corrected. However,
the test for air content may indicate an increase which is unacceptable.

Documentation for air content and slump shall clearly indicate if these tests were
performed before, or after, the addition of water or admixtures. Strength specimens
shall not be molded until after the addition of all water and admixtures. If strength
specimens have been made for a batch of concrete, and subsequently during
discharge there is more water added, additional strength specimens shall be made
for the batch of concrete according to Article 1020.11(a)(4). Concrete shall not be
placed until air content and slump tests are completed. When placing concrete by
pump or conveyor, indicate which tests are performed before or after transport by
pump or conveyor.

Another important aspect is to do one adjustment at a time, if possible. For example,
assume the slump and air content test results are low at the jobsite. By only
increasing the water to adjust the slump, the additional water may be sufficient to
correct the air content. Finally, the Level | PCC Technician is reminded that
subsequent deliveries of concrete will have to be corrected until the adjustment is
made at the concrete plant.

Refer to 6.0 “Air Content” and 7.0 “Slump” for additional information.

HARD COPIES UNCONTROLLED Page 3 of 54



PCC Level | Technician Course Manual Revised November 1, 2016

2.8

FLAWED TEST

Any quality control or quality assurance test determined to be flawed may be
declared invalid only by the Department. The test result will be declared invalid only
if proof of improper sampling or testing is provided. The test result must still be
recorded and shall include the information for declaring the test invalid. This is
according to the Quality Control/Quality Assurance of Concrete Mixtures (Appendix
A). Referto 16.0 “Documentation” for additional information.

3.0 HAUL TIME

Haul time shall end when the truck is emptied for incorporation of the concrete into the
work according to Article 1020.11(a)(7).

3.1

3.2

3.3

3.4

NONAGITATOR TRUCKS

The maximum haul time for nonagitating trucks is 30 minutes according to
Article 1020.11(a)(7).

MIXER AND AGITATOR TRUCKS

The maximum haul time for truck mixers and truck agitators according to
Article 1020.11(a)(7)is as follows:

Concrete Temperature at Haul Time
Point of Discharge, °F (°C) Hours Minutes
50-64 (10-17.5) 1 30
>64 (>17.5) 1 0 (without retarder)
>64 (>17.5) 1 30 (with retarder)

When installing chain link or woven wire fence, the time limit for unloading may be
extended to 120 minutes when approved by the Engineer according to
Article 664.02 Note 2. The concrete shall be mixed in truck mixers or transported in
agitating trucks.

PLANT TESTING
To encourage start-up testing for mix adjustments at the plant, the first two trucks are
allowed an additional 15 minutes haul time whenever such testing is performed

according to Article 1020.11(a)(7).

The Level | PCC Technician should be aware the extra time may cause the concrete
mixture to be a little drier, when it finally arrives at the job site.

QUALITY CONTROL

Concrete shall be rejected by the Level | PCC Technician when the maximum haul
time is exceeded.
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4.0 MIXING

4.1

4.2

BATCH PLANTS
There are two types of batch plants, which are defined as follows:

e Dry Batch Plant - The concrete ingredients are measured by the plant and
charged into a truck mixer for mixing. This operation is called truck-mixed or
sometimes transit-mixed concrete.

o Wet Batch Plant - The concrete ingredients are measured and mixed by the
plant, and discharged into a delivery unit. This operation is called stationary-
mixed or central-mixed concrete.

A concrete batch is defined as the materials used for one mixing operation. Two
batches may be needed to fill a mixer, if the largest batch that can be weighed by the
plant is smaller than the amount that can be mixed. Article 1103.02(b) permits a
maximum of three weighings for charging a mixer.

TRUCK REVOLUTIONS

For stationary-mixed (central-mixed) concrete, the number of truck revolutions is not
recorded upon arrival at the jobsite, since stationary-mixed concrete is completely
mixed in a stationary mixer. The concrete is delivered in a truck agitator, a truck
mixer operating at agitating speed, or a nonagitator truck.

For truck-mixed (transit-mixed) concrete, the number of truck revolutions is recorded
upon arrival at the jobsite, since truck-mixed concrete is completely mixed in a truck
mixer for delivery.

For shrink-mixed concrete, the number of truck revolutions is recorded upon arrival
at the jobsite, since shrink-mixed concrete is mixed partially in a stationary mixer and
completed in a truck mixer for delivery.

If the Level | PCC Technician is required to record the number of truck revolutions,
and the truck’s revolution counter is not working, the concrete shall be rejected.

If additional water or an admixture is added at the jobsite, the concrete batch shall be
mixed a minimum of 40 additional revolutions after each addition according to
Articles 1020.11(a)(2) and 1020.11(a)(3).

To aid the PCC Level | Technician in verifying truck-mixed (transit-mixed) concrete is
adequately mixed, the following information and formulas shall be used. If the total
number of revolutions exceeds 300, notify the PCC Level Il Technician. The
concrete mixture is acceptable to place, but a slower agitating speed may be
warranted.

The recording of final truck revolutions is optional.
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For truck-mixed (transit-mixed) concrete where the fine and coarse aggregates
are added simultaneously to the mixer, the minimum and maximum truck
revolutions (REVs) may be calculated as follows:

Minimum REVs = 60 + [2 x (T - 6% N

Where: 60 = Minimum revolutions at plant.
T = Number of minutes elapsed from stamping of the truck ticket.
2 = Minimum agitating speed (REVs/minute).
5= Minimum mixing speed (REVs/minute).

Maximum REVs = 100 + [5 x (T - 10%/IRS )]

Where: 100 = Maximum revolutions at plant.
T= Number of minutes elapsed from stamping of the truck ticket.
5= Maximum agitating speed (REVs/minute).
MRS = Manufacturer's recommended mixing speed as shown on the
truck plate (REVs/minute).

For truck-mixed (transit-mixed) concrete where the fine and coarse aggregates
are added separately to the mixer, the minimum and maximum truck revolutions
(REVs) may be calculated as follows:

Minimum REVs = 70 + [2 x (T - 7% N

Where: 70 = Minimum revolutions at plant.
T = Number of minutes elapsed from stamping of the truck ticket.
2 = Minimum agitating speed (REVs/minute).
5= Minimum mixing speed (REVs/minute).

Maximum REVs = 100 + [5 x (T - 10%/IRS )]

Where: 100 = Maximum revolutions at plant.
T= Number of minutes elapsed from stamping of the truck ticket.
5= Maximum agitating speed (REVs/minute).
MRS = Manufacturer's recommended mixing speed as shown on the
truck plate (REVs/minute).

The following table contains REV values using the above equations, assuming a
mixing speed, MRS, of 16 revolutions per minute.

Minimum Minimum
60 Mixing Revolutions 70 Mixing Revolutions
Time, T (simultaneous charging) (separate charging)
minutes REVS, min REVS, max REVsS, min REVsS, max
10 60 119 70 119
15 66 144 72 144
20 76 169 82 169
25 86 194 92 194
30 96 219 102 219
35 106 244 112 244
40 116 269 122 269
45 126 294 132 294
50 136 319 142 319
55 146 344 152 344
60 156 369 162 369
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5.0 SAMPLING
The following information is based on lllinois Modified AASHTO R 60.

Obtain the concrete sample at or near the point of discharge by the delivery equipment
and prior to incorporation into the work, except when concrete is placed by pump or
conveyor. When placing concrete by pump or conveyor, sampling will be necessary prior
to and following transport by pump or conveyor because air content is likely to change
during transport. Refer to Section 6.4 for more information.

Since concrete is accepted or rejected on tests from relatively small samples of concrete,
it is very important that the sample be truly representative of the concrete batch. Samples
shall not be obtained from the first 4 ft* (0.1 m®) or from the last 4 ft* (0.1 m®) of discharged
concrete.

Occasionally, dry, sandy material may be discharged within the first 1/4 cubic yard
(1/5 cubic meter). Concrete containing dry, sandy material shall be discarded before
obtaining the sample.

When performing temperature, slump, and air content tests, a sample is normally taken
immediately after 4 ft* (0.1 m® of concrete has been discharged unless dry, sandy
material is encountered.

The size of sample is dependent on the type and number of tests to be conducted. For air
and slump tests, small samples are sufficient. If strength specimens are to be made,
larger samples are required. Do not be concerned with wasting small amounts of
concrete.

For front discharge trucks, field experience indicates a better representative sample can
be obtained by coating the interior discharge blades near the discharge opening. Expel
the concrete until discharge is imminent, then move the concrete back to the original
mixing position. Do this twice before discharging the concrete to obtain a sample.

Once the sample is obtained, move to a suitable location for performing tests and molding
strength specimens.

Since the determination of concrete temperature shall be completed within 5 minutes of
obtaining the sample, it is good practice to insert the thermometer into the concrete
immediately.

The slump and air tests shall be started within 5 minutes of obtaining the sample. (Note:
Per Article 1020.12 for mobile portland cement concrete plants, it states: “Slump and air
tests made immediately after discharge of the mix may be misleading, since the
aggregates may absorb a significant amount of water for four or five minutes after mixing.”
Therefore, in this situation, it is recommended to wait a minimum of 4 minutes before the
start of slump and air tests.) Since the slump test shall be completed within 2 1/2 minutes,
it is best to determine slump before starting the air test.

If strength specimens are necessary, molding shall begin within 15 minutes of obtaining
the sample. Per specifications, a slump test (or applicable self-consolidating concrete
tests), air content test, and temperature test shall be performed on the same sample
obtained for strength tests. When placing concrete by pump or conveyor, the Level | PCC
Technician shall obtain field samples for strength specimens at the discharge end of the
pump or conveyor. Field samples for strength test are taken at the discharge end of the
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6.0

pump or conveyor because air content is likely to change during transport. Typically, if air
content increases 1 percent, compressive strength will decrease approximately
2 to 6 percent and flexural strength will decrease approximately 2 to 4 percent. These
sampling and testing procedures are mandatory for bridge deck concrete transported by
pump or conveyor. For some construction items, it may not be feasible or practical to
obtain a field sample at the discharge end of the pump or conveyor. These samples may
be obtained prior to pumping or conveying at the discretion of the Engineer. Refer to
6.4 “Air Content Loss” for additional information.

AIR CONTENT

All concrete contains some amount of air. Air in concrete is either “entrapped” or
“entrained”. Entrapped air is not effective for improving concrete quality. Entrained air
improves concrete quality by providing extremely small air chambers, which relieve
pressures caused by freezing water. Entrained air also improves concrete’s resistance to
scaling caused by deicing salt. Concrete with entrained air has better workability, higher
slump, less segregation, less bleed water, and reduced bleed time. Concrete with
entrained air is more cohesive, but may be a “sticky” mixture.

Entrapped air bubbles, which are typically irregular in shape, are defined as bubbles
equal to or greater than 1 mm in diameter. Entrapped air will range from 0.5 to 3 percent,
but typically 1.5 to 2 percent entrapped air typically remains after the concrete is
consolidated.

Entrained air bubbles, which are spherical or almost spherical in shape, are defined as
bubbles smaller than 1 mm in diameter. Entrained air is normally produced by adding an
air-entraining admixture to the concrete during mixing. Entrained air is rarely produced by
using an air-entraining cement.

For air-entrained concrete, an air-entraining admixture does not create air bubbles. Air
bubbles are created by the mixing process. The shearing action of the mixer blades
breaks up large bubbles. An air-entraining admixture retains air in a mixture, by producing
a film around the air bubbles. During mixing, these stable air bubbles are less likely to
break and escape.

6.1 VARIATIONS
6.1.1 General
Air content variations may result if any of the following are changed:

e Aggregate Characteristics

e Cement Characteristics

e Finely Divided Mineral Characteristics
e Admixtures

e Water Characteristics

e Batching Sequence

¢ Mixing Equipment Condition

¢ Mixer Capacity vs. Amount of Concrete
e Mixing Speed
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e Mixing Time or Revolutions

e Air or Concrete Temperature

e Haul Time

e Transportation/Handling Method

Another important consideration for air content variations is the amount of water in a
concrete mixture. Increasing the water batched at the plant, or retempering with
water at the jobsite, will improve the effectiveness of an air-entraining admixture.

6.1.2 Pressure Meter

The pressure test method is intended for use with concrete using relatively
dense aggregates. The test is not applicable to concrete containing
lightweight aggregates, high porosity aggregates, or air-cooled blast-furnace
slag. Sources of test error using the Type A or B meter typically involve the
following:

e Improper consolidation.

e Pressure gauge malfunction.

e Petcock leak.

e Improper fit of lid with bowl because of unclean surface.

6.1.3 Volumetric Meter

The volumetric test method is applicable to concrete using any type of
aggregate, whether it be dense, lightweight, high porosity, or air-cooled blast-
furnace slag. Sources of test error using the volumetric meter typically
involve the following:

e Improper rolling to dispel air from concrete.
e Using another alcohol instead of 70 percent by volume isopropyl alcohol.
e Insufficient time for stability of reading.

6.2 QUALITY CONTROL

Except for Class SC concrete (air entrainment optional) and bridge deck latex
concrete overlay, all concrete and cement aggregate mixture |l shall contain
entrained air. The Level | PCC Technician should be aware that latex modified
concrete does not require entrained air, but some air is entrained by the latex. For
the air content range, refer to Articles 285.05, 312.26, and 1020.04. Also refer to the
bridge deck fly ash or ground granulated blast-furnace slag overlay, microsilica
overlay, high-reactivity metakaolin overlay, and latex concrete overlay Special
Provisions. Normally, concrete mix designs are based on the midpoint value of the
air content range.

As a result of the mix design and variations of air content within a batch of concrete;
air should be maintained near the midpoint of the specification range. Refer to
6.4 “Air Content Loss” for additional information.
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In addition to the requirements of 2.5 “Frequency of Sampling and Testing”, the
following are guidelines for air content testing at the jobsite:

¢ Increased tests are recommended at the beginning of a project, until test results
remain fairly constant.

e A test should be performed when there is a sudden loss in slump, development
of finishing difficulties, increased bleed water, increased segregation, or a loss in
yield. These are indications of lower air content. A test should also be
conducted when there is a sticky mixture. This is an indication of high air
content.

o A test should be performed anytime there is a change in materials, equipment, or
operations.

o Testing is advisable when any new shipment of material is used, especially a
new shipment of air-entraining admixture.

6.3 ADJUSTMENTS

Air content not within the specification limits may be adjusted. The Level | PCC
Technician shall reject the batch of concrete if the attempt to adjust the air content is
unsuccessful for meeting the specification limits.

6.3.1 Low Air

If the air content obtained is below the minimum specification limit, the procedure
to increase air content is as follows:

o Add a sufficient quantity of an approved air-entraining admixture. Normally,
1 oz. (40 ml) of admixture per cubic yard (cubic meter) of concrete will raise
the air content 1 percent. Mix the air-entraining admixture with approximately
3 to 5 gallons (10 to 20 liters) of water in a bucket and pour over the concrete.
To do this, it may be necessary to ask the driver to move the concrete to the
rear of the drum with discharge imminent. The Level | PCC Technician is
advised the water will increase slump, and the resulting higher air content will
increase slump. Therefore, the water shall be adjusted accordingly to comply
with the upper specification limit for slump. Refer to 7.3.1 “Low Slump” for
additional information. It should also be noted that for slipform concrete, it
may not be possible to adjust the air without affecting the slump too much. In
this case, the best alternative is to mix the concrete an additional
40 revolutions to help increase the air content.

¢ Mix the concrete a minimum of 40 revolutions at mixing speed. The mixing
speed for the truck mixer shall be per the manufacturer's rating plate. To
ensure folding of the mixture to generate air, do not mix too fast because the
centrifugal force may pin the mixture to the side of the drum.

¢ Retest the air content and slump.

¢ Notify the Level Il PCC Technician at the plant and discuss if changes are
warranted.
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6.3.2 High Air

If the air content is above the maximum specification limit, the Contractor may
have the concrete further mixed, within the limits of time and revolutions
specified, to reduce the air content. However, further mixing is most appropriate
for a vinsol resin type air-entraining admixture. In the case of a synthetic air-
entraining admixture, the more common practice is to stop agitation for
10 to 20 minutes. After the waiting period, mix the concrete 20 to 30 revolutions.
If you are 3 percent or more over the air limit, it is very doubtful you will be able to
get the concrete mixture back within the specification limits.

The Level | Technician is advised that the efforts to reduce air content will also
result in a lower slump.

6.4 AIR CONTENT LOSS

If a pump or conveyor is used for placement, a correction factor shall be established
to allow for a loss of air content during transport. The concrete is tested before and
after transport by the pump or conveyor, to establish the correction factor. The
correction factor is then applied to concrete which is tested before transport, but not
after transport, for record keeping purposes.

The air content should be near the midpoint of the range, after the correction factor
has been applied. If the air content is not near the midpoint, adjustments are needed
at the plant. Subsequent test comparisons to check the correction factor are
warranted when significant changes in temperature, distance, pump or conveyor
arrangement, and other factors have occurred.

If air content tests indicate significant air loss, the problem should not be solved by
increasing the air content above the upper specification limit. A lower slump
concrete or change in pump/conveyor arrangement can cause less air loss. Thus,
the air content at the discharge end would exceed the upper specification limit. The
best alternative is to reduce air loss by changing the pump/conveyor arrangement, or
by making minor mix adjustments at the plant.

Per Article 503.07, an accessory or accessories shall be incorporated in the
discharge components to minimize air loss. Typically an elbow or reducer is used.
The elbow configuration will normally consist of two elbows with 90 degree bends
connected to make an “S” shape. The reducer will narrow the diameter from one
end to the other, such as from 5 in. (127 mm) to 4 in. (102 mm). At the very end of
the pump is a rubber hose, which is less hazardous to personnel than metal
accessories.

Other methods for reducing air loss in pumped concrete are to reduce height of free
fall, reduce boom angles, keep pumping pressure low, use slow rate of pumping, and
reduce friction on hose walls.

The Level | PCC Technician is cautioned that as a result of pumping, the air content
has been observed to increase or remain unaffected. However, the typical air
content loss is 2 to 3 percent for pumped concrete. For concrete transported by
conveyor, the typical air content loss is up to 1 percent for distances less than
3000 ft. (914 m).
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6.5 AGGREGATE CORRECTION FACTOR

The air content determined according to lllinois Modified AASHTO T 152 includes air
in the concrete, and air held in the pore spaces of the aggregate particles. To
determine only the air in the concrete, a correction factor is needed. The
Department will provide the aggregate correction factor to the Contractor.

6.6 GENERAL

If air content increases 1 percent, compressive strength will decrease approximately
2 percent to 6 percent, flexural strength will decrease approximately 2 percent to 4
percent.

If air content decreases 1 percent, yield will decrease 1 percent, slump will decrease

approximately 1/2 in. (13 mm), and concrete durability will decrease. Durability

includes the resistance to freezing and thawing, and the resistance to deicing salt.
6.7 CARE OF DEPARTMENT MADE TYPE “A” AIR METERS (For IDOT Personnel)

To reduce weight, the Department manufactures the apparatus from a magnesium

alloy which may corrode under prolonged contact with water. Observance of a few

simple rules is necessary for the preservation of the Department's Type “A” air
meter:

e The apparatus must be cleaned and wiped dry after each use.

e Under no circumstances should it be assembled and stored with moisture on the
inside.

e |t should not be used as a water bucket in connection with other tests.

e Avoid damaging the rim of the air meter pot to ensure the rubber gasket seals
properly.
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7.0 SLUMP

A concrete mixture must have workability, consistency, and plasticity which are suitable for
job conditions. Workability is a measure of how easy or difficult it is to place, consolidate,
and finish concrete. Consistency is the ability of freshly mixed concrete to flow. Plasticity
determines concrete’s ease of molding. A plastic concrete mixture will maintain
suspension of the aggregates, and therefore the mixture is not likely to segregate during
transportation/handling. Segregation occurs when the coarse aggregate separates from
the mortar. Mortar consists of fine aggregate, cement, finely divided minerals, water, and
air.

The slump test is used to determine the consistency of concrete. The types of consistency
are stiff (low slump or poor flow) and fluid (high slump or excellent flow). The slump test is
an indication of workability and plasticity, but should not be used to compare mixtures of
different proportions. In addition, the slump test is not a good indicator of workability for a
concrete mixture containing fiber reinforcement or high fines. In regards to high fines, an
FA 20 is a good example of this.

7.1 VARIATIONS

Slump variations may result if any of the following are changed:

Aggregate Characteristics

e Cement Characteristics

e Finely Divided Mineral Characteristics
o Admixtures

o Water

e Mixing Equipment Condition

e Mixing Speed

e Mixing Time or Revolutions

e Air or Concrete Temperature

¢ Haul Time

e Transportation/Handling
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7.2

7.3

QUALITY CONTROL

Per Article 1020.04, different slump ranges are specified for different construction
applications. Any change in slump is an indication that something has changed in
the concrete mix. For example, assume the aggregates are of uniform consistency,
and a fixed quantity of water has been added. A change in slump could indicate
variations in aggregate gradations or air content, or errors in batching.

When a truck mixer arrives at the jobsite, listening to the noise that the mixer drum
makes can be helpful. If the drum makes a swoosh noise as it turns, the mixture is
less likely to need water than if a rattling noise is heard. However, do not guess a
slump. Perform the test for accurate results to adjust the mixture.

In addition to the requirements of 2.5 “Frequency of Sampling and Testing”, the
following are guidelines for slump testing at the jobsite:

¢ Increased tests are recommended at the beginning of a project, until test results
remain fairly constant.

e A test should be performed anytime there is a change in materials, equipment, or
operations.

e Testing is advisable when any new shipment of material is used.

Good quality control of water and air content are two aspects needed to produce
uniform consistency (slump). A good mixture will contain no more water than is
necessary to produce concrete which is workable and plastic. Therefore, do not add
unnecessary water.

When placing concrete by pump or conveyor, a correction factor for slump loss or
gain is optional. Refer to Section 6.4 for additional information.

Slump values near the maximum of the specified range are recommended to aid
finishing and handwork, as well as potentially improving the effectiveness of air-
entraining admixtures (that is, additional water benefits air-entraining admixtures).
Furthermore, high slumps at the plant can help anticipate slump loss due to high
temperature and long haul time, which otherwise could result in a mixture that may
be difficult to place and finish in the field. For example, experience has shown that
for slipformed pavement construction on a very hot day, a mixture resulting in a
slump of 2-1/2 inches (64 mm) at the plant can result in a slump of 1-1/2 inches
(38 mm) by the time it reaches the paver at the jobsite, resulting in a decrease of
slump by 1-inch (25 mm). A slump of 1/2 to 1-1/2 inches (13 to 38 mm) at the paver
is typical for slipform construction, but many Contractors desire 1-1/2 inches (38 mm)
to obtain a smooth pavement.

ADJUSTMENTS

Slump not within the specification limits may be adjusted. The Level | PCC
Technician shall reject the batch of concrete if the attempt to adjust the slump is
unsuccessful for meeting the specification limits. However, the Engineer has the
option to permit the use of the batch of concrete represented. Refer to
Article 1020.07 for additional information.
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7.3.1 Low Slump

If the slump obtained is below the minimum specification limit, the procedure to
increase slump is as follows:

e Add a sufficient quantity of water. Normally, 1 gallon (5 liters) of water per
cubic yard (cubic meter) of concrete will raise the slump 1 in. (25 mm). The
addition rate for increasing slump will normally increase air content
0.5to 1 percent. This is a result of more water available, which improves the
effectiveness of the air entraining admixture.

e Mix the concrete a minimum of 40 revolutions at mixing speed. The mixing
speed for the truck mixer shall be per the manufacturer’s rating plate.

e Retest the slump and air content.

o Notify the Level Il PCC Technician at the plant and discuss if changes are
warranted. Constant retempering at the jobsite will slow down production.

e After the slump has been adjusted, no more water should be added during
discharge of the concrete. Any additional water will change the water/cement
ratio of the remaining batch of concrete. Refer to 2.7 “Adjustments to a
Concrete Mixture at The Jobsite” and 7.4 “General” for additional effects of
adding water.

7.3.2 High Slump

If the slump obtained is above the maximum specification limit, the Contractor
may mix the concrete an additional 40 to 60 revolutions at mixing speed. This is
to ensure the concrete is properly mixed upon arrival at the jobsite. Mixing speed
is discussed in 7.3.1 “Low Slump.” The Contractor shall then retest the slump. If
the test fails, the concrete shall be rejected unless the Engineer permits the use
of the batch of concrete represented. Notify the Level Il PCC Technician at the
plant and discuss if changes are warranted.

An isolated case of high slump can sometimes be attributed to incomplete
discharge of all wash water in the truck mixer, or a wet spot in the aggregate
stockpile. A wet spot in the aggregate stockpile may result from recently
delivered material.

NOTE: In the case of self-consolidating concrete where a high slump flow is
obtained, letting the truck mixer sit and agitate may help to reduce the slump
flow. In some instances, a viscosity modifying admixture is added to reduce the
slump flow. Refer to 11.6 “Viscosity Modifying Admixture” for more information.
It should also be mentioned that self-consolidating concrete mixtures are more
sensitive to water adjustments.
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7.4 GENERAL

Adding 1 gallon (5 liters) of water per cubic yard (cubic meter) will have the following
effects on concrete:

o Compressive strength will decrease approximately 200 to 300 psi (1,380 to
2,070 kPa).

e Shrinkage potential will increase approximately 10 percent.
¢ The tendency of the mix to segregate may increase.
o Initial set time will be delayed.

o Durability will decrease. For example, the concrete will be less wear resistant,
less watertight, less resistant to deicing salt, and less resistant to freezing and
thawing.

7.5 RETEMPERING WITH WATER
7.5.1 RESTRICTION

Article 1020.05(b) allows a cement factor reduction for some classes of concrete.
If the mix design has less than 565 Ibs/cu.yd. (335 kg/cu. m.) of cement and
finely divided minerals summed together, no water may be added at the jobsite
for central-mixed concrete according to Article 1020.11(a)(4). The Level Il PCC
Technician shall inform the Level | PCC Technician when additional water is not
permitted.

7.5.2 CAUTION
The late addition of water to a batch of concrete can cause air void clustering

around aggregate particles. This may cause above normal decreases in
strength.
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8.0 UNIT WEIGHT/YIELD

The unit weight test is used to check the accuracy of proportioning, by determining the
yield of concrete. Yield is defined as the volume of freshly mixed concrete from a known
quantity of materials.

8.1

8.2

VARIATIONS

A lower unit weight/higher yield may indicate any of the following have changed:

The aggregates may have a lower specific gravity.
The air content may be higher.

The water content may be higher.

The cement factor may be lower.

The proportion of ingredients may have changed.

The weighing devices may not be operating properly.

A higher unit weight/lower yield would indicate opposite trends, and is costly to the
Contractor because there is a deficiency of concrete volume.

QUALITY CONTROL

Normally, the unit weight/yield test is performed at the plant but the test may be
performed at the jobsite as well. In addition to the requirements of 2.5 “Frequency of
Sampling and Testing”, the following are guidelines for unit weight/yield testing at the
jobsite.

Perform the test to check scale accuracy, scale sensitivity, and water
measurement.

Perform the test as needed to check aggregate uniformity. For aggregate
uniformity, a change in the test may indicate a change in aggregate gradation
particle shape or specific gravity.

A test should be performed after initial adjustment of the mix water.

A test should be performed after adjustment of the batch weights.

A test should be performed any time there is a discrepancy in the yield (i.e., a
shortage or overrun of concrete).

When performing the unit weight/yield test, the scale must be accurate, the bucket
must be properly calibrated, and a flat plate must be used for strike-off. This will
prevent discrepancies in the test results.
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8.3 ACCURACY

An investigation into the accuracy of proportioning is warranted when the measured
yield is not within £ 1 percent of the theoretical yield. If the measured yield is not
within the theoretical yield, based on one test, it is important to do a retest. Perform
the second test on a different batch of concrete. If the second test fails, it can be
concluded that the first test was not an anomaly.

The following is an example when only yield has been measured on a batch of
concrete.

English:

Design Batch Size

Mix Design Air Content
Theoretical Yield
Theoretical Yield + 1%
Measured Air Content
Measured Yield

6.0 cubic yards

6.5%

162.0 cubic feet

160.4 to 163.6 cubic feet

Assume 6.5% since not measured.
162.9 cubic feet (O.K.)

Metric:

6.00 cubic meters

6.5%

6.00 cubic meters

5.94 to 6.06 cubic meters

Assume 6.5% since not measured.
6.01 cubic meters (O.K.)

Design Batch Size

Mix Design Air Content
Theoretical Yield
Theoretical Yield + 1%
Measured Air Content
Measured Yield

The following is an example when yield and air content have been measured on
the same batch of concrete. (Note: If time is available, it is preferable to always
perform an air content test when determining yield. The air content test will help
provide a more accurate theoretical yield.)

English:

Design Batch Size

Mix Design Air Content
Theoretical Yield
Measured Air Content

6.0 cubic yards
6.5% (or 0.065)
162.0 cubic feet
6.3% (or 0.063)

Corrected Theoretical Yield — (21— Mix Design Air Content_) x (Theoretical Yield) _ (1-0.065) x (162.0) 1617 ft°
(1— Measured Air Content) (1-0.063)

Corrected Theoretical Yield £ 1% = 160.1 to 163.3 cubic feet

Measured Yield = 160.0 cubic feet (Investigate)

Metric:

Design Batch Size = 6.00 cubic meters

Mix Design Air Content = 6.5% (or 0.065)

Theoretical Yield = 6.00 cubic meters

Measured Air Content = 6.7% (or 0.067)

Corrected Theoretical Yield = (1— Mix Design Air Content) x (Theoretical Yield) _ (1-0.065) x (6.00) —6.01m°

(1— Measured Air Content) (1-0.067)

Corrected Theoretical Yield + 1% = 5.95 to 6.07 cubic meters
Measured Yield = 5.90 cubic meters (Investigate)
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9.0 CONCRETE STRENGTH

One of the most important properties of concrete is its strength. The purpose of strength
testing is to verify the strength potential of the concrete. For most concrete construction, a
compressive strength of 3,500 psi (24,000 kPa), or a flexural strength of 650 psi
(4,500 kPa), at an age of 14 days is required. Refer to Article 1020.04 for additional
information.

Note: For compressive strength testing, either 4- x 8-in. (100- x 200-mm) or
6- x 12-in. (150 x 300 mm) cylinders according to lllinois Modified AASHTO M 205
are allowed. The option to use of 4- x 8-in. (100- x 200-mm) cylinders is effective
January 1, 2014. Compressive strength shall be defined as the average of
two 6- x 12-in. (150- x 300-mm) cylinders breaks or three 4- x 8-in. (100- x 200-mm)
cylinder breaks. Furthermore, note that per lllinois Modified AASHTO T 23,
cylinders shall be 6 x 12 in. (150 x 300 mm) when the nominal maximum size of the
coarse aggregate exceeds 1 in. (25.0 mm). For QC/QA projects, Engineer
compressive strength split sample specimens will be the same size as those of the
Contractor.

9.1 MOLDING STRENGTH SPECIMENS

After each time steel beam forms are used, they should be cleaned of concrete and
coated with form release. Store the forms upside down to drain excess form release,
and to keep the forms’ interiors clean of dust and debris.

As soon as a strength specimen has been molded, it should be properly identified by
writing on the outside of the cylinder or beam mold. Beam specimens may also be
identified by inserting a weatherproof tag at one end of the mold. Do not scratch
identification markings into the freshly molded specimen, as this will influence test
results. When the strength specimen is removed from the mold, attach the
identification tag to the specimen or mark the specimen with waterproof ink.

Any movement of a cylinder or beam within the first few hours after molding may be
detrimental to strength. Thus, it is important that the specimens are molded in a
place where they will not be disturbed. If this is not possible, move them to a safe
place immediately after molding.

9.2 CURING STRENGTH SPECIMENS

Strength specimens shall be protected from evaporation and cured in the field (initial
curing) for no longer than 48 hours. After that, the specimens are moved to the
laboratory for final curing. However, per lllinois Modified AASHTO T 23, strength
specimens shall be field cured with the construction item as follows:

e Whenever the Contractor desires to open the pavement or shoulder to traffic
prior to 14 days from the time of concrete placement.

o Whenever pavement patching or bridge deck patching is performed.

e As directed by the Engineer. The need to field cure strength specimens with the
construction item is appropriate when the curing temperature experienced in the
field will be significantly different from the curing temperature experienced in the
laboratory. This will most often occur for work done in the spring and fall. In this
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situation, it is not unusual for field air temperatures to be low, but not low enough
to require cold weather concrete protection. As an example, a cement only
concrete mix that is cured in the field at 55 °F (13 °C) will have significantly lower
strengths at 3, 7, and 14 days than concrete cured in the laboratory at 73 + 3 °F
(23 + 2 °C). However, by 28 days, the concrete cured in the field should have
comparable strength to the concrete cured in the laboratory.

Therefore, it is important for the Engineer to consider daily high and low
temperatures, temperature of the delivered concrete, insulation benefit obtained
from the forms and curing method, and the heat of hydration generated from the
size of the pour. These factors will determine if field curing of strength
specimens is warranted.

It should be noted that strength specimens cured in the field shall be in the same
manner as the pavement or structure, which may include such things as insulation if
used.

9.2.1 Initial Curing

Per lllinois Modified AASHTO T 23, the strength specimens shall be field cured
during the first 48 hours in a temperature range from 60 to 80 °F (16 to 27 °C).
This is known as “initial curing” and should not be confused with strength
specimens that are directed to be cured with the construction item. Refer to
9.2 “Curing Strength Specimens” for requirements when curing strength
specimens with the construction item.

Strength specimens should always be placed in a shaded area. Department
specifications require a field curing box when an air temperature below 60 °F
(16 °C) is expected during the initial curing period. The device may be insulated
or power operated. Insulated devices may consist of a cooler, but such devices
are subject to theft. Therefore, nondescript insulated boxes are recommended.

In the case of very hot weather where temperatures may be above 80 °F (27 °C)
at night, refer to lllinois Modified AASHTO T 23 for cooling options to keep the
strength specimens in the specified temperature range. Power operated curing
boxes for cooling are available, but also are expensive.

The Level | PCC Technician is advised that curing within the specified
60 to 80 °F (16 to 27 °C) range during the first 48 hours is critical to proper
strength development. Any curing above or below the specified range will result
in lower strength test results at 14 days, which is the test of record most
frequently specified. However, if the test of record is specified to be 28 days, any
curing above the specified range will result in lower strength test results at
28 days. Any curing below the specified range will result in higher strength test
results at 28 days, since cool temperatures are beneficial to strength
development when sufficient time is allowed.

9.3 TRANSPORTING STRENGTH SPECIMENS TO FINAL CURING LOCATION
Careful handling and transportation of strength specimens to the location for final

curing will avoid adverse test results. The following items are important to
remember.
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e Take measures to avoid impacts and jarring, when handling and transporting
strength specimens. This can be accomplished by providing suitable cushioning
material for the strength specimens. Typically, straw or burlap is used.

o Do not expose the strength specimens to cold or freezing temperatures. For
example, transporting strength specimens in the open bed of a pickup is not a
good idea. Especially on a cold day.

e Do not allow the strength specimens to incur moisture loss. This can be
accomplished by wrapping the strength specimens in plastic, or covering the
strength specimens with wet burlap.

9.4 CURING IN SATURATED LIME WATER

Curing strength specimens in a water storage tank requires saturated lime water.
Use hydrated lime, such as type CH, according to ASTM C 911. This will prevent the
leaching of lime from within the strength specimen, which can affect the properties of
the concrete. A saturated solution is defined as the maximum amount of solute
(hydrated lime) which will dissolve in a solvent (water).

To determine the amount of hydrated lime required, it is known that approximately
0.2 percent dissolved hydrated lime will produce a saturated solution. This
calculates to be 0.017 pounds per gallon (2 grams per liter). Use 0.025 pounds per
gallon (3 grams per liter). Stir the hydrated lime thoroughly in the water, allowing the
excess to settle. The excess on the bottom will ensure the solution remains
saturated. Thereafter, stir the water in the storage tank monthly, and replace the
water and hydrated lime after 24 months.

9.5 QUALITY CONTROL

Strength is defined as the average of at least two 6- x 12-in. (150- x 300-mm)
cylinder or beam breaks or three 4- x 8-in. (100- x 200-mm) cylinder breaks for field
testing. A single beam may be used for two breaks if it is 29 3/4 in. (756 mm) or
greater in length. Department specifications normally require the test of record to be
performed on the 14th day after molding. Additional strength testing to determine
early falsework and form removal, early pavement or bridge opening to traffic, or to
monitor strengths is at the discretion of the Contractor.

9.6 HAND PUMP BEAM BREAKER

A hand pump beam breaker may be used according to lllinois Modified AASHTO
T 177. The following items are important to know when using the hand pump beam
breaker:

e A hand pump beam breaker is to be calibrated every 12 months. After
calibration, measures should be taken to avoid impacts and jarring when
transporting the beam breaker. Transporting the beam breaker can alter the
calibration.

When the beam breaker is delivered to the test site, it should be placed in a
location which does not require any further movement.
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9.7

A hand pump (manually operated) beam breaker can cause more variability in
test results than a mechanically operated breaker. Therefore, a hand pump
beam breaker must be operated in a consistent and accurate manner. The
Department test procedure for a hand pump beam breaker is as follows:

Fins that may have formed in finishing the beam shall be removed. The beam
shall be placed in the machine, with the formed sides in contact with the loading
crosshead and reaction rollers, (i.e., finished side vertical). The beam shall be
inserted to engage properly the bottom rollers, and shall have a minimum of 1 in.
(25 mm) overhang. The beam shall be properly centered on the bottom rollers.
The hand wheel is then rotated to bring the loading crosshead firmly into contact
with the beam. The release valve is then closed fingertight by turning it
clockwise, and the gauge check valve is placed in the “ON” position. The pump
is then operated continuously and without shock. The load shall be applied
rapidly until approximately 50 percent of the estimated breaking load is obtained.
Thereafter, the load rate shall be 150 + 25 psi/min. (1,035 + 175 kPa/min.) until
rupture occurs. The reading of the hydraulic gauge is then recorded, the gauge
check valve brought to the “OFF” position, the release valve opened by turning it
counterclockwise, and the hand wheel rotated to raise the loading crosshead.
When using the 30 in. (762 mm) long beam, the remaining length is inserted for
the second break. The same test procedure is used. Note for Department
Made Beam Breaker: If during the test a value of 1,000 psi (6,900 kPa) flexural
strength is obtained, and the beam has not ruptured, testing may be discontinued
to avoid damage to the hand pump beam breaker. The value shall be recorded
as 1,000+ psi (6,900+ kPa). For a minimum design flexural strength that is
greater than 800 psi (5,500 kPa), the Department made beam breaker should not
be used.

The following are tips to reduce the test differences between the Department and the
Contractor, when using a hand pump beam breaker.

Store Department and Contractor beam strength specimens in the same water
storage tank.

Test beam strength specimens at the same age. For example, a difference
would occur if the Department conducted a 14 day test in the morning, and the
Contractor conducted the test late in the afternoon. This tip would also be
applicable to cylindrical strength specimens.

Place Department and Contractor hand pump beam breakers at the same
location. This allows the beam strength specimens to be broken at the same
time, but more importantly, this allows one individual to imitate the pumping
procedure of the other individual.

CARE OF DEPARTMENT MADE BEAM BREAKER (For IDOT Personnel)

This machine, where feasible, is constructed of lightweight materials (magnesium,
aluminum) which are not subject to rusting. It nevertheless should be kept protected
against the elements and damage when not in use.

The hydraulic pump is built to withstand rugged usage over an extended period. Use
hydraulic jack oil when additional hydraulic fluid is needed. When adding oil, remove
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the filler plug and tilt the machine so that the pump cylinder is upright. The oil should
not be permitted to rise above the notch on the filler plug’s stem. Occasionally, the
pump shall be completely drained of oil and flushed with kerosene before refilling.

It is possible that air might get into the system, hindering its proper operation. To
remove the air:

o Close the release valve and activate the pump until the ram plunger is fully
extended.

¢ Open the release valve and push the plunger up by hand.

e Operate the pump handle rapidly for 8 to 10 strokes. Repeat this same
procedure if necessary.

In order to avoid airlocks, the hydraulic beam breaker should be stored on its side
with the check valve off and the release valve open.

Occasional lubrication of the rollers through the fittings is necessary. All other
lubrications are by sealed system. Set screws on the rollers should be checked
occasionally to make sure they are tight.

9.8 LOW STRENGTH
9.8.1 Investigating Low Strength Concrete

Low strength results require careful investigation to prevent unnecessary in-place
strength testing. For example, a majority of low strengths are a result of
improper handling and testing of the strength specimens. A cone fracture of a
cylinder strength specimen tested in compression is normal, but other fracture
types may indicate improper consolidation or handling of the specimen.

An investigation for low strength results should include the following:

o Was the correct mix design used?

¢ Were the correct batch weights used?

e Were the correct materials loaded within their respective bins or silos?

¢ Was the correct admixture dosage used? For a severe overdose of retarder,
it may take several days for the concrete to harden. Even if a normal dose of
retarder has been used, the retarder in combination with a mixture containing
fly ash and cement may, in rare occasions, result in a severe delay in
strength gain. This also applies to a ground granulated blast-furnace slag
and cement mixture.

e Was the air-entraining admixture a vinsol resin or synthetic type? For
comparable air contents, a compressive strength reduction of 20 percent or
more may occur when a vinsol resin is replaced with a synthetic type. When
a synthetic type admixture is used, air bubbles may accumulate around
aggregate particles, reducing the bond strength between the aggregate and
surrounding mortar. Thus reducing compressive strength. The clustering of
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air bubbles around aggregate particles is more likely to occur for mixes that
have high air content, longer mix times, and have been retempered with
water.

o Were quality materials used? For example, a change in cement, finely
divided minerals, or aggregate can lower strength. A consistent aggregate
gradation is also important.

¢ Was the concrete adequately mixed? Worn mix blades, mixer overloading,
improper batch sequence, and inadequate mixing time can lower strength.

o \Were the aggregate moisture contents determined accurately at the plant?

¢ How much water was added at the jobsite? Sometimes too much water can
be added due to a long haul time, delays in concrete placement, or requests
for wet concrete. A good practice is to determine the weight (mass) of the
strength specimen before testing. A lower weight (mass) may indicate the
strength specimen had a high water content because water has a much lower
density than concrete.

¢ What was the air content? A high air content will lower strength. A good
practice is to determine the weight (mass) of the strength specimen before
testing. A lower weight (mass) may indicate the strength specimen had a
high air content.

e What was the concrete temperature? A high concrete temperature will lower
long term strength.

e Was the concrete sampled correctly?

e Was the strength specimen molded correctly? For example, an identification
number shall not be inscribed in the surface of the concrete specimen. In
addition, weighing a strength specimen before testing is a good way to check
for degree of consolidation (i.e. effort and technique). A lower weight (mass)
may indicate the strength specimen was poorly consolidated.

e What is the quality of the cylinder molds? A cylinder mold which has a non-
flat bottom will lower strength because of uneven loading by the test
apparatus. A cylinder mold which is not round will lower strength. Thus, it is
a good practice to check cylinder diameter.

o Were the strength specimens moved within the first few hours of molding?
Movement of a specimen during this time period can lower strength.

e Were the strength specimens properly cured to prevent evaporation during
the first 24 hours after molding?

e Were the strength specimens field cured within the 60 to 80 °F (16 to 27 °C)
temperature range that is required for initial curing? Remember that concrete
mix designs with fly ash or ground granulated blast-furnace slag will have
slower strength gain when exposed to low curing temperatures.
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o Were there any delays in bringing the strength specimens to the laboratory
for wet curing? A longer period of continuous curing in dry air will lower
strength.

o Were the strength specimens handled and transported properly? Referto 9.1
“Transporting Strength Specimens.”

e At the laboratory, were the strength specimens properly wet cured and within
the required temperatures?

o Were the cylinder strength specimens properly capped, or ends properly
prepared? The end of a specimen should be sawcut when there is aggregate
loss along the perimeter of the cylinder.

If bonded caps are used, make sure the material is qualified for the concrete
strength. In addition, ensure the cylinder ends are sufficiently flat and
perpendicular (to the cylinder axis) to preclude excessive cap thickness.

For unbonded pad caps, make sure the cylinder ends are sufficiently flat and
perpendicular to the cylinder axis. In addition, make sure the pads are of the
correct hardness and in acceptable condition. Worn pads may reduce
cylinder strength, but usually not a significant amount.

e Were proper procedures used for breaking the strength specimens?

For example, allowing strength specimens to dry before testing can increase
strength for cylinders but lower it for beams. In addition, improper cylinder
alignment in a load-testing machine will lower strength. Make sure the
loading surfaces of the testing machine are plane, and the dimensions of the
spherically seated head satisfy requirements. In addition, make sure the
spherically seated head is properly lubricated to allow rotation upon contact
with the cylinder but will remain fixed during loading. Do not use grease as a
lubricant for the spherical head.

Make sure the cylinder is properly centered in the testing machine.

Make sure the loading rate is within the requirements. A slow loading rate
may produce a lower strength, and a fast loading rate may produce a higher
strength.

Make sure the cylinder was in fact loaded to its ultimate capacity.
Finally, make sure the machine has been properly calibrated.

o Does the strength specimen have any unusual defects or contain foreign
material? For example, the Department determined a low cylinder strength
test result to be caused by a mudball. Refer to 14.0 “Identifying Problems
With A Concrete Mixture” for additional information.

e Was there anything unusual about the cylinder break? For example, a shear
break may indicate unleveled capping or rotation of a platen. Vertical cracks
through the cap or a chip off the side may indicate improper load distribution.
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An asymmetric failure may indicate the cylinder was not properly centered in
the testing machine.

¢ Finally, failure along a layer may indicate improper consolidation of a cylinder
or beam.

9.8.2 Suggested Guidelines to Follow after a Low Strength or Invalid Test Result
Occurs

After a low strength or invalid strength test for concrete is confirmed per an
investigation according to 9.8.1 “Investigating Low Strength Concrete”, Article
105.03 will apply and the Contractor may submit a proposal to the Engineer
(Resident Engineer/Technician) to prove the concrete is acceptable. The
proposal may be accepted or rejected. The following guidelines are for
informational and training purposes only. The District or Local Agency
administering the contract will make the final determination on how to evaluate a
low strength or invalid test result for concrete. In addition, concrete which
does not obtain the required strength in the specified time frame should
not be considered inferior. If the concrete is subsequently determined to
be acceptable, long term performance and durability of the concrete is not
expected to be diminished.

9.8.2.1 Location of Unacceptable Concrete

Pour records will be examined by the Engineer to determine the location
of the unacceptable concrete. Concrete batched prior to or after the
batch in question will also be evaluated to determine if it should be
included with the questionable batch. The questionable batch of concrete
may be determined to be an isolated incident, such as when it has a
higher water or air content when compared to the other batches of
concrete.

9.8.2.2 Consultation with Engineer of Record

Once the unacceptable concrete boundaries are determined, the
Engineer of Record (designer) for a structure or pavement will be naotified.
The Engineer of Record is responsible for determining structural
adequacy and has liability for the design. Concrete with questionable
strength is never to be accepted unless the Engineer of Record has
examined the investigation and given approval for structural
adequacy. For acceptance of the concrete, the Engineer of Record
needs proof that the allowable stresses will not exceed the design value
for the structure or pavement. The Engineer of Record may also make
recommendations during the investigation process.

In regards to median, sidewalk, slope wall, paved ditch, or other concrete
that is a low risk for vehicular traffic loading, the Engineer of Record does
not necessarily need to be notified. In these cases the District or Local
Agency will normally perform the review according to Article 105.03.

Note: For State projects, the Engineer of Record is normally the Bureau
of Bridges and Structures (BBS), but BBS will also coordinate when
appropriate, an investigation into concrete strength with the Engineer of
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Record. For Local Agency projects, the Engineer of Record may be the
Local Agency, or a Consultant hired by the Local Agency, or the Bureau
of Bridges and Structures when the Local Agency requests assistance.

9.8.2.3 Methods for Evaluating Unacceptable Concrete

The Contractor has several options to include in a proposal for showing
the concrete in question may be accepted.

9.8.2.3.1 Coring

The most frequent method to show concrete is acceptable is
through coring. The core provides the actual in situ strength of the
concrete, and is an indication of the quality of consolidation and
curing. The molded strength specimen is only an indication of the
mixture’s strength potential. When concrete is cored, AASHTO T
24 “Obtaining and Testing Drilled Cores and Sawed Beams of
Concrete” is followed. The Contractor shall obtain permission
from the Engineer to core the concrete. The Engineer of Record
is normally consulted to determine the number of cores, location,
and their orientation. This will also assure the coring does no
structural harm. (Note: For pervious concrete, coring is not
recommended because of damage from the coring process.)

If possible per the construction schedule, it is recommended to
delay coring and allow the concrete to obtain additional strength.
Coring no sooner than 28 days is recommended for a portland
cement only mixture. If a portland-pozzolan cement, portland
blast-furnace slag cement, or when fly ash or ground granulated
blast-furnace slag is added to the concrete mixture, a waiting
period for up to 56 days may be beneficial. During the waiting
period, additional wet curing of the concrete will typically improve
its strength.

When determining core locations, the use of a rebound hammer
(also called a Schmidt Hammer or Swiss Hammer) according to
ASTM C 805 “Rebound Number of Hardened Concrete” is useful
for finding areas that have the potential for the least strength.
(Refer to 9.8.2.3.3 “Other Tests” for additional information on the
rebound hammer.) A cover meter (pachometer) is also useful in
locating reinforcement to avoid coring through reinforcement.
Unfortunately, coring through reinforcement may not always be
avoided, and the Engineer of Record should be informed when
this occurs because embedded reinforcement has a slight
tendency to lower test results. As a final note, it is useful to get
the unit weight of the core. A lower weight (mass) may indicate
the core had a high water content (water has a much lower
density than concrete). A lower weight (mass) may also indicate
the core had high air content or the strength specimen was poorly
consolidated. For more general information on coring, refer to ACI
214.4R “Guide for Obtaining Cores and Interpreting Compressive
Strength Results”.
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The Contractor is normally responsible for obtaining the cores.
The Engineer will supervise the coring and will take immediate
possession of or otherwise secure the cores for transportation and
testing. Either the Department or the Contractor will test the
cores. For Contractor testing, a Consultant that is acceptable to
the Department is usually hired by the Contractor. The Engineer
may witness the testing of the cores if it is not done by the
Department. Core holes are normally repaired by the Contractor
using a nonshrink grout from the Department’s
“Approved/Qualified Product List of Nonshrink Grouts”.

Per AASHTO T 24, cores should be tested at least five days after
the wetting of the core. If quicker testing is required, it is
recommended to wait at least two days after the last wetting of the
core. The last wetting may occur after coring or after sawing the
ends of the core (if applicable) in preparation for the test. If the
core test results per AASHTO T 24 are 100.0 percent or more of
the required strength, the concrete will be accepted for strength.
This statement for concrete acceptance is based on the test result
for each core, and not the average of two or more cores.

9.8.2.3.2 Load Test

In some cases coring is not possible or desirable and a load test is
performed. A load test typically consists of placing a dead load on
the structure or structural member and measuring the deflection
and rebound after a period of time. The main goal of a load test is
to prove structural adequacy with an adequate factor of safety
against failure. Load tests are not able to determine concrete
strength. A load test protocol is provided in ACI 318, and has
been shown to produce acceptable results. However, there is
much discussion on the acceptable criteria for a load test, and
philosophical differences exist among engineers.

9.8.2.3.3 Other Tests

Two other methods for estimating in place concrete strength are
ASTM C 803 “Penetration Resistance of Hardened Concrete” and
ASTM C 805 “Rebound Number of Hardened Concrete”.
Unfortunately, these two test methods do not provide an accurate
representation of in place concrete strength. The ASTM C 803
and ASTM C 805 tests are not normally permitted by the
Department to show the concrete may be accepted. However, the
test data may be used as supplemental information when
evaluating questionable concrete. ASTM C 803 involves a steel
probe or pin driven into the concrete using a driver unit. ASTM C
805 involves a spring-loaded steel hammer that is released and
then strikes a plunger in contact with the concrete surface. The
inaccuracies for these two tests are caused by the presence or
absence of coarse aggregate beneath the point of contact. The
tests may also be influenced by reinforcement bars with shallow
concrete cover. In addition, ASTM C 805 is influenced by vertical
versus horizontal testing, vertical distance from the bottom of
concrete placement, depth of carbonation, concrete moisture,
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freezing temperatures, and concrete surface texture. The tests
are better suited for evaluating the uniformity of the concrete at
the surface, and to locate areas that have the potential for the
least strength.

One other method for estimating in place concrete strength is
ASTM C 597 “Pulse Velocity Through Concrete”. Unfortunately,
this test method also does not provide an accurate representation
of in place concrete strength. The ASTM C 597 test is not
normally permitted by the Department to show the concrete may
be accepted. However, the test data may be used as
supplemental information when evaluating questionable concrete.
ASTM C 597 involves a pulse generator, a pair of transducers for
transmitting and receiving, an amplifier, and a time measuring
circuit. The equipment measures the time for waves to move
through concrete. The inaccuracy of the test is caused by the
moisture, voids, and cracks in the concrete. The test is also
influenced by the amount and type of aggregate, as well as the
amount and orientation of reinforcement bars.

9.8.2.3.4 Strength Curve

When the test failure for low strength concrete is by a small
amount, a strength curve may be considered. A strength curve is
a plot of strength versus time. A strength curve requires a
sufficient number of test results at different points in time to
represent the concrete in question. A minimum of three well
spaced test results is recommended, and the curve should not be
drawn past 56 days to project strength. Any historical strength
curve information should also be provided if available. The
strength curve option causes much debate among engineers
because the fitted curve could be manipulated to show passing
results. Thus, the Engineer of Record may desire more proof.
However, with the assistance of experienced personnel in the
area of concrete, this option may be considered. As a guide to
consider this option, failing test results should be within 3.0
percent of the required strength at 28 days or less.

9.9 COMPARING INDIVIDUAL CYLINDER TEST RESULTS
9.9.1 Comparing 6- x 12-in. (150- x 300-mm) Cylinder Results

If the difference between two companion 6- x 12-in. (150- x 300-mm) cylinders from
the same batch of concrete and tested at the same age exceeds 8 percent on a
frequent basis, this may be an indication to review the laboratory test procedures as
well as the molding and curing of cylinders in the field. Refer to “Precision and Bias”
in lllinois Modified AASHTO T 22 for more information.
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9.9.2 Comparing 4- x 8-in. (100- x 200-mm) Cylinder Results

If the difference between three companion 4- x 8-in. (100- x 200-mm) cylinders from
the same batch of concrete and tested at the same age exceeds 12 percent on a
frequent basis, this may be an indication to review the laboratory test procedures as
well as the molding and curing of cylinders in the field. Refer to “Precision and Bias”
in lllinois Modified AASHTO T 22 for more information.

9.9.3 Ouitlier Test Results

Regarding three or more companion cylinders, such as when using 4- x 8-in. (100- x
200-mm) cylinders, the case may arise that one cylinder strength test result appears
to significantly deviate from the others in the sample. Per ACI R214, Guide to
Evaluation of Strength Test Results of Concrete, it is not generally recommended to
reject an individual cylinder test result because it seems to be an outlier.
Statistically, such results can happen. However, as noted above, variations during
molding, curing, or testing can result in deviations beyond the accepted precision of
the test and should be investigated.

According to ACI R214, an individual cylinder test result from a set of at least three
specimens can be excluded from the test average if its deviation is greater than three
times the mix's established standard deviation. Refer to ACI R214 for more
information.
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10.0 CONCRETE TEMPERATURE

Generally, the concrete temperature shall not be less than 50 °F (10 °C) nor more than
90 °F (32 °C). However, concrete temperature in superstructures shall not be more than
85°F (30°C). Furthermore, a maximum concrete te