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Disclaimer
The information in this training manual is intended for training purposes only and does not 
take precedence over the SDDOT Standard Specifications for Roads and Bridges, the 
SDDOT Materials Manual, ,or any SDDOT Policies and Proceedures. 
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Approved Products website address:
http://www.sddot.com/pe/materials/apprprod.cfm

28.35 grams/ounce

Density of water = 8.34 lbs/gal.

Density of water = 62.43 lbs./cu.ft.
(These numbers may vary when dealing with asphalt testing)

Replace cement with equal Fly Ash 1:1
Minimum to replace - 15%, Maximum to replace - 20%

Rule of thumb for splitting samples:
Coarse aggregates within 500 grams
Fine aggregates within 30 grams
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YOUR JOB 
The Concrete Inspector 

 
A good inspector is conscientious in 
obtaining a quality job. 
 
Know the specifications thoroughly, 
including the reason for each requirement.  
Only if you know the reason for each 
specification requirement, will you be able to 
use good judgement. 
 
You did not write the specification.  The 
man who did may have had good reasons 
for inserting provisions which you do not 
think necessary or advisable.  Discuss these 
provisions privately with your superior if you 
wish.  But, until he has approved a change, 
see that the written specifications are 
followed. 
 
Be consistent in your inspection.  Insist 
upon specification results from start to finish. 
 Leave nothing to chance.  An erroneous 
method is more easily corrected the first 
time it is practiced than after it becomes a 
habit.  A reputation of being slack is quickly 
attained but difficult to overcome.  A 
reputation of being severe and unreasonable 
breeds contempt for an inspector's 
instructions. 
 
Your job is a full-time man-sized job.  The 
first and last work of the day are the most 
likely of all to be defective and to require 
your complete attention.  Be there when 
work starts in the morning and when it ends 
in the evening.  Let nothing occur during the 
day without your full knowledge. 
 
Instructions and suggestions should be 
given to foremen, superintendent, or the 
contractor only.  However, such minor items 

needing corrections as form alignment, local 
high subgrade, etc., may be called to the 
attention of the particular workmen 
responsible.  
 
Don't Argue!  Base your decisions on 
judgement that reflects coolness, fairness, 
impartiality, and a thorough knowledge of the 
work at hand.  If a decision is questioned, 
don't let that weaken your conviction, but 
signify your willingness to refer to your 
superiors for further interpretation. 
 
Be friendly with everyone on the job:  Be 
familiar with no one.  Familiarity dulls the 
edge of an inspector's authority.  Do not 
waste workman's time by carrying on 
conversations with them. 
 
Aid the Contractor at every opportunity so 
long as the specifications are not violated, or 
the quality of the work impaired. 
 
Be courteous to visitors.  Future paving 
depends upon a public good will.  Do not 
prejudice the public against road 
improvements by flippant answers to what 
may seem foolish questions. 
 
Do not try to magnify your own importance 
by telling outsiders of the errors you have 
corrected.  The quality of the completed 
pavement will measure your ability and will 
be your strongest testimonial. 
 
16 February 1999 
SD ACPA Annual Concrete Pavement 
Workshop Sioux Falls, SD 

 



C H A P T E R

CHAPTER 1INTRODUCTION

THE ROLE OF AN INSPECTOR
A concrete plant inspector is a person whose occupation requires training in the technique of 
making concrete. Architects, engineers, and contractors are involved in the application of 
scientific principles to practical ends such as the planning, design, construction, and operation of 
efficient and economical concrete structures and pavements. The plant inspector assists these 
people by controlling the manufacture of concrete to meet their needs. A definition of a concrete 
plant inspector could be “a person who has demonstrated a fundamental knowledge of concrete 
materials, proportioning and adjustment of concrete mixtures and performance and interpretation 
of field tests for purposes of quality control.” A person can be proud to have earned the title 
“Concrete Plant Inspector.”

Communications and Attitude
Communication is one of the most important aspects of an inspector’s job. Communication is 
essential to ensure that the project is properly managed. The inspector helps the contractor 
anticipate problems and helps find ways to resolve them. The inspector is friendly but firm and 
impartial in making decisions when dealing with the Contractor and his/her personnel.
One of the most important steps in establishing communications is the preconstruction meeting. 
These meetings are held before the beginning of any major construction project. At the meeting, 
the inspector becomes acquainted with the contractor’s key personnel. Attendees will discuss the 
plans and specifications for the project, traffic control techniques, and define lines of authority.
The inspector is proactive by understanding the project from the contractor’s point of view. The 
inspector does not permit reduced quality in order to increase the contractor’s productivity. An 
inspector influences the construction process to obtain the best possible results. He/ she cannot 
watch any particular situation passively. If an inspector has a suggestion for changing a procedure 
to improve the quality and efficiency of the work, he/she does not hesitate. This benefits both the 
Department and the Contractor.
The inspector’s attitude is especially important. Offer assistance while being careful not to 
supervise construction. Inspectors must avoid giving the impression that they control the work. 
An inspector should never issue a direct order to the Contractor’s workers. The inspector must 
never assume supervision of the work. Their task is to judge the quality of work that is performed 
by methods that meet specifications. Failure to do this can cause legal problems later.

Qualifications of the Inspector
An inspector’s qualifications are expected to exceed those of the concrete plant worker. The 
inspector must be honest and conduct him/herself in a fair, straightforward manner. When under 
stress, the inspector must still be able to maintain personal composure and make good decisions. 
He/she must have keen common sense for making competent decisions. The inspector must be 
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frank and sincere in relationships with people, and be a skilled diplomat able to handle tough 
situations without arousing hostility. Above all, he/she must be observant and be capable of 
keeping neat, concise and accurate records.
Technical study and/or construction experience is necessary to perform well as an inspector. The 
inspector must be able to perform accurate mathematical calculations. It is essential that he/she 
knows how to read and understand plans, specifications, and other contract documents. The 
inspector should understand the basic engineering principles of roadway design and should be 
familiar with the characteristics of construction materials. He or she needs to know the principles 
of material testing as well as how to interpret the test results.
A concrete plant inspector must have a thorough working knowledge of concrete plants, but also 
have a broad general knowledge of concrete materials, concrete production and construction 
procedures. Practical experiences with concrete mix productions, roadway construction and 
concrete laboratory testing is a valuable asset.
If all the qualifications of an inspector could be reduced to four, they would be: 1) knowledge, 2) 
common sense, 3) observational skills, and 4) courtesy.
Knowledge - The inspector should be familiar with the materials, equipment and concrete 
pavement and structure construction procedures. The more knowledgeable the inspector, the 
better prepared he/she is to perform his/her duties. The inspector should be familiar with the 
technical aspects of construction, equipment operation and policy. The inspector should make 
frequent use of this and other manuals to ensure accurate tests and checks.
Common Sense - While common sense is no substitute of  knowledge, it is the means by 
which an inspector can interpret specifications to enforce their intent. Common sense grows out 
of knowledge and cannot be learned from a book.
Observational Skills - It is important for an inspector to look carefully at everything going 
on around the site. “Seeing,” means thinking carefully about what the eyes observe. Then 
corrections, documentation, and testing are more accurate.
Courtesy - A major part of the inspector’s job is to inform the contractor when conditions are 
unsatisfactory or when the specifications are not being met. The inspector is encouraged to 
provide suggestions to improve operations. Yet the inspector’s manner of presenting the 
comments can cause a poor relationship. Experience shows that it is not what is said as much as 
the way it is said that is important. Gruff, bossy, and sarcastic comments are unacceptable from 
any inspector, even if given in answer to a contractor’s aggravating remarks. Be friendly, 
courteous and positive.
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Sampling and Testing
Sampling and testing are methods of evaluating the quality of the work. The inspector must know 
which sampling to do at the plant. The inspector must also know how to correctly sample and 
where the procedures can be verified. The inspector must make sure that every sample is 
identified with the proper information. The inspector must be equally as confident and 
knowledgeable about prescribed testing procedures and documentation of tests. Follow the 
Materials Manual guidance.

Typical Plant Site Duties
• Sampling cement or fly ash
• Sampling and testing aggregates
• Sampling plastic concrete
• Verifying batch weights of mix
• Verify correct mechanical operation of the plant
• Storing and testing hardened concrete specimens
• Testing samples
• Keeping records
• Conducting oneself in a safe manner

Records
One of the most important functions of the inspector is to keep accurate records and document 
thoroughly. Records and reports are necessary to determine that contract requirements have been 
met so that payments can be made to the contractor. Records and reports should be kept current 
and submitted on schedule. They should be neat, complete and legible.
The inspector is given standard forms for routine reporting. The forms may require daily, weekly 
or monthly entries. Report forms include such items as date, location of the work, weather 
conditions, test results, equipment being used, idle equipment, source of materials, production 
rates and so forth.
In addition to the standard forms, the inspector should keep a written or electronic diary of 
activities at the plant site. It should contain such information as weather conditions, important 
conversations, visitors on the site, verbal orders received, unusual incidents, equipment 
breakdowns, length of work stoppages, number of persons and types of equipment affected by 
work stoppages, and any changes in the appearance of the materials. Any item of significance 
should be recorded.
The importance of entries listed in the inspector’s diary cannot be overemphasized. The 
information is a reference that can be used to perform similar future work or in case of legal 
action. More importantly, it can give clues for investigators in case the job fails.
Records and reports are used to determine quantities of materials for payment. They ensure that 
the contractor is paid fairly. The basis for calculation of material quantities, such as field 
measurements, should be indicated on the inspector’s report. The quantity records must be 
complete and accurate. The quantities of materials wasted or rejected should be identified so 
those totals can be checked by audit.

Plant Inspector Equipment and Materials
The Plant Inspector, in addition to what is available from the field lab, needs these few items:
• Stop Watch
• Specifications Book referenced in the project plans
 1-7



• Mix Design Sheet for the project
• Set of Plans for the project
• A Materials Manual
• Lined tablet and pencils
• Project Diary or electronic data recorder
• Concrete Plants Manual
• Hand held calculator
• Measuring device
• DOT Forms (1, 2, 3, 4, 13, 14, 25, 35, 59 and 98A)

Summary
The role of the inspector is to see that the plans and specifications are followed. This requires that 
the inspector be honest, sincere, knowledgeable and courteous. It also requires that he/she 
develop the skill of observation and use common sense. In addition, the inspector must be able to 
keep neat, concise, accurate work records.
The inspector’s responsibility is to identify to the contractor any situation in which plans and 
specifications are not being followed. The inspector does have the authority to reject or not 
recommend payment for any work that does not meet job requirements. The inspector does not 
have the authority to supervise the contractor’s workers or to give orders.
To maintain good working conditions the inspector must have a relationship with the contractor 
in which both parties understand and respect each other’s viewpoints.
To do a professional job, the inspector must want to do a good job, know how to do it, and then 
go about it in a professional manner.
1-8 B o o k n a m e



C H A P T E R

CHAPTER 2CONCRETE BASICS AND MATERIAL STORAGE AND 
HANDLING

COMPONENTS OF CONCRETE
Figure 2.1 Concrete Components

Mixing cement, water, and aggregate (Figure 2.1) make Portland Cement Concrete. By weight, 
most concrete is made up of about 15% cement, 7% water, and 78% aggregate. The cement and 
water form a “glue like” paste. The paste must be spread evenly over every pice of aggregate. 
Through a chemical reaction called “hydration,” the paste hardens and binds the aggregates. By 
adding a small amount of air, strong and durable concrete is produced. In many cases, if not most, 
practices resulting in production and placement of high quality concrete can be performed as 
economically as those resulting in poor concrete. A basic requirement in all concrete handling is 
that both quality and uniformity of the concrete, in terms of water- cement ratio, slump, air 
content and homogeneity, must be preserved.

Cement
Cement holds the aggregates together (750). It also determines the strength of the concrete. A 
simple recipe for Portland cement could be as follows: take one cup of crushed limestone; add 
one-half cup of clay or pulverized shale; add a pinch of sandstone or iron ore; mix thoroughly and 
grind up fine. Then run the material through a rotating kiln at a temperature from F to 

 F until the raw materials change into clinkers; cool the clinkers; add one tablespoon of 
gypsum and grind very fine into Portland cement.
An important principle to remember about the cement-making process is the dehydration (drying 
out) of the materials by using intense heat. When the cement is later mixed with water, the 

2600°
3000°
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process reverses to hydration (combining with water) and the cement-water paste will become 
hard as rock.
On a F day, the first phase of the hydrating process (called the initial set) will occur in one or 
more hours. If the temperature is more than F the hydration will occur at a faster rate, and if 
the temperature is lower than F it will occur at a slower rate. Department specifications call 
for a uniform rate of concrete delivery. 
Different types of cement can be produced for various uses:
• Type I is a general-purpose cement.
• Type II cement is a Portland Cement that is used when moderate sulfate resistance or moderate 

heat of hydration is desired.
• Type III is a “high early strength” cement used when rapid strength is needed. About the same 

strength is achieved in 7 days as in 28 days with Type I cement.
• Type IV is a slower setting cement and is used for low heat during hydration.
• Type V is a high sulfate resistant cement.

Notes Cement producers are furnishing Type I-II cement that may be used in lieu of either Type I or 
Type II cement.
Always check the PLANS and SPECIFICATIONS for each project for the correct cement type.
Either “hundred weight” or “bags” can refer to the quantity of cement. Hundred weight is written 
using its abbreviation, “cwt.,” and stands for a quantity of 100 pounds. By using hundred weight 
instead of pounds, the numbers that are recorded are smaller.
When the contractor needs only a small quantity of cement, it is more convenient for him to have 
the cement delivered in bags. Each bag of cement weights 94 pounds.

Notes Cwt. means 100 pounds. One bag weighs 94 pounds.

Water
The water used in making concrete should be free of oil, acid, injurious alkali, sugar, vegetable 
matter, effluent from a sewage disposal plant, and other substances detrimental to the finished 
product (790). The Central Office of Materials and Surfacing or the Region Materials 
Laboratories run a pH test to find out if the water can be used for concrete. They also test the 
water for dissolved and suspended solid material to see if these solids would be harmful to the 
concrete.

Aggregates
Aggregates occupy most of the space in concrete. Aggregates can come from a wide range of 
material but are usually confined to:
• Natural Sand
• Crushed Gravel - only used in M6 concrete
• Crushed Rock or Quarry Stone
• Expanded Shale (lightweight aggregate)
These aggregates fall into two size classes - Fine (800) and Coarse (820). The Fine Aggregate 
(commonly called sand) is material less than 3/8 inch in size. The Coarse Aggregate (commonly 
called rock) is the material larger than Number 4 sieve. 

Aggregate Grading
To end up with as much aggregate in a concrete mix as possible, it is necessary to separate the 
pieces of rock into different sizes and blend them back together. This is called grading and is 
usually expressed in terms of percentages larger or smaller than each of a series of sieves. It is 
best for these pieces of rock to be cubical or rounded.

70°
70°

70°
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Figure 2.2 Aggregate Spacing and Voids

Aggregates are divided into two general sizes--coarse and fine. Aggregate with 95 to 100% of the 
material larger than a Number 4 sieve is considered to be coarse aggregate, and when 95 to 100% 
of the material is finer than a Number 4 sieve it is called fine aggregate or sand.
The aggregate or rock portion of concrete is the least expensive so it is important to use as much 
of it as practical. To do this, both the coarse and fine pieces are graded into a number of different 
sizes (Figure 2.2) in order to occupy the most space in the concrete as is shown by the illustration.
The illustration demonstrates that if four 1-inch balls are put together, there will be enough space 
left in the middle for a ball about 1/2 inch in diameter. Between the 1/2-inch ball and the 1-inch 
balls some 1/8-inch balls could be placed and so on. If each ball is coated with a thin film of past 
(cement, water and air) and there is some extra paste to fill the tiny voids left, we would have 
concrete containing a maximum amount of aggregate and a minimum amount of paste. This 
concrete would cost the least.
It is obvious that we can not expect a perfect grading, but it is a goal to strive for. Aggregate 
specifications should have grading limits with ranges wide enough to make it practical for an 
aggregate producer to screen and blend natural or manufactured aggregates on a mass-production 
basis and still give us good performance. The information below is from the Specifications Book 
Section 820 for 1 inch paving coarse aggregate.

Sieve Size Percent Passing
(Or Finer Than)

1 and 100%

95-100%

25-60%

No. 4 0-10%

No. 8 0-5%

Admixtures
Admixtures are added to the concrete mix to improve one or more characteristics of the plastic or 
hardened concrete. They help make the concrete less expensive and/or of better quality. However, 

1
2
-″

1″

1
2
-″
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with the exception of air entraining admixtures they are not used for all applications. The most 
common types of admixtures are:
• Air Entraining Admixtures
• Water Reducing Admixtures
• Pozzolanic Admixtures

Air Entraining Admixtures

Air entraining admixtures (751) are used to deliberately produce very small, uniformly spaced 
bubbles in the concrete mix. The use of air entrainment results in greater workability in the plastic 
concrete and in more resistance of the hardened concrete to cycles of freezing and thawing.
All concrete requires the use of an air-entraining agent to protect the concrete from freeze thaw 
deterioration. Moisture from rain, thawing snow, etc. can soak into concrete. As the moisture 
freezes, it expands. Without the entrained air, freezing could cause cracking. The tiny air bubbles 
of air entrainment allow the frozen water to expand without exerting a cracking force.
The efficiency of the admixtures used to entrain air is affected by many factors:
Concentration of the air entraining admixture. Air entraining admixtures are generally 
available in several different concentrations. A concentrated air-entraining admixture has more 
active ingredients. In order to comply with Department specifications and properly control the 
amount of entrained air in the concrete; adjust the dosage of the air- entraining admixture 
accordingly.
The presence of other admixtures. Other admixtures can affect the efficiency of the air-
entraining admixture. Some admixtures will entrain additional air or reduce the amount of air 
ordinarily entrained.
Time and speed of mixing. The efficiency of the air entraining admixture and its ability to 
produce bubbles of the proper size depends on the speed of the mixer and the length of the mixing 
cycle. Not enough air will be entrained if the mixing speed is too slow or the mixing time is not 
long enough.
Water content of the concrete mix. More water in a mix will assist the air-entraining admixture. 
Less water will inhibit air entrainment. Since water also affects the consistency of the mix, a more 
plastic consistency will generally entrain more air. However, other kinds of admixtures can 
significantly affect the mix consistency without changing the total water content.
Aggregates. The particle shape and gradation of the aggregates affects efficiency. Increases in 
the amounts of middle sized sands (Number 30-Number 50 sieve) increase air content. Decreases 
in the amounts decrease air content. Changes in the shape of the aggregate from round to angular 
increases the effectiveness of an air-entraining agent.
Temperature. More air-entraining admixture is needed for warmer temperatures. Under cool 
conditions concrete will entrain air more readily unless hot water is used for the mixing water.
Cement content and fines. Very fine material reduces the efficiency of air entraining 
admixtures. Conversely, the less fines in the mix, the more efficient the air entraining admixture. 
Fines make the paste firmer and less capable of entraining air readily. To overcome this effect, 
use more air-entraining admixture.
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Other Chemical Admixtures - SECTION 752
Other concrete admixtures are used that effect the setting characteristics of the concrete. The 
following are the various types available:
• Type A: Water reducing admixture- an admixture that reduces the quantity of mixing water 

required to produce concrete of a given consistency.
• Type B: Retarding admixture - an admixture that retards the setting of concrete.
• Type C: Accelerating admixture - an admixture that accelerates the setting and early strength 

development of concrete.
• Type D: Water reducing and retarding admixture - an admixture that reduces the quantity of 

mixing water required to produce concrete of a given consistency and retards the setting of 
concrete.

• Type E: Water reducing and accelerating admixture - an admixture that reduces the quantity 
of mixing water required to produce concrete of a given consistency and accelerates the setting 
and early strength development of concrete.

• Type F: Water reducing admixture, high range - an admixture that reduces the quantity of 
mixing water required to produce concrete of a given consistency by 12% or greater.

• Type G: Water reducing, high range, and retarding admixture -- an admixture that reduces 
the quantity of mixing water required to produce concrete of a given consistency by 12% or 
greater and retards the setting of concrete.

Generally by reducing water, the concrete becomes more durable. The Type A admixtures are 
more commonly used in structural, paving, and drilled shaft concrete construction. The Type F 
admixture is used in precast and prestressed concrete industry. The Type F can experience rapid 
slump loss.
Use of admixtures shall be as recommended by the manufacturer. Dosage rates should be utilized 
within the manufacturer’s recommendations to achieve the best performance level. 
Manufacturer’s Product Information sheets shall be furnished with the admixture.
Chloride is NOT allowed as an admixture. NEVER use chloride as an accelerator and do NOT 
allow chloride based material admixtures.
Contractors can use chemical admixtures (water reducers, set retarders, etc.) with approval of the 
Concrete Engineer and/or the Bridge Construction Engineer prior to use. The approval process 
will be part of the contractor mix design submittal.
Static electricity causes cement particles in fresh concrete to form small clumps. This clumping 
prevents cementing action between the aggregates. Water reducing admixtures are chemicals that 
can minimize these electric charges and disperse cement particles more evenly.
Disbursement improves the efficiency of the cement. Cement particles no longer clump, but 
become free to react and bond the aggregates. The water held in the clump is also released into 
the mix. This released water then acts as a lubricant, making the mix more workable. Water 
reducing admixtures can be used in three ways:
1 Use them in a concrete mix at a fixed water and cement content. This makes the concrete easier 

to place. It is useful where paving must be done by hand.
2 They are sometimes used to improve the efficiency of the cement. This makes it possible to 

meet and maintain a specified strength with less cement. This application will depend upon the 
current costs of cement and admixture. Used in sufficient quantities, water reducing 
admixtures may be used to provide some retardation and control heat generated as the cement 
and water react. However, some DOT specifications do not permit admixtures to be used in 
this way.

3 Water reducing admixtures are sometimes used to reduce the total water content, without 
decreasing the workability. This method is used to obtain as much strength as possible from a 
given cement content.
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A close look at the way admixtures are used in the applications discussed in subparagraphs 2 and 
3 above, will show that in both cases the cement is being made more efficient. In one case this is 
done for economy and in the other for maximum strength.
Water reducing admixtures will also control other properties of the concrete, particularly time of 
set. Water reducers are available in formulations that can accelerate or retard the setting. Water 
reducing accelerators are used primarily for patching or paving in cool weather. The water 
reducing retarders are occasionally used in hot weather to delay the setting of the concrete.
Water reducing admixtures, like air entraining admixtures, work in combination with the cement. 
For this reason, manufacturers give water reducer dosages in terms of fluid ounce per 100 cwt. of 
cement. Check with the project engineer if adjustments are required.

Pozzolanic Admixtures - SECTION 753
The most commonly used pozzolan for concrete construction is fly ash. Fly ash is a waste product 
resulting from the burning of powdered coal in steam driven electric generating plants. Anthracite 
or bituminous coals will produce Class F ash. SD Modified Class F is the only class of Fly Ash 
currently allowed. The difference in the chemistry of the classes gives the ashes different levels of 
“reactivity.” Reactivity is the ability of the ash to provide cementing action when combined with 
water. Class F ashes react very little when mixed only with water.
Fly ash reacts with the calcium hydroxide produced by hydration. For this reason, they are used 
with cement in concrete construction. Fly ash will not be used when Type III cement is used 
(605.3 A 1)
When used in a concrete mix, pozzolans are normally added as a replacement for a certain 
percentage of the cement. Fly ash and other pozzolans are also lower in specific gravity than 
cement. Typically they have specific gravity’s ranging from 2.27 to 2.75 compared with 3.15 for 
cement. If the fly ash is used, the minimum amount of cement to be replaced is 15% and the 
maximum amount is 20%. The ratio of substitution of fly ash to cement shall be 1:1, by weight 
(605.3 C) or remove 1 pound of cement and add 1 pound of fly ash.
Pozzolans help control problems with workability in plastic concrete, particularly when the 
aggregates are deficient in fine material. The pozzolan provides additional fine material that helps 
separate the coarse aggregate particles. Fly ash, in particular, is very effective. The round shape 
of fly ash particles helps the coarse aggregate particles slide over each other. The major 
ingredient in fly ash is glass (60% to 90%). The glass consists of silica, alumina and some iron 
oxide. These are ingredients used to make Portland Cement, so it is not surprising that fly ash and 
cement should be compatible.
The value of fly ash as an admixture in concrete depends on its glass content, its fineness, and 
lack of combustible material (less than 6% carbon). Its water reducing characteristics are greatest 
if the majority of the fly ash particles are round.
Fly ash affects the job activities of the inspector. Because fly ash contains carbon and sulfates, 
concrete requires additional air entraining admixture and takes longer to set.
The concrete made with pozzolans sometimes is stronger than normal concrete but takes longer to 
develop the strength. Also, the heat generated develops at a much slower rate. These effects are 
due to the slightly different hydration chemistry. For this reason, the use of pozzolans is 
frequently discontinued in cooler weather.
Pozzolans, particularly Class F fly ash, can help minimize certain types of aggregate reactions in 
the concrete. Some aggregates will react with chemicals (alkalis) in the cement. These reactions 
cause expansion of the aggregates and, eventually, cracking of the concrete. Very fine siliceous 
particles in the fly ash will react with the alkalis and use them to minimize any damage to the 
concrete.

Note Although excellent results can be obtained using fly ash, the concrete made with it has a history 
of being more variable. For this reason, the inspector should pay particular attention to his testing 
responsibilities and notify the project engineer of any problems.
Fly ash sampling requirements (M.S.T.R., Materials Manual) SD 401
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MATERIAL STORAGE AND HANDLING
Methods of materials storage and handling depend on the contractor’s operations. How the 
materials are stored and handled has an affect on the finished concrete.

Aggregates
Stockpile locations should be on firm terrain with excellent drainage away from the stockpile(s) 
and concrete plant location.
Build coarse aggregate stockpiles (Figure 2.3) in layers. If they are built in a cone shape, (Figure 
2.4) segregation can occur. As the aggregate rolls down the pile, the coarser material will go to 
the outside and bottom of the pile. The fine material will sift into the pile or stay near the top. If 
the contractor builds the stockpile in layers, potential gradation problems while producing 
concrete may be avoided. The maximum drop of the material from the conveyor shall not exceed 
10 feet. (320.3C1)
Figure 2.3 Coarse Aggregate Stockpile  

Figure 2.4 Cone Shaped Stockpile
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Keep the aggregate stockpiles separate (Figure 2.5), or put a bulkhead (Figure 2.6) between them 
so that materials cannot mix. Only aggregate from one source goes into a stockpile.
If used, bulkheads must be the full depth of the stock pile and strong enough to stand up under 
operating conditions. Make sure there are no holes that would allow the material to become 
mixed. Also check to see that they are strong enough to withstand material piled against one side. 
If the material should become mixed, the stockpile is rejected.
Figure 2.5 Separated Stockpiles

Figure 2.6 Bulkhead Between Stockpiles

Paving Concrete
Do not use “track type dozers” on a coarse aggregate stockpile (380.3 D). The tracks can break 
down or crush the material. If the contractor is using a track type dozer on the stockpile, 
recommend he/she change this method and inform the Project Engineer.
The fine, and sometimes the coarse aggregate, is washed to eliminate “fines.” This means that 
some water will be draining from the stockpiles. Mud may get into the material. Check the 
stockpiles occasionally for mud. Mud will form little sand-coated balls. To find mud balls, stick 
your fingers into the sand as it goes up the coveyor belt. If mud is found, inform the contractor 
and the Project Engineer. Document the situation in the diary. The Project Engineer can reject the 
pile or require the material to be run over a screen. Check the plan note to see if sand must be 
screened prior to use. A screen with openings no larger than one inch square is used. The best 
place to do this is at the end of the conveyor where the sand dumps into the storage bin.
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Structural Concrete - SECTION 460

Most concrete is produced in a commercial plant. This plant may be producing concrete for work 
other than Department projects. Aggregates may not meet the specifications for the Department 
project; therefore, one of two things must be done:
1 The plant owner should put up stockpiles for use on your job only.
2 Sample and test the material before any concrete is mixed.
Most of these plants are limited on space for stockpiles. There should be about 50 tons in each 
pile before mixing the concrete.
Figure 2.7 Unloading Cement Carrier

Figure 2.8 Waiting to Unload
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Cement and Fly Ash - SECTION 750, 605, & 753

Most cement and fly ash is delivered in bulk by railroad car or truck transport (Figures 2.7 and 
2.8). Both are transferred from the cars or truck to storage silos either by conveyors or by 
compressed air.
Do not use cement or fly ash spilled during unloading or batching. It might be contaminated with 
dirt. Moisture causes “lumps.” Do not use wet or lumpy cement because moisture causes 
hydration and low strength concrete will result.
The contractor might use a small portable batch plant on some structure projects. Bagged cement 
may be used. If bags of cement are used, make sure they are stored in a shed or on a raised 
platform under a waterproof covering. Bags should not touch shed walls and should be stacked so 
there are no spaces between bags.

Water - SECTION 790

The contractor can obtain water for mixing from various sources only one of which should be 
used:
• Stock dam or lake
• Stream or river
• City water system or well
If water is obtained from other than a city water system or a well, make sure that the inlet end of 
the pumping system is held up from the bottom of the water source so that there will be no mud or 
debris sucked up. The water may include the discharge from a sewage or industrial plant, so long 
as it meets all quality requirements. Send a water sample to the Central Testing Lab for a 
complete analysis.

Admixtures
Air Entraining Admixtures, Water Reducing Admixtures, and Pozzolanic Admixtures are the 
most common admixtures that will be added to concrete. They all must be sampled and tested in 
accordance with the Materials Manual. Do not permit use of admixtures that you suspect might 
have frozen. Check all the containers of liquid types for the manufacture date. If any of the dates 
are from the previous construction season, check the material to ensure it has not exceeded its 
shelf life. Sample the material even though it may be on the approved product list. The test results 
will show if the admixture still has its full strength. If the shelf life of the admixture is past, reject 
the material.
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C H A P T E R

CHAPTER 3SAMPLING TECHNIQUES
Sampling is very important. Get representative samples. Because samples are small compared to 
the quantity represented, be careful when sampling. Test these samples for compliance with 
specifications. Poor samples will produce poor results. Sample cement, fly ash, water, aggregate, 
and admixtures. Refer to the two Materials Manual tabs labeled: Required Samples Tests -and- 
Certificates and Minimum Sample and Test Requirements.
Approved products list can be found at: 
http://www.sddot.com/pe/materials/apprprod.cfm

CEMENT
Cement is delivered by railroad car or truck. This is called bulk cement because it is not in bags. 
The contractor may use bag cement. Sample cement before it is used (SD 401-Materials Manual). 
Take samples in the field and send them to the Central Lab in accordance with the Materials 
Manual.

Mill Certification
There are certain specifications to meet before using cement. Samples must be tested before using 
the cement. It may take several days before the test results are returned. The job could be delayed 
waiting for test results. To overcome this delay, the Materials and Surfacing Engineer prior to the 
construction season can certify manufacturers furnishing Portland Cement. They will notify the 
personnel of results.

Certified Cement Plants
A Certificate of Compliance is not required for each conveyance from a Certified Mill. Make a 
visual inspection to determine the identity and type of cement, and document it in the field diary 
and on the DOT-25 form.

Non-Certified Cement Plants
The manufacturer can certify that the cement being delivered will meet the specification 
requirements. This is done with a Certificate of Compliance for each load of cement. Information 
that should appear on the Certificate of Compliance includes:
• County, Project Number, and PCN
• Date the cement was loaded and Cement Type
• Rail Car or truck number and Consignee (Contractor or Subcontractor Name)
• Manufacturer and Seal Number(s)
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• Destination - Used for rail shipments to give siding locations
• Net weight of the load
• Signature of manufacturer’s representative
The information can be put on the bill of lading, invoice, or the shipping order, but must have the 
information required and the signature of the manufacturer’s representative.
Check the Certificate of Compliance to verify all information. Do not use the load if the type of 
cement is missing. Notify the Project Engineer. If any of the other information is missing, the 
cement can be used when the contractor supplies the missing information. Always note problems 
and how they were corrected in the diary.
The Certificate of Compliance allows the cement to be used before the test results of the samples 
are returned. A truck transport driver should bring two copies of the certificate of compliance. For 
cement deliveries by railroad cars, the supplier normally will send one certificate of compliance 
and tack another to a board on the side of the railroad car. If a contractor is using concrete from 
more than one source, all material must come from the same suppliers.
A supplier may produce concrete for more than one job. This means that he has more cement than 
will be used on your job. Certificates are needed for all cement used, so arrange with the supplier 
to save the certificates from all the loads. This may produce more certificates than needed, but 
will cover all the cement that may be used on your project.

Note Ask the Project Engineer for the mill’s certification status.

Cement Sampling Techniques
Take samples to be sure that the cement meets specifications. Refer to the Materials Manual for 
current sampling requirements. Area personnel shall accomplish the Independent Assurance 
sampling (in accordance with SD 401- Materials Manual), when cement is from a certified plant.
These requirements are for each type and source of cement. If more than one type is used or the 
cement comes from more than one source, apply these requirements to each condition.
The proper way to take a cement sample (SD 401- Materials Manual) is to get equal amounts of 
cement from three separate places in a load. How these equal amounts are obtained will depend 
on how the cement is delivered and, in some cases, on how it is unloaded.
Use the following methods to sample cement:
Bag Cement- Sample bags by using a tube sampler (Figure 3.1). These may be obtained from the 
Region Materials Engineer.
Figure 3.1 Tube Sampler

Select three bags from the load. Push the tapered end of the sampler into the sack (Figure 3.2). 
Try to enter the sack through the filling flap to avoid poking holes in the bag. When the sampler is 
pushed in all the way, put a finger over the little air hole and remove the sampler. Hold the 
tapered end over the sample can and take your finger off the air hole. If the cement does not drop 
out on its own, tap the sampler. Repeat as necessary to get 1/3 of the sample. Repeat the 
procedure on the next sack.
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Figure 3.2 Sampling Bagged Cement

Bulk Cement- The most common way of sampling bulk cement is with a probe (Figure 3.3)
Figure 3.3 Cement Sampling Probe

The probe is a pipe with a handle and a stopper. Push the probe into the cement to take a sample. 
Then close the pipe with the stopper and pull the probe out. Place over the sample can and remove 
the stopper. If the cement does not drop out, tap the pipe.
Figure 3.4 Sampling From Bulk Container.

Cement from three places is needed for a sample. If the bulk container has 3 or more hatches, get 
1/3 of the sample from 3 different hatches. If there is only one hatch, push the probe into the tank 
in 3 different directions.
Use the probe to sample a storage bin or a transport that is unloaded with air pressure. When 
transports are unloaded with a conveyor, collect the cement from the conveyor with a shovel or 
clean can. Cement from three places in the load is needed. Space the time between scoops so 1/3 
of the sample comes from each 1/3 of the load.
Get enough cement, approximately 8 pounds, to fill two cans. The cement must be representative 
of all the cement in the load.
The cans (Figure 3.5) used for cement samples are metal, about 6 inches high, 6 inches in 
diameter, and have a friction lid. Get them from the Region Materials Engineer. Use clean cans 
for samples. If there is any dirt, water of other contaminants, a true test result will not be obtained. 
After the cans are filled, put on the lids and seal them by wrapping a strip of packing tape around 
the lid. Put the sample number on the outside of the can (R.S.T.C.- Materials Manual). This will 
identify the sample if the data sheet gets lost. Keep the numbering of the samples consecutive. 
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When 2 cans are needed for the sample, put the plain number on one can, put an “A” behind it on 
the second can. Place the project number on the cans to help identify the sample.
Figure 3.5 Cement Can.

Sample Data Sheet
Complete a Sample Data Sheet DOT-1 Form (Handout 2) in accordance with instructions at the 
R.S.T.C. Section of the Materials Manual to identify the sample in the laboratory. Include the 
following information:
• Your name, Title, and Office
• Where to send the test results -Name, Title, and Office
• Contractor (subcontractor)
• Project Number
• PCN Number
• County
• Type of Sample
• Field Sample Number
• Date Sampled
• Quantity Represented
• Type of Cement
• Concrete Use (Paving, etc.)
• Producer’s Name and Address
• Car or Truck Number
• Remarks
Put the Data Sheet and one copy of the Certificate of Compliance into the sample data envelope 
(DOT-2 Form). When a general Certificate of Compliance is used for paving, there may not be 
enough copies to put one in each envelope. Make extra copies or add a note on the bottom of the 
Sample Data Sheet that “Certificate of Compliance is on with the sample number so and so.” 
Tape the envelope to one of the cans and tape all the cans for a sample together. Send all samples 
to the Central Testing Laboratory.

WATER SAMPLING TECHNIQUES
The quality of the water used in concrete is important. It can affect the admixtures and the 
strength of the concrete. Determine the source of water before producing concrete. Get a one-pint 
sample and send it to the Central Testing Laboratory. Use plastic bottles obtained from the 
Region Materials Engineer. Send in the sample at least two weeks before using the water. After 
taking the water sample, fill out a sample data sheet DOT-1 Form (Handout 3) in accordance 
with the R.S.T.C. Section in the Materials Manual. Complete the following items:
• Your Name, Title, Office
• Where to send the test results- Name, Title, Office
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• Contractor (subcontractor)
• Project Number
• PCN Number
• County
• Type of Sample
• Sample Number
• Date Sampled
• Quantity Represented
• Type of Sample
• Use of Material (Paving, etc.)
• Remarks (Location of Sample Source)

Note Testing is not required for water from municipal supplies except in the north part of Region Four 
(contact the Region Materials Engineer regarding this area).
There are three test requirements (790) water must meet before it can be used in concrete:
• The pH must be no less than 6.0 and no more than 8.6
• The suspended solids shall not exceed 2000 parts per million
• The dissolved solids shall not exceed 2500 parts per million
If these requirements are not met, notify the Project Engineer.

Important Request detailed analysis if you suspect the water contains discharge from a feed lot, heavily 
fertilized field, a sewage, or industrial plant.
Put the data sheet into the sample data envelope, DOT-2 Form, and tape the envelope to the 
sample bottles, and send as soon as possible.
Repeat water sampling during concrete production to maintain compliance. This is not necessary 
when using wells or city systems. The suspended and dissolved solids are not normal problems, 
but the pH can change during the year. The pH raises as weeds, moss, and algae grow in warm 
weather. This will affect water in the months of July, August, and early September. Sample the 
water and test the pH every four to six weeks. Test more frequently when the pH reaches 8.0. Be 
alert to rain as runoff can cause a change in all three tests.

AGGREGATE SAMPLING TECHNIQUES
Get a sample (SD 201- Materials Manual) that represents all the material. Use samples that are a 
cross section of all materials to be used. As a general rule, obtain samples from conveyors and 
stockpiles.

Conveyors
The flow on a conveyor is uniform and represents a cross section of material. To sample a 
conveyor:
1 Have the contractor stop the conveyor. Put two templates (Figure 3.6) on top of the material 

and push down until it rests on the belt. It will help to use a “sawing action” while pushing the 
templates into the material.

2 Remove all the material inside the templates for the sample. Use a brush to remove all fines 
from the belt.

If templates are not available put a board or a shovel on the uphill side. This will keep the material 
from running down into the sample.
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Figure 3.6 Template On Conveyor Belt

Stockpiles
A problem will be to find a location to get a representative sample. Be alert to locations that are 
segregated and avoid them. Get material from three locations on the cone shaped stockpile, 
around the base, midpoint, and on top. Mix all the material from all these places and split it to the 
sample size.
On the flat topped stockpile, dig three or more shallow trenches on top of the stockpile 
approximately 10 feet long and 1 foot wide. Take equal portions from 3 equally spaced points 
along the bottom of each trench by pushing a shovel downward into the material and taking a 
shovel full from each point.
Figure 3.7 Sampling from a Stockpile

1 Push a board or a piece of sheet metal (stopper plate) into that part of the pile to be sampled.
2 Shovel the aggregate away from the front of the stopper plate to get a level spot that extends 

into the pile.
3 Get the sample near the stopper plate.

Samples
Take samples for quality and acceptance. Samples control the quality of the aggregate. 
Acceptance is testing to determine compliance with specifications. Complete the sample data 
sheet, DOT-1 Form.
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Quality Samples
Send samples from quality control to the Central Testing Lab two weeks before the concrete 
production. The test results are needed before using the aggregates and are essential for new 
sources. The Area Engineer may allow production without the test results if the aggregates are 
from a source used before. Refer to SD 201- Materials Manual for the sample size for quality 
control testing.

Acceptance Samples
For concrete masonry, test one sample of each size aggregate used for every 200 cubic yards 
concrete produced (M. S. T.R.- Materials Manual). For concrete paving, test one sample of each 
size aggregate used for every 750 cubic yards of concrete produced (M. S. T. R.- Materials 
Manual). Document the test results on the DOT-3 (Handouts 9, 10, 11).
Get material for a test and enough extra to make one standby sample. This is in case the test must 
be repeated. A spilled sample, a hole in a screen, a wrong weight can cause a repeat test. If a test 
fails because of material deficiency, report the sample as failing. In this case, there is no reason to 
test the standby portions. Action must be taken to correct the material and to sample and test 
again.
The amont of material needed for a sample depends on the size of material sampled. The larger 
the material, the more is needed for a sample. The approximate sample weights (SD 202) needed 
(after splitting) are:

Nominal Maximum Approximate wt. Wt. of Sample
Size of particle of Sample Lbs. Grams

#4 1.1 500
3/8” 2.2  1000
1/2” 5.5 2500
3/4” 11.0 5000
1” 22.0 10000
1 1/2” 33.0 15000
2” 44.0 20000

Specifications require that the minus 200 material in the fine and coarse material be 
mathematically combined (820.2 D). Take samples of the fine and coarse aggregate at the same 
time.
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SAMPLE SPLITTING
Most of the samples will be larger than needed to run a test. Use a Sample Splitter (SD 213-
Materials Manual) to divide a large sample for testing. Refer to the Materials Manual for material 
sample size.
Figure 3.8 Adjustable Sample Splitter

Figure 3.9 Fixed Sample Splitter

A sample splitter is a device with a hopper and a series of openings on each side that divide a 
sample into two parts. There are two pans to catch the divided portions. There are two types of 
splitters. One is adjustable, having adjustable openings for varying widths. Another is a fixed 
splitter with openings that are not adjustable.
The size of the openings should be 50% larger than the maximum size aggregate sampled (See 
SD 213). If the openings are smaller, material may build up and plug the chutes. Then the sample 
will not be split evenly. The sample will not be split evenly if the splitter does not have the same 
number of openings on each side. For fine aggregate, a splitter having 1/2” chutes can be used if 
the entire sample will pass a 3/8” sieve.
EXAMPLE: If testing aggregate with a maximum size of 1”, the opening should be 
approximately 1 1/2” wide.
Each pan should have the same gradation. Note these three items:
1. No chutes can be plugged.
2. Use a brush to clean the chutes, to prevent sticking.
3. Pour the sample evenly into the hopper.

a. Put the sample in a pan about the size of the hopper and slowly turn the pan over into the 
hopper.
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b. Stand at one end of the splitter and pour the sample into the center of the hopper. While 
pouring, move the flow back and forth along the length of the hopper.
PROBLEM: If sampling aggregate with a maximum size of one-inch, how much material should 
be obtained and what size openings are needed in the splitters?
Sample size_________. Opening size________. 
Process a sample through the splitter more than once. There is a chance that the sample will not 
be split evenly. Split it and then combine the portions for the last split. There will be a close 
correlation between the sample tested and the standby samples.
M. S. T. R- Materials Manual provides information on the sample quantities by type for the 
design mix.
The diagram below shows how a sample should be split.
Figure 3.10 Sample splitting
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ADMIXTURE SAMPLING TECHNIQUES
Chemical Admixtures
Sample chemical admixtures (air entraining and water reducing) not appearing on the Central 
Testing Laboratory’s current list of qualified products before use. Get at least one sample for each 
date of manufacture or for each lot from each shipment. The material must be thoroughly stirred, 
air agitate, or otherwise properly mixed to disperse all settlement just prior to sampling (M. S. T. 
R.- Materials Manual). Use plastic bottles for a sample of 8 ounces. The Region Materials 
Engineer will supply the bottles. 

Note Be sure to put the strength of the liquid air entraining agent on the sample data sheet (single or 
double).
Samples may not be required of products that appear on the Central Testing Lab’s “Approved 
Products List.” If the quality or identity is questionable sample them and submit to the Central 
Lab for testing. The Materials Manual will normally make it clear whether or not a sample is 
required.

Mineral Admixtures
Fly ash is a mineral admixture. A Certificate of Compliance (Handout 3) is required for each 
load delivered to the project. Sample fly ash (SD 401) since it is not on the Central Testing 
Laboratory’s current list of approved products. Sample one of every five conveyances. Use cans 
for a sample of at least 4 pounds when the samples are to be composited. For the individual test 
samples on which all specified tests are to be made, obtain one 4 pound can of the material. The 
Region Materials Engineer will supply the cans.
Fly ash may be sampled by any one of the following methods:
1 From the conveyor delivering to bulk storage by taking one sample of four or more pounds in a 

single operation “grab method” or several portions at regular intervals known as the 
“composite method.”

2 From bulk storage at points of discharge, take one four pound sample either by the grab or 
composite methods.

3 From bulk storage by means of sampling tubes in the same manner as sampling cement when 
the depth of the fly ash does not exceed 10 feet.

4 In the case of samples from the rail cars and truck, where the fly ash is being shipped from one 
source, combine the samples from multiple rail cars or trucks to form a test sample.

Figure 3.11 DOT 2 Form
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C H A P T E R

CHAPTER 4TESTING PROBLEMS
The inspector or the Central Lab conducts certain tests. Some tests conducted by the Central Lab 
are for the inspector’s information and will be used when working with concrete plants. The tests 
conducted by the inspector are used to determine if the materials meet specifications and/or to 
make adjustments for design mix. The inspector conducted tests are:
• Gradation
• Moisture Content
• Fineness Modulus

Note Check the specifications, supplemental specifications, plan notes, and special provisions for these 
requirements.
Slump and air tests will be conducted for your own information and to see if they meet 
specifications.

GRADATION
Test SD 202, South Dakota Materials Manual, explains the gradation test. Report the results of 
each test on a DOT-3 Form -- Screen Analysis and P.I. Worksheet. Handouts 9, 10, and 11 show 
the results of gradation tests during a paving job. Handouts 14 and 15 show the results for 
gradation tests during a concrete masonry project.
After completing the gradation test, determine what portion of the combined material is finer than 
the # 200 sieve (SD 206-Materials Manual). To meet the specification requirements, the 
combined minus # 200 must be 1.5% or less. To find the combination minus # 200:
1. Find the minus # 200 percentage for each rock and sand sample, according to the procedure 
outlined by the South Dakota Materials Manual under tests SD 202 and SD 206.
2. Find the percentage of the total aggregate comprised of fine aggregate, by weight, to the 
nearest tenth of a percent. Likewise, find the percentage that is coarse aggregate.
EXAMPLE: The following weights of materials are being put into the mix per cubic yard:

Sand 1089 lbs
Rock 1846 lbs
TOTAL 2935 lbs

% Sand 1089 lbs. = 37.1%
% Rock 1846 lbs. = 62.9%

YD( )3
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3. Change the percentage of the material in the mix to a decimal number and multiply it times the 
percentage of the minus # 200. Total these figures to get the combination of minus #200.

Note Compute the minus #200 to the nearest hundredth of a percent. Report the total for the 
combination minus #200 to the nearest tenth of a percent.

EXAMPLE: The values of the minus #200 for the samples of paving aggregate that were taken at 
the same time are:
Sand = 2.13%
1” =.56%

Multiply these times the percentage of each material to get:
Sand =.371 x 2.13%= 0.79%
1” =.629 x.56% =.35%

Combined Minus # 200 = 1.14% or 1.1%

Report this 1.1% combination minus #200
Note If making a mix adjustment that will change the percentages of aggregate used from that shown in 

the Mix Design, use these new percentages when mathematically combining the #200 material. 
These new percentages should also be shown on the DOT-3 Form.
PROBLEM: Using the Class A Design Mix of handout 12, what is the combination minus #200 
when you have the following gradation results? __________________

Sand minus #200 = 1.06%
Rock minus #200 =.88%

Absorbed Moisture
Aggregates are not completely solid - they have extremely small channels inside them. These 
channels soak up moisture. The amount of water needed to fill these channels is called Absorbed 
Moisture. The aggregates may contain more or less moisture than needed to fill these channels.
If the aggregates do not contain enough internal moisture, some of the mixing water will be 
absorbed. If the aggregates have more moisture than needed internally, the extra water can be 
used for mixing water.
The three conditions the aggregates can be in before they are put into the mix are shown in the 
diagram below. The example on the left needs more moisture to fill its pores. The example on the 
right has an excess of moisture. When aggregates like these are put in a mix, the left one will soak 
up some of the mixing water. The right one will give up some of its moisture, which becomes part 
of the mixing water. To produce uniform concrete, knowing which condition is present is 
important. This is done by running a moisture test, which will indicate any free moisture or less 
moisture than the aggregate needs to reach the full-absorbed condition.
Figure 4.1 Absorbed Moisture Illustration
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PROBLEM: What is the amount of absorbed moisture in the aggregates submitted for the Class 
A mix in handout 17?

Sand _______________ Rock ______________

MOISTURE CONTENT
Run moisture tests on the aggregates to determine how much “free moisture” they contain. Free 
moisture is the amount of moisture in the aggregates above the amount needed for absorbed 
moisture. Find this free moisture content by using any of the following moisture determination 
methods:
• Speedy Moisture Tester
• Burning with Alcohol
• Stove Drying
• Oven Drying
• Microwave
Whichever method is used. It must be capable of checking within 0.6% of the moisture content 
found by drying to a constant weight in an oven at   F. Establish a procedure with one 
of the methods listed about and stay with it.
The Speedy Moisture Tester is the fastest way to find the moisture content of sand. Do not use 
this method for rock because the size of the sample used for the test is so small. Pick the percent 
of moisture “by dry weight” for the sample from the Speedy Chart for the dial reading obtained. If 
the Speedy Chart is not available, refer to the Materials Manual to convert from “wet weight” 
moisture to “dry weight” moisture.
When using any of the drying methods, find the percent of moisture content by subracting the dry 
weight from the wet weight. Divide the difference by the dry weight and then multiply the results 
by 100.

 X 100 = % moisture

EXAMPLE: Wet Weight 547.3 grams - Dry Weight 525.4 grams = 21.9 grams

X100 = 4.16 or 4.2%

Follow the test procedure in SD108 in the Materials Manual.
After finding the total moisture content, calculate the amount of free moisture by subtracting the 
percent of absorbed moisture from the total moisture. Report free moisture to the nearest 0.1%.
EXAMPLE: The drying method of the Speedy Moisture Tester gives a total moisture content of 
5.6%. The absorbed moisture (Aggregate Test Results used in Design Mix) is 1.3%.
Free Moisture = 5.6% - 1.3% = 4.3%
Check any method used against an oven-dried sample. Split a sample and run part of it by the 
method normally used and run the other part by the oven dry method. Keep drying the sample 
until it no longer loses any weight (Dry to a Constant Weight), and then figure the moisture 
content. Should the difference be more than 0.6%, the method has not removed all the absorbed 
moisture. Increase the drying time or check the Speedy Moisture Tester.
If the aggregate looks dry when sampled, it is possible that it does not contain the full amount of 
absorbed moisture. In this case, consider the moisture removed to be the remaining absorbed 
moisture.

230° 9°±

WetWeight DryWeight–
DryWeight

------------------------------------

21.9gr
525.4gr
----------
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Report moisture test results on the DOT-35 Form - Moisture Density Worksheet (Handouts 34 
and 35). Attach it to DOT-98A-Plant Inspector’s Daily Report submitted daily. Report in the 
laboratory diary a comment in agreement of disagreement and the results for any comparative 
tests.

FINENESS MODULUS (F.M.)
Fineness Modulus is a factor used to indicate the surface area of aggregate. Fineness Modulus of 
the fine aggregate is the sum of the cumulative percentages retained on a standard set of six sieves 
divided by 100. The smaller the F.M. number the finer the sand is. Likewise, the larger the F.M. 
number the coarser the sand is, so the F.M. tells us about the fineness or coarseness of sand. 
Because the gradation of the sand can change so much, run tests to determine the F.M. Use the 
#4, #8, #16, #30, #50 and #100 sieve sizes for the F.M.test. After completing the gradation test 
and finding the percentage of material passing each sieve size, find the F.M. of the sample. 
“Cumulative percent retained” on a sieve means “coarser than” so “percent passing” plus 
“cumulative percent retained” will always equal 100%.
To figure the F.M.:
Samples of fine aggregate for concrete require a result for Fineness Modulus (F.M.). The sieves 
used for determination of F.M. are identified on the DOT-3 worksheet by an (*). Calculate the 
F.M. as follows:
A. Subtract the percentage passing (before rounding) the sieves designated by the (*)from 100.0 
and record the result in the column titled F.M. After this has been accomplished on each sieve 
designated, total the results and divide by 100.
B. Report the results to the nearest 0.01%

Fineness Modulus: =2.709 or 2.71

Note The Screen Analysis and P.I. Worksheet (DOT-3 Form) has a place for the calculations (see 
Figures 4 and 7). Notice that each screen needed to find the F.M. is marked with a star. Always 
refer to the Materials Manual for current specifications.

PROBLEM: What is the F.M. of the sand sample shown on handout 14? _________

The Design Mix will supply the F.M. used for the sand. For the purpose of determining the degree 
of unifomity, a fineness modulus (FM) shall be made upon representative samples from sources 
proposed for use. If the fineness modulus falls outside this limit the Concrete Engineer shall be 
notified. A new or adjusted mix design may be provided or approved. The uniformity of grading 
requirements do not apply to fine aggregate for Low Slump Dense Concrete and Class M (I) 
concrete. (800.2F)

F.M. Example
Sieve Size Percent 

Passing 
100.0 Minus 
Percent 
Passing

3/8” 100 0
#4 98.1 1.9
#8 89.8 10.2
#16 70.4 29.6
#30 38.9 61.1
#50 22.6 77.4
#100 9.3 90.7

Total 270.9

270.9
100
-------
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For determining the FM deviation from the design mix FM, the average of the five most recent 
FM tests shall be used. Until five FM tests have been made, base the deviation on the first FM 
test; then on the average of all previously run FM tests.
Additionally for Portland Cement Concrete Paving conforming to Section 380; the FM of the fine 
aggregate, as established by the mix design, will be from 2.40 to 3.10 (wide band). A 0.20 
variation (narrow band) from the established FM target value will be allowed providing that the 
narrow band FM test results are within the wide band limits of 2.40 and 3.10.
If the F.M. varies beyond the  limit, make adjustments to existing design mix proportions. 
Base the change on the average F.M. from the running average of 5 tests. To adjust the aggregate 
weights: (800.2F)
• For each increase of 0.1 in the F.M.,increase the sand weight by 1/2% of the total weight of all 

the aggregates in the batch.
• For each decrease of 0.1 in the F.M.,decrease the sand weight by 1/2% of the total weight of all 

the aggregates in the batch.
Note Change the weight of the coarse aggregate at the same time that the sand weight is changed. This 

change will also have to compensate for any aggregate volume change, so the batch volume stays 
constant. This will be covered during Mix Adjustment.

The surface area of typical one inch coarse aggregate is about 70 square feet for every 100 
pounds. The same 100 pounds of sand will have a surface area of about 1200 square feet for a 
F.M. of 3.1 about 1900 square feet for a F.M. of 2.7, and 4000 square feet for a F.M of 2.3. The 
reason sand has more surface area than rock is because of the particle sizes. A one square inch 
rock has 6 square inches of surface area. Break this same rock into 64 pieces, 1/4-inch square and 
there will be a surface area of 24 square inches. Keep breaking it into smaller pieces - the surface 
area keeps increasing. Therefore, the finer the material, the smaller the F.M. number and the 
larger the surface area.

Remember the cement and water forms a paste that must coat every particle of aggregate in order 
to produce good, strong, durable concrete. How well this happens depends upon how much 
surface area its has to coat. Fineness Modulus is a factor used to indicate the surface area of fine 
aggregates.

CENTRAL LAB TESTS
The Central Lab conducts tests for specific gravity, absolute volume, and absorbed moisture. 
These tests are conducted on materials submitted by plant inspectors.

Specific Gravity
Specific Gravity is a ratio of the weight (force of gravity) of material to the weight (force of 
gravity) of an equal (specific) volume of water. In other words, it tells us how much heavier or 
lighter than water an object is. The specific gravity of water is 1.00. An illustration of a specific 
gravity calculation is shown on the next page. It compares the weights of one cubic foot of solid 
rock and one cubic foot of water.
Specific Gravity= Weight of Material per cubic foot 

Weight of Water per cubic foot

Example: A one cubic foot volume of solid rock weighs 149.65 lbs. The weight of one cubic foot 
of water is 62.43 lbs.
Specific Gravity = 149.65#/cu ft = 2.3982 or 2.40

62.43#/cu ft
The specific gravity of aggregates is listed on the DOT-4 Form (Handout 18). If cement of a type 
or from a source not listed is received, contact the Central Testing Lab for the specific gravity.

0.2±
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Figure 4.2 Volume Illistration

Absolute Volume
Absolute volume is the least amount of space a material would occupy if it were solid and 
contained no voids. The specific gravity and the weight of material must be known to find the 
absolute volume of a material. Find the absolute volume by dividing the product of the specific 
gravity, times the unit weight of water, into the weight of the material.

Absolute volume = Weight of the Material
Product of Specific Gravity x unit weight of water

All concrete mixes are based on how much material it takes to make a cubic yard of concrete. 
Because the larger materials (coarse aggregates) leave voids that are filled with the smaller 
materials (sand, cement, water, and air), the absolute volume must be known.
To help understand absolute volumes, consider the following problems (Remember that water 
weighs 62.4 lbs./cu ft). A gallon of water weighs 8.34 lbs/gallon.
For example, a cubic yard (cu yd) of concrete contains materials with the following properties: 

Units Weight lbs. Bulk Specific Gravity
Cement 564 3.15
Fine Aggregate  1,548 2.64
Coarse Aggregate  1,500 2.68
Water 265 1.00
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The solid volume occupied by the materials in the concrete is:

Cement 564 lbs. = 2.87 cu. ft.
3.15 x 62.4 lb./cu. ft

Fine Aggregate 1,548 lbs. = 9.40 cu.ft.
2.64 x 62.4 lb./cu. ft

Coarse Aggregate 1,500 lbs. = 8.97 cu.ft.
2.68 x 62.4 lb/cu.ft.

Water 265 lbs. = 4.25 cu.ft.
1.00 x 62.4 lb/cu.ft

Air (5.5%) 0.055 x 27 cu. ft.  = 1.48 cu. ft.

Total Volume of materials = 26.97 cu.ft.

The absolute volumes are sometimes expressed in terms of the portions of a cubic yard that each 
material occupies. This is done by dividing the volume of material by the number of cubic feet in 
a cubic yard.

Cement 2.87/27
Fine Aggregate 9.40/27
Coarse Aggregate 8.97/27
Water 4.25/27
Air 1.48/27
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C H A P T E R

CHAPTER 5DESIGN MIX
Designing a mix is finding the correct quantities of materials for quality concrete. The Central 
Testing Laboratory designs all concrete paving mixes and approves structural mix designs, with 
one exception, contractor supplied mix designs. Lab technicians use the materials that will be 
used on the project and mix them together in various combinations. From this process, the 
materials combinations that make the best concrete also produce the design mix. The Design Mix 
Sheet provides:
• Fineness Modulus of the Aggregates
• Specific Gravity of the Aggregates
• Absolute Volume of Each Material per Cubic Yard of Concrete 
• Weight of Each Material per Cubic Yard of Concrete
• Absorbed Moisture Content of the Aggregates
Typical examples of Design Mixes are given in handout 17. Handout 19 is a Design Mix for 
Paving Concrete. Handout 21 is for Masonry concrete. Handouts 12 and 13 are for Contractor 
Mix Design.

WATER CEMENTITIOUS RATIO
Water is added to the mix for “hydration” purposes and so the fresh concrete can be worked. Most 
concrete needs 2.8 gallons of water per cwt. of cement for hydration. The rest of the water added 
is put into the mix for workability. The Design Mix lists the pounds of water needed per cwt. of 
cement. The water-cement ratio is defined as: (460.E3)
water cementitious ratio (w/c) = weight of free water

 weight of cement + fly ash

Note Free water is batch water plus water in aggregates.

EXAMPLE: In a particular concrete mix, to produce 1 cubic yard of concrete with satisfactory 
workability requires 254 lbs. of water and 564 lbs. of cement.

w/c= 254 lbs=0.450
564

The water cement ratio is the ratio of the total water to the total cement in the mix. Graphs for air-
entrained and non-entrained concrete show the effect of the water cement ratio and air on 
strength. Durability increases as w/c ratio decreases. Air-entrained concrete is considerably more 
durable than non air-entrained concrete.
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The ratio does not tell the total water content of the mix, that can be calculated if the cement 
content is known. If cement remains constant, an increase in the water cement ratio indicates an 
increase in the water content. Similarly, a decrease in the water cement ratio indicates a decrease 
in the water content. The water cement ratio is significant in plastic concrete. As the water cement 
ratio goes up, the slump and air content increase. When the water cement ratio goes down, the 
slump and air content decrease.
Figure 5.1 Compressive Strength Chart

Paving Concrete
The contractor (380.3 A) sends samples of the aggregates, cement, and admixtures in the 
quantities specified in the - M.S.T.R. - Materials manual to the Central Testing Lab 40 days 
before mixing concrete. The Lab will then design the mix. These samples must be taken from the 
stockpiled project materials. These stockpiles are located on the project or production site.
Plan specifications or notes may direct the contractor to develop their own mix designs.
Contact the Materials Engineer of the Central Lab for quantities to be submitted if the amount is 
to be changed from the amounts specified in the M.S.T.R. Section of the Materials Manual and 
listed below:

Fine Aggregate 750 lbs.
Coarse Aggregate 1,100 lbs

(when only one size is used)
Coarse Aggregate 600 lbs.

(when two sizes are involved)
Cement 200 lbs.
Fly Ash 50 lbs.
Air Entraining Agent 16 oz.

The Area Engineer can allow mixing in less than 30 days, if:
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• The same material is being used on another job and there is a current Design Mix.
• The materials have been used in the past and there is a current Design Mix.

Structural Concrete
Generally the contractor will use a combination of materials that have been used before. When 
this is the case, a design mix is on file, and new material will not be necessary. The Central 
Testing Lab compiles a tabulation of Design Mixes (for mixes using materials from known 
sources) for concrete masonry (Handout 21). If the contractor plans to use any of these source 
combinations, the Design Mix in the tabulation can be used. There is an identification number for 
each of these mixes, which identifies the particular mix. This is done when there are several 
mixes using various combinations of the same materials. The English quantities for sand and 
coarse aggregate are given in lbs./cu yd. Water is given in gallons and pounds, and cement is 
cwt./cu.yd. U/MS/concretemixdesigns/contractormixdesigns
PROBLEM: What weights are needed for a 7 cubic yard batch if the data from handout 17 is 
used? 

Cement ___________

Fly Ash ___________

Sand ___________

Rock ___________

Water ___________

It is the contractor or supplier’s responsibility to determine how much air entraining admixture 
and water to add. Do not tell him/her - just ensure that the maximum water requirements are not 
exceeded.
For material from a new source, the contractor must send samples of the aggregates to the Central 
Lab for a new Design Mix. Refer to the Materials Manual MSTR section. 
Occasionally, the contractor will want to use cement of a type or from a source different than 
given in the mix. Notify the Central Testing Lab, as the mix may have to be changed. Differing 
cements may need more or less mixing water. Some have a different specific gravity, which 
require volume adjustments. Minor adjustments in the Design Mix may be needed to meet job 
conditions. These adjustments are usually for:
• aggregate moisture changes
• a change in the F.M.
• a change in the specific gravity
• fly ash (if not determined by Central Lab)

MOISTURE ADJUSTMENTS
The moisture of aggregates is usually more than is needed for absorption, thus creating free 
water. The design mix supplies the total amount of water needed for mixing. To get the right 
amount of mixing water in each batch, cut back the Design Mix quantity by an amount equal to 
the free water in the aggregate. Occasionally, check the method of drying against the oven drying 
method to know how much free moisture exists.
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Finding Free Moisture
The following is an example of a Paving Design Mix and total moisture test results:

Material Design Mix Total Absorbed Free
Weights Moisture Moisture Moisture
Cu. Yd.

Sand 1147 lbs. 4.6% 1.2% ________
1” No. 4 Rock 1335 lbs. 0.9% 0.6% ________
Water 194 lbs.

1. Find the amount of free moisture by subtracting the absorbed moisture from the total moisture.
Sand = 4.6% - 1.2% = 3.4%
1” No. 4 Rock = 0.9% - 0.6% = 0.3%

2. Find the total pounds of free water in the aggregates by multiplying the Design Mix/cu. yd. by 
the percentage of free moisture and adding them together.

Sand = 1147 lbs. x 3.4% =39 lbs
1” No. 4 Rock = 1335 lbs. x 0.3% = 4 lbs.

 43 lbs.

3. Adjust the amount of mixing water by subtracting the free water from the Design Mix water.
Adjusted mixing water = 194 lbs. - 43 lbs. =151 lbs.

4. Adjust the batch for the amount of aggregate for mix. Do this by increasing each aggregate 
weight by the amount of free water it contains.

Material Design Mix Free Water New Corrected
Weight cu.yd. Weight Batch Weight

Sand 1147 lbs. + 39 lbs. = 1186 lbs.
1” No. 4 Rock 1335 lbs. + 4 lbs. = 1339 lbs.

Multiply the corrected batch weights/cu. yd. by the number of cubic yards to be batched at one 
time to determine the weights to be actually set on the scales when batching materials. Enter the 
data on the DOT-98A --Plant Inspectors Daily Report.
Take a moisture test of the aggregate at least every 2 hours. On a paving job take moisture tests 
for each sample obtained for a gradation test in accordance with the M.S.T.R section in the 
Materials Manual.
The amount of mixing water is directly related to the slump of the concrete. Adjust the mixing 
water anytime the change in moisture content of the aggregates would cause a water change of 2 
pounds per cubic yard of concrete.

Note A one gallon change in the mixing water per cubic yard of concrete will change the slump 
approximately one inch.
Integral to the mixing drum of Central Plants is a “slump” indicator or watt meter that measures 
the power required to turn the mixer. This electronic sensor functions on drum drag. The wetter 
the mix (higher the slump) the lower the amperage reading. The dryer the mix (lower the slump) 
the higher the amperage reading. Some Central and Redi-Mix plants are equipped with a 
“moisture meter.” There are probes in the sides of the sand bin, and the amount of moisture is 
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measured by the resistance to the electrical current flowing between these probes. Some of the 
units will show the total moisture. Use these meters for the tests as long as they will agree with 
your results. Run one test each day to check adjustment.
Figure 5.2 Slump Indicator

PLANT INSPECTOR’S DAILY REPORT
Use the Plant Inspector’s Daily Report (DOT-98A) to track weights and changes to the Design 
Mix. Complete this form for each day that concrete is produced.
Handout 23 is a completed DOT-98A form. To start filling out the form:
1. Enter the county name, project number, and the PCN number.
2. Enter the report number (consecutively, one report per day of operation) and check the 
appropriate space for a structure or paving project. If a mix is used from the yearly tabulation of 
Design Mixes, write the mix number under this area.
3. Complete the first four lines of the Design Mix box using the information contained in the 
Design Mix (this report is completed using the Design Mix in handouts 6 and information 
obtained from the most recent quality tests on the materials in handout 9 & 9A).
The weights that will be set on the scales will be different because of the free moisture in the 
aggregates. Make use of the PROPORTIONING FOR MOISTURE IN AGGREGATE part of the 
report. A moisture test was run at 11:30 AM (1130 hours) with the following results:

Material Moisture
Sand 5.1%
1” No. 4 Rock 1.0%

To fill out the proportioning part of the report:
1. Enter the time the tests were made in the first row. In this example (Handout 12), go to the 4th 
column from the left. Enter the % TOTAL MOISTURE for each of the aggregates in the cell 
below the time entry row.
2. Enter the % ABSORBED MOISTURE for each aggregate. This is given on the 
“ABSOREBED MOISTURE %” line in the box.
3. Subtract the % absorbed moisture from the % total moisture for each aggregate. This is the % 
FREE MOISTURE in the aggregate. For this example, the sand contains 3.6% free moisture 
(5.1% - 1.5%). The rock contains 0.5% free moisture (1.0% -0.5%)
4. Determine the free water in the aggregates. For each aggregate, multiply the % moisture times 
the batch weight of that material.

Sand 3.6% x 1346 lbs.= 48 lbs.
1” No. 4 Rock 0.5% x 1692 lbs. = 8 lbs.

Enter these amounts on the “FREE MOISTURE, WT LBS” line for each aggregate
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5. Find the weights needed for the Design Mix per cubic yard. Add the free moisture weights to 
the batch weights of each aggregate and put these figures on the “CORRECTED BATCH 
WEIGHT” line.
6. Calculate the amount of water to be added. Add the weights of the free moisture in the 
aggregates and enter the total on the “FREE WATER” space. In this case the free water would be: 
48 lbs. + 8lbs= 56 lbs. or 6.7 gallons.
7. The next row is “ADDED WATER”. The weight in this space is the actual amount of water to 
add to the batch to maintain the slump. For this example, 23.3 gallons of water was needed.
8. Add the free water and the added water to get the GALLONS WATER. In this case the total 
water weight is the same as the design amount and should match the gallons entered on the 
“TOTAL WATER” line.
9. Determine the size batch to be used and enter this in the “batch size” column under SCALE 
WEIGHTS. Multiply this times the appropriate weights from above. REMEMBER, these are the 
actual weights the contractor will set on his plant scales. Be sure to use the “Corrected Batch Wt.” 
for the sand and rock. Enter the necessary weights for a 7 cubic yard batch. These exact weights 
cannot be set on the scales because they are not graduated fine enough. By setting the weight to 
the nearest graduation, the mix will still be obtained. New moisture tests have been run at the 
same time the above adjustment was made.
REMEMBER, these moisture tests are run on a 2-hour basis and may not coincide with other 
adjustments. A workability adjustment does not mean that new moisture tests are needed.
Sand Moisture = 5.1%
Rock Moisture = 1.0%
Adjustments in the Design Mix can be made to improve workability. This is because of a change 
in F.M. or the water requirements to maintain slump. Any time a change in the Design Mix is 
made, show the new mix in the FIELD MIX CU. YD. area. These new weights will be needed 
when figuring the PROPORTIONING FOR MOISTURE IN AGGREGATES.
The Inspector’s Daily Report (Handout 23) show that at 11:00 A.M. (1100 hours) the mix was 
adjusted due to changes in aggregate moisture. The moisture tests at 8:30 A.M. (0830) hours) 
show that the rock actually contained more total moisture than is required for absorption. The 
batch weight of this aggregate was reduced by the weight of water that it was missing.
Most of the plants will be measuring water in gallons rather than pounds. If using gallons, 
compute the free moisture in each aggregate in pounds and convert it to gallons to complete the 
total water being used.
If using the same field mix as on the previous day, the last field mix of the previous report should 
be entered as the first field mix on the current daily report.
Weather conditions may affect a concrete mix. For example, one day is hot, windy, and the 
humidity is low. The next day is cool, breezy, and the humidity is high. The slump can be 
maintained by reducing the total water content.
Whenever adjustments in the weights of the aggregates are made, always base the adjustment on 
the weights being used before the adjustment was made. The last adjustment will most likely be 
the field mix that will be used the next time concrete is produced.
Whenever making a mix adjustment, make it on “cubic yard” weights.
Attach a copy of the moisture tests (DOT-35) to the Plant Inspector Daily Report and send to the 
Concrete Engineer, the Area Engineer, and the Region Materials Engineer. Keep the original 
report for the files.

Note Be sure that the report is signed and dated; keep a copy for use in developing the next day’s 
report.
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PLANT INSPECTOR’S DAILY REPORT 

 
PROJECT ________________________________ COUNTY ____________________________________ PCEMS ____________  
 
FLY ASH CLASS ______________________ STRUCTURE ______________________________ PAVING__________________  
 
REPORT NO. ______________________________________ INSPECTOR ____________________ DATE __________________ 
 

DESIGN MIX BASED ON SATURATED SURFACE DRY AGGREGATE 
 

  FLY FINE COURSE   FM FINE 
MATERIAL CEMENT ASH AGGREGATE AGGREGATE WATER AIR AGG. 

SOURCE          
SPECIFIC GRAVITY          
ABSORPTION          
DESIGN MIX Cu. Yd.          
          
*FIELD MIX, Cu. Yd.          
          

* CHANGES IN DESIGN MIX MADE IN THE FIELD (Workability, FM, etc.) 
 

PROPORTIONING FOR MOISTURE IN AGGREGATE, PER CU. YD. 
 

 TIME        
         

S TOTAL MOISTURE, %        
A ABSORBED MOISTURE, %        
N FREE MOISTURE, %        
D FREE MOISTURE, WT LBS.        
 CORRECTED BATCH WT LBS.        
         

R TOTAL MOISTURE, %        
O ABSORBED MOISTURE, %        
C FREE MOISTURE, %        
K FREE MOISTURE, WT LBS.        
 CORRECTED BATCH WT LBS.        
         

W TOTAL WATER        
A FREE WATER        
T ADDED WATER        
E GALLONS WATER        
R         

 
SCALE WEIGHTS 

 

BATCH  FLY FINE COURSE   
SIZE CEMENT ASH AGGREGATES AGGREGATES WATER AIR 

       

         
         
         
         
         
         
         
         
         

 

REMARKS: _______________________________________________________________________________________________  
_________________________________________________________________________________________________________  
_________________________________________________________________________________________________________  

ADDITIONAL WATER FOR WORKABILITY___________________________________________________________________
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WORKABILITY ADJUSTMENTS
The air content of the concrete plays a big part in workability. Do not neglect the air content when 
workability problems develop. Water is sometimes increased to correct a low slump when all that 
was needed was to increase the air content. There are many factors that affect the air content, 
including:
• Aggregate Gradation
• Cement Content
• Slump 
• Vibration
• Concrete Temperature
• Mixing Action
• Air Temperature

Increase of: Percent Air will:
Slump Increase
Water/Cement Ratio Increase
% Sand Increase
Fines in Sand Decrease
Cement Content Decrease
Cement Fineness Decrease
Temperature Decrease
Mixing Time Decrease
Wind Velocity Decrease

Know the strength of the air entrainment being used. Normal and concentrated strength air 
entrainment are most common. 
Using double strength air entrainment does not necessarily mean that the amount of air 
entrainment can be cut in half. It may have to be cut 30 to 50 percent, depending on the brand. 
The contractor can use any type of air entrainment as long as the specifications are met.
The amount of water in the mix also affects the slump. The mix may need more or less water than 
indicated in the Design Mix. 

Note Care should be taken to not exceed the water/cement ratio.

Fineness Modulus Adjustment
The proportion of sand in a mix design needs to be adjusted when the F.M. deviates from the 
design F.M. by more than 0.2. The following conditions exist:

Weight of Sand per Batch = 1226 pounds
Weight of Rock per Batch = 1856 pounds
Specific Gravity of Sand = 2.62
Specific Gravity of Rock = 2.40
The F.M. of the sand has increased 0.3

• For each increase of 0.1 in the F.M.,increase the sand weight by 1/2% of the total weight of all 
the aggregates in the batch.

• For each decrease of 0.1 in the F.M.,decrease the sand weight by 1/2% of the total weight of all 
the aggregates in the batch.
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1. Find the amount of weight that should be added to the sand weight. Multiply the total aggregate 
by 1.5% or 0.015.

Extra Sand Weight = 0.015 x (1226 lbs. + 1856 lbs.) = 46.2 lbs

2. Find the volume of this extra sand by dividing the unit weight of water times the sand’s specific 
gravity into the extra sand weight.

Extra Volume = 46 lbs. = 0.28 cu. ft.
2.62 x 62.4 lbs/cu.ft.

3. Find how much the rock weight must be reduced to maintain a constant volume. Multiply the 
extra volume times the unit weight of water times the rock’s specific gravity.

Rock Weight = 0.28 cu.ft. x 62.4 lbs./cu. ft. x 2.40 = 42 lbs.
Note This weight can also be found by using a ratio of specific gravity’s (rock divided by sand) times 

the extra sand weight.
2.40 x 46 lbs. = 42 lbs.

2.62

4. Find the new batch weights for the sand and rock.
Sand Weight = 1226 lbs. + 46 lbs. = 1272 lbs
Rock Weight = 1856 lbs. - 42 lbs. = 1814 lbs.

Note Use the adjusted weights to figure the free moisture and corrected batch weights per cubic yard.

Admixtures
Check that the amount of admixture recommended by the supplier or manufacturer is being used 
in the mix. Do not allow the admixtures to contact each other before mixing, as a chemical 
reaction will begin. Check that the plant operator is following the manufacturer’s product use 
recommendations. It is the concrete suppliers responsibility to provide information on admixture 
use.

Additional Tests
There will be requirements to make adjustments in the mix, such as when the F.M. changes in 
sand or when the aggregate moisture changes. To determine how the changes will affect the 
slump or air content, take a sample from a batch load and conduct the appropriate test(s). The 
South Dakota Materials Manual explains the air content under SD 403 and the slump under SD 
404. Do not use these test results for acceptance tests.

Note The results attained at the plant will usually be higher than those from the inspector at the 
placement site because of air loss during transit.
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COLD WEATHER CONCRETING
Check the temperature of the mixed concrete when the weather is cold. The concrete must be at 
least F and not more than . The contractor may heat the water or aggregates to keep the 
concrete within these limits. The water should never be heated over  nor the aggregates 
over . If the water is heated over , mix it with the aggregates before adding cement 
to avoid a flash set. Keep the aggregates and water heating uniform to produce uniform concrete.
Use the following formula to estimate the temperature of the mixed concrete:

Temperature = WT + 0.2 W’T’
W + 0.2 W’

W = Weight of water
W’ = Weight of Cement and Aggregate
T = Temperature of water
T’ = Temperature of Cement and Aggregate

Note This formula is a simplified version of and ACI formula. This simplified version assumes cement, 
rock, and sand are all at the same temperatures.
Example: 1 and 1/2 cu yd batch Wts. etc.

C = 846 lbs.
R = 2574 lbs.
S = 2067 lbs.
Water = 37 gal = 309 lbs.

W = 309 lbs.
W’ = 5487 lbs.
T = 
T’ = 

Temperature = 37080 + 40604 = 77684 = 
309 + 1097 1406

Be alert for frozen material. Conduct checks to ensure frozen lumps, ice, or snow is not allowed 
in the mix. When aggregates are heated, steam will generally be piped into the pile or heated over 
and open flame as shown in the diagram below. Check the material carefully to see that it is 
heated uniformly. If it is not, difficulty in producing uniform concrete or a flash set might occur.
Figure 5.3 Heating Aggregate Stockpiles

The hydration time period can be reduced if one additional bag of cement per cubic yard of 
concrete is added. When this is done, make adjustments in the mix because of the extra volume. 

50° 90°F
160°F

100°F 100°F

120°F
37°F

55°F
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The extra cement also requires additional water to maintain the slump. Generally, the adding of 2 
gallons of extra water per bag of cement is acceptable.
Using a cement weight of 625 lbs with a specific gravity of 3.17, the following steps should be 
followed to adjust a mix for the addition of one bag of cement in cold weather. The adjustments 
are made on the quantity of materials needed per cubic yard of concrete.

Note The increase of one bag of cement will usually require an increase of approximately 30% more 
air entrainment per cubic yard.
Example:

1. Cement increased one bag = 94 lbs.
New cement wt.= design or field mix wt.+ added cement wt.
New cement wt. = 625 lbs. + 94 lbs. = 719 lbs.

2. Add 2 gallons of water for the extra cement
New water wt. = design or field mix wt. + added water wt.
New water wt. = 267 lbs. = 17 lbs. = 284 lbs.

3. Determine the added absolute volume due to the addition of 94 lbs. of cement and 2 
gallons of water.

Added cement vol. = wt. of cement
Sp.Gr. of cement x water wt. per cu.ft.

Added cement vol. = 94 lbs = 0.47 cu. ft.
3.21 x 62.4 lbs./cu.ft.

Added water vol. = No. of gallons x water wt. per gallon
water wt. per cu. ft.

Added water vol. = 2 gallons x 8.34 lbs./gallon = 0.27 cu. ft.
62.4 lbs./cu.ft

Total added vol. = added cement vol. + added water vol.
Total added vol. = 0.47 cu. ft. + 0.27 cu. ft. = 0.74 cu. ft.

4. Reduce the absolute volume of the sand and rock to make room for the added volume of 
cement and water. Pro-rate the added volume based on the percentage of the sand and rock 
weights of the total aggregate weight. Do this so an absolute volume of 27 cu. ft./ 1 cu. yd. can be 
maintained.

Total aggregate wt. = sand wt. + rock wt.
Total aggregate wt. = 1269 lbs. + 1676 lbs. = 2945 lbs.

% of sand = sand wt. =  1269 lbs. = 43.1%
 total aggregate  2945 lbs. 

% of rock = rock wt. = 1676 lbs. = 56.9%
total aggregate wt. 2945 lbs.
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Vol. sand to be reduced = vol. increase x % sand
(cement & water)

Vol. sand to be reduced 0.74 cu. ft x 43.1% = 0.32 cu. ft.

Vol. rock to be reduced = vol. increase x % rock
(cement & water)

Vol. rock to be reduced 0.74 cu. ft x 56.9% = 0.42 cu. ft.

5. Determine the new weights for sand and rock.

Reduced sand wt. = reduced vol. x sand Sp. Gr. x water wt/cu. ft.
Reduced sand wt. = 0.32 cu. ft x 2.63 x 62.4 lbs./cu.ft = 52 lbs.
Reduced sand wt. = 52 lbs.
Reduced rock wt. = reduced vol. x rock Sp. Gr. x water wt/cu. ft.
Reduced rock wt. = 0.42 cu. ft x 2.62 x 62.4 lbs./cu. ft. = 69 lbs.
Reduced rock wt. = 69 lbs.

New sand wt. = design or field mix wt. - wt. of reduced vol.
New sand wt. = 1269 lbs. - 52 lbs. = 1217 lbs.

New rock wt. = design or field mix wt. - wt. of reduced vol.
New rock wt. = 1676 lbs. - 69 lbs. = 1607 lbs.

6. The new field batch weights with the extra bag of cement and the 2 gallons of water are:

Cement = 719 lbs.
Water = 284 lbs.
Sand = 1217 lbs.
Rock = 1607 lbs.
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HOT WEATHER CONCRETING
Do not place concrete when it has a temperature above . Bridge deck concrete temperature 
should be maintained below . The Engineer may authorize the maximum temperature be 
raised to  with specific circumstances, see specification book (460.3.K). Excessive concrete 
temperature can lead to the following:
• Lower ultimate strength
• Reduced Durability
• Lessened Resistance to freeze-thaw cycles
• Increased Shrinkage cracking

For each rise of  in the concrete temperature, add one gallon of water per cubic yard to 
maintain the same slump. Not to exceed the water/cement ratio.
EXAMPLE: If using 29 gallons of water per cubic yard when concrete temperature was , 
use 30.5 gallons of water per cubic yard when the temperature is .
The temperature of concrete cannot be controlled as easily in hot weather as in cold weather. 
However, there are various methods that can be used to lower the temperature of fresh concrete. 
The plant operator can:
1 Use cold water even to the point of adding measured quantities of ice.
2 When practical, avoid the use of hot cement.
3 Insulate water-supply lines and tanks or at least paint exposed portions of a light color to 

reflect heat.
4 Cool coarse aggregate stockpiles by spraying them with water.
5 Cool mixer drums with water, paint them a white or light color, and keep them washed clean of 

cement and dust.
6 Shade materials and facilities with surplus camouflage nets or similar material.
7 Work at night assuming illumination is available for the paving operation.

Miscellaneous
A design mix featuring use of fly ash is available at handout 12.

90°F
80°F

85°F

10°F

65°F
80°F
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FACTORS THAT AFFECT SLUMP, WORKABILITY, AND 
CONSISTENCY

When concrete ingredients are blended together, the aggregates are suspended in a fluid paste. 
The paste serves as a lubricant to make the mixture pliable enough to be formed into the shapes or 
forms desired. The general term used to describe this characteristic of the plastic concrete is 
“workability.” Each of the elements of the fluid paste - cement, water, air, and admixture has its 
own influence on workability. Aggregates also affect the workability of fresh concrete. Each 
element and its effect are discussed below.
The first element is cement. The setting time of the cement determines the amount of time from 
the addition of water to the mix until the concrete becomes unworkable. This setting time, in turn, 
is influenced by the temperature of the paste. The temperature of each ingredient when it is 
mixed, the increase in temperature cause by the mixing itself, the temperature of the surrounding 
air, and the heat of the hydration caused by the chemical action between the cement and the water 
all combine to determine the paste’s temperature. At warmer temperatures, a concrete mix will 
have a lower slump than an identical mix made at a cooler temperature. Since chemical reactions 
go faster if the temperature is higher, the cement hydrates faster when warm than when cool. This 
causes the concrete to set up or harden more rapidly. This brings up a very important point about 
slump loss.
A concrete mix begins losing slump (it stiffens) from the moment the cement first comes in 
contact with the water. Unless some later change is made in the mix (for example - if water is 
added or an admixture is introduced), the mix has as much workability when it first comes out of 
the mixer as it will ever have. If the mix or ambient temperature goes up, humidity goes down 
(which dries the mix), or accelerating admixtures are used, slump will be lost rapidly. In practical 
terms, this means that the contractor’s personnel will have less time to place and consolidate the 
concrete.
The most extreme example of rapid slump loss is concrete that undergoes “flash set.” When 
concrete flash sets, it sets up almost immediately after the mixing action has been completed, 
leaving no time to place and finish concrete. When it sets this soon, a lot of heat is given off by 
the hydration of the cement with the water.
In flash setting, slump is lost nearly instantaneously. Taking any of several precautions before 
mixing can prevent this slump loss. The most important is to keep the mix components - 
aggregates, cement, and water - as cool as possible. In some cases, ice is even used as a substitute 
for mixing water. Using retarding admixtures or some type of fly ash may also help prevent flash 
set. Eliminate accelerators from the mix. The engineer should be notified if repeated cases of 
flash set occur.
The second element is water. It effects the workability by changing the dry cement into paste. 
This gives the concrete mix the mobility it needs to flow into its final position. Water in a 
concrete mix acts as a dispersing agent by putting more space between the aggregate particles. It 
also acts as a lubricant.
The more water present in the mix, the less friction and interaction there will be between the 
aggregate particles, resulting in an increase in the slump and the workability. Remember, more 
water is needed to make concrete workable than is needed just for the chemical hydration of the 
cement paste. You can have all the workability you need, but the ratio between the cement and the 
water must be kept at the proper level. The big problem occurs when the water is added at the job 
site. It is difficult to add extra cement at the same time, so it is seldom if ever done. To avoid 
exceeding the proper water-cement ratio, it is best to design a workable mix that will avoid the 
problem.
The third element of fluid paste is air. It improves the workability of the fresh concrete because 
air bubbles act like tiny ball bearings. The very small air bubbles spread the coarse aggregate 
particles apart and reduce particle interference. The air bubbles also act in a way similar to fine 
aggregate by adding the equivalent of aggregate surface area to the mix. This results in improving 
workability for the finishers because the excess water is retained in the mix that keeps bleeding to 
a minimum. The admixture normally used to entrain the air bubbles also affects the surface 
tension of the water, making the concrete mix more cohesive. This is especially important in 
slipform paving where holding a firm vertical edge is necessary.
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Other admixtures besides those that entrain air also affect the slump and workability of the 
concrete mix by speeding up or slowing down the setting time of the fluid paste. THE KEY 
THING TO REMEMBER IS THAT WE NORMALLY NEED AN HOUR OR MORE TO MIX, 
TRANSPORT, PLACE, AND FINISH CONCRETE IN HOT WEATHER. By adding retarding 
admixture we can gain some extra time to work with the concrete before it hardens. Conversely, 
in cold weather, the hydration process slows down and nearly stops all together at freezing 
temperatures. An accelerator can be added to speed up the hydration, allowing the concrete to 
gain early strength to resist a possible freeze.
Two other admixtures are fly ash and water-reducing admixtures. Fly ash will improve the 
workability of mixes deficient in the finer sand particles, and usually has some water-reducing 
qualities. Water-reducing admixtures reduce the amount of water required to produce concrete of 
a given consistency, or they allow an increase in consistency (slump) without increasing the 
water-cement ratio.
Another element aggregate has an impact on workability. The particle shape and the surface 
texture of aggregate influence the properties of plastic concrete. Cement paste will bond better to 
rough and angular particles, but a gradation, particularly of the fine aggregates, can have a large 
influence of slump. Many fine aggregates result in more total surface area to be coated by the 
water in the cement-water paste. This results in less space between the particles, causing more 
particle friction, interaction, and a lower slump. Larger maximum size coarse aggregate results in 
more space between the pieces, causing less particle friction that tends to increase the slump.
The amount of fine to coarse aggregate ratio also has an effect on slump. However, if this ratio is 
changed, the results are not quite as obvious as with other factors affecting slump. If the 
percentage of fine aggregates is increased, the slump will be less, but the workability may 
actually be improved. This better workability develops because the fine aggregate cuts down the 
tendency of the coarse aggregate to interlock. However, if the percentage of fine aggregate is 
increased too much, a point is reached where more cement is needed in the mix to maintain the 
concrete strength. This makes the mix more expensive.
Moisture Control- Effort must be taken to insure, as practically as possible, a uniform and stable 
moisture content in the aggregate as batched. The use of aggregate having varying amounts of 
free water is one of the most frequent causes for loss in control of concrete consistency (slump). 
In some cases, it may be necessary to wet the coarse aggregate in a stockpile or the delivery belts 
to compensate for high absorption or to provide cooling. When this is done, the coarse aggregates 
must be dewatered to prevent transfer of excessive free water to the bins.
Only as much water and fine aggregate should be used as is required to obtain suitable 
workability for proper placing and consolidation by means of vibration. The area that is filled 
with the right combination of solids and the less it is filled with water, the better will be the 
resulting concrete.
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C H A P T E R

CHAPTER 6CONCRETE PLANTS
A concrete plant is a factory. The product manufactured is uniform fresh concrete. It is essential 
that there be an uninterrupted flow of the concrete from the plant to the construction site. This 
will provide concrete uniformity and will facilitate a high quality construction.
The following are required for concrete to flow uninterrupted to the construction site and for 
materials to be uniform from batch to batch:
1 A site large enough to store materials for continuous operations.
2 A layout that permits all construction and delivery traffic to flow freely in and out of the plant 

site.
3 Equipment that is kept in good operating condition.
4 Competent plant and equipment operators who are well supervised.
5 Storage and handling procedures for all materials.
6 Good communications between the concrete plant and the placing operation.
DOT inspectors and contractor personnel who will take the initiative to anticipate a problem and 
make the effort to determine a solution before the problem causes a slowdown or stoppage of 
concrete production.
The key to quality and uniformity is using proper proportioning, consistency and a quality control 
program. All materials must be measured accurately. The word “batch” means either the 
assembly or mixture of all the ingredients used in one concrete mixing operation. For example, 
one truck mixer load or one plant mixer cycle in a central mix paving plant is a batch.
It is important to proportion each batch of materials to obtain strength and durability. The 
proportions of aggregate have considerable effect on the workability of the fresh or “plastic” 
concrete. Any error made in measuring these materials will also cause a variation in strength. 
Control the measurement of materials within narrow limits.
Although there are many kinds, shapes, and sizes of concrete plants, they all are of two general 
types: Batching Plants and Mixing Plants.

NON COMPUTERIZED BATCHING PLANT INSPECTION
A batching plant measures the materials needed for a “batch of concrete.” A batch is the amount 
of material that is to be mixed at one time. The mixing is done in one of three places: at the 
batching site, on the way to the job site, or at the job site.
A concrete mix is proportioned not only to meet the requirements of strength, durability, and 
workability, but also to produce a certain volume of concrete. The purpose of batching equipment 
is to meter the quantity of each material into the mixer so that the correct volume of concrete is 
produced.
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Thorough mixing of concrete is accomplished when the materials are charged into the mixer at 
about the same time. This is possible because of the partial blending of materials, which occurs as 
they enter the mixer. Before the materials can be put into the mixer, each must be measured. This 
is accomplished by dropping material from the storage bin into a weighing hopper.
Common hoppers, called cumulative batchers, batch by weight and are frequently used by redi-
mixed concrete producers for aggregates. Cement is normally weighed separately. These 
cumulative batchers weigh materials one after another in a common weight hopper suspended 
from a single weight scale-lever system. Multiple batchers sizes range from one to ten cubic yards 
or more. They can be arranged to handle 2, 3, 4 or more different details.
Figure 6.1 Hoppers at Batching Point

Figure 6.2 Conveyor Carrying Aggregate to Hopper

The batching plant must be on a level, solid base to prevent the twisting and binding of parts. This 
will cause problems with the scales, which in turn will not weigh correctly. Concrete footings 
make the best base. The contractor can use other bases as long as the plant is solid and remains 
level.
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Figure 6.3 Diagram of Two Types of Hopper Systems

Scales
The scales are an important part of a batch plant. If they are not working properly, the following 
can occur: the volume cannot be controlled, moisture adjustments will be difficult, the slump 
could vary, or the strength could be low.
Figure 6.4 Beam Scale

Figure 6.5 Springless Dial Type Scale

These scales must have graduations on the scale that are no larger than 0.1% of the scales total 
capacity. (380.3.B.1)
 6-53



The scales must be accurate to 1/2 percent of the load being weighed.(380.3 B.1)They must also 
be sensitive to a weight equal to one gradation of the scale. Check the scales to see that they meet 
these requirements before producing concrete.
Since the scales used for batch plants often have capacities of 30,000 pounds or more, they must 
be checked by the state scale inspector or by qualified private scale inspectors. It is up to the 
contractor to contact these people and set a date for checking the scales. Be present while this is 
being done. After the scales are checked and they meet requirements, enter the following in the 
plant diary:
• Date the check was made
• Name of the person making the check
• A statement that the scale met requirements
The state scale inspector checks the scales of most Redi-Mix plants annually. The scales will not 
need to be checked if they have a scale inspector’s seal that is less than 1 year old and the plant 
has not moved since the seal was issued. If the plant does not have a recent seal or it has been 
moved, it must be checked.(9.1B)

Note Scales used for weighing water have to be accurate to  percent of the net weight of the load 
being weighed (380.3 B.1).
A beam scale must have an “over-under” indicator (380.3 B.1). This is another beam, but it shows 
a larger amount of movement than the main beam. The picture on the right shows an indicator. It 
must have weight graduations up the side, which indicate how much the load is off if the pointer 
did not fall on zero.
Figure 6.6 Over-Under Indicator

Occasionally the contractor may use a small batching plant for structural concrete. If the plant 
does not produce more than a few cubic yards of concrete, the Engineer may order other means to 
check these scales. There are times when weighing will be affected by wind. The wind may cause 
the hoppers to rock back and forth, causing vibrations in the lever arms. These vibrations cause 
the scale to bounce making it hard to weigh. Should wind cause such problems, have the 
contractor put up a shelter to protect the hoppers (380.3 B.1 and 460.3 B.)

Water Meters
Meters sometimes measure mixing water. These meters must measure water with a tolerance  
percent of the quantity (380.3 B.1 and 460.3 B). The insides of a meter are delicate. Long use, 
sand, or dirt can damage it causing incorrect readings.

1±

1±
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Figure 6.7 Water Meter

Check meter accuracy by weighing the water pumped through it. If the water weighed is within 
 percent of the meter setting, the meter is acceptable for use. If the accuracy falls outside the 
 percent limit, make adjustments or draw an “output” curve.

Some contractors have a Certificate of Calibration for their water meters. This can be used in 
place of actually checking the meter if:
• The meter is sealed.
• The Certificate shows the serial number of the meter, date of calibration, and states that the 

meter is accurate within a range of error of not over  percent.
This calibration will be considered good for a period of one year from date of calibration or until 
the meter seal is broken. Should there be a reason to suspect that the meter is no longer accurate, 
check it. If using the Certificate of Calibration, put the above data in the diary and send a copy to 
the Concrete Engineer.
One method that can be used to check a water meter is to meter a volume of water from the batch 
plant into a 55 gallon barrel. Another method is to meter a volume of water into a water truck and 
weigh the truck and determine the gallons. Keep in mind that the larger the volume of water used 
the more accurate the check will be.

Bins
The plant must have separate bins for each size aggregate. The bins are filled from the top by 
conveyors. Check to see that the material is not building up and spilling from one bin to another. 
Look inside the bins to see that there are no holes in the walls between the bins. Mixing the 
aggregates will result in failing test results as well as non-uniform concrete.

Admixtures
Each admixture should be added to the batch by a mechanical metering device. The device must 
be able to measure within  percent of the net weight or volume per batch (380.3 B1 and 460.3 
C) Check the accuracy by discharging a batch quantity into a container. Weigh (grams) the 
material to verify the  percent accuracy. Most admixtures are specified in ounces and weighed 
in grams. Divide the gram weight by 28.34 to get ounces. It is the contractor’s and/or the 
supplier’s responsibility to determine the dosage of admixture.

1±
1±

1±

3±

3±
 6-55



Figure 6.8 Admixture Metering Device

Automatic Controls
A concrete paving batch plant must be operated with automatic controls (380.3 B.1). Batch plants 
for structural concrete are not required to have automatic controls. The illustrations below depict 
what the controls do when separate scales weigh aggregates and cement.
Figure 6.9 Open the Storage Bin Gates to Start Batching
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Figure 6.10 Close Gates when the correct amount of each aggregate and cement is weighed 
out

The automatic controls must also (380.3 B.1):
1 Keep the storage bin gates closed when the weigh hopper gates are open.
2 Must not open the weigh hopper gates when the aggregates weigh 2% more or less than they 

are supposed to weigh.
3 Must not open the weigh hopper gates when the cement weighs 1% more or less that it is 

supposed to weigh.
Figures 6.9 and 6.10 illustrate what automatic controls do when aggregates and cement are 
weighed on one scale:
Figure 6.11 Open the storage bin gate for the first aggregate to be weighed
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Figure 6.12 Close the storage bin gate when the correct amount of aggregate has been 
weighed.

The two steps illustrated are repeated until the two sizes of aggregate and cement have been 
weighed. The automatic controls must also (380.3 B.1):
1 Keep the storage bin gates closed when the weigh hopper gates are open.
2 Not open the next storage bin gate when the last aggregate weighed is more or less than the 

allowable tolerance. The allowable tolerance is percent of the net weight of the total 
aggregate batch.

3 Not open the weigh hopper gates when the total weight of the aggregates are more or less than 
the net weight by 1/2 percent or more.

4 Not open the weigh hopper gates when the cement weighs more or less than the correct weight 
by 1% or more.

Check the automatic controls to be sure that they are working properly. Have the contractor put 
less material in the weigh hopper than is allowed by the delivery tolerance. Then have him/her try 
to operate the automatic controls to see if the weigh hopper gates will open (for aggregates 
weighed separately) or, see if the storage bin gates for the next size of aggregate will open (when 
everything is weighed in one hopper). Repeat this procedure after putting more material in the 
weigh hopper than allowed by delivery tolerance. Do the same thing with the cement weighing 
equipment. Do not let the plant start until these things are checked and the controls operate 
properly.
Should the automatic controls break down, the contractor is allowed to use the manual controls. 
He must have the automatic controls fixed before work begins the next day (380.3 B.1).
The Area Engineer can allow the contractor to produce concrete for special locations without 
using automatic controls. Check with the Project Engineer. There may be occasions when plans 
contain a note stating that automatic controls are not required.

COMPUTERIZED BATCHING PLANT INSPECTION
When concrete is supplied from a computerized concrete batch plant, continuous plant inspection 
is not necessary. A normal plant (scales, meters, admixtures, stockpiles, etc.) and truck 
(revolution counter, manufacture plate, blade wear, etc.) inspection shall be accomplished prior to 
the plant furnishing material to the project. The plant production and aggregate moisture 
determinations need to be reviewed with the plant operator. This should be accomplished on an 
annual basis, if the plant normally furnished concrete to SDDOT projects annually.
During the course of production, the plant and associated equipment shall be periodically 
inspected to assure that:
1 The stockpiles are properly maintained.
2 Material in bins is as indicated.

1
2
-±
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3 The proper batch weights and aggregate weight are verified and have been corrected for 
aggregate moisture.

4 Trucks are clean and empty prior to batching.
5 Proper mix time or revolutions is being accomplished.
6 Any new trucks are checked prior to use.
7 The rinsing of the truck mixing fins after batching is observed for excess usage of water.

At the project site, the inspector should:
1 Ensure that the appropriate information is on the ticket as specified.
2 Ensure that the weight of material is within tolerance.
3 Ensure that additional cement is added for small loads.
4 Review time requirements.
5 Check to see if trucks are taking an excessive amount of time getting to the project.
6 Check new trucks prior to use.
7 Recommend mixing the truck load an additional 20 revolutions prior to discharge to assure 

uniformity of the mix.
8 Recommend mixing the load an additional 30 revolutions after the addition of any water.
9 Ensure the maximum allowable water is not exceeded.
10Check to ensure the aggregate moistures appears reasonable.
11Visually monitor the mix for slump or consistency changes. If the mix appears to have 

changed, obtain a sample and test the fresh concrete.
12Take appropriate action based on the concrete test results.

Mixing Plants
Mixing plants (380.3 B.2) are used on concrete paving projects and are a part of the batching 
plant. They are large drums that mix the batched materials into concrete. Use them as 
recommended by the manufacturer. Each mixer should have a rating plate that must be checked 
for:
• The maximum volume of concrete that can be mixed at one time. 
• The drum’s mixing speed is expressed in revolutions per minute.
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Figure 6.13 Mixing Drum

Figure 6.14 Rating Plate

If the rating plate cannot be found, have the contractor supply the manufacturer’s manual. Check 
the drum to see that it is turning at the recommended speed. To check the speed:
1 Make a mark on the drum.
2 Have the operator turn the drum at the normal mixing speed.
3 Use a stopwatch and time 10 revolutions.
4 Divide the 10 revolutions by the time in minutes to determine the revolutions per minute of the 

drum.
EXAMPLE: The manufacturer’s plate recommends a mixing speed of 6 to 12 revolutions per 
minute. 10 revolutions were timed at 52 seconds.

Minutes = 52 sec. =0.87 minutes
60 sec./minute

Revolutions per minute = 10 rev =11.5 rev/min.
0.87 min.

Experiments have shown that the concrete is mixed better when the drum is turning at or near 
maximum speed. A number of factors can determine whether a concrete batch will be well mixed. 
Some of these are:
• charging procedure
• batch size
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• method of adding water
• mixer speed
• number of revolutions
• type of materials
• mix proportions
Constant observation by the plant inspector, keeping the basic rules of good concrete in mind, 
will result in uniformly mixed batch of concrete.

Mixer Maintenance
A mixer must be kept clean and in good mechanical condition to do a good job of mixing. 
Accumulation of hardened concrete in the drum and mixing blades will reduce the efficiency of 
the mixture; therefore, concrete should be removed after each day’s run. Badly worn mixer blades 
need to be replaced periodically.
Check each mixer to see that the mixing blades are in good condition by crawling inside the 
drum. Get the manufacturers’s manual from the contractor for the correct blade dimensions. The 
contractor should replace the blades when they become worn down 3/4 inch or more.
The sketches below show different blades and where measurements should be taken.(380.3 B2)
Figure 6.15 Mixing Blade Configurations

Measure the blade at the point of the largest diameter of the drum. Blades worn more than 
allowed must be replaced before using the mixture. Quite often old dried concrete has built up 
around the blades. Remove this before using the mixer or proper mixing of the concrete will not 
be achieved.

Mixing
Mix all concrete a minimum of 60 seconds (380.3 E 1). To make sure this happens, the mixers for 
both concrete paving and concrete masonry must have automatic timing devices. The timer 
should keep the mixer from dumping the concrete before the full mixing cycle is complete.
Verify the timer. Have the operator push the “dump” button before the mixing cycle is completed. 
If this overrides the timer and dumps the concrete, the contractor will have to correct the 
situation. The timer must be equipped with a bell, light, or some other type of device that will 
signal each time the time lock is released.
Use the automatic timer, but switch to manual controls should it break down. The timer must be 
working properly before producing concrete the next day. While the plant is being manually 
operated, the mixing time remains at 60 seconds.
Mixing time begins when all materials, except the water, are in the mixer. It ends when the mixer 
starts to dump concrete. All the water must be in the drum within the first 15 seconds of the 
mixing cycle (380.3 E). When the materials are fed into the mixer, part of the water must enter 
the drum before the cement and aggregates do. This water will help keep the other materials from 
balling up and sticking to the sides of the drum. Allowing water to enter the mix first will also 
help spread the aggregates evenly in the mix.
Most masonry concrete will be delivered from a commercial Redi-Mix plant. A contractor may 
use a small batch plant on the project site. Most of these portable on site plants have mixing 
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capacity rated on the number of bags of cement they can handle. The contractor must use only full 
bags, not portions. Material weights must be based on the number of bags of cement being used. 
The batch plant measures the materials so they can be mixed. The mixing is done while the trucks 
are at the plant site.

Transit Mix Trucks
Figure 6.16 Transit Mix Truck

Figure 6.17 Rating Plate
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Check the transit mix trucks before they are used. Use the trucks according to the manufacturer’s 
recommendations. They all must have a rating plate describing:
• Mixer design uses.
• The maximum amount of concrete that can be mixed in the drum.
• Speed of the drum rpm’s during mixing and agitating
Check the drums to be sure that they will turn at the recommended speed. Check each mixture to 
be sure that the mixing blades are in good condition. The checking procedure is the same as with 
a mixing plant.
The truck mixers must be equipped with a revolution counter (380.3 B.2). Additional mixing 
beyond 100 revolutions must be made at agitation speed. When additional water, cement, or 
admixture is added, the batch shall be mixed an additional 30 revolutions at mixing speed. The 
Contractor shall provide means to accurately measure the amount of addtional materials added. It 
must be designed to count the revolutions of the drum when at mixing speed. Start the drum and 
make sure that the counter starts when the drum reaches the minimum speed recommended. 
Adjust as necessary.
The mixing time for truck mixers is 70 to 100 revolutions of the drum at mixing speed (380.3 
E.2).
Figure 6.18 Revolution Counter

The range for agitation and mixing speed will often overlap. The contractor will normally use a 
drum speed within this overlap area so all revolutions are counted. This is acceptable, but the 
concrete mixes better if the drum turns at near maximum speed. Ask the contractor to use a 
mixing speed near the top of the range.

Note The full amount of mixing water should be added at the time of batching unless otherwise ordered 
by the Engineer. If additional water or cement is added after completing the original mixing, mix 
the batch an additional 30 revolutions at mixing speed (460.3 D.2). It is normally a good practice 
to agitate the drum at mixing speed for a minute to assure uniformity throughout the load.
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Figure 6.19 Concrete Pumper Truck

Mobile Concrete Mixer
Specifications require that both types of bridge deck overlay concrete be proportioned and mixed 
by a self-contained, mobile continuous mixing unit. The Mobile Concrete Mixer is usually truck 
mounted and carries unmixed material including water, to produce fresh concrete at the job site.
An annual calibration and inspection by the SDDOT will be required for each mixer before the 
start of the first project each year. The calibration establishes the meter count, i.e., the number of 
revolutions, and discharge time in seconds required to dispense 94 pounds of cement. Gate 
openings and pointer adjustments aggregates and general operating condition of equipment will 
also be inspected, as per the manufacturer’s recommendations.
Figure 6.20 Mobile Concrete Mixer
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Figure 6.21 Mobile Concrete Mixer

Figure 6.22 Typical Mobile Concrete Mixer Schematic

The Contractor must have a qualified mixer operator who is completely familiar with the 
procedures necessary to calibrate the machine. The Contractor should supply necessary scales, 
containers, stop watches, operating manuals, and other materials and equipment necessary for 
calibration and inspection.
For actual calibration procedures, see the mixer operating manual. The Cement Meter Feeder 
calibration is recorded on DOT-293 (Figure 6.22). The form is signed by both the Contractor’s 
representative and the inspector. The rock and sand gates are also calibrated in accordance with 
the operating manual.
Once calibrated, the mobile mixer does not need to be calibrated prior to each use. A yield test is 
run before each pour. The yield test is the proper way to determine whether the mobile mixer is 
still in proper calibration and good mechanical condition. The yield test involves discharging 1/4 
cu. yd. Differences would indicate the need to re-calibrate. See the operating manual for proper 
yield test procedures.
Before running the yield test, you should inspect the general condition of the mixer. Make sure 
the bins, gates and belts are free of dried mortar, mud or other contaminants. Also ensure that 
filters and traps are clean.
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To compute the cubic yards for pay, do the following - from the contractor’s batch ticket 
take the total meter count and divide by the cement meter count, then divide by the 8.75 
bags of cement to get the cubic yards used. Remember to deduct any waste - if any.
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C H A P T E R

CHAPTER 7DAILY INSPECTIONS
The production of quality concrete begins at the plant where the concrete is produced. Be sure 
that all specifications are met and that quality concrete is being produced. Check the 
SPECIFICATIONS, SUPPLEMENTAL SPECIFICATIONS, PLAN NOTES, and SPECIAL 
PROVISIONS very carefully to be sure that the contractor is fulfilling the contract without being 
forced to violate the contract.
Maintain a cooperative relationship with the contractor and his personnel. Never direct them on 
the operation of their equipment. If they ask for a suggestion provide a good recommendation. 
There may be problems, so be cooperative. If something can be done to improve the job, discuss 
the change with the contractor. If an unmanageable situation develops, contact the Project 
Engineer. Remember, everyone wants to produce quality concrete with as few problems as 
possible.

SCALES
Check the balance and sensitivity of the scales every day they are used. Make a check before 
“starting up” and again later in the day. Verify that the scale will balance empty when weighing 
hoppers at zero load. On a beam scale, the over under indicator will show if the scale is in 
balance. On a dial scale, the pointer should be on zero. Have the contractor adjust the scales if 
they do not balance. Adjustments will not affect the accuracy of the scale. Adjustments are 
necessary when excess material sticks to the hopper or temperature changes affect the lever rods.
Check the scale sensitivity after the zero balance. Place a weight equal to one scale graduation on 
the weigh hopper. The over/under indicator should move at least 1/8 inch on a beam scale. The 
pointer on a dial scale should move to the next graduation mark. Remove the weight and have the 
Contractor fill the weigh hopper to check movement. Repeat this process for all loads that will be 
weighed. The contractor must repair the scale if it does not meet the sensitivity requirements. 
Adjustments to the working parts can be made, but a scale inspector must check the accuracy. 
The SDDOT Training manual titled “WEIGHING” has specific scale check procedures.

Note The engineer can use other means to check small on site plants. Check with him/her for the 
procedure to use in these situations.

CEMENT CHECKS
The quantity of cement and fly ash used versus the quantity specified will be checked periodically 
by running a cutoff. The Contractor shall completely empty the cement silo and necessary 
conveyances at the direction of the Engineer. Individual cutoffs shall not show an underrun 
exceeding 1.5%, nor shall the final cutoff show an overall underrun exceeding 1%.(380.3D) It is 
best to run the cutoff when the cement silo is nearly empty because the contractor will have to 
empty the silo. Get copies of all the cement weight tickets to check the amount of cement. Have 
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the contractor empty any partially unloaded cement and all cement silos. Be sure to get a total for 
all the cement delivered and used since the last cement check and cutoff.
Use DOT-13 Form - Cement Record Sheet (Handouts 15, 15A, 15B) for the cement checks. This 
form is used on a daily basis. Use Page 1 of DOT-13 Form (Handout 18) for cement brought to 
the plant site. Record the:
• Car or Transport Number
• Date it was unloaded
• Number of cwt. in the load
• Initials of the person who took the cement sample (380.3 D)
Use page 2 of DOT-13 Form (Handouts 16, 16A, 16B) for the cement used each day. To find the 
amount of cement used, perform the item entries listed below:
Item # 6: The date for each day that cement was batched.
Item # 7: Any cement wasted during unloading. Estimate if necessary

Note A little cement goes a long way. 100 pounds of spilled cement will appear much larger.
Item # 8: Any cement wasted during batching or to wind loss. Estimate if necessary.
Item # 9: The weight in cwt.of cement specified for each batch.
Item # 10: Total number of batches actually used.
Item # 11: Total number of batches wasted.

Note The totals of items 10 & 11 should equal the number of batches produced by the plant each day.
Item # 12: Total cwt.’s of cement used (number of batches used times the weight per batch).
Item # 13: Total cwt.’s of cement wasted from items 7, 8, and 11 (number of batches wasted 
times the weight per batch).
Item #14: Total of the cement from items 12 and 13.
Item # 15: Only fill in this column when making a cement check. This is the total received 
from item 4 of handout 15.
Item # 16: Only fill in this column when making a cement check. This is the difference 
between the totals of items 14 and 15. Use a plus (+) when item 15 is larger than item 14.
If the difference in item 16 is more than % of the total of item 14, start doing some checking. 
Perhaps there is a problem with the scale. Their accuracy could be off, or the cement is not being 
batched within the % tolerance.

Note A cement check is not needed if a job has less than 5,000 square yards of paving. 
From time to time minor adjustments in the Design Mix will be needed to meet job conditions. 
Adjustments are normally for changes in aggregate moisture of changes in aggregate weights. An 
adjustment may be needed because of a change in the F.M. or the specific gravity.

HAULING UNITS
A small amount of concrete may stay inside the drums or boxes of the hauling units. This 
concrete dries over time. When a new batch is placed in the unit, it will combine with the dried 
concrete. Poor concrete will be produced when this happens. To eliminate this possibility, clean 
the concrete compartment on all haul units and flush with water. Make sure that all of the wash 
water is out of the unit before the next batch, or it will cause too much slump. It also creates quite 
a mess!

HAUL TICKETS
There are time requirements for mixing and hauling. Tickets are issued to control these limits. 
Include on the haul ticket (DOT-75 Form) the:

1±

1±
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• Project Number
• Material (Paving, Class A, etc.)
• Date
• Truck Number
• Time Start Mix
• Plant Inspector’s Name or Initials
Complete haul tickets (DOT-75 Form) for all concrete hauled in transit mixers. For Masonry 
Concrete, put the maximum amount of water in the “Max.” blank. In the “Actual” Blank, put the 
amount of water already in the mix. The Placement Inspector can calculate the amount of water 
that he/she may add to the batch. Put the size of the batch on the ticket. This will help the 
Inspector calculate water for additional slump.

Figure 7.1 Haul Ticket
Ticket: 333 6/28/2005 4:10:40 PM
Customer Name: S.D.D.O.T. Job Name: South Dakota DOT
Delivery Address:
Job Description: Paving HWY 18
Instructions:
Formula: #2 Hwy 18 Slump: 1.5
Load Size: 9.00 yards Resold Amt 0.00 Mix Time: 76
Daily Qty: 2,997.00 Order Qty: 0 Del Qty: 23,185 yards
Driver: Temper Water Quantity: 0
Truck: 0 Water to Cement Ratio: 0.38
Product Name Target Actual Error %MC
1” Rock 12,800 12,740 lbs -0.5% 0.9
Sand 11,560 11,520 lbs -0.3% 2.3
Chips 4,260 4,280 lbs 0.5% 1.4
Cement 3,960 3,965 lbs 0.1% 0.0
Flyash 990 995 lbs 0.5% 0.0
Water 187 186 gallons -0.5%
Air 184 184 fluid ozs 0.0%
Water Reducer 296 296 fluid ozs 0.0%

Production Total: 2,997.00 yards
Water to Add at Site: 1 gallons

There may be times when different types of concrete are batched from the same plant. The mix 
design number could be placed on the haul ticket in the “Material” blank to eliminate confusion.
The mixing time starts when the cement comes into contact with the water or wet aggregates. Put 
the mixing start time on the ticket.
Put the revolution counter reading under “Revolutions.” Take the reading when the drum starts 
turning at mixing speed. Plant Inspectors should review the Requirements regarding computer 
generated batch tickets, especially as they apply to Structural Concrete and Concrete for 
Incidental Construction.
There are occasions when the haul from the batch plant to the job site exceeds the allowable time 
limit. In this case, the contractor can add the water and cement at the job site. Under these 
conditions, do not put the water in the batch, the start mixing time, and the revolution counter 
reading on the ticket. Note on the ticket the amount of free water and how much more water 
should be added at the job site. The Placement Inspector will make any further adjustments.
There are two things to be done when the water and cement are added on site. Use aggregate 
weights for the batch that will be equal to some number of full bags of cement. Also, calibrate the 
water tank on the truck so the Placement Inspector can get the correct amount of water.
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AGITATOR AND DUMP TRUCKS
When continuously agitated in the hauling unit concrete shall be discharged within 90 minutes, 
and concrete shall be discharged and screeded within 105 minutes after the cement has been 
placed in contact with the aggregates, except when the concrete temperature is  of above, 
the time limitation shall be reduced to discharged within 45 minutes, and discharged and screeded 
within 60 minutes (380.3 G and 460.3 G).
When not continuously agitated in the hauling unit, concrete shall be discharged within 45 
minutes, and discharged and screeded within 60 minutes after the cement had been placed in 
contact with the aggregates, except when the concrete temperature is  or above, the time 
limitation shall be reduced to discharged within 30 minutes, and discharged and screeded within 
45 minutes. (380.3 G and 460.3 G).
Allowing trucks to haul overloaded should not be allowed. The contractor is required to have cab 
cards for each of his trucks and a gross permissible is known (9.1A). Batching loads of concrete 
to cause overloads should be avoided. If this becomes a problem alerting the Motor Carrier or 
Highway Patrol should solve the problem.

PARTIAL BATCHES
Whenever the concrete is mixed, a certain amount of cement paste is lost in coating the inside of 
the drum. The amount of paste needed for this coating remains the same regardless of the size of 
the batch being mixed. If a batch equal to the drum’s rated capacity is being mixed, only a small 
percentage of the total cement paste is lost. If a small batch is being mixed, a larger percentage of 
the total cement paste will be lost. This loss could result in the production of low strength 
concrete.
Standard specifications (380.3 E and 460.3 E) provide guidance on how much extra cement is to 
be added for partial batches. The size of the batch compared to the capacity of the mixer 
determines the amount that must be added. The following table indicates the amount to be added:

40 to 60 percent rated capacity - - - - - - - - - - - - - - - - - - - 5% cement
20 to 39 percent rated capacity - - - - - - - - - - - - - - - - - - - 10% cement
10 to 19 percent rated capacity - - - - - - - - - - - - - - - - - - - 15% cement
 0 to 9 percent rated capacity - - - - - - - - - - - - - - - - - - - - 20% cement

The amount of cement to be put into a partial batch is equal to the weight of cement in the design 
mix, plus the percentage that applies, times this weight of cement.
EXAMPLE: The contractor wants to mix a 2.5 cubic yard batch in a mixer that has a rated 
capacity of 7.5 cubic yards. The amount of cement required for a 2.5 cubic yard batch is 1410 
pounds.
Portion of rated capacity = 2.5 cu. yds. = 33%

 7.5 cu. yds.

Use 10% additional cement.
Total cement for batch = 1410 lbs. x 10% = 141.0 lbs.

= 1410 lbs. + 141.0 lbs
= 1551 lbs.

There is a possibility that the added cement may require additional water. It may not be possible 
to determine the exact amount of extra water. Use the amount of water normally used in a batch 
this size. If additional water is needed, it can be added at the construction site. Make a volume 
adjustment when additional material is added. Adding cement for a partial batch is the one and 
only exception when volume adjustments are not made.

85°F

80°F
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SUMMARY
The inspector at the plant site must understand how important it is for all materials to be uniform 
and be on the alert for any sudden changes in delivery, storage, or handling of materials. A plant 
inspector must know all the plant operations that could cause contamination, degradation, or 
deterioration during storage and handling.
The inspector must not permit stockpiling of aggregates in any manner that would create 
excessive segregation of degradation of the materials. He must be watchful against materials 
becoming contaminated as they run low. A daily report is required for all materials delivered. 
Report any nonconformity.
The inspector’s judgement and performance will frequently determine the acceptance or rejection 
of thousands of dollars worth of materials, concrete, and pavement. By the meticulous, consistent 
use of the principles and tests, and by the exercise of good judgment, the inspector can ensure that 
the materials are of the specified quality.
The plant inspector must maintain a complete diary of the daily plant operations such as the 
example at handout 31.
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CONCRETE PLANT CHECKLIST
This is a checklist of duties performed by a concrete plant inspector. This list does not contain all 
possible duties due to the differences in concrete plants, but it does contain the most important 
duties. The following items contain those things that must be completed prior to producing 
concrete:
1 The standard specifications, supplemental specifications, special provisions and plan notes that 

pertain to the project are on hand, are/have been reviewed and are correct for the project.
2 The aggregate stockpiles are being properly built and are/have been checked for separation, 

segregation, and foreign material. Tracked loaders are not being used.
3 The quality control tests for the aggregates, water, and admixtures are being performed or are 

on file.
4 The design mix document is on hand.
5 The plant is level on its foundation.
6 The cement and aggregate scales are/have been checked for accuracy; seals and certificates 

sufficient for project duration are present.
7 The water and admixture scales are/have been checked for accuracy; seals and certificates 

sufficient for project duration are present.
8 The plant automatic controls and timer are/have been checked and are working properly.

9 The mixer maximum volume and drum mixing speed have been checked and verified. Put 
results of inspection on DOT-294 form.

10The mixer blades have been checked against the manufacturer’s diagram and are within wear 
tolerances.

11The revolution counters on the transit mix trucks have been checked and they work properly.
12The site layout ensures a logical traffic pattern, safe operations, and proper drainage.

The following items must be checked shortly after the start of production and performed until 
project completion.
1 The required aggregate gradation tests are being conducted and DOT 3 forms are being 

completed.
2 Cement samples are being taken and sent to the Central Testing Laboratory.
3 Certificates of Compliance are being obtained for the cement and admixtures, if required.
4 Aggregate moisture tests are being taken and correctly documented on the DOT-35 and DOT-

98A forms.
5 The batch weights are being adjusted for changes in volume, aggregate moisture content, sand 

F.M., workability, and water.
6 Dirt balls and other foreign materials are being removed from the aggregate.
7 The mixing time is being checked.
8 Haul tickets are being issued when needed.
9 Scales are being checked for balance and sensitivity.
10The hauling unit’s cargo boxes are being checked for contamination.
11Cement and fly ash checks are being made.
12The DOT-98A form is being properly filled out.
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13Additional water samples are being taken when needed.
14The strength of the air-entraining agent is being checked so the proper amount is being used. 

Also, each air-entraining agent lot is being properly sampled?
15As necessary, the temperature required to heat water or the aggregates is being checked.
16Safety is a daily critical inspection item.
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VOCABULARY 
Absolute volume - The least amount of space a material would occupy if it were solid and 
contained no voids. Found by dividing the product of the specific gravity times the unit weight of 
water, into the weight of the material.
Absorbed moisture - (Absorption) The amount of water needed to fill the permeable pores 
inside the aggregates.
Accelerators - Admixtures used to speed up the strength development of concrete at an early age.
Acceptance samples and tests - Acceptance samples and tests include the samples and tests used 
for determining the acceptability of the materials and workmanship that have been or are being 
incorporated into the project work. They are the principle basis for determining the acceptability 
of project materials and construction and assure compliance with specifications.
Added water - Added water as referred to on DOT-98A, Plant Inspector’s Daily Report, is that 
actual amount of water introduced into the mix at the plant in order to obtain the desired 
consistency. When added water and free water are summed, the result is termed total water.
Admixture - Liquid or solid material added to a concrete mix to improve one or more 
characteristics of the concrete.
Aggregates - The sand and gravel or crushed rock used in making concrete. Aggregates are 
porous solid particles.
Agitators - Blades used to keep the concrete mixed during delivery to a project site. They must 
be turning continuously and at a speed fast enough to keep the concrete from segregating.
Air entraining admixtures - Those admixtures used to deliberately produce very small, 
uniformly spaced bubbles in a concrete mix to allow greater workability and more resistance to 
cycles of freezing and thawing.
Alkali - Any soluble mineral salt or mixture of salts found in soils and capable of neutralizing 
acids.
Ambient temperature - The temperature on all sides.
Automatic controls - Controls on a concrete paving batch plant. They perform specific functions 
automatically when weighing aggregates and cement.
Batch - Amount of material that is to be mixed at one time.
Batch plant - An operating installation of equipment including batchers and mixers as required 
for batching or for batching and mixing concrete materials. It is also referred to as mixing plant 
when mixing equipment is included.
Batcher - A device used for measuring materials for a batch of concrete.
Batching - Weighing or volumetrically measuring materials for a batch of concrete.
Bins - Containers used for storing aggregates.
Bituminous coal - Coal that yields pitch or tar when it burns; soft coal.
Bleeding - The migration of water to the top surface of freshly placed concrete caused by the 
settlement of solid materials-cement, sand, and stone- within the mass.
Carbon - A nonmetallic chemical element found in many inorganic and all organic compounds.
Cement check - Verification of actual cement used vs. theoretical amount of cement used. 
Cement shipped to the project is compared against the theoretical amount used through the plant. 
Plant wastes are also accounted for.
Cement content - (Cement factor) - Quantitiy of cement contained in a unit volume of concrete 
or mortar, preferably expressed as weight.
Cement, low alkali - A Portland Cement that contains a relatively small amount of sodium or 
potassium or both, and in the United States, a cement containing not more than 0.6% NA2O 
equivilent.
Cement, Portland - Portland Cements are hydraulic cements consisting essentially of hydraulic 
calcium silicates. Hydraulic cements set and harden by reacting chemically with water.
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Cement, Type I - A general purpose Portland Cement suitable for all uses where the special 
properties of other types are not required.
Cement, Type II - A Portland Cement that is used when moderate sulfate resistance or moderate 
heat of hydration is desired.
Cement, Type III - A “high early strength” Portland Cement used when rapid strength is needed.
Central mixed concrete - Concrete which is completely mixed in a stationary mixer from which 
it is transported to the job site.
Central testing lab - Central Materials Surfacing Laboratory.
Certificate of calibration - As referred to in this manual, a certified statement by a qualified 
agency attesting to the accuracy of equipment they have checked and/or adjusted. The certificate 
should show the serial number of equipment , date of calibration, be signed by a representative of 
the agency and indicate the accuracy witnessed.
Certificate of compliance - Refer to the Materials Manual, Required Samples, Tests, and 
Certificates Section, “5.10 Certificates” for a complete definition and operational procedures.
Certified fabricators, mills, and plants - Refer to the Materials Manual, Required Samples, 
Tests, and Certificates Section, “5.11 Certified Fabricators, Mills, and Plants”.
Coarse aggregates - Aggregates with particles predominantly larger than 0.2 inches (No. 4 
sieve).
Concrete - As referred to in this manual, concrete is a construction material comprised of 
Portland Cement, aggregates of a specific gradation, water, and various admixtures blended 
together in specific proportions.
Contractor - An independent person or firm who has signed a legal agreement to perform work 
that meets the standards specified by that agreement.
Conveyor - A mechanical device used to transfer the materials used to make concrete. The flow 
is uniform.
Curing - Maintenance of humidity and temperature of freshly placed concrete during some 
definite period following placing, casting, or finishing to assure satisfactory hydration of the 
cementitious materials and proper hardening of the concrete.
Design mix - The concrete mixture developed at the central testing laboratory, using a process by 
which one arrives at the right combination of cement, aggregates, water, and admixture for 
making concrete that will conform to a given specification. A concrete mixture that has good 
workability, strength, and durability.
Dissolved solids - The impurities dispersed in water used for mixing concrete, expressed as PPM 
(parts per million). When excessive, they may affect setting time, strength, and other properties of 
concrete.
Drum - The part of a mixer where batched materials are mixed into concrete.
Expanded shale - A lightweight aggregate.
Fine aggregates - Aggregate particles smaller than No. 4 sieve, but larger than No. 200 sieve.
Fineness Modulus (FM) - FM is an index of the fineness of an aggregate. The higher the FM, the 
coarser the aggregate.
Flash set - When concrete sets up almost immediately after the mixing action has been 
completed, leaving no time to place and finish concrete. Slump is lost nearly instantaneously. 
Fly ash - A mineral admixture which improves the workability of concrete mixes deficient in the 
finer sand particles, and usually has some water reducing qualities.
Free moisture - Amount of moisture in the aggregates above the amount needed for absorbed 
moisture and considered to be part of the mixing water in concrete. It is also called free water.
Gradation - The grading is the particle size distribution of an aggregate as determined by a sieve 
analysis and expressed as the percentage of material passing each sieve.
Graduations - As referred to in this manual, graduations are the increments marked on scales 
that determine the accuracy to which material can be weighed.
Haul ticket - Tickets used to control various specifications, normally the DOT-75 Form. As 
referred to in this manual, they may be used to control mixing time and rate, time of delivery, 
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amount of water added, and provide a ready means of determining approximate quantities when 
required.Information normally shown on a ticket includes: project number, type of material, date, 
truck number, allowable and actual water, time mixing started and time of discharge, batch size, 
mixer revolutions and rate, and inspector’s initials. Other information may include: location of 
placement, running total of quantity and special remarks by the inspector.
Hauling unit - The unit used to carry batches of concrete.
Hydration - The chemical reaction of cement and water to form a rocklike mass.
Injurious - Harmful or damaging.
Inspector - The authorized representative assigned to make detailed inspections of contract 
performance.
Lignite coal - A soft, brownish-black coal in which the texture of the original wood can still be 
seen.
Masonry concrete - As referred to in this manual, Portland Cement Concrete produced in 
conformance with mix designs for general construction use. Generally, this term is used when 
speaking of Class A concrete construction applications.
Mixer - A machine used for blending the constituents of concrete, mortar, grout, or other 
mixture.
Mixing plant - See Batch Plant
Moisture content - The amount of moisture in the aggregate consisting of absorbed moisture 
plus free moisture.
Moisture testing - Testing of a sample by various methods to determine the amount of moisture 
present.
Partial batch - A batch size smaller than 60% of the rated capacity of the mixer or agitator. 
Additional cement must be added to partial batches, as required by the Standard Specifications, to 
account for cement paste lost to coating the inside of the drum.
Paving concrete - As referred to in this manual, Portland Cement Concrete produced in 
conformance with mix designs for use in flat work. Generally, this term is used when speaking of 
specific mix designs for individual paving contracts involving slipform operations.
Pit - An area of land designated for use in the securement of construction materials. Typically, 
the pit area is salvaged of topsoil, mined, and reclaimed after use.
Plans - The contract drawings and notes which show the location, character, and dimensions of 
the prescribed work, including: layouts, profiles, cross sections, and contract documents.
Plastic concrete - That concrete which is pliable and capable of being molded or shaped like a 
lump of modeling clay. All grains of sand or pieces of gravel or stone are encased and held in 
suspension. This concrete does not crumble, but flows sluggishly without segregation.
Pozzolan - A volcanic rock, powdered and used in making a hydraulic cement. Sometimes added 
in addition to or as a partial replacement of cement to aid in workability and resistance to sulfate 
attack and alkali reactivity.
Quality control - System for insuring quality of output involving inspection, analysis, and action 
to make required changes.
Ready mixed concrete - Concrete that is proportioned and mixed off the project site and 
delivered to the construction area in a plastic and unhardened state. (See Central Mixed Concrete 
and Transit Mixed Concrete).
Sample splitting - Breaking down a sample to make it a more acceptable size to testing.
Sampling - Collecting an amount of material for testing to make sure that it meets specifications.
Saturated surface dry - Condition of an aggregate particle or other porous solid. When the 
permeable voids are filled with water and no water is on the exposed surfaces. (See also Absorbed 
Moisture)
Scale - A device used to weigh samples
Sieve - A woven wire cloth mounted in a suitable frame or holder for use in separating material 
according to size.
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Slipform paving - Construction method used to spread and finish concrete in one operation, 
eliminating the need for stationary forms. A form is pulled or raised as concrete is placed.
Slump - A measure of consistency of freshly mixed concrete.
Slump loss - The amount by which the slump of freshly mixed concrete changes during a period 
of time after an initial slump test was made on a sample.
Special provisions - Additions and revisions to the standard and supplimental specifications 
applicable to an individual project.
Specifications - A general term applied to all directions, provisions, and requirements pertaining 
to performance of the work.
Specific gravity - For the purposes of this manual, a ratio found by dividing the weight of a 
volume of water into the weight of an equal volume of solid material. This is how many times 
“heavier” than water the material is, in simple terms.
Speedy moisture test - A fast method of determining the amount of moisture in a sample using a 
gas pressure method as outlined in the Materials Manual for the test SD108.
Stockpile - As referred to in this manual, a carefully constructed pile of aggregate for project use. 
Special precautions are taken to avoid segregation, contamination, or other detrimental effects to 
the pile.
Structure concrete - Concrete used to carry structural load or to form an integral part of a 
structure.
Sulfates - Salts or sulfuric acids.
Supplemental specifications - Approved additions and revisions to the standard specifications.
Suspended solid - Impurities in mixing water that contribute to turbidity, expressed as PPM 
(parts per million). Excessive suspended solids in concrete mix water may affect setting time, 
strength, and other properities. 
Testing - Run tests on samples to insure that they meet specifications.
Total water - The amount of water used for mixing concrete exclusive only of that absorbed by 
the aggregates.
Transit mixed concrete - Materials that are mixed on the way to the job site in a truck mixer.
Transport - As referred to in this manual, the hauling unit that conveys cement or fly ash to the 
project. Also called a conveyance.
Water-cement ratio - The weight of water divided by the weight of cement. The ratio of total 
water to the total cement in the mix.
Water meters - Meters that measure mixing water. They must measure water with a tolerance of 
plus or minus 1%.
Water reducing admixtures - A material that reduces the quantity of mixing water required to 
produce concrete of a certain slump or increase slump without increasing water appreciably. In 
general, concrete of a specified consistency can be produced with a reduced water-cement ratio 
when utilizing water-reducing admixtures.
Workability - The ease of placing, consolidating, and finishing freshly mixed concrete.
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ANSWERS TO PROBLEMS
Page 3-27 Sample size = 22 lbs.

Opening size = 1.5”
Page 4-31 1.0%
Page 4-32 Sand = 1.1%

Rock = 0.5%
Page 4-33 2.86
Page 5-39 Cement = 3,360 lbs.

Fly Ash = 840 lbs.
Sand = 9,177 lbs.
Rock = 12,180 lbs.
Water = 1,596 lbs. (191.1 gal.)
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CONCRETE PLANT CHECKLIST
Plant: Date:
Plant Personnel: DOT:
1. Structure level:
2. Plant Capacity:
3. Hoppers discharge without jarring scales:
4. Have vibrators on hoppers:
5. Scales have access for cleaning:
6. Hoppers, etc. are protected from the wind:
7. Dial/Digital scales are enclosed and weatherproof:
8. Dial/Digital scales have markers for predetermined loads:
9. Scale accuracy < 1/2% of load:

10. Water Meter:
Measured by weight:
Measured by volume:
Calibration chart available: Date last calibrated:

11. Maximum C.Y. Batch:
12. Mixing Units:

Type Capacity
Smallest 

Graduation
Date 

Checked
Checked 

By
Copies 

Received
Rock
Sand
Cement

Truck 
Number

Make Manufactures 
Plate

Drum 
Capacity 
(C.Yds.)

Mixing 
Speed 
(RPM)

Agitating 
Speed 
(RPM)

Blade Design 
Specs- (Need 
copies)

Revolution 
Counter

Water 
Metering 
Device
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13. Do trucks have slump meters:
14. Do trucks have radios:
15. Slump and Air Specs

16. Have Fly Ash capability:
17. Operator is familiar with plant and experienced:
18. Mixers are clean:
19. Is concrete mixed at plant or site:
20. Is concrete uniform in composition and consistency:
21. Cold weather concrete:

<  Capable of heating water:
<  Capable of heating aggregates:

22. Aggregate storage and handling:
Separate Bins:
How are bins charged:
On Concrete:
Rock Source:
Sand Source:

23. Cement storage and handling:
Number of silos:
Cement Source:
Cement Type:

24. Partial load cement requirements:
40% to 60% = +5% cement
20% to 39% = +10% cement
10% to 19% = +15% cement
 0% to 9% = + 20% cement

25. Water source:

26. DOT provides approved design mix proportions:

27. Delivery requirements:
Continuously agitated-

Concrete <  has 90 minutes
Concrete >  has 45 minutes

Not continuously agitated-
Concrete <  has 45 minutes
Concrete >  has 30 minutes

Regular Deck
Slump
Air

160°F
100°F

80°F
80°F

80°F
80°F
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Mix has to be >  and <  at delivery
Deck concrete has to be < 
Truck mixing > 70 revolutions < 100 revolutions
Interval between batches < 30 minutes
Hot weather must be able to produce 40 C.Yd./hour

28. Cannot add water, cement, or AEA in the field without inspector permission.
29. Admixtures:

AEA source: Metering Device: Graduated:
WRDA source: Metering Device: Graduated:

30. Plant Opr. Certifications.

50°F 90°F
80°F
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CONCRETE PLANT CHECKLIST
Plant: Schultz Ready Mix - Avon S.D Date: 10/10/96

(605) 286- 3535
Plant Personnel: Terry Schultz DOT: Ron Peterson

1. Structure level: Yes Rock in front of bin - sand in back 2 bins

2. Plant Capacity: 50 c.y./ Hr. 6 c.y. max at one time when batching
when batching 7 c.y. - uses a 4 and a 3

3. Hoppers discharge without jarring scales: Yes

4. Have vibrators on hoppers: None at this time - Has ordered one for the cement hopper

5. Scales have access for cleaning: Yes

6. Hoppers, etc. are protected from the wind: Yes

7. Dial/Digital scales are enclosed and weatherproof:Yes

8. Dial/Digital scales have markers for predetermined load: Can program into new unit
Scales are discharged manually with lever.

9. Scale accuracy < 1.2% of load: Yes

10. Water Meter:
Measured by weight: No
Measured by volume:Yes
Calibration chart available: No Date last calibrated: 9/26/96

Owner compared his 
11. Maximum C.Yd. Batch: 6 meter with a new city meter. 
Also weighed 50 gallons. Plant meter is 3# under by weight 

0.4 Gal. high by volume

Type Capacity
Smallest 

Graduation
Date 

Checked Checked By
Copies 

Received
Rock Thurman/ 0 hours 20,000 # 10 # 9/26/96 S.D. dept. of Comm Yes
Sand Thurman/ 0 hours 20,000 # 10 # 9/26/96 “ Yes
Cement Thurman / 0 hours 20,000 # 1 # 9/26/96 “ Yes
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12. Mixing Units:
3/4” Max Wear

Copies of Specs attached

13. Do trucks have slump meters: No

14. Do trucks have radios: Yes

15. Slump and Air Specs:

(South Dakota Specs)
16. Have Fly Ash capability: Yes - Port Neal Fly Ash - Sioux City

17. Operator is familiar with plant and experienced:Yes

18. Mixers are clean: Yes

19. Is concrete mixed at plant or site: At Plant

20. Is concrete uniform in composition and consistency:Yes - Viewed at a Farmsite Pour

21. Cold weather concrete:
<  Capable of heating water: Yes - Continuous water heater -25 c.y./ hr max mix 

production
<  Capable of heating aggregates:only the quantity in the overhead bins

22. Aggregate storage and handling:
Separate Bins: Yes
How are bins charged: Loader and conveyor

Track 
Number

Make Manufactur
es Plate

Drum 
Capacity 
(C.Yds.)

Mixing 
Speed 
(RPM)

Agitating 
Speed 
(RPM)

Blade Design 
Specs- (Need 
copies)

Revolution 
Counter

Water 
Metering 
Device

1 1980 
Ford

MTM 9 1/2 9-19 2-6 Recd copy Yes Yes

2 1977’’ REX 10 9-18 2-6 Been worked 
on

Yes Yes

3 1977’’ MTM 8 1/2 9-19 2-6 Recd copy Yes Yes
4 1975’’ REX 10 9-18 2-6 ok Yes Yes
5 1975’’ CMC 8 6-18 2-6 Reworked Yes Yes
6 1978’’ REX 8 9-16 2-6 Reworked Yes Yes
7 1971’’ MTM 8 9-19 2-6 Recd copy Yes Yes

Regular Deck
Slump 1’ - 4 1/2” 1’ - 3 1/2 “
Air 6.5 % 6.5 %1.5± 1.0±

160°F

160°F
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On Concrete:  Yes
Rock Source: Fisher Industries
Sand Source:  Wagner Building Supply (Radar Hill Pit)

23. Cement storage and handling:
Number of silos: 2
Cement Source: South Dakota
Cement Type: Normally SD I-II (Type 5 for Nebr. Pour)

24. Partial load cement requirements: 
40% to 60% = +5% cement
20% to 39% = +10% cement X
10% to 19% = +15% cement
 0% to 9% = + 20% cement

25. Water source: City of Avon - By Rural water

26. DOT provides approved design mix proportions:Yes-when requested

27. Delivery requirements:
Continuously agitated-

Concrete <  has 90 minutes X
Concrete >  has 45 minutes X

Not continuously agitated-
Concrete <  has 45 minutes N/A
Concrete >  has 30 minutes

Mix has to be >  and <  at delivery X
Deck concrete has to be <  X
Truck mixing > 70 revolutions < 100 revolutions X
Interval between batches < 30 minutes X
Hot weather must be able to produce 40 C.Yd./hour X

28. Cannot add water, cement, or AEA in the field without inspector permission. X
29. Admixtures:

AEA source: Conchem Metering Device: South Site TubeGraduated:Ounces
WRDA source: Protex Metering Device:North Site Tube Graduated:Ounces

30. Plant Opr. Certifications. None

80°F
80°F

80°F
80°F
50°F 90°F

80°F
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Scale Certification - must be completed on an annual basis.
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