
 
 

 

Level III  
Portland Cement Concrete 

2020 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Technical Training & Certification Program 

 

  

 

 





Iowa Department of Transportation

Technical Training and Certification Program
Course Evaluation Sheet

As part of our continuing effort to improve the program, we ask that you please carefully fill out this 
evaluation sheet.  Your responses are very important to us.  We read each comment and consider 
your suggestions and feedback for future classes.  Please use the back of the page if additional 
space is needed.

            Course Instructor:   ____________________

What type of agency do you work for:

Course Name 
(Example:  PCC I, AGG Tech): ____________

Location of course:  
(District or city):         ____________________ a) DOT

b) County or City
c) Consultant
d) Contractor
e) Other

Were the instructor(s) effective in helping you learn?  How could they be more helpful?

Were the instructional manuals helpful and user friendly?  How could they be improved?

Is there a topic you would have liked to spend more time on?  Less time on?

Do you feel prepared to work as a certified tech in this area?

What are one or two things you liked best about this class?

What are one or two things you would like to see done differently in this class?

Thank you!!!





15

IOWA DOT & ORGANIZATIONS

  PHONE	     FAX		
ADDRESS				  NUMBER	     NUMBER		  CONTACT PERSON
Technical Training			 515-233-7915	     515-239-1092 Brian Squier - TTCP Coordinator
& Certification Program								 brian.squier@iowadot.us
& District 1 Materials
800 Lincoln Way			 515-239-1819 Hope Arthur - TTCP Coordinator	
Ames, Iowa 50010								 hope.arthur@iowadot.us			

District 2 Materials			 641-422-9428	     641-422-9463 Jon Kleven
428 43rd Street SW								 jon.kleven@iowadot.us
Mason City, Iowa 50401	

District 3 Materials			 712-239-4713	     712-239-4970 Alex Crosgrove
4621 US 75 North								 alex.crosgrove@iowadot.us
Sioux City, Iowa 51108							

District 4 Materials			 712-243-7649	     712-243-5302 Mike Magers
2310 E. Seventh St.								 michael.magers@iowadot.us
Atlantic, Iowa 50022

District 5 Materials			 641-472-3103	     641-469-3427 Ellen Davidson
205 E. 227th St.									 ellen.davidson@iowadot.us
Fairfield, Iowa 52556

District 6 Materials			 319-366-0446	     319-730-1565 Rita Eichhorst
5455 Kirkwood Blvd. SW							 rita.eichhorst@iowadot.us
Cedar Rapids, Iowa 52404							

Phone Number		 Fax Number
Construction & Materials Engineer		 515-239-1843 515-239-1092
PC Concrete Engineer				  515-239-1226 515-239-1092
Prestressed Concrete Engineer			  515-239-1092
PC Concrete Field Engineer			

515-239-1649 
515-239-1547 515-239-1092

Structures Group Manager			 515-239-1619 515-239-1092
Structures Field Engineer			 515-239-1185 515-239-1092
Pavement Management Engineer		 515-239-1882 515-239-1092
Bituminous Field Engineer			 515-239-1013 515-239-1092
Chief Geologist					 515-239-1204 515-239-1092
Soils & Grading Field Engineer  	 515-239-1280 515-239-1092
District 1 Materials Engineer     	 515-239-1926 515-239-1943
District 2 Materials Engineer      641-422-9421 641-422-9463
District 3 Materials Engineer      712-239-4713 712-239-4970
District 4 Materials Engineer      712-243-7629 712-243-6788
District 5 Materials Engineer      641-472-3103 641-469-3427

Wesley Musgrove 
Todd Hanson  
Mahbub Khoda  
John Hart  
Kyle Frame 
Curtis Carter  
Chris Brakke  
Jeffrey Schmitt  
Brian Gossman  
Melissa Serio 
Gregg Durbin 
Robert Welper 
Bill Dotzler 
Timothy Hensley           
Vacant
Roger Boulet District 6 Materials Engineer       319-366-0446 319-730-1565



WEBSITES USED IN TTCP CLASSES 

 

There are 3 websites you will use as a TTCP Student.  You will set yourself up as a user of each of these 3 

websites.  It’s important that you remember your user name and password for each site (hint:  since you 
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1. Introduction 

1.1. Getting Acquainted 

 
Tell us a little about yourself and experience with concrete 
 

1.1. Syllabus 
 
Day 1 
 
9-10:30 Introductions/ Ch. 1 
10:30-11:45 Ch. 2 Cementitious 
11:45-12:45 Lunch 
1:00-2:00 Ch. 3 Admixtures 
2:00-3:30 Ch. 4 Aggregates  
 
Day 2 
 
9:00-10:30 Ch. 4 Aggregates (cont’d.) 
10:30-11:30 Ch. 5 Basic Mix Design Concepts 
11:30-12:30 Lunch 
12:30-2:30 Ch. 5 Basic Mix Design Concepts (cont’d) 
 2:30-3:30 Ch. 6 Trial Batch, Iowa DOT Mix Design 
 
Day 3 
 
9:00-11:30 Ch. 6 Mix Design (QMC, ACI)  
11:30-12:30 Lunch 
12:30-2:30 Ch. 6 Mix Design (BR, HPC)  
2:30-3:30 Ch. 6 Computer Mix Design 
 
Day 4 
 
9:00-10:00 Review 
10:00-12:00 Test 

1.2. Grading 
 
In order to achieve a PCC III certification, a score of 80% is required on the test. 
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1.3. Ground Rules 
• RESPECT EACH OTHER AND INSTRUCTOR 

• Start on time and end on time 

• Contact instructors if you cannot make class 

• Turn off cell phones  

• No sleeping or reading newspaper 

• No side conversations 

• 10-15 minute break about every 1-2 hours 

• Maintain a positive attitude and have fun 

1.4. Contact 
John Hart    Todd Hanson 

Phone  (515) 239-1547   (515) 239-1226 
Email   john.hart@iowadot.us  todd.hanson@iowadot.us 

1.5. Text 
• Course notes    John Hart and Todd Hanson based on  

      notes of Dr. Ken Hover 

1.6. Course Objectives 
• Learn about component materials of concrete 

• Learn how component materials interact to form concrete 

• Recognize when, why, and how to use the component materials to ensure 
quality concrete 

• Learn difference between mix design and mix proportioning 

• Producer standard deviation effect on design strength 

• Learn about the various mix design processes 
o Iowa DOT Cookbook 
o ACI 
o Iowa DOT QMC, BR, HPC, Mass Concrete mix design 

• Calculate concrete mix proportions  
o Emphasis placed on methods used in Iowa 

 
 

1.7. Concrete Basics 
 

• What is concrete? 
o Concrete is the most widely used construction material in the world 
o Used to build pavements, bridge components, foundations, piles, 

dams, pipes, sidewalks, floors, curb and gutters, retaining walls, 
tanks, art, countertops, ships 

o Provides excellent versatility durability, and economy 
o Simple in appearance but extremely complex internal structure and 

chemistry 
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o Composite material made up of component materials 
o Concrete is an engineered material designed to meet the intended 

application 

o Concrete is NOT cement 

 
 

Figure 1.1-1 Cement and concrete 

 
 

• Concrete is a composite material 
o Main categories of composite materials are aggregate and paste 
o Aggregate is an economic filler that provides dimensional stability 

and wear resistance 
o Paste glues, bonds, adheres, ties, attaches, joins, links and holds 

the aggregate together 
o Other concrete composite materials can be created by combining 

any one or more aggregates together and then gluing them 
together with a paste 
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Figure 1.1-2 Composite materials of rock, sand, and cement 

 

 
 

 

Table 1.1-1 Examples of aggregate and paste combinations to make 
concrete and other composite material 

Coarse 
Aggregate 

Fine Aggregate Paste Concrete or Composite 
Material 

Crushed Rock or 
Gravel  

Concrete Sand Portland Cement Portland Cement 
Concrete 

Light Weight Rock Concrete Sand Portland Cement Light Weight Concrete 

Crushed Rock Coarse Sand Asphalt Cement Asphalt Cement 
Concrete 

Coarse Iron Ore Fine Iron Ore Portland Cement Heavyweight Concrete 

Steel Punchings Concrete Sand Portland Cement Heavyweight Concrete 

Gravel Concrete Sand Epoxy Epoxy Concrete 

Chopped Fruit Crushed Nuts Sugar And Flour Fruitcake 

 

  



 5 

 

Figure 1.1-3 Concrete and fruitcake are similar 

 
 

• What is quality concrete? 
o Depends on viewpoint of the observer 

 Public 

• Smooth, no delays 
 DOT 

• Durability, cost 
 Contractor 

• Costs, time  
 Finisher 

• Working time, ease of finish 
 Designer 

• Strength 
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2. Cementitious Materials 

2.1. Portland Cement 

2.1.1. Overview 

• Manufactured product composed primarily of calcium silicates  

• Hydraulic meaning it will set and harden by reacting chemically with water 

• Expensive mix component due to energy and environmental requirements 
required in manufacture 

Figure 2-1 Typical type I/II cement 

 

2.1.2. History 

• Greeks and Romans used volcanic deposits in combination with lime 

• Romans called the natural occurring deposits pozzolana because it was near 
the village Pozzuoli, near Mt. Vesuvius 

• The dome of the Pantheon built in 126 A.D. is concrete made of volcanic 
pozzolan and lime, basalt aggregate on bottom and pumice aggregate on top 

Figure 2-2 Pantheon in Rome 
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• In 1824, a patent for hydraulic cement was applied for in England  

• The term Portland was coined because the hardened cement product 
resembled the stone quarried at the Isle of Portland, England 

• Cement production in the United States began in the 1870’s 

Figure 2-3 Globe of solid stone quarried at the Isle of Portland, England 

 

2.1.3. Manufacturing Process 

• Cement plants are located where raw materials are locally abundant, such as 
limestone, shale, clay, sand and iron ore (used as a flux) 

Figure 2-4 Typical raw materials and their chemical contribution 

 

• Four major steps in the manufacturing process of cement are 
1. Quarry Operations 

• Raw materials are obtained, crushed, and stored 

2. Grinding and Blending of Raw Materials 

• Raw materials are ground to a powder and blended to produce the 
desired chemical composition 
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3. Heating Raw Materials in a Kiln 

• Kiln is a brick lined rotating furnace that is sloped toward the burn zone  

• Blended raw materials enter the upper end of kiln and move toward the 
burn zone controlled by the slope and rotation 

• Kiln is fueled from lower end with powdered coal, oil, gas, and or waste 

materials where the temperatures can reach 2600 to 3000 °F 

• Limestone (CaCO3) converts to CaO releasing carbon dioxide (CO2)   
 

4. Finish grinding of Clinker and Distribution 

• Clinker is ground in a ball mill with approximately 5 percent gypsum 

• Gypsum is added to control setting 

• Ground to fineness of 85-90% passing No. 325 mesh (holds water) 

• The fine gray powder is angular due to crushing of clinker 

• Stored in solos to allow blending allow for improved uniformity before 
bagging or bulk delivery 

Figure 2-5 Quarry operations for cement production 

 

Figure 2-6 Bins used for blending operation  
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Figure 2-7 Kiln for cement production 

 
 

Figure 2-8 Clinker and Gypsum 

 

Figure 2-9 Ball mill for grinding cement clinker 
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2.1.4. Principle Compounds 

• Tricalcium Silicate (3CaO•SiO2 = C3S) 

• Temperature rise during hydration 

• Contributes to early strength  

• Dicalcium Silicate (2CaO•SiO2 = C2S) 

• Similar reaction as C3S but much slower 

• Contributes to long term strength 

• Tricalcium Aluminate (3CaO•Al2O3 = C3A) 

• Can cause early stiffening without proper gypsum 

• Temperature rise during initial hydration 

• Contributes little to strength 

• Tetracalcium Aluminoferrite (4CaO•Al2O3•Fe2O3 = C4AF) 

• Fairly inert 

• Reduces clinkering temperatures 

• Fe2O3  gives cement gray color  (White cement Fe2O3 limited to 0.50%) 

• Approximately 90 percent of cement by weight is made of these compounds, 
the remainder is gypsum and other minor compounds 

• Individual cement grains may contain all 4 compounds 

2.1.5. Types 

• Five major types as well as blended 

• ASTM C 150 specification for hydraulic cements 

• ASTM C 595 specification for blended cements 

• I.M. 401 Iowa DOT approved sources of cement 
 
 

Table 2-1 Five major cement types and their characteristics ASTM C150 

Cement Type Use Characteristic 

I Normal Use > 8% C3A 

II Moderate Sulfate Resistance < 8% C3A 

III High Early Strength Fine ground Type I 

IV Low Heat of Hydration < 35% C3S 

V High Sulfate Resistance < 5% C3A 

Table 2-2 Blended cements and their composition ASTM C595 

Cement Type Composition 

IS(X) X is the Percent GGBFS – (Example IS(20) ) 

IP(X) X is the Percent Pozzolan – (Example IP(25) 

IL(X) X is the Percent Limestone – (Example IL(10) 
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Figure 2-10 Cement particles under microscope and SEM image 

 
Red (C3S), Blue (C2S), Lime Green (C3A), Orange (C4AF), Green (Gypsum) 

2.2. Fly Ash 

2.2.1. Background  

• Early use in 1930’s for mass structures such as dams 

• In 1982 use was mandated by federal law - used in Iowa since 1984 
 

2.2.2. Byproduct Generation 

• Pulverized coal is injected into the combustion chamber of the furnace,  

• During combustion coal impurities fuse in suspension and are transported in 
exhaust gases, the fused materials cool to form fly ash – spherical shape 

• Collected in electrostatic precipitators or bag filters 

• After collection it is shipped, stored, or disposed 

• In Iowa, the major electric generation plants burn 14,000,000 tons of coal per 
year, producing 700,000 tons of fly ash per year   

• Higher variability because of dependence on electric energy production 

• Least expensive cementitious material – no further processing 
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Figure 2-11 Typical class C fly ash 

 
 

Figure 2-12 Typical coal burning electric power generating station 

 

2.2.3. Classes 

• ASTM C 618 specification for fly ashes 

• I.M. 491.17 Iowa DOT approved sources of fly ash 
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Table 2-3 Fly ash class and characteristics 

Class of Fly Ash Characteristic 

C Pozzolanic and Cementitious  
CaO content of 10 to 30 Percent  
Tan color – high lime  
Derived from subbituminous and lignite Coal 
Common west of Mississippi river 

F Pozzolanic  
CaO Less Than 10 Percent 
Gray color – higher iron  
Needs CH from cement hydration to react  
Derived from bituminous and anthracite Coal 
Common east of Mississippi river 

Figure 2-13 Microscopic view of fly ash 

 
 

2.2.4. Advantages 

• Economical as cement replacement 

• Rounded particles improve workability 

• Reduced permeability by reacting with CH and forms more CSH 

2.2.5. Disadvantages 

• More variable material depending on electric generation 

• Slower strength gain in colder weather, especially Class F 
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2.3. Ground Granulated Blast Furnace Slag (Slag) 

2.3.1. Background 

• A slow setting hydraulic cement  

• White in color 

• The first commercial in Germany in 1892 

• Used in Europe, Japan, Australia, and Eastern United States and Canada 

• Used in Iowa since 1995 

2.3.2. Byproduct Generation 

• In an iron blast furnace iron ore, limestone, and coke is continuously feed 
from the top while air heat and oxygen are forced into the furnace achieving 

temperatures of nearly 2700 °F, molten iron collects at the bottom while 
molten slag floats just above both are periodically tapped 

• Limestone removes sulfur and any remaining silica (Si), alumina (Al), and 
magnesium (Mg) from the iron 

• High pressure water jets are used to cool the molten slag instantaneously to a 
temperature below the boiling point of water producing glassy granulated slag 

• Granulated slag is then dried and ground in a ball mill to produce ggbfs (slag) 
– angular shape  

• Nearly equal cost to cement – requires further processing in grinding 

• A typical blast furnace produces 200 to 500 tons of molten slag per day 

• More consistent than fly ash, due to tight process control of iron making 

 

Figure 2-14 Granulated slag and GGBFS 
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Figure 2-15 GGBFS (slag) byproduct generation 

 

2.3.3. Grades 

• Three grades based on strength  

• Grade 80, 100 and 120 

• ASTM C 989 specification for slag 

• I.M. 491.14 Iowa DOT approved sources of slag 

• DOT does not allow Grade 80 
 

Figure 2-16  Microscopic view of Slag 
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2.3.4. Advantages 

• Increased workability in hot weather 

• Reduced permeability by reacting with CH and forms more CSH 

• Increased sulfate resistance 

2.3.5. Disadvantages 

• Slow strength gain in cold weather 
 
 

2.4. Other Supplementary Cementitious Materials 

2.4.1. Silica Fume, Calcined Clay, Calcined Shale, and Metakaolin 

• Silica fume is a pure silicon dust captured during production of ferrosilicon 
alloys in an electric arc furnace 
o Produces concrete with very high strengths and very low permeability 
o Fairly expensive material  
o Requires a HRWR and extreme control in the field  

• Calcined clay is a clay that has been burned in a kiln to produce pozzolan 

• Metakaolin is a calcined clay produced from a high purity kaolin clay 

• Calcined shale may contain calcium which gives cementing properties 

• Used to control alkali silica reactivity and produce low permeability concrete 

2.5. Hydration Process 
 

• Portland cement is combined with water to produce a “glue”, or the paste 

• Hydration reaction is exothermic, meaning heat is released 

• Basic Hydration Reactions 
o Calcium Silicates + Water => Calcium Silicate Hydrate (CSH) Gel + 

Calcium Hydroxide (CH)  
o Calcium Aluminates + Gypsum + Water => Ettringite 

• Initial set occurs when temperature rises as the C3S particles react with water 
forming CSH gel – paste begins to stiffen 

• Final set occurs when enough CSH gel has formed that the concrete can 
sustain some load, basically able to walk on it 
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Figure 2-17 Heat Profile of hydration reaction 
 

 
 

• Hydrated paste contains the following: 
1. Reaction products (CSH, CH, ettringite, and monosulfate) 
2. Un-reacted cement particles – never achieve full hydration 
3. Capillary pore space, or space originally occupied by mix water 
4. Water (gel water and pore water) 

• CSH is the main contributor to strength 

• CH, ettringite, and monosulfate contribute little to strength 

• CH major factor in acid attack and causes leaching (white material in cracks) 

• Ettringite and monosulfate are major factors in sulfate attack 
 
 

Figure 2-18 Microscopic view of reacted cement grains and visual image 

 

 

• Supplementary cementitious materials react with CH to from more CSH 

• Silica fume, Class F fly ash, metakaolin, and calcined clays are pozzolanic 
and need cement hydration products (CH) plus water to react 
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• Class C fly ash and calcined shales are both pozzolanic and cementitious 

• Slag is a slow setting hydraulic cement 

2.6. Water to Cement Ratio 
• Weight of all water added divided by weight of all cementitious materials 

• A 0.23 w/c is “theoretical 100% hydration”, which is never achieved and 
additional water is needed for workability 

• Typically, need 0.42 w/c ratio to achieve so capillaries are full of water during 
hydration 

• At less than 0.42 w/c ratio, capillaries do not remain full during hydration – 
wet curing is needed 

• At 0.70 w/c ratio and higher, it is not possible to achieve concrete with 
capillary pores that will be watertight in the hardened paste 

 

2.7. Effect of w/c on Strength and Permeability 

2.7.1. Strength and Permeability 

• W/C ratio affects both strength and permeability 

• A higher W/C ratio results in a lower strength and higher permeability 

• A lower W/C ratio results in a higher strength and lower permeability 

• As w/c ratio increases, the cement grains are pushed further apart and the 
needle like growths have less interconnections 

• Fly ash, GGBFS, and silica fume react with CH from cement reaction, forming 
more CSH which provides higher strengths and due to the smaller size 
reduce permeability 

• Permeability is directly related to durability since it controls the rate of 
moisture and contaminant intrusion 

• Strength continues to develop as long as there is a supply of moisture 

• Rule of Thumb: 

• Adding 1 gallon of water per cubic yard increases slump ~1” and 
increases w/c ratio by ~0.015 (lowers strength ~250 psi and 
increases permeability) 
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Figure 2-19 Relationship of w/c ratio to Strength and Permeability 

 
 
 

Figure 2-20 Graphical representation of low and high w/c ratio 

 

2.8. Paste Volume 

2.8.1. Heat 

• Hydration reaction is exothermic – gives off heat - one sack of cement 
generates ~15,000 to 20,000 BTU when hydrating for 28 days 

• Amount of cement controls the amount of heat generated 

• Use of supplementary cementitious materials can help reduce heat 

• Heat generated becomes a concern in mass structures 

• Excessive heat inside (expands) while outside cools (shrinks) 

• These temperature differentials can cause strength variations and thermal 
stresses which can cause cracking 

• Typically, differentials should be kept to 35 °F 
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Figure 2-21 Mass Concrete Temperature Profile 

 
 
 

2.8.2. Shrinkage 

• Concrete is at its largest volume after being placed in the plastic state  

• Volume change occurs due to the hydration reaction and water leaving in the 
fresh or hardened concrete 

• Chemical shrinkage occurs because the hydration reaction products occupy 
less space than the original materials 

• Autogenous shrinkage occurs because water leaves capillaries and gel pores 
during hydration. 

 

Figure 2-22 Chemical Shrinkage of Concrete 
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• Shrinkage that occurs when concrete is plastic is called plastic shrinkage 

• Plastic shrinkage primarily occurs due to evaporation of water from the 
surface 

• Plastic shrinkage typically forms perpendicular to wind direction 
 
 

Figure 2-23  Plastic shrinkage cracking 

 
 

• Shrinkage that occurs when concrete has hardened is called drying shrinkage 

• Drying shrinkage can leave random cracks unless sawed joints are placed to 
control the location  

• Limiting the amount of paste significantly reduces the amount and severity of 
shrinkage 
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Figure 2-24  Drying shrinkage at joint 

 

  
 

2.9. Cement Content 
• For pavements, PCA and ACPA recommend a minimum cementitous content 

of 564 lbs/yd3 for severe freeze thaw environment and deicing chemicals 

• Minimum cementitous content of 564 lbs/yd3 (6 sack) is typically needed to 
maintain w/c ratio below 0.45, using normal admixtures in hot weather 

• In cooler weather, may be able reduce to ~520 lbs/yd3 and maintain w/c ratio 

• Reducing cement content requires increasing water to maintain workability 

• Service history of Iowa aggregates are based on the standard mixes. 

• Aggregate service history is reduced utilizing Class B mix proportions 
compared to Class C proportions 

 

2.10. Curing 

2.10.1. Curing 

• Curing of concrete is important to ensure adequate moisture is retained for 
hydration 

• Air dried concrete does not gain strength after 28 days 

• With just 7 days of moist curing strength is increased over air dried concrete 

• Concrete subjected to continual moist curing will continue to gain strength 
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Figure 2-25  Effect of Moist Curing on Strength 

 
 

2.10.2. Curing Temperature 

• Curing temperature effects the ultimate strength of concrete 

• Higher curing temperature increases early strength with little increase at later 
ages  

• Lower curing temperature reduced early strength with higher ultimate strength 
than curing at higher temperatures 
 

 

Figure 2-26  Curing Temperature Effect on Strength at Later Ages 
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3. Chemical Admixtures 

• Large variety capable of modifying almost any mix property 

• Derived from waste products of other industries 

• NOT a replacement for good mix design or construction practices 

• Used to enhance certain concrete properties 

• Multiple effects exist and must be understood and accounted for 

• Technical assistance provided by manufacturer is useful 

• I.M. 403 Iowa DOT approved sources chemical admixtures 

Figure 3-1 Chemical admixture and dispensing equipment 

 

3.1. Types of Admixtures 

3.1.1. Air Entraining Agents 

• Stabilize and entrain millions of tiny bubbles formed during mixing 

• Entrained bubbles provide freeze thaw protection in the hardened state  

• Bubbles improve workability and decrease potential for bleeding and 
segregation in the plastic state 

 
History 

• New York Public Works Department and the Universal Atlas Cement 
Company discovered accidentally in the 1930s, when several concrete 
pavements performed well during a harsh winter in New York 

• It was discovered that the cement source used beef tallow as a grinding 
aid which introduced a network of tiny spherical bubbles responsible for 
the enhanced resistance to freezing and thawing. 
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• Common air entraining agents contain surface active agents and are wood 
resins, synthetic detergents, petroleum acids, and fatty and resinous acids 

• Air entraining agents are made of complex molecules that are attracted to 
water (salts) at one end and repel water (resin) at the other end 

• During mixing action, bubbles are stabilized because ends that repel water 
affix themselves into air bubbles and ends that attracted to water affix 
themselves into the paste developing an equilibrium which anchors the air 
bubbles in the paste 

• ASTM C 260 specification requirements 

Figure 3-2 Stabilization of air bubbles with air entraining agents 

 

3.1.2. Freeze Thaw Damage 

• Concrete is porous due to capillary pores left after hydration is completed 

• When concrete is exposed to water, the capillary pores wick water into the 
concrete and act as channels to move the water further into the concrete 

• When freezing occurs, the water will start to turn to ice in the center of the 
largest capillaries expanding about 9 percent in volume 

• Air bubbles act as pressure relief valves to accept the water being 
displaced by the expanding ice in the larger capillaries 

• If no air bubbles exist, the water will be confined in the smaller capillaries 
and extreme pressures will develop internally in the concrete causing 
cracking and allowing further water infiltration and freeze thaw damage 
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Figure 3-3 Air void relief of expanding freezing water 

 

Figure 3-4 Example of freeze thaw damage (US 20 Webster Co) 

 

3.1.3. Air Void System Impact on F/T Protection 

• Air void system is required to provide protection for concrete that will be 
exposed to freezing and thawing conditions 

• Amount and bubble size distribution defines the air void system 

• Amount of air bubbles or air content is expressed as a percentage of 
concrete volume 

• Air content must be in the range of 5.0 to 8.0 percent for adequate freeze 
thaw protection in Iowa  
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• Iowa DOT targets 6.0 percent air content for air entrained hardened 
concrete 

• Air content is tested in the plastic state with the air pot in the field. 

• The bubble size distribution is determined in the hardened concrete using 
microscopic methods 

• Water may travel no further than 0.008 inches, termed the spacing factor, 
before an air void is reached 

• Many smaller bubbles provide better protection by providing a larger area 
of protection by limiting the distance freezing water must travel  

Figure 3.5 Air void distribution effect on paste protection 
 

 
 

• Air is not used for interior floors with steel troweled finish - causes blisters 

• Floors left open over winter need to be protected 
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3.1.4. Material and Placement Factors Influence on Air Content 

• Air requirements decrease as maximum aggregate size increases 

• Air increases with increased sand content 

• Increased amount of material on No. 30 and 50 sieves increases air  

• Higher alkali cement increases air content 

• Fineness of cementitious materials decreases air 

• High LOI on fly ash increases need for more air entraining agent 

• Water reducers can aid in air entrainment 

• As slump increases air content increases 

• Pumping concrete usually decreases air content 

• Excessive vibration decreases air content 
 

3.1.5. Water Reducers 

• Ability to reduce the quantity of water required to achieve a given degree 
of workability 

• Capability to be used in three ways: 
1. Use the same amount of cement but a reduced amount of water  

• W/C ratio reduced and workability remains the same – water reducing 

• Improved concrete quality 
2. Use less water and reduce the amount of cement by the same proportion 

• W/C ratio and workability are maintained – cost reducing 

• Similar concrete quality 
3. Use the same amount of water and cement 

• W/C ratio maintained – increased workability  

• Similar concrete quality 

• There are three Types of water reducers: 
1. Low range will reduce water demand by 5 to 10 percent 
2. Mid range will reduce water demand by 8 to 15 percent 
3. High range (superplasticizers) will reduce water demand by 12 to 30 

percent 

• Low and mid range are for general use and can be used for a variety of 
applications 

• High range water reducers produce concrete with a very high slump in the 
range of 7 to 9 inches and low w/c ratio and achieve higher strengths  

• After grinding, the cement particles can carry residual positive or negative 
charges, the oppositely charged particles attract to one another tying up a 
considerable amount of water and reducing workability 

• Water reducers deflocculate the cement particles and release the tied up 
water – neutralize the static charge or reducing surface tension of water  

• Water reduces reduce the amount of air entraining agent required as well 
as retard the set characteristics of the concrete 

• ASTM C 494 specification requirements 
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Figure 3.6 Dispersion of particles by a water reducer 

 

3.1.6. Retarders 

• Ability to delay the hydration 

• Used in hot weather to increase working times, in bridge decks to keep 
concrete plastic while placing and to prevent deflection cracks, and in 
mass structures to prevent cold joints and to blend concrete 

• Similar to low and mid range water reducers and have active ingredients 
of either lignosulfonates, hydroxyl carboxylic acids, or sugars 

• Typically 0.03 to 0.15 percent sugar added to concrete will retard set 
indefinitely (in emergency, a 5-10 lb bag of sugar can be added to truck) 

• Often classified as combination water reducer/retarder 

• Retarders work by forming a film on the cement grains and slowing down 
or delaying early hydration reactions 

• Hydration occurs later, but ultimate durability the same and strength the 
same or slightly increased 

3.1.7. Accelerators 

• Ability to shorten the rate of setting and increase early strength 

• Used in primarily in patching operations 

• Calcium chloride (CaCl2) is the most common accelerator and most 
effective  

• Non-chloride accelerators available, typically calcium nitrite 

• Accelerators work by breaking down cement particle layers faster and 
making them more permeable to react with water 

• Ultimate strength and durability are reduced 

• Other options such as type III cement, insulating blankets, or a lower W/C 
ratio should be considered before accelerators are used 
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4. Aggregate 

4.1. Iowa Overview 
• Iowa has been repeatedly subjected to successive periods of sea coverage, 

uplift and faulting, and erosion, most recently followed by a period of glacial 
advances and retreats 

• During periods of sea coverage limestone, shale, and sandstone were 
deposited 

• Glacial advances and retreats resulted in gravels and sands being deposited 
and carried in the glacial outwash in rivers and streams 

• Rock formations in Iowa slant from the north and east to the south and west 

• At reasonable depth the oldest and best rocks occur in the northeast and the 
youngest and worst rocks occurring in the southwest 

• Oldest rock, quartzite, is found in northwest Iowa, is a metamorphic rock, 
originally a sandstone, converted under high pressure and temperature 

• All approved aggregate sources in Iowa are listed in T-203 by county 

Figure 4-1 Geological cross section of Iowa 

 

4.1.1. Coarse – Article 4115 

• Material retained on the number 4 sieve and above 

• Typically meet gradation 3 or 5 on gradation table 

• In the form of a crushed limestone, crushed quartzite, or gravel 

• A washed crushed limestone is commonly used in Iowa 

• Iowa has three classes of coarse aggregates 

• Class 2 = minimal deterioration only after 20 years, non-interstate usage 

• Class 3 = minimal deterioration only after 25 years, non-interstate usage 

• Class 3I = minimal deterioration only after 30 years, interstate usage 

• Classes are assigned based on Physical and Chemical durability 
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 Physical requirements relate to abrasion resistance, freeze thaw resistance, 
and objectionable materials 

 Chemical tests are conducted to determine salt susceptibility 

• Results from chemical tests and the Iowa pore index are used to calculate a  
quality number  

4.1.2. Intermediate – Article 4112 

• Material passing the 1/2 inch sieve and retained on the number 4 sieve 

• Used for QM-C, BR, and HPC-D 

• Typically a crushed limestone, crushed quartzite, or pea gravel 

• Produced during coarse aggregate production and often scalped out for other 
products 

• Limestone chips required to be produced from same beds as coarse 
aggregate for the classification required 

• Pea gravel not to exceed 15% of total aggregate, if lower class than coarse 

• Intermediate aggregate is often reintroduced to obtain a well graded blend  

• Often a third bin is used which allows adjustments to aggregate blends 

4.1.3. Class V Aggregate – Article 4117 

• Sand gravel aggregate from Platte River in Nebraska  

• Typically has a 1/2 inch top size 

• Well graded combination typically at 45% coarse aggregate and 55% Class V  

• Requires use of Class F fly ash or slag to reduce potential reactivity 

4.1.4. Fine – Article 4110 

• Material passing the number 4 sieve 

• Meets gradation 1 on gradation table 

• Natural sand is used exclusively 

• No durability classes, shale and coal limits 

4.2. Aggregate Properties to Consider for Concrete 

4.2.1. Strength 

• Soft aggregate will limit strength and wear resistance 

• Soft aggregates can also degrade during handling resulting in excessive fines 

• Excessive fines can affect workability, air entrainment, and paste to 
aggregate bond 

• Critical if very high strength mixes are being developed 

4.2.2. Texture and Shape 

• Texture can be classified from rough to smooth   

• Limestones achieve good bond with paste, whereas quartzite and gravels 
may not bond as well with paste – effect on strength 

• Shape can be generally classified as rounded, cubical, or flat and elongated 
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Figure 4-2 Typical Aggregate Shapes In Iowa 

 
 

• An ideal aggregate with respect to shape and texture is smooth and rounded 

• Smooth and rounded particles have a lower surface to volume ratio and a 
decreased amount of void space between adjoining particles, requiring less 
paste to coat the surfaces and fill the void spaces while providing workability 

• River gravels are typically smooth and rounded 

Figure 4-3 Rounded and smooth particles 

 

• Slightly rough and cubical particles will require more paste to be coated and 
fill void space between adjoining particles while providing workability 

• Crushed limestone is typically  slightly rough and cubical  
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Figure 4-4 Slightly rough and cubical particles 

 
 

• Rough and flat and elongated particles will require the most paste to be 
coated and fill void space between adjoining particles while providing 
workability 

• Crushed quartzite can be more flat and elongated  

Figure 4-5 Rough and flat and elongated particles 

 
 
 

• Relationships between texture and shape and paste content required for 
coating and to fill the voids between adjoining particles while providing 
workability is more critical for intermediate aggregate due to increased 
amount of surface area and interaction points 

• Crushing techniques have a direct influence on the shape obtained 
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• Flat and elongated particles can settle on top of one another when 
consolidated causing segregation 

 
 

4.2.3. Freeze Thaw Durability 

• The freeze thaw durability of an aggregate is affected by the continuity and 
size of pores or the presence of clay 

• Aggregate pore system is measured by the Iowa Pore Index test   

• Coarse grain dolomitic limestone have large interconnected pore systems 
which allow water to move out freely during freezing 

• Very fine grain limestone have very small pore systems which prevent water 
from entering completely 

• Poor quality aggregates with small interconnected pore systems trap water 
during freezing causing expansion  

• Damage due to freeze thaw durability identified as D-cracking 
 
 

Figure 4-6 F/T durable coarse grained dolomitic limestone @90X 
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Figure 4-7 Fine grained limestone susceptible to D-Cracking @5000X 

 

Figure 4-8 D-cracking deterioration 

 

4.2.4. Deleterious Materials 

• Coal, shale, and chert are primary deleterious materials 

• Coal and shale are light and float to the top or outside of finished concrete 

• Moisture is readily absorbed and causes rapid disruption in coal, shale, chert, 
and limestones with extensive capillary systems (oolites) leading to popouts 

• Popouts affect aesthetics and generally do not affect durability 

• Specifying Class 3I does not guarantee you won’t have popouts 
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Figure 4-9 Typical oolite (l) and shale popouts (r) 

  

4.2.5. Chemical Reactivity 

• Alkali-silica reactions forms expansive gel like material around aggregates 

• Expansive gels may lead to random internal and surface cracking 

• Deterioration due to alkali-silica reactivity is not a common problem in Iowa 

• Reactive particles in sands typically cause surface defects 

• Certain impure dolomites react with deicing salts and destabilize the crystal 
structure of the aggregate  

Figure 4-10 Alkali silica gel 

 
 

4.3. Moisture Conditions and Batch Weight Corrections 

4.3.1. Pores 

• Nearly all aggregates have permeable or impermeable pores 

• Permeable pores connect with the outside surface and permit liquids and 
gases to penetrate 
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• Impermeable pores are entirely enclosed within the aggregate and cannot be 
filled by liquids or gases from the outside 

Figure 4-11 Porous aggregate with permeable and impermeable pores 

 

 

Figure 4-12 Moisture conditions of aggregates 

 

4.3.2. Moisture Corrections 

• Aggregate with moisture conditions other than SSD must be adjusted to a 
SSD condition 

• SSD conditions properly represent the equilibrium condition the aggregates 
become in the mix when they neither contribute or absorb mix water 

• Corrections are required to batch weights of aggregates and mix water 

• Corrections help to provide a mix that is batched near or at the design W/C 
ratio and is more consistent over time 

• Iowa DOT uses pycnometer to determine moisture content  

• Dry batch weight is the same as SSD batch weights 

• Wet batch weight is the corrected or adjusted batch weight 
 
 



 38 

4.4. Gradation 

4.4.1. Influence on Concrete Performance 

• Aggregate gradation controls packing potential and the surface area to be 
coated by paste, which substantially influences the mix proportions, economy, 
water demand, workability, finishability, air entrainment, and shrinkage 

4.4.2. Aggregate Gradation Classifications 

4.4.2.1. Uniformly Graded 

• Aggregate particles are almost all the same size as in a porous backfill 

• Loose packing requiring more paste to fill voids 

• Difficult to place because particles are in conflict when moving 

4.4.2.2. Gap graded 

• Aggregates particles with deficiencies in 3/8”, #4, and #8 sieve sizes 

• Tend to segregate more easily 

• Higher amount of fines is often required resulting in higher paste and greater 
water demand 

4.4.2.3. Well graded 

• Aggregate particles are over a wide range of sizes in relatively equal amounts 

• Less prone to segregation 

• Easier to place because particles are moving together 

• Lower amount of fines is often required resulting in lower paste and lower 
water demand 

Figure 4-13 Examples of aggregate gradation classifications 
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4.4.3. Surface Area 

• Surface area of the aggregate controls the amount of paste required for 
coating 

• Finer particles have a greater surface area for a given volume compared to 
coarser particles 

• Increased amount of fine aggregate requires increased amount of paste 

Figure 4-14 Relationship of particle size to volume and surface area 

 
 

4.4.4. Fineness Modulus 

• Index to describe how fine or coarse a given aggregate is 

• Higher fineness modulus (FM) indicates a coarser gradation  

• Lower fineness modulus (FM) indicates a finer gradation 

• Typically used for fine aggregate but may be applied to any aggregate 
including combined 

• The following procedure should be used for determining the fineness 
modulus: 
1. Determine the percent retained for the 6”, 3”, 1.5”, 3/4”, 3/8” #4, #8, #16, 

#30, #50, and #100 
2. Determine the cumulative percent retained for each sieve 
3. Sum all the cumulative percent retained and divide by 100 
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• Example  Fineness Modulus Calculation 
 

Sieve Size Percent retained Cumulative Percent 
Retained 

6” 0 0 

3” 0 0 

1.5” 0 0 

3/4" 0 0 

3/8” 0 0 

#4 2 2 

#8 13 15 

#16 20 35 

#30 20 55 

#50 24 79 

#100 18 97 

Pan 3 NA 

Sum  283 

Calculation  283 ÷ 100 

FM  2.83 

 

4.4.5. Nominal Maximum Aggregate Size 

• Sieve size through which 85 to 95 percent of the aggregate passes 

4.4.6. ASTM-C33 

• Standard specification for concrete aggregates 

• Individual aggregate grading requirements 

• Iowa DOT has adopted portions of ASTM-C33 specifications 

• Fine aggregate must have no more than 45 percent retained between two 
consecutive sieves (no more than 40% Article 4110) 

• FM of the fine aggregate must not be less than 2.3 nor more than 3.1 

• Limits on minus #200 may be adopted (1.5 max Article 4110) 

• Note: Using a manufactured sand requires a high amount of minus #200 to 
produce a workable mix design (different gradation than natural sands) 
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Table 4-1 ASTM-C33 & IDOT gradation bands comparison 

Sieve 
Size 

ASTM #57 
IDOT No. 3 

ASTM #67 
IDOT No. 5 

 
ASTM 

 
IDOT No. 1 

 Coarse Coarse Fine Fine 

1.5” 100    

1.0” 95 to 100 100   

¾”  90 to 100   

½” 25 to 60    

3/8”  20 to 55 100 100 

#4 0 to 10 0 to 10 95 to 100 90 to 100 

#8 0 to 5 0 to 5 80 to 100 70 to 100 

#16   50 to 85  

#30   25 to 60 10 to 60 

#50   5 to 30  

#100   0 to 10  

4.4.7. Combined Aggregate Grading 

• Since 1930’s, the emphasis has been on an individual two aggregate 
approach, focusing on nominal maximum size for coarse aggregate and 
fineness modulus for fine aggregate 

• Earlier fundamental work focused on fineness modulus of combined 
aggregate grading 

• Recently, Shilstone and others have revived fundamental approach of 
focusing on combined aggregate grading 

• Combined aggregate grading is accomplished by mathematically 
combining the individual gradations of coarse, fine, and often intermediate 
aggregate 

 
Steps for Combining Aggregates –  

1. Multiply relative percentage by the percent passing and sum all 
aggregates for each sieve size.  

 
P=Aa + Bb + Cc 
o P= Combined percent passing of a given sieve 
o A,B,C = Percent passing given sieve for aggregate A, B, and C 
o a,b,c = Relative percent of total aggregates A,B, and C 

2. Convert combined percent passing to combined percent retained by 
subtracting the combined percent passing on the top sieve from 100 and 
the combined percent passing from each subsequent sieve, thereafter. 
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• Example mathematically combined grading 
 

 
Sieve, in. 

Coarse  
% Passing 

Intermediate 
% Passing 

Fine  
% Passing 

Combined  
% Passing 

Combined 
% Retained 

Relative 
Percent 

0.48 0.12 0.40   

      

1 1/2“ 100.0 100.0 100.0 100.0 100-100=     0.0 
1” 98.0 100.0 100.0 99.0 100-99=       1.0 
¾” 75.0 100.0 100.0 88.0 99-88=      11.0 
½” 38.0 100.0 100.0 70.2 88-70.2=    17.8 
3/8” 21.0 86.0 100.0 60.4 70.2-60.4=   9.8 
No. 4 4.0 21.0 92.0 41.2 60.4-41.2= 19.2 
No. 8 1.8 4.1 82.0 34.2 41.2-34.2=   7.0 
No. 16 1.6 3.7 66.0 27.6 34.2-27.6=   6.6 
No. 30 1.5 3.3 42.0 17.9 27.6-17.9=   9.7 
No. 50 1.3 2.9 14.0 6.6 17.9-6.6=   11.3 
No. 100 1.2 2.5 1.4 1.42 6.6-1.4=     5.2 
No. 200 1.0 2.1 0.3 0.85 1.4-0.85=   0.55 

 
Combined %Passing calculations 

     1 ½” 100x0.48 + 100x0.12 + 100x0.40 = 100 
1”   98x0.48 + 100x0.12 + 100x0.40 = 99.0 
¾”   75x0.48 + 100x0.12 + 100x0.40 = 88.0 
½”   38x0.48 + 100x0.12 + 100x0.40 = 70.2 
3/8”   21x0.48 +  86x0.12 + 100x0.40 = 60.4 
#4   4.0x0.48 + 21x0.12 +   92x0.40 = 41.2 
#8   1.8x0.48 + 4.1x0.12 +  82x0.40 = 34.2 
#16   1.6x0.48 + 3.7x0.12 +  66x0.40 = 27.6 
#30   1.5x0.48 + 3.3x0.12 +  42x0.40 = 17.9 
#50   1.3x0.48 + 2.9x0.12 +  14x0.40  =  6.6 
#100   1.2x0.48 + 2.5x0.12 +  1.4x0.40 = 1.4 
#200   1.0x0.48 + 2.1x0.12 +  0.3x0.40 = 0.85 
 

4.4.8. Graphical Techniques for Evaluating Combined Gradations 

• I.M. 532 explains techniques using CW chart, 0.45 Power, % Retained charts 

• Techniques are done with the use of a computer program 

• Obtaining a satisfactory combined aggregate gradation is done by trial and 
error using graphical techniques 

• 0.45 Power and % Retained charts are used to identify problems with 
individual sieves 
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4.4.9. Shilstone Coarseness and Workability Factors (CW Chart) 

• Developed by Jim Shilstone from years of field observations 

• Numerical values are determined from the combined aggregate gradation 
and then plotted on the coarseness workability chart 

 

o Coarseness factor (CF) indicates if a combined aggregate is gap or well 
graded 

• Coarseness factor 100X
Above&Sieve8#tainedRePercentCombined

Above&Sieve"8/3tainedRePercentCombined
=  

o Workability factor (WF)  indicates if a combined aggregate is fine or coarse 

• Workability factor Sieve8#gsinPasPercentCombined=  

 

• Example coarseness – workability factor calculations 
 

 
Sieve, in. 

Coarse  
% Passing 

Intermediate 
% Passing 

Fine  
% Passing 

Combined  
% Passing 

Combined 
% Retained 

Relative 
Percent 

0.48 0.12 0.40   

      

1 1/2“ 100.0 100.0 100.0 100.0 0.0 

1” 98.0 100.0 100.0 99.0 1.0 

¾” 75.0 100.0 100.0 88.0 11.0 

½” 38.0 100.0 100.0 70.2 17.8 

3/8” 21.0 86.0 100.0 60.4 9.8 

No. 4 4.0 21.0 92.0 41.2 19.2 

No. 8 1.8 4.1 82.0 34.2 7.1 

No. 16 1.6 3.7 66.0 27.6 6.5 

No. 30 1.5 3.3 42.0 17.9 9.7 

No. 50 1.3 2.9 14.0 6.6 11.3 

No. 100 1.2 2.5 1.4 1.42 5.2 

No. 200 1.0 2.1 0.3 0.85 0.6 

 

Coarseness factor =   0 + 1 + 11 + 17.8 + 9.8       × 100 =  60.1 
        0 + 1 + 11 + 17.8 + 9.8 +19.2 + 7.1 
 
   =   39.6  x  100  =  60.1 
        65.9 
 
Workability factor = 34.2 
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Chart assumptions–Cement content, Aggregate Shape, Placement Method 
• Cement Content - 564 lbs/yd3 cementitious 

o For every 94 lbs of cementitious below or above 564 lbs/yd3 the 
workability factor is adjusted down or up by 2.5 percent 

• Aggregate Shape - rounded or cubical aggregate & nominal maximum  
aggregate size of 1 to 1 ½ inches 

o Additional cementitious may be required when using rough, 
angular, and or flat and elongated aggregate 

•  Placement Method -  slip formed 
o Increase fine aggregate for hand work 

• Iowa DOT has adopted this approach for payment on QM-C projects 

Figure 4-15 Shilstone coarseness workability (CW) chart 

 
 
 

• Zone II is considered well graded for ¾” to 1 ½” aggregate top size. 

• Zone III is same as Zone II for aggregate top size of less than ½” 

• Zone I indicates a gap graded mix that may tend to segregate 

• Zone IV indicates a sandy, sticky mix  

• Zone V indicate a very rocky mix 

• As plot approaches other zones, mix may tend to exhibit characteristics of 
zone that is closest 
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• For QMC paving, aggregate combinations in Zone II (blue box) have 
worked best. Shilstone recommends a target CF of 60 and WF of 35. 

• BR and HPC-D mixes have worked best in red box of Zone II.  

• Any aggregate combination in the middle of Zone II may not exhibit similar 
same workability as another, due to influence of aggregate particle shape  

• To achieve a combined aggregate grading in Zone II, a good starting point 
is 48% coarse, 12% intermediate, and 40% fine, then adjust from there. 

 
 

4.4.10. Power 45 Curve 

• Developed for optimizing combined aggregate gradations for asphalt 
cement concrete 

• Sieve sizes are raised to the 0.45 power and combined percent passing is 
plotted 

• Maximum density line is straight and passes through the origin and 100 
percent of the sieve one size larger than the nominal maximum size 

• An optimized gradation will have a line that is relatively straight and 
follows the maximum density line 

• Typically, the gradation line will deviate below the maximum density line at 
the No. 16 sieve, accounting for the cementitious fines 

• Used as a tool to identify gap or well graded combined aggregate as well 
as problem sieves 

 
 
 

Figure 4-16 Power 45 curve for a well graded combined aggregate 
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Figure 4-17 Power 45 curve for a gap graded combined aggregate 

 
 

4.4.11. Percent Retained Chart  

• Percent retained on each sieve is plotted with limits of 8 and 18 (other 
limits have been used, 5 and 20) 

• Forcing to fit bands can require four to five aggregates 

• An optimized gradation will have a plot that does not contain excessive 
peaks or valleys and falls within limits of the bands 

• Typically will have one or two sieves out on QM-C mix designs 

• Shilstone recommends the sum of percent retained on two consecutive 
sieves should be at least 13% for an optimum gradation 

 Used only as a tool to identify problems sieves 
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Figure 4-18 Percent Retained 8/18 band of an optimized gradation 

 

Figure 4-19 Percent Retained 8/18 band of a gap gradation 
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4.4.12. Tarantula Curve - Percent Retained Chart 

• Developed by Professor Tyler Ley at Oklahoma State University 

• Based on lab work removing individual sieve sizes and observations of 
workability (voids in surface) in box after vibration 

• Combined gradation must be within boundary limits for each sieve size. 

• The total volume of coarse sand (#8-30) must be a minimum of 15%. 

• The total volume of fine sand (#30-200) must be within 24% and 34%. 

• Limit flat or elongated particles to 15% or less at a ratio of 1:3. 
 

Figure 4-20 Tarantula Curve - % Retained Optimized Gradation 

 
 

 

4.4.13. Combined Aggregate Grading and Mix Design 

 

• Iowa cookbook mixes have no provision for adjusting mix based on a 
combined aggregate gradation.  Proportions are set based on assumed 
average conditions 

• ACI 211.1 adjusts mix proportions for aggregate grading as coarse 
aggregate content depends on FM, maximum nominal aggregate size, 
and packing potential 
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• Shilstone/Iowa DOT Q-MC uses graphing techniques to obtain a well 
graded combined aggregate gradation 

4.4.14. Standard Gradation Combinations 

• Combine C-2 through C-6 mix proportions down the middle of gradation 
No. 3 and Gradation No. 1 

• The graphs are an example of how much variation in combined grading 
there can be using standard mixes  

Figure 4-21 Average Combined Gradation of IDOT Mixes 0.45 Power 
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Figure 4-22 Average Combined Gradation of IDOT Mixes CW Chart 

 
 

Figure 4-23 Average Combined Gradation of IDOT Mixes Percent Retained 

 
 
 

Aggregate Shape Effect on Workability Presentation 
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5. Mix Design Basic Concepts 

 
5.1. Mix Design Overview 

• Process of determining required specified characteristics of concrete mixture 
o Fresh concrete properties 
o Required hardened properties of strength and durability 
o Inclusion, exclusion, or limits of specific ingredients 

• Not ONE mix design works for every application and method of placement 

• Multiple job parameters may require compromise and balance of properties 

• Mix design methods involve trial and error and provide a first approximation of 
mix design proportions 

• Trial batches must always be conducted to verify the technical description is 
satisfied  

• Performance of concrete in service environment depends on quality of the  
paste and aggregates 

• Quality of the paste depends on w/c ratio and supplementary cementitious 
materials 

 
 

Figure 5-1 Overview of typical mix design process 

 

Job
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Aggregate Size

Slump

Air Content, Void

Parameters, Cement

Type, W/C Ratio,

Permeabil i ty

f'c, fr, fsp, Ec
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5.2. Mix Design Proportioning 
• Ratio of component materials that will meet technical description 

• Properly proportioned mix should possess following qualities 
o Acceptable workability of freshly mixed concrete 
o Durability, strength, and uniformity of hardened concrete 
o Economy 

• Producer capabilities must be considered (Standard Deviation of Strength) 

• Developed using a variety of mix design techniques to provide proportions of 
component materials 

 
5.3. Concrete Properties 

• Fresh concrete properties will depend upon method of placement 

• Transitional properties will depend upon temperature, evaporation, and 
admixtures 

• Hardened concrete properties will depend upon environment 

• Economical mix proportions meeting required fresh and hardened properties 
is another characteristic of proper mix design 

Table 5-1  Concrete Properties for fresh, transition, & hardened concrete 

Fresh Transition Hardened 

Mixer, Transport, 
Placement Method 

Placement, End Product End Product 

Placeability Rate Of Slump Loss Strength 

Workability Initial and Final Set Time Air Void System 

Slump & consistency Rate Of Strength Gain Frost Resistance 

Air Content & stability Time To Freeze Resistance Alkali Silica Resistance 

Segregation Rate Of Evaporation Sulfate Resistance 

Response To Vibration Plastic Shrinkage Permeability 

Finishability Drying Shrinkage Abrasion Resistance 

Bleeding  Shrinkage And Creep 

Temperature  Aesthetics 

Yield  Cost 

5.4. Material Properties 

5.4.1. Density 

• Weight of solid aggregate itself required to fill a unit volume 

• Does not include the volume of void space between the aggregate particles 

• May or may not include impermeable pores 

• For concrete, impermeable pores are included 

• Typical units are lbs/ft3 



 53 

5.4.2. Specific Gravity 

• Dimensionless ratio relating density of an aggregate to density of water 

• Different specific gravities exist depending if impermeable pores are used and 
on the moisture condition 

• For concrete, bulk specific gravity SSD (BSGSSD) is used 

• BSGSSD includes all impermeable pores and is at an SSD moisture condition 

5.4.3. Unit weight 

• Weight of aggregate itself and voids required to fill a unit volume 

• Includes the volume of void spaces between the aggregate particles 

• Commonly referred to as dry rodded unit weight because aggregate is dry 
and rodded when filling the unit volume 

• Typical units are lbs/ft3 

5.4.4. Absolute and Bulk Volume 

• Absolute volume is the volume of solid matter in particles not including the 
void spaces 

• Bulk volume is the volume of solid mater in particles as well as the void 
spaces separating the solid particles 

• Void spaces included in the bulk volume will be filled with other mix 
ingredients 

 

Figure 5-2 Absolute volume versus bulk volume of an aggregate 

 

5.5.  Mix Design Concepts 

5.5.1. Volume 

• A three dimensional measurement of space (length X width X height) 

• 1 ft3 is equal to a 1 foot by 1foot by 1 foot cube 

• 1 yd3 is equal to a 1 yard by 1 yard by 1yard cube 

• Conversion between ft3 and yd3 is done with 27 ft3 = 1 yd3 
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• Example volume conversions 

• 8.5 ft3 =           yd3 8.5 ft3  × 1 yd3/27 ft3  = 0.315 yd3 

• 0.114 yd3 = _______ ft3 0.114 yd3 × 27 ft3/yd3 = 3.078 ft3 
 

5.5.2. Unit Weight 

• Indicates the weight of a material for a given volume 

• lbs/ft3 are typical units of unit weight 

• Water has a unit weight of 62.4lbs/ ft3 and is assumed to be constant 
 

Unit weight 
MaterialofVolume
MaterialofWeight

=
 

 

• Example unit weight conversions 
 

• 220 lbs water = _____ ft3  220 lbs / 62.4 lbs/ft3 =3.52 ft3 

• 0.25 ft3 concrete weighs 34.8 lbs What is the unit weight?  

• Unit wt. = 34.8lbs / 0.25ft3 = 139.2 lbs/ft3 

5.5.3. Specific Gravity (SPG) 

• Ratio indicating the relative density of a material compared to water 

• A solid chunk of an object with a specific gravity of less than or equal to 
1.00 means would float in water while one with a specific gravity of greater 
than 1.00 means a solid chunk of the object would sink in water 

• No units because it is a ratio 

SPG 
VolumeEqualofWaterofWeight

VolumeKnownofMaterialofWeight
=  

SPG 
WaterofWeightUnit

MaterialofWeightUnit
=  

• Example specific gravity calculations 
 

• 1.5 ft3 material weighs 259 lbs, What is the specific gravity?  

• SPG = (259lbs / 1.5ft3) / 62.4 lbs/ft3 = 2.76 
 

• Material SPG= 2.92 How much does 2 ft3 weigh? 

• 2.92 × 62.4 lbs/ft3 = 182.2 lbs/ft3 X 2 ft3 = 364.4 lbs 

5.5.4. Absolute Volume 

• Almost all concrete mixes are design based on absolute volume 

• Concrete is batched by weight and sold by volume 
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• Mix design using absolute volume provides greater yield accuracy by 
accounting for changes in specific gravity of component materials 

• Absolute volume is the volume occupied by solid particles, the volume of void 
spaces between the solid particles is not included 

• Typically an arbitrary volume of 1yd3 is selected and component materials are 
proportioned to fill the arbitrary volume exactly 

• The arbitrary selection of 1 yd3 results in units for component materials of 
ft3/yd3, yd3/yd3, and lbs/yd3 

 

Absolute volume 
WaterofWeightUnitGravitySpecific

MaterialofWeight
×

=  

 

Weight of Material = Absolute volume x Specific Gravity x Unit weight of water 
 

• Example absolute volume calculations 
 

• Absolute volume of cement in yd3/yd3 for 593 lbs/yd3 (SPG =3.14)? 

• 593 lbs/yd3 / (3.14 x 62.4 lbs/ft3 x 27 ft3/yd3) = 0.112 yd3/yd3 

• Absolute volume of cement in ft3/yd3 for 593 lbs/yd3 (SPG =3.14)? 

• 593 lbs/yd3 / (3.14 x 62.4 lbs/ft3) = 3.026 ft3/yd3 or 0.11209 x 27=3.026 
 

• Weight of sand in lbs/yd3 – Abs. vol. is 0.325 yd3/yd3 and SPG = 2.59? 

• 0.325 yd3/yd3 x 2.59 x 62.4 lbs/ft3 x 27 ft3/yd3 = 1418 lbs/yd3 

• Weight of sand in lbs/ft3 – Abs. vol. is 0.325 yd3/yd3 and SPG = 2.59? 

• 0.325 yd3/yd3 x 2.59 x 62.4 lbs/ft3 = 52.5 lbs/ft3 

5.5.5. Water to Cement Ratio 

• Water to cement or cementitious ratio is an important mix design 
consideration 

• Total water,  in pounds, includes all water added at all stages and water 
added or subtracted from the aggregate divided by 

• Total cementitious materials in pounds (cement, fly ash, GGBFS, etc.) 

• Conversion between gallons and lbs is 1 gallon = 8.33 lbs 
 

W/C 
MixInusCementitioTotal

MixInWaterTotal
=

  

 

• Example w/c ratio calculation 

• Determine w/c ratio given:  

• 450 lbs cement, 109 lbs fly ash 

• Water 200 lbs plant, 24 lbs from aggregates, 3 gals added on grade. 

• w/c = (200 + 24 + (3 x 8.33 lbs/gal)) / (450 + 109) = 248.99/559 = 0.445 
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5.5.6. Paste, Mortar, and Concrete 

1. Paste = water, cement, and air 

• Typically accounts for 25 to 35 percent of the total concrete volume 

• Higher paste = higher potential for shrinkage 

• Concrete quality depends substantially on the quality of paste 

• Excess cement increases heat and increases cost 
2. Mortar = paste and fine aggregate 

• Mortar accounts for 50 to 65 percent of the total concrete volume 

• Provides lubricant for coarse aggregate and can control mix economy 
3. Concrete = mortar and coarse aggregate 

• Typically coarse aggregate accounts for 30 to 40 percent of the total 
concrete volume 

• Economic filler that should be well graded and durable 
 
 

Figure 5-3  Concrete- Paste, Mortar, and Aggregate Relative Proportions 

 
 

5.5.7. Mortar Influence on Mix Design and Placement 

 

• Mortar consists of all material finer than the No. 8 sieve includes: 
Cementitious materials, fine portion of sand, and entrained air 

• Concrete with insufficient mortar results in a harsh mix with potential for 
segregation with pumping and finishing problems 

• Concrete with excessive mortar results in a mix that is sticky, may 
segregate, and may require more cement due to higher sand content 
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• Mortar requirement depends on method of placement, aggregate shape, 
texture, and distribution 

• Increased mortar fraction required at rigid boundaries – “wall effect” 
o Formed surfaces, finished surfaces where coarse aggregate 

particles are tamped down below surface, and pipe walls (Concrete 
pumping) 

 
 
 
 

Figure 5-4  Wall Effect Zone 
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Figure 5-5  Mortar Factors by Placement Method (Shilstone) 

Shilstone guidelines for mortar fraction from "Concrete 
Mixture Optimization," Concrete International, June 1990, 

pp. 33-39.  Used by permission of the author. 

 
"No fixed mortar factors, as they are influenced by 

particle shape, texture, and distribution." 

 

Class Description Approximate 
Mortar Required 

1 Placed by steep sided bottom-drop 
bucket, conveyor, or paving machine. 

48 to 50% 

2 Placed by bottom drop bucket or 
chute in open vertical construction. 

50 to 52% 

3 Placed by chute, buggy, or conveyor 
in an 8 in. (200 mm) or deeper slab. 

51 to 53% 

4 Placed by 5 in. (125 mm) or larger 
pump for use in vertical construction, 

thick flat slabs and larger walls, 
beams, and similar elements. 

52 to 54% 

5 Placed by 5 in. (125 mm) pump for 
pan joist slabs, thin or small castings, 

and high reinforcing steel density. 

53 to 55% 

6 Placed with a 4 in. (100 mm) pump. 55 to 57% 

7 Long, cast-in-place piling shells. 56 to 58% 

8 Placed by pump smaller than 4 in.  
(100 mm). 

58 to 60% 

9 Toppings less than 3 in. thick. 60 to 62% 

10 Flowing fill. 63 to 66% 
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5.6. Strength: Average and Standard Deviation 
• 28 day strength is commonly specified 

• Arbitrary time 
o Ultimate strength will be higher at later time periods when 

supplementary cementitious materials are used 

• More important to know strength needed  
o For form removal 
o Place subsequent units 
o Post tensioning 
o Allow construction equipment on pavement or bridge 
o Apply actual in service loads. 

• Strength is tested by a variety of common test methods 
o Compressive strength 

 Common for structural applications 
o Flexural strength, center point loading 

 Common for opening to traffic or form removal 
o Flexural strength, third point loading 

 Used for pavement  design 
 

• Cylinder strengths are intended to represent the potential strength of the 
concrete if it was properly proportioned, mixed, placed, and cured. 

•  Many factors can cause inaccurate field strength test specimen results 
o Cure temperature –  high temperature results in high early strength 

and reduced 28 day strengths 
o Casting procedures – improper consolidation, poor handling  
o Testing procedures – end flatness, load rate 

• Specimens are small and become ambient temperature in short time 

• When determining strength for specification compliance use standard 
curing 

o Immediately after molding, the specimens shall be stored up to 48 
hours at 60 to 80 F in an environment preventing moisture loss and 
exposure to the sun 

o Transport to laboratory for 73 °F curing at 100% humidity 

• Field cured concrete strength should be used only for form removal or 
determining when to subject to loading 

o Best to use equipment that controls the temperature of the 
cylinders or maturity method 

o Or use maturity method to estimate in place concrete strength 

• Specifications are based on  a MINIMUM design strength requirement 

• Using the AVERAGE strength means HALF the samples are BELOW the 
average and HALF are ABOVE the average 

• Thus, the TARGET strength must be greater than the DESIGN strength  

• Example - Class C mixes are designed for a MINIMUM of 4000 psi for 
structures and 575 psi flexural for paving 

o AVERAGE compressive strength is ~5800 psi 
o AVERAGE flexural strength is ~640 psi  
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Figure 5-6  Standard Deviation of Strength Test Results 

 

 
 

 

• Need to account producer variation for a particular mix design using 
standard deviation 

o Producer with better quality control should have a lower standard 
deviation 

o Producer with better quality control can produce a more economical 
mix design over  producer with poor quality control and a  higher 
standard deviation  
 Less need to over design =>Lower cement content  

• ACI 318 Building Code requires the target strength, based on the average 
of two cylinders, meet the largest value of the following: 

o A one percent chance a single test will be below the minimum 
specified strength requirement, f'cr = f'c + (2.33 S - 500) 

o A one percent chance that the average of three consecutive test 
values will be less than the minimum specified strength 
requirement, f'cr = f'c + (1.34 S) 

• Example. If a producers standard deviation is 550 psi for a design 
compressive strength of 4500 psi, what should the target for strength? 

o f'cr = 4500 + (2.33 X 550 – 500) = 5281.5 psi 
o f'cr = 4500 + 1.34 X 550 = 5237 psi 
o Select the largest value 5281.5 and round to the next highest 10 psi 
o Target 5290 psi 
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Determining the standard deviation is typically based on a minimum of 30 tests, 
based on average strength of at least two cylinders. The standard deviation must 
be increased by the following if less than 30 tests are available. 
 

Number of Tests Factor to Increase 
Standard Deviation 

15 to 19 1.16 

20 to 24 1.08 

25 to 29 1.03 

 
 
For mixes with no history of strength or less than 15 tests are available, the 
average compressive strength shall meet the following 28 day strength 
requirements. 
 

Specified minimum 
strength, f'c (psi) 

Required minimum 
strength, f'cr (psi) 

Less than 3000  f'c + 1000 psi 

3000 to 5000 f'c + 1200 psi 

Over 5000 1.1 x f'c + 700 psi 
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6.  Mix Design 

 

 
 

6.1. Objective 
• Obtain proportions for a trial batch mix which do the following: 

1. Economically incorporate local materials 
2. Can be mixed and transported by supplier 
3. Can be placed, consolidated, and finished by the contractor 
4. Satisfies serviceability requirements of engineer and owner  
5. Provides consistent reproducible properties in fresh, transition, and 

hardened state 
6. Performs in field as well as in the lab 

 

6.2. Process 
• Every mix design is application specific and any mix design method provides 

a first approximation of proportions which must be checked by trial batches 

• The following steps describe the mix design process in general: 
1. Establish the job parameters (physical dimensions of concrete element, 

method of placement, service environment, structural design etc…) 
2. Proportion the materials to fill exactly 1 yd3 and to meet the job 

parameters 
3. Determine the batch weights 
4. Develop and test trial batches based on mix design batch weights and 

make necessary adjustments until all job parameters are satisfied 
5. Finalize mix design batch weights based on acceptable trial batch results 

• Some mix design methods do not follow all of the steps because they are 
based upon years of acquired knowledge and observation and they are 
focused on being quick and simple 
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6.2.1. Laboratory Trial Batch AASHTO T 126 

 

• Procure appropriate scales, molds, air meter, temperature device, etc. 

• Use appropriate mixer – revolving drum, revolving pan/paddle mixer 

• Do not overload mixer 

• To prevent segregation, coarse aggregates should be weighed into 
individual size fractions and recombined to proper proportions 

• For small batches less than 2 cubic foot, aggregates should be in SSD 
condition    

 

6.2.2. Laboratory Mix Procedure 

 

• Soak coarse aggregate overnight 

• Bring to saturated surface dry condition before weighing 

 
 

• Weigh all materials.   Divide water into 2 containers, one with ½ the mix 
water and air agent and one with ½ mix water. 

     
 
 

• “Butter” the mixer with a concrete batch of similar mortar content  
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• Remove the butter batch materials leaving the mortar that sticks to sides 
and paddles 

 

• Add coarse aggregate.  

 
 
 

• Add ½ water with air entraining admixture in mixing water  
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• Turn on mixer and add sand 

 
 

• Next add cement and remaining water 

 
 

• Add water reducing admixture or retarding admixture 

• Start stopwatch and begin 3 minute mix cycle 
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• Cover and rest 3 minutes 

 
 

• Remove cover and re-mix for additional 2 minutes 

 
 

• Check air content, slump, unit weight, and temperature  

 
 

• Adjust air content, if necessary, and re-mix for 30 seconds 
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• Cast beams for strength 
 

• Observe workability, finishability, response to vibration, and set 
characteristics  

• Hardened concrete should be tested for strength and other required 
properties (F/T durability, permeability, etc.) 

• Adjust mix proportions and perform a new trial batch, if necessary 
 

6.3. Proportional Method 
• Extremely simple and based entirely on acquired field experience 

• Proportion volumes of cement to fine aggregate to coarse aggregate (1:2:3) 

• Old method used before concrete was more complicated and scientifically 
understood 

• Used for backyard mixing.  Not used for engineering work today because 
better methods are available  
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6.4. Cookbook – Iowa DOT Mixes IM 529 
• Traditional Iowa DOT approach to mix design 

• Field experience and basic theoretical concepts were used to develop this 
method 

• Mixes are organized by class and are application specific 

• Knowledge of basic concrete use and of component material properties is 
required 

• Predetermined proportions based on absolute volume for 1.000 yd^3, a basic 
W/C ratio, no fly ash or slag substitution, and a cement with a SPG of 3.14 

• Mixes based on these proportions is accepted without trial batch testing due 
to their extensive use and historic record in Iowa since 1950’s 

• Proportions for various mix classes and aggregate ratios are presented in I.M. 
529 

• All batch weights determined are SSD 

• Little if any change ever occurs to these mix proportions 

• Adjustments for aggregate gradation and size are not considered and may 
lead to non-optimized mixes and variation in performance 

6.4.1.1. Calculations 

• Use the following steps and form 820150 for cookbook calculation: 
1. Determine the SPG for each component material from appropriate I.M.s or 

tests 
2. Determine the absolute volume for cement from I.M. 529 for the desired 

mix number 
3. Determine the cement weight using the absolute volume formula 
4. If needed, determine the weight of fly ash and or GGBFS by using a 1:1 

weight substitution for the percent substituted of cement 
5. If needed, determine the adjusted cement weight by subtracting the fly ash 

and or GGBFS substitution weights from the original cement weight 
6. Determine the amount of water used by solving the W/C ratio for the 

weight of water 
7. Determine the absolute volumes for cement, fly ash, GGBFS, water, and 

air using the adjusted weights 
8. Determine the subtotal of the absolute volumes for cement, fly ash, 

GGBFS, water, and air by adding each absolute volume 
9. Subtract the subtotal from 1.000 
10. Ensure the subtotal and subtotal subtracted from 1.000 equals 1.000 

when added 
11. Determine the absolute volume of each aggregate by multiplying the 

percent of each aggregate used by the subtotal subtracted from 1.000 and 
dividing by 100 

12. Determine the aggregate total by adding the absolute volumes for each 
aggregate 

13. Ensure the aggregate total is equal to the subtotal subtracted from 1.000 
14. Determine the weight of each aggregate by using the absolute volume 

formula 
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15. Summarize the weights of the cement, fly ash, GGBFS, water, fine 
aggregate, and coarse aggregate 

16. Make appropriate aggregate moisture corrections 
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6.5.  Iowa DOT QM-C Developmental Specification  
 

• Iowa DOT approach to mix design for pavement 

• Shilstone principles based on field observations used to develop this method 

• Mix proportions are developed for specific projects and are for slip form 
placed concrete only 

• Knowledge of basic concrete use and of component material properties is 
required, specifically aggregate gradation, texture, and shape 

• Proportions are based on absolute volume for 1.000 yd^3 

• Laboratory mix design requirements are found in Table 6.1 

Figure 6-1 Concrete Design Mix Parameters 

Nominal Max. Coarse Aggregate Size Greater to or equal to I in 

Gradation Coarseness & Workability Factor, Zone II 

Cementitious Content 560 lbs/yd3 (0.106 Abs. Vol.)* 

Water Cement Ratio 0.42 max.,  Basic w/c ratio 0.40 

Air Content 6 ± 1%,  Abs. Vol. =0.060  

28 Day Flexural Strength, 3rd Point Minimum 640 psi 

 

• *Based on Type I/II  and specific gravity of 3.14 
o 0.1059 X 62.4 X 27 X 3.14 = 560 lbs/yd3 

• Utilizing Type IS(20) and specific gravity of 3.10 
o 0.1059 X 62.4 X 27 X 3.10 = 553 lbs/yd3 

• For Type IP(25) and specific gravity of 2.99 
o 0.1059 X 62.4 X 27 X 2.99 = 533 lbs/yd3 

 

• Aggregate size and gradation is considered extensively and helps to optimize 
the mix and reduce variation in placement and performance 

• Level III PCC Certified Technician responsible for CDM development  
 

6.5.1. Quality Control Plan IM 530 and Submittals 

 
Contractor submits the following at least 7 days prior to precon: 

• Quality Control Plan 
o Includes stockpile management, mixing, transportation, placement, 

consolidation, sampling and testing, and criteria for adjusting materials 
approaching control limits or rejecting non-complying materials 

• Project Information Quality Control Plan 
o Names and credentials of quality control staff and other project 

information 

• Mix Design 
o Includes mix design batch weights and mix properties  
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Figure 6-2 Quality Control Testing  

6.5.2. Quality Control Testing of Production Concrete 

 

 Limits Testing Frequency Test Methods 

Unit Weight (Mass) of 
Plastic Concrete 

Monitor for changes,  
± 3% 

Twice/day AASHTO T 121 

Gradation 
Combined % Passing 

Zone II, I.M. 532 1/1500 cubic yard 
Materials I.M. 216, 

301, 302, 531 

Aggregate Moisture 
Contents 

See Materials I.M. 527 1/1500 cubic yard Materials I.M. 308 

Air Content Plastic 
Concrete 
In Front of Paver 

See Article  
2301.02, B, 4 

1/350 cubic yard 
1/100 cubic yard Ready Mix 

Materials I.M. 318 

Air Content Plastic 
Concrete 
In Back of Paver 

May be used by 
Project Engineer to 

adjust target air in front 
of paver 

2/day for first 3 days and 
1/week thereafter (for each 
paver used) 

Materials I.M. 318 

Water/Cementitious 
Ratio 

0.42 maximum  Twice/day Materials I.M. 527 

Vibrator Frequency 
 

See Article  
2301.03, A, 3, a, 6, a 

With Electronic Vibration 
Monitoring: Twice/day 
 
Without Electronic Vibration 
Monitoring: Twice/Vibrator/Day 

Materials I.M. 384 

 
 

• Quality control responsibility of Contractor – Level II PCC certified 

• Calibrate and correlate test equipment prior to paving 
 

• Plot results on quality control chart spreadsheet provided by DOT 

• Gradations, moistures, unit weight, air content, CW factors, and w/c ratio 

• Working range limits for gradations are not for specification compliance 

• For contractor information to indicate changes in gradations 

• Notify Engineer when adjusting combined gradation target  
 
 

Sieve Size Working Range 

No. 4 or greater (4.75 mm or greater) ± 5% 

No. 8 to No. 30 (2.36 mm to 600 µm) ± 4% 

No. 50 (300 µm) ± 3% 

No. 100 (150 µm) ± 2% 

minus No. 200 (75 µm)  See below 

 
 

• Submit quality control spreadsheet to Engineer and PCC Engineer when 
project completed 

• Contractor must take corrective action when test results approach control 
limits 

• Notify Engineer when test results exceed control limits 
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• Agency test results are verification 
o If  No. 200 (75 µm) exceeds the following limits, the material represented 

by that test for this sieve will be considered non-complying: 

• Combined percent passing No. 200 (75 µm) sieve shall not exceed 
1.5%   

• For crushed limestone or dolomite (maximum of 2.5% passing the 
No. 200 (75 µm) sieve when production less than 1%), the 
combined percent passing the No. 200 (75 µm) sieve shall not 
exceed 2.0% 

 
 

Figure 6-3 Verification Testing IM 530 

 
Verification  

Unit Weight 
Plastic Concrete 

 
None 

 
IM 340 

Gradation 
(Individual aggr., % passing) 

Sample 1/day if production >500 yd3 

Test 1st/day, then twice per week 

 
IM 302 

Flexural Strength, Third 
Point 
Loading - 28 days * 

1/10,000 cu. yd.  

Maximum of three sets 

 
IM 328 

Air Content 
Unconsolidated Concrete 

 
1/700 cu. yd.  

 
IM 318 

Water/Cement Ratio None IM 527 

Vibration Frequency 1/week IM 384 

 
 

6.5.3. Field Adjustments to Mix Design Not Requiring a New CDM 

• Increase cementitious content 

• Decrease fly ash substitution rate 

• Adjust aggregate proportions ±4% for all aggregates 

• Change from water reducer to water reducer retarder 

• Adjust dosage rates 

• Change source of fly ash 

• Change in source of sand, provided target gradation limits met 

• When the water cement ratio varies more than ±0.03 from the basic water 
cement ratio, the mix design shall be adjusted to a unit volume of 1.000 

• Other changes, such as a cement change, approved by District Materials 
Engineer and validated with set of three flexural strength beams for testing 
at 28 days  
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6.5.4. Basis of Payment 

 

• Contractor weekly (lot) samples are verified by Engineer weekly (lot) 
samples 

• Engineer obtains a sample and tests on first day of paving 

• Thereafter, the Engineer obtains samples daily and randomly tests a 
minimum of two samples per lot (1/week) 

o Determine aggregate percentages based on the batch weights at 
the time the sample was obtained, compute the average 
coarseness and workability factors 

o If the average results for the lot obtained by the Engineer fall within 
the same zone as the Contractor, results are validated for the lot 

o If the average results obtained by the agency are not in the same 
zone as the Contractor, the Engineer will test the remaining 
samples representing the lot and average all results for the lot.   
 If the average results of all verification samples for the lot fall 

within the same zone as Contractor results for the lot, results 
are validated.   

 Otherwise, the agency results will govern as the basis of 
payment for the lot 

 

• Failure to provide an optimized gradation within Zone II, when 
required, will result in the following price adjustments. 

 

Gradation Zone  
(Materials I.M. 532) 

Price 
Adjustment 

Per Lot 

IV 2% 

I 5% 

 
 
 

6.5.5. Calculations 

• Use the following steps and the Excel spreadsheet: 
1. Obtain percent passing production gradations from production for each 

aggregate source 
2. Calculate the average percent passing production gradation for each 

source and enter them into the Gradation sheet 
3. Input a first guess for percentages of all aggregates being considered into 

the Gradation sheet (Example 45% coarse, 15% intermediate, 40% fine)  
4. Review the numerical values for the coarseness and workability factors as 

well as the fineness modulus on the bottom of the Gradation sheet 
5. Review the Shilstone coarseness workability chart, power 45 curve, and 

8/18 band on the CW, Power, and 818 sheets respectively 
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6. Based on the data reviewed determine what adjustments if any need to be 
made to the aggregate percentages – trial and error 

7. If needed adjust the aggregate percentages on the Gradation sheet and 
repeat steps 4 through 7 until satisfactory results are achieved 

8. Enter all information on sheet 955QMC and use the completed sheet as 
an agreement between the aggregate producer and the contractor 

9. Enter all known general data, source information, substitution rates, 
aggregate percentages, and target air content on the Mix Design sheet or 
Use the 820150 form for cookbook calculation using aggregate 
percentages 

10. Based on aggregate strength, gradation, shape, and texture estimate the 
volume of cement as well as a base W/C ratio and enter them on the Mix 
Design sheet 

• Example 16 in Appendix B 
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6.6. Iowa DOT BR Specification 
• Iowa DOT requires BR mix for slip formed rail 

• Developed from field observations of improved placement versus Class D mix 
design 

• Proportions are based on absolute volume for 1.000 yd^3 

• Submit mix design to DME 7 calendar days prior to placement 
 

6.6.1. Mix Requirements 

• Cement absolute volume=0.114, or 603 lbs per cubic yard (Type I,II) 

• Maximum w/c ratio = 0.45, Basic w/c ratio = 0.40 

• Aggregate gradation Zone II on coarseness and workability chart 

• Air content in place of 6% = 0.060 

• Fly ash and slag substitution in the following table: 
 

 

6.6.2. Calculations 

• Refer to 6.5.1 

• Example 17 in Appendix B 
 

  



 76 

6.7. Iowa DOT HPC Specification 
• Used for bridges on high traffic corridors 

• Designed for higher strength of 4500 to 5000 psi and lower permeability  

• A lower target permeability is required for the deck (1500 coulomb) versus the 
substructure (2500 coulombs) 

• Proportions are based on absolute volume for 1.000 yd^3 

• Trail batch may be required if other mixes are used 
 

6.7.1. Mix Requirements for deck 

 
For all the deck HPC mixes the following conditions shall apply: 

• Coarse and intermediate aggregate Class 3I durability. 

• Basic w/c ratio = 0.40, Maximum w/c ratio = 0.42. 

• A water reducer shall be used in conjunction with the retarding 
admixture as recommended by the manufacturer.  

• Type IP or IS cement. 

• Type I/II cement with a minimum of 30% weight (mass) replacement 
with GGBFS. 

• Use fly ash with maximum fly ash replacement not to exceed 20% by 
weight of the cement. 

• Maximum total replacement of 50% by weight (mass) of the cement. 

• Maximum water to cementitious ratio of 0.45 for substructure and 0.42 
for deck  

• Coarse aggregate meeting Class 3I durability  

• For deck concrete, provide a combined aggregate gradation optimized 
in Zone II. 

 
 

The HPC mix for the deck is a HPC-D or a CV-HPC-D. 
 

The HPC-D mix design is as follows: 

Cement 0.118 

Fly Ash 20% maximum replacement 

GGBFS 30% minimum replacement 

Water 0.148 (w/c ratio of 0.40) 

Aggregates Zone II-A or II-B 

Air 0.060 
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The CV-HPC-D mix absolute volumes per unit volume: 

Type IP Cement 0.123 

Fly Ash 20% Maximum replacement 

Water 0.148 (w/c ratio of 0.40) 

Coarse Aggregate 0.368 

Class V Aggregate 0.302 

Air 0.060 

 

• Example 18 in Appendix B 
 

6.7.2. Mix Requirements for substructure 

 

The mix requirements for the substructure are similar to those for the deck 
except a basic w/c ratio of 0.42 is used with a maximum w/c ratio of 0.45. 
Also, there are no requirements for a well graded aggregate combination. The 
HPC mix for substructure is either a HPC-S or a CV-HPC-S.  The HPC-S mix 
is basically a C-4-C15-S35 or C-4-C20-S30 with maximum w/c ratio of 0.45 
and the CV-HPS-S mix is the same as the CV-HPC-D with a maximum w/c 
ratio of 0.45. 
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6.8. Iowa DOT HPC-O Specification 
• Optional mix for bridge deck overlays 

• Can be supplied by ready mix, since slump is higher than Class O mix (3/4 
inch with a maximum of 1 inch) 

• Nuclear density testing is not required, as it is for low slump Class O mix 

• Designed for lower permeability  

• Proportions are based on absolute volume for 1.000 yd^3 
 

6.8.1. Mix Requirements for HPC-O deck overlay 

 
For HPC-O mixes the following conditions shall apply: 

• Intended in place air content of 6%. Target air content 6.5% with a 
maximum variation of plus 2% and minus 1%. 

• Basic w/c ratio = 0.39, Maximum w/c ratio = 0.42. 

• Use a mid-range water reducer and a retarder. When haul time is less 
than 30 minutes or maximum air temperature expected is less than 
75°F, addition of a retarder is not required.  

• A slump of 1 inch to 4 inches, with a maximum of 5 inches.  

• Use Type IP or IS cement or Type I/II cement with 25% weight (mass) 
replacement with GGBFS. 

• Maximum fly ash replacement not to exceed 20% by weight of the 
cement. 
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6.9. Iowa DOT Mass Concrete Specification 
• Developmental Specification 

• Structural mass concrete is defined by the following: 
o Tier 1 - any concrete placement with a least dimension between 4.5 

feet and 6.5 feet.  
o Tier 2 – and concrete placement with a least dimension of greater 

than 6.5 feet. 

• Tier 1 mass concrete placements require a thermal control plan be submitted 
by the contractor 

• Tier 2 mass concrete placements require the thermal control plan be 
developed by a Thermal Control (TC) Engineer. The TC Engineer shall be 
licensed in the State of Iowa and competent in the modeling, design, and 
temperature control of concrete in mass elements.   

• Does not apply to drilled shafts 

• Provide a concrete mix design to help management concrete temperature 
and temperature differential 

• Proportions are based on absolute volume for 1.000 yd^3 
 

6.9.1. Mix Requirements for Mass Concrete 

 
For mass concrete mixes the following conditions shall apply: 
 

• Cement shall be Type I, II, IP, or IS. 

• Use any combination of Ground Granulated Blast Furnace Slag or Class F 
fly ash. Class C fly ash may also be used with a maximum substitution of 
20%. The maximum total substitution of Portland cement shall not exceed 
50%, including the amount in the blended cement. 

• Cementitious content shall be a minimum of 560 pounds per cubic yard. 

• Maximum water to cementitious ratio shall be 0.45. 

• A mid-range water reducing admixture may be used and the slump shall be 
increased to six inches maximum.  

 
The concrete temperature at time of placement shall not exceed 70°F and shall 
not be less than 40°F. For Tier 2 placements, the maximum concrete 
temperature may be modified by the TC Engineer using thermal analysis. In no 
case shall the maximum concrete temperature exceed 90°F. 

The maximum concrete temperature during the period of heat dissipation shall 
not exceed 160°F.   

The temperature differential between the interior of the section and the outside 
surface of the section shall not exceed the limits in the following table for all 
placements: 
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Hours after 
placement 

Max. Temperature 
Differential ºF 

0-24 20 

24-48 30 

48-72 40 

>72 50 

 
For Tier 2 placements, The TC Engineer may propose an alternate temperature 
differential (ATD), when supported by thermal analysis. 
 
The temperature rise in the element may be approximated by the following 
formula: 
Temperature rise = 0.16 x (Cement + 0.5*Fash + 0.8*Cash + 1.2*SF + Factor*S) 
 

• Cement is Type I/II, lbs/yd3 

• Fash is Class F fly ash, lbs/yd3 

• Cash is Class C fly ash, lbs/ yd3 

• SF is silica fume or metakaolin, lbs/ yd3 

• S is slag cement, lbs/ yd3 

• Factor based on the % replacement for slag  
  

Factor  Slag Replacement, % 

1.1 <20 

1.0 20 to 45 

0.9 45 to 65 

0.8 >80 

 
Initial Mix Temp. (°F) = Max.Temp.(160 °F) – Temp. Rise (°F). 
 
Methods to reduce temperature differential in the placement, include 

• Cooling component materials prior to addition to the mix  

• Adding ice to the mix water. Cubes can be also be used as long as they 
melt during mixing and transport. 

• Sprinkle coarse aggregate with water or wet the stockpile. 

• Place in cold weather  – keep warm with ground heater loops.  

• Controlling rate of concrete placement (low lifts). 

• Insulating the forms and the surface of the concrete. 

• Placing concrete when the ambient temperature is lowest (in summer) or 
highest (in winter). 

• Use of cooling pipes. 

• Use of liquid nitrogen. 
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ACI Mix Design

ACI Mix Design Example Problem

 A reinforced wall 8” wide by 6’ high will be 

placed with exposure to freezing and 

thawing in a moist condition and deicing 

chemicals.  The minimum clear spacing 

between reinforcing steel is 6”. 
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ACI Mix Design Example Problem

Specifications

 A minimum compressive strength of 3500 psi.  

 Assume a standard deviation of 350 psi.  

 A maximum w/c ratio of 0.50

ACI Mix Design Example Problem
 The maximum aggregate size available is ¾”.

 Mid range water reducer shall be used
 Assume a 10% water reduction.

 Air Entrainment
 Assume 10% water reduction

 Coarse Aggregate 
 SpG = 2.60

 Dry Rodded Unit Wt. = 92.0 lbs/ft3

 Fine Aggregate 
 SpG = 2.65

 Fineness Modulus = 2.6
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ACI 211 Mix Design

 Select initial Slump

 Select Aggregate Size

 Air Content or Non-air Entrained

 Water cement ratio (minimum required)

 Durability

 Strength

 Water reduction –admixtures, gradation,etc.

 Bulk Volume Coarse Aggregate

 Batch Weights

Select Slump
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Select Slump

Select Max. Aggregate Size 

1/3 slab thickness

1/5 formed surfaces

N/A

8/5 = 1.6 in.

0.75 clear 

cover between 

form & rebars

0.75 clear space between rebars

N/A

6 X 0.75 = 4.5 in.
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Select Max. Aggregate Size 

Select Air Content

In
c
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t

ACI 318-99 Building Code for Structural Concrete

Table 4.2.1--TOTAL AIR CONTENT FOR FROST RESISTANT 

CONCRETE

Nominal maximum 

aggregate size, in inches.

Air content, as a 

percentage of total 

concrete volume.

9% mortar air for Severe F/T Severe 

Exposure

Moderate 

Exposure 

3/8 7.5 6

1/2 7 5.5

3/4 6 5

1 6 4.5

1-1/2 5.5 4.5

2 5 4

3 4.5 3.5
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Select Air Content

Select minimum w/c ratio - Durability 

Table 4.2.2 W/C ratio requirements for special exposure conditions

Exposure Condition Maximum water-

cementitious 

materials ratio, by 

weight, normal 

weight aggregate

Minimum f’c, 

normal weight 

aggregate 

concrete, psi.

Concrete intended to have low 

permeability when exposed to water

0.50 4000 psi

Concrete exposed to freezing and 

thawing in a moist condition or to 

deicing chemicals

0.45 4500 psi

For corrosion protection of 

reinforcement in concrete exposed to 

chlorides from deicing chemicals, salt, 

salt water, brackish water, seawater. or 

spray from these sources.

0.40 5000 psi
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Select minimum w/c ratio - Durability 

Select minimum w/c ratio - Strength

 4500 psi for Durability

 3500 psi specified

 Producer standard deviation

 Select largest value of following 

4500 + (2.33 x 350) - 500 = 4815

4500 + (1.34 X 350) = 4969 ~ 5000 psi
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Select minimum w/c ratio

0.40 0.50 0.60 0.70 0.80

                   Water / Cementitious Materials Ratio
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3000

4000

5000
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ACI 318-99 Building Code Requirements
for Durable Concrete 

(Section 4.2.2) 
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Maximum water/cementitious materials ratio

0.45

Minimum specified strength

318strperm-3

4500

Select minimum w/c ratio - Strength 

Durability w/c =0.45
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-30% -25% -20% -15% -10% -5% 0% 5% 10% 15% 20% 25% 30%

Percentage Adjustment in Water Content

Aggregate Shape and Texture  (-5 to +5%) 

Combined Aggregate Grading (-10 to + 10%)

Air Entrainment  (-10 to 0%)

Normal Range Water Reducer (-10 to -5%)

Mid-Range Water Reducer (-15 to -8%) 

High-Range Water Reducer (-30 to -12%)

Mineral Admixtures (-10 to +15%)

Other Factors (-10 to +10%)

-30% -25% -20% -15% -10% -5% 0% 5% 10% 15% 20% 25% 30%

Decreased Water Demand               Increased Water Demand

fly ash                                                silica fume

round, smooth                   flat, elongated, rough  

well-graded                         gap-graded

6-10% air              1-3% air

coarse cement, high w/cm, cold conc.     fine cement, low w/cm, hot conc. 

high dose          low dose

high dose          low dose

high dose          low dose

Water Adjustment

•Air Entrain (-10%)

•Water Reducer (-10%)

Water Adjustment
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Enter Known Data on 

Mix Proportioning 

Worksheet

Mix Proportioning Worksheet          Mixture                    Date                       Prepared by  ACI MIX EXAMPLE 

Slump = 

(in.) 

Nom. Max. Agg. Size= 

(in.) 

Basic Water 

Demand                       lb/CY 

Water Adjustment Factor 
(note impact of AE Conc.)  

Controlling   

w/c or w/cm = 

Mix design target strength = 

psi 

Air-Entrained concrete?      

YES       NO 

Exposure: 
Mild        Moderate        Extreme 

Mix Component  Weight (lbs/CY) Specific Gravity Absolute Vol. (ft3) Subtotal Vol. (ft
3
) 

Adjusted Water  (lb) 1.0  (ft
3
)  

Total cementitious   (lb)     

Portland Cement % (lb) 3.14   (ft
3
)  

Fly ash % (lb)  (ft
3
)  

Other Pozzolan % (lb)  (ft
3
)  

Total (water + cm) = 
Paste Volume 

    (ft
3
) 

Total Air Content Specified Value ____% ACI 318 Value  ____% 18% of paste= _____% 

Paste Vol X 18/27 

Selection= ________% (ft
3
) 

Air + Paste Volume    (ft
3
)  

Total Agg Volume   27- (air + paste) (ft
3
)  

Agg. Data   FM (Sand) = b/b0 =  

   Unit Wt. Crs.Agg=                     (lbs/ft3)SSD  

Coarse Aggregate 
 

Bulk Vol. = b/b0 x 27 
                 (ft

3
) 

= Bulk Vol. x unit wt. 
(lb,SSD) 

Sp. G. SSD (ft
3
)  

Intermediate 

Aggregate 

  

 

Sp. G. SSD (ft
3
)  

Fine Aggregate                    (lb,SSD) Sp. G. SSD (ft
3
) Total agg  – (coarse 

& interm vol) 

Total Agg Volume     (ft
3
) 

Total Weight / CY  (lb)    

Total Absolute 

Volume 

    27.00 (ft
3
) 

Design Yield     (%) 

4 3/4 0.80 

0.40 

6 

2.6 
92.0 

2.60 

2.65 

5000 

?
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Estimate  Water Content

Approximate quantity of mix water prior to adjustment
for aggregate, air, or water reduction.  First estimate 
based on slump and nominal max. aggregate size only.
             Adapted from ACI 211.1-91, Table 6.3.3

  Nominal maximum aggregate size--in. (mm)
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Basic Water Requirement
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Determine 

Paste Volume

Calculate Batch Proportions & Volumes

Water Adjustment = 345 lbs X 0.80 = 276 lbs

Cement Content = 276 lbs / 0.40 = 690 lbs

Abs Vol. (ft3)

Water    =  276 lbs / (62.4 lbs/ft3 X 1.00) = 4.42 ft3

Cement = 690 lbs / (62.4 lbs/ft3 X 3.14) =  3.52 ft3

Volume of Paste =                                 7.94 ft3 
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Slump = 

(in.) 

Nom. Max. Agg. Size= 

(in.) 

Basic Water 

Demand                       lb/CY 

Water Adjustment Factor 
(note impact of AE Conc.)  

Controlling   

w/c or w/cm = 

Mix design target strength = 

psi 

Air-Entrained concrete?      

YES       NO 

Exposure: 
Mild        Moderate        Extreme 

Mix Component  Weight (lbs/CY) Specific Gravity Absolute Vol. (ft3) Subtotal Vol. (ft3) 

Adjusted Water  (lb) 1.0  (ft3)  

Total cementitious   (lb)     

Portland Cement % (lb) 3.14   (ft3)  

Fly ash % (lb)  (ft3)  

Other Pozzolan % (lb)  (ft3)  

Total (water + cm) = 

Paste Volume 

    (ft3) 

Total Air Content Specified Value ____% ACI 318 Value  ____% 18% of paste= _____% 

Paste Vol X 18/27 

Selection= ________% (ft3) 

Air + Paste Volume    (ft3)  

Total Agg Volume   27- (air + paste) (ft3)  

Agg. Data   FM (Sand) = b/b0 =  

   Unit Wt. Crs.Agg=                     (lbs/ft3)SSD  

Coarse Aggregate 

 

Bulk Vol. = b/b0 x 27 

                 (ft3) 

= Bulk Vol. x unit wt. 

(lb,SSD) 

Sp. G. SSD (ft3)  

Intermediate 

Aggregate 

  

 

Sp. G. SSD (ft3)  

Fine Aggregate                    (lb,SSD) Sp. G. SSD (ft3) Total agg  – (coarse 

& interm vol) 

Total Agg Volume     (ft3) 

Total Weight / CY  (lb)    

Total Absolute 

Volume 

    27.00 (ft3) 

Design Yield     (%) 

 

4 3/4 0.80 

0.40 

6 

2.6 
92.0 

2.60 

2.65 

5000 

345 

276 4.42 

100 690 3.52 

Determine 

Air Volume
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Calculate Batch Volumes

Air must be minimum of 18% of paste volume.

= Paste Vol./27 X 0.18 X 100 

= 7.94 ft3/27ft3 X 0.18 X 100= 5.3% 

6% required by ACI Select highest 

Air Vol   =        0.06 X 27 ft3 = 1.62 ft3

Slump = 

(in.) 

Nom. Max. Agg. Size= 

(in.) 

Basic Water 

Demand                       lb/CY 

Water Adjustment Factor 
(note impact of AE Conc.)  

Controlling   
w/c or w/cm = 

Mix design target strength = 
psi 

Air-Entrained concrete?      
YES       NO 

Exposure: 
Mild        Moderate        Extreme 

Mix Component  Weight (lbs/CY) Specific Gravity Absolute Vol. (ft3) Subtotal Vol. (ft
3
) 

Adjusted Water  (lb) 1.0  (ft
3
)  

Total cementitious   (lb)     

Portland Cement % (lb) 3.14   (ft
3
)  

Fly ash % (lb)  (ft
3
)  

Other Pozzolan % (lb)  (ft
3
)  

Total (water + cm) = 

Paste Volume 

    (ft
3
) 

Total Air Content Specified Value ____% ACI 318 Value  ____% 18% of paste= _____% 

Paste Vol X 18/27 

Selection= ________% (ft
3
) 

Air + Paste Volume    (ft
3
)  

Total Agg Volume   27- (air + paste) (ft
3
)  

Agg. Data   FM (Sand) = b/b0 =  

   Unit Wt. Crs.Agg=                     (lbs/ft3)SSD  

Coarse Aggregate 

 

Bulk Vol. = b/b0 x 27 

                 (ft
3
) 

= Bulk Vol. x unit wt. 

(lb,SSD) 

Sp. G. SSD (ft
3
)  

Intermediate 
Aggregate 

  
 

Sp. G. SSD (ft
3
)  

Fine Aggregate                    (lb,SSD) Sp. G. SSD (ft
3
) Total agg  – (coarse 

& interm vol) 

Total Agg Volume     (ft
3
) 

Total Weight / CY  (lb)    

Total Absolute 

Volume 

    27.00 (ft
3
) 

Design Yield     (%) 

 

4 3/4 0.80 

0.40 

6 

2.6 
92.0 

2.60 

2.65 

5000 

345 

276 4.42 

100 690 3.52 

7.94 

5.3 6 1.62 
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Determine 

Paste + Air Volume

Aggregate Volume

Calculate Batch Volumes

Volume of Paste =    7.94 ft3

Volume of Air   = 1.62 ft3

Volume of Paste + Air = 9.56 ft3

Volume of Aggregate = 27ft3  - 9.56 ft3  = 17.44 ft3
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Slump = 

(in.) 

Nom. Max. Agg. Size= 

(in.) 

Basic Water 

Demand                       lb/CY 

Water Adjustment Factor 
(note impact of AE Conc.)  

Controlling   
w/c or w/cm = 

Mix design target strength = 
psi 

Air-Entrained concrete?      
YES       NO 

Exposure: 
Mild        Moderate        Extreme 

Mix Component  Weight (lbs/CY) Specific Gravity Absolute Vol. (ft3) Subtotal Vol. (ft
3
) 

Adjusted Water  (lb) 1.0  (ft
3
)  

Total cementitious   (lb)     

Portland Cement % (lb) 3.14   (ft
3
)  

Fly ash % (lb)  (ft
3
)  

Other Pozzolan % (lb)  (ft
3
)  

Total (water + cm) = 

Paste Volume 

    (ft
3
) 

Total Air Content Specified Value ____% ACI 318 Value  ____% 18% of paste= _____% 

Paste Vol X 18/27 

Selection= ________% (ft
3
) 

Air + Paste Volume    (ft
3
)  

Total Agg Volume   27- (air + paste) (ft
3
)  

Agg. Data   FM (Sand) = b/b0 =  

   Unit Wt. Crs.Agg=                     (lbs/ft3)SSD  

Coarse Aggregate 

 

Bulk Vol. = b/b0 x 27 

                 (ft
3
) 

= Bulk Vol. x unit wt. 

(lb,SSD) 

Sp. G. SSD (ft
3
)  

Intermediate 
Aggregate 

  
 

Sp. G. SSD (ft
3
)  

Fine Aggregate                    (lb,SSD) Sp. G. SSD (ft
3
) Total agg  – (coarse 

& interm vol) 

Total Agg Volume     (ft
3
) 

Total Weight / CY  (lb)    

Total Absolute 

Volume 

    27.00 (ft
3
) 

Design Yield     (%) 

 

4 3/4 0.80 

0.40 

6 

2.6 
92.0 

2.60 

2.65 

5000 

345 

276 4.42 

100 690 3.52 

7.94 

5.3 6 1.62 

9.56 
17.44 

Estimate Aggregate Proportions         

    Bulk Volume of Coarse Aggregate 
as a Fraction of Total Concrete Volume.
Data from Table 6.3.6 ACI 211.1-91.

F.M. = Fineness Modulus of Sand Only

0.00 0.50 1.00 1.50 2.00

Nominal Maximum Coarse Aggregate Size (in.)

0.40

0.50

0.60

0.70

0.80

B
u
lk

 V
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l. 

F
ra

ct
io

n
-C

. 
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g
g
.

F.M. = 2.4

F.M. = 2.6

F.M. = 2.8

F.M. = 3.0

BBO00.GRF

0 25 50
Nominal Maximum Coarse Aggregate Size (mm)

0.64
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Determine 

Coarse Aggregate Volume

Slump = 

(in.) 

Nom. Max. Agg. Size= 

(in.) 

Basic Water 

Demand                       lb/CY 

Water Adjustment Factor 
(note impact of AE Conc.)  

Controlling   
w/c or w/cm = 

Mix design target strength = 
psi 

Air-Entrained concrete?      
YES       NO 

Exposure: 
Mild        Moderate        Extreme 

Mix Component  Weight (lbs/CY) Specific Gravity Absolute Vol. (ft3) Subtotal Vol. (ft
3
) 

Adjusted Water  (lb) 1.0  (ft
3
)  

Total cementitious   (lb)     

Portland Cement % (lb) 3.14   (ft
3
)  

Fly ash % (lb)  (ft
3
)  

Other Pozzolan % (lb)  (ft
3
)  

Total (water + cm) = 

Paste Volume 

    (ft
3
) 

Total Air Content Specified Value ____% ACI 318 Value  ____% 18% of paste= _____% 

Paste Vol X 18/27 

Selection= ________% (ft
3
) 

Air + Paste Volume    (ft
3
)  

Total Agg Volume   27- (air + paste) (ft
3
)  

Agg. Data   FM (Sand) = b/b0 =  

   Unit Wt. Crs.Agg=                     (lbs/ft3)SSD  

Coarse Aggregate 

 

Bulk Vol. = b/b0 x 27 

                 (ft
3
) 

= Bulk Vol. x unit wt. 

(lb,SSD) 

Sp. G. SSD (ft
3
)  

Intermediate 
Aggregate 

  
 

Sp. G. SSD (ft
3
)  

Fine Aggregate                    (lb,SSD) Sp. G. SSD (ft
3
) Total agg  – (coarse 

& interm vol) 

Total Agg Volume     (ft
3
) 

Total Weight / CY  (lb)    

Total Absolute 

Volume 

    27.00 (ft
3
) 

Design Yield     (%) 

 

4 3/4 0.80 

0.40 

6 

2.6 
92.0 

2.60 

2.65 

5000 

345 

276 4.42 

100 690 3.52 

7.94 

5.3 6 1.62 

9.56 
17.44 

0.64 
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Calculate Aggregate Batch Proportions

Coarse Aggregate

Bulk Volume (b/b0) = 0.64 X 27 ft3 = 17.28 ft3

Weight (lbs) = 17.28 ft3 X 92.0 lbs/ft3 = 1590 lbs

Abs. Vol.(ft3)=1590 lbs/(62.4 lbs/ft3 X 2.60)= 9.80ft3

Slump = 

(in.) 

Nom. Max. Agg. Size= 

(in.) 

Basic Water 

Demand                       lb/CY 

Water Adjustment Factor 
(note impact of AE Conc.)  

Controlling   
w/c or w/cm = 

Mix design target strength = 
psi 

Air-Entrained concrete?      
YES       NO 

Exposure: 
Mild        Moderate        Extreme 

Mix Component  Weight (lbs/CY) Specific Gravity Absolute Vol. (ft3) Subtotal Vol. (ft
3
) 

Adjusted Water  (lb) 1.0  (ft
3
)  

Total cementitious   (lb)     

Portland Cement % (lb) 3.14   (ft
3
)  

Fly ash % (lb)  (ft
3
)  

Other Pozzolan % (lb)  (ft
3
)  

Total (water + cm) = 

Paste Volume 

    (ft
3
) 

Total Air Content Specified Value ____% ACI 318 Value  ____% 18% of paste= _____% 

Paste Vol X 18/27 

Selection= ________% (ft
3
) 

Air + Paste Volume    (ft
3
)  

Total Agg Volume   27- (air + paste) (ft
3
)  

Agg. Data   FM (Sand) = b/b0 =  

   Unit Wt. Crs.Agg=                     (lbs/ft3)SSD  

Coarse Aggregate 

 

Bulk Vol. = b/b0 x 27 

                 (ft
3
) 

= Bulk Vol. x unit wt. 

(lb,SSD) 

Sp. G. SSD (ft
3
)  

Intermediate 
Aggregate 

  
 

Sp. G. SSD (ft
3
)  

Fine Aggregate                    (lb,SSD) Sp. G. SSD (ft
3
) Total agg  – (coarse 

& interm vol) 

Total Agg Volume     (ft
3
) 

Total Weight / CY  (lb)    

Total Absolute 

Volume 

    27.00 (ft
3
) 

Design Yield     (%) 

 

4 3/4 0.80 

0.40 

6 

2.6 
92.0 

2.60 

2.65 

5000 

345 

276 4.42 

100 690 3.52 

7.94 

5.3 6 1.62 

9.56 
17.44 

0.64 

9.80 
1590 17.28 
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Determine 

Fine Aggregate Volume

Calculate Aggregate Batch Proportions

Fine Aggregate

Abs. Vol.(ft3) = 17.44 ft3 - 9.80 ft3 =  7.64 ft3

Weight (lbs) = 7.64 ft3 X 62.4 lbs/ft3 X 2.65=1263 lbs
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Slump = 

(in.) 

Nom. Max. Agg. Size= 

(in.) 

Basic Water 

Demand                       lb/CY 

Water Adjustment Factor 
(note impact of AE Conc.)  

Controlling   
w/c or w/cm = 

Mix design target strength = 
psi 

Air-Entrained concrete?      
YES       NO 

Exposure: 
Mild        Moderate        Extreme 

Mix Component  Weight (lbs/CY) Specific Gravity Absolute Vol. (ft3) Subtotal Vol. (ft
3
) 

Adjusted Water  (lb) 1.0  (ft
3
)  

Total cementitious   (lb)     

Portland Cement % (lb) 3.14   (ft
3
)  

Fly ash % (lb)  (ft
3
)  

Other Pozzolan % (lb)  (ft
3
)  

Total (water + cm) = 

Paste Volume 

    (ft
3
) 

Total Air Content Specified Value ____% ACI 318 Value  ____% 18% of paste= _____% 

Paste Vol X 18/27 

Selection= ________% (ft
3
) 

Air + Paste Volume    (ft
3
)  

Total Agg Volume   27- (air + paste) (ft
3
)  

Agg. Data   FM (Sand) = b/b0 =  

   Unit Wt. Crs.Agg=                     (lbs/ft3)SSD  

Coarse Aggregate 

 

Bulk Vol. = b/b0 x 27 

                 (ft
3
) 

= Bulk Vol. x unit wt. 

(lb,SSD) 

Sp. G. SSD (ft
3
)  

Intermediate 
Aggregate 

  
 

Sp. G. SSD (ft
3
)  

Fine Aggregate                    (lb,SSD) Sp. G. SSD (ft
3
) Total agg  – (coarse 

& interm vol) 

Total Agg Volume     (ft
3
) 

Total Weight / CY  (lb)    

Total Absolute 

Volume 

    27.00 (ft
3
) 

Design Yield     (%) 

 

4 3/4 0.80 

0.40 

6 

2.6 
92.0 

2.60 

2.65 

5000 

345 

276 4.42 

100 690 3.52 

7.94 

5.3 6 1.62 

9.56 
17.44 

0.64 

9.80 
1590 17.28 

7.64 1263 

3819 

17.44 

100 
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Example 1 
Fineness Modulus Worksheet 

 
 

Sieve Size Percent retained Cumulative Percent 
Retained 

6” 0 0 

3” 0 0 

1.5” 0 0 

3/4" 0 0 

3/8” 0 0 

#4 2  

#8 11  

#16 18  

#30 20  

#50 25  

#100 18  

Pan 4 NA 

Sum   

Calculation   

FM   

 



 

Example 1 Answer 
Fineness Modulus Worksheet 

 
 

Sieve Size Percent retained Cumulative Percent 
Retained 

6” 0 0 

3” 0 0 

1.5” 0 0 

3/4" 0 0 

3/8” 0 0 

#4 2 2 

#8 11 13 

#16 18 31 

#30 20 51 

#50 25 76 

#100 18 94 

Pan 4 NA 

Sum  267 

Calculation  267  100 

FM  2.67 

 
 
 



Example 2 – Mathematically Combined Gradation 
 
An aggregate blend of 45% coarse, 15% intermediate, and 40% fine aggregate is 
to be combined.  Determine the combine percent passing and combined percent 
retained.   

 
Mathematical Combined Aggregate Gradation, by Weight 
 

 
Sieve, in. 

Coarse 
% 

Passing 

Intermediate 
% Passing 

Fine 
% 

Passing 

Combined 
% 

Passing 

Combined 
% Retained 

Relative percent 
 

0.45 0.15 0.40   

      

1 1/2“ 100.0 100.0 100.0 100.0 100-100=      0.0 

1” 98.0 100.0 100.0 99.1 100-99.1=     0.9 

¾” 76.0 100.0 100.0 89.2 99.1-89.2=   9.9 

½” 38.0 100.0 100.0 72.1 89.2-72.1=  17.1 

3/8” 22.0 86.0 100.0 62.8 72.1-62.8=   9.3 

No. 4 4.8 21.0 92.0   

No. 8 1.8 4.1 84.0   

No. 16 1.7 3.7 66.0   

No. 30 1.6 3.4 42.0 18.0 27.7-18.0=  9.7 

No. 50 1.5 2.9 14.0 6.7 18.0-6.7=  11.3 

No. 100 1.4 2.5 1.4 1.6 6.7-1.6=      5.1 

No. 200 1.3 2.1 0.3 1.0 1.6 -1=        0.6 

 
 
 
 
Combined %Passing 
1 ½” 100x0.45 + 100x0.15 + 100x0.40 = 100 
1”   98x0.45 + 100x0.15 + 100x0.40 = 99.1 
¾”   76x0.45 + 100x0.15 + 100x0.40 = 89.2 
½”   38x0.45 + 100x0.15 + 100x0.40 = 72.1 
3/8”   21x0.45 +  86x0.15 + 100x0.40 = 62.8 



Example 2 – Mathematically Combined Gradation Answer 
 

An aggregate blend of 45% coarse, 15% intermediate, and 40% fine aggregate is 
to be combined.  Determine the combine percent passing and combined percent 
retained.   

 
Mathematical Combined Aggregate Gradation, by Weight 
 

 
Sieve, in. 

Coarse 
% 

Passing 

Intermediate 
% Passing 

Fine 
% 

Passing 

Combined 
% 

Passing 

Combined 
% Retained 

Relative percent 
 

0.45 0.15 0.40   

      

1 1/2“ 100.0 100.0 100.0 100.0 100-100=      0.0 

1” 98.0 100.0 100.0 99.1 100-99.1=     0.9 

¾” 76.0 100.0 100.0 89.2 99.1-89.2=   9.9 

½” 38.0 100.0 100.0 72.1 89.2-72.1=  17.1 

3/8” 22.0 86.0 100.0 62.8 72.1-62.8=   9.3 

No. 4 4.8 21.0 92.0 42.1 62.8-42.1= 20.7 

No. 8 1.8 4.1 84.0 35.0 42.1-35.0=  7.1 

No. 16 1.7 3.7 66.0 27.7 35.0-27.7=  7.3 

No. 30 1.6 3.4 42.0 18.0 27.7-18.0=  9.7 

No. 50 1.5 2.9 14.0 6.7 18.0-6.7=  11.3 

No. 100 1.4 2.5 1.4 1.6 6.7-1.6=      5.1 

No. 200 1.3 2.1 0.3 1.0 1.6 -1=        0.6 

 
 
 
 
Combined %Passing 
1 ½” 100x0.45 + 100x0.15 + 100x0.40 = 100 
1”   98x0.45 + 100x0.15 + 100x0.40 = 99.1 
¾”   76x0.45 + 100x0.15 + 100x0.40 = 89.2 
½”   38x0.45 + 100x0.15 + 100x0.40 = 72.1 
3/8”   21x0.45 +  86x0.15 + 100x0.40 = 62.8 
#4   4.8x0.45 + 21x0.15 +   92x0.40 = 42.1 
#8   1.8x0.45 + 4.1x0.15 +  84x0.40 = 35.0 
#16   1.7x0.45 + 3.7x0.15 +  66x0.40 = 27.7 
#30   1.6x0.45 + 3.4x0.15 +  42x0.40 = 18.0 
#50   1.5x0.45 + 2.9x0.15 +  14x0.40  =  6.7 
#100   1.4x0.45 + 2.5x0.15 +  1.4x0.40 = 1.6 
#200   1.3x0.45 + 2.1x0.15 +  0.3x0.40 = 1.0 
 



Example 3 
Calculating Coarseness and Workability Factors 

 
 

Given crushed limestone coarse aggregate, crushed intermediate aggregate, and 
sand at the percentages indicated, determine the coarseness and workability 
factors. 
 
 
      

 
Sieve, in. 

Coarse 
% 
Passing 

Intermediate 
% Passing 

Fine 
% 
Passing 

Combined  
% Passing 

Combined 
% Retained 

Relative 
percent  

0.45 0.15 0.40   

      

1 1/2“ 100.0 100.0 100.0 100.0 0.0 

1” 98.0 100.0 100.0 99.1 0.9 

¾” 76.0 100.0 100.0 89.2 9.9 

½” 38.0 100.0 100.0 72.1 17.1 

3/8” 22.0 86.0 100.0 62.8 9.3 

No. 4 4.8 21.0 92.0 42.1 20.7 

No. 8 1.8 4.1 84.0 35.0 7.1 

No. 16 1.7 3.7 66.0 27.7 7.3 

No. 30 1.6 3.4 42.0 18.0 9.7 

No. 50 1.5 2.9 14.0 6.7 11.3 

No. 100 1.4 2.5 1.4 1.6 5.1 

No. 200 1.3 2.1 0.3 1.0 0.6 

 
 



Example 3 
Calculating Coarseness and Workability Factors Answer 

 
 

Given crushed limestone coarse aggregate, crushed intermediate aggregate, and 
sand at the percentages indicated, determine the coarseness and workability 
factors. 
 
 
      

 
Sieve, in. 

Coarse 
% 
Passing 

Intermediate 
% Passing 

Fine 
% 
Passing 

Combined  
% Passing 

Combined 
% Retained 

Relative 
percent  

0.45 0.15 0.40   

      

1 1/2“ 100.0 100.0 100.0 100.0 0.0 

1” 98.0 100.0 100.0 99.1 0.9 

¾” 76.0 100.0 100.0 89.2 9.9 

½” 38.0 100.0 100.0 72.1 17.1 

3/8” 22.0 86.0 100.0 62.8 9.3 

No. 4 4.8 21.0 92.0 42.1 20.7 

No. 8 1.8 4.1 84.0 35.0 7.1 

No. 16 1.7 3.7 66.0 27.7 7.3 

No. 30 1.6 3.4 42.0 18.0 9.7 

No. 50 1.5 2.9 14.0 6.7 11.3 

No. 100 1.4 2.5 1.4 1.6 5.1 

No. 200 1.3 2.1 0.3 1.0 0.6 

 

Coarseness factor 100X
Sieve8#AbovetainedRePercentCombined

Sieve"8/3AbovetainedRePercentCombined
  

   

   =   0 + 0.9 + 9.9 + 17.1 + 9.3        100 =   
        0 + 0.9 + 9.9 + 17.1 + 9.3 +20.7 + 7.1 
 
   =   37.2  x  100  =  57.2 
        65 
 
 
 
Workability factor Sieve8#gsinPasPercentCombined  

 
       = 35.0  
 
 



Examples 4 – 14 Volume, Unit Weight, Specific Gravity, and Water Cement Ratio 
 
4. 8.0 ft3 =           yd3 
 
 

 
 

 

5. 0.118 yd3 = _______ ft3 
 

 
 
 

6. How many pounds does 6.8 gallons of water weigh? 
 
 
   
      
 
 

7. What volume (ft3) does 235 lbs of water occupy? 
 

 

 

 

 
8. Determine the unit weight of 0.25 ft3 of concrete that weighs 35.7 lbs? 
 

 

 

 

 

9. 2.3 ft3 of a material weighs 385 lbs. Determine the specific gravity (SPG). 
 

 
 
 
 
 

10. Given 6% air content in a cubic yard. What volume of air in cubic feet? 
 



11. What is the absolute volume of cement yd3 per cubic yard, given the SPG is 
3.14 and there are 709 lbs/yd3 ? 

 
 
 
 
 
 

12. What is the absolute volume of cement ft3 per cubic yard, given the SPG is 
3.14 and there are 709 lbs/yd3 ? 

 
 

 
 
 
 

13. What is the weight of material (lbs/yd3) given an absolute volume of 0.330 
and a specific gravity of 2.65? What is the weight in (lbs/ft3) ? 

 
 
 
 
 

  
 
14. Determine the w/c ratio, given the following mix design: 
 

 300 lbs cement 200 lbs water at plant 
    90 lbs fly ash   10 lbs from coarse aggregate 
  210 lbs ggbfs   30 lbs from fine aggregate 
   2 gallons water per yd3 added on truck 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
15. Given that a concrete mix is designed on the basis of 1 yd3 (27 ft3) provide the 

correct answer in each box so that ALL of the missing information in the 
following table is completed.   The w/c ratio is given as 0.45. 

 
 

Component Material Absolute Volume 
(yd3/yd3) 

Absolute Volume 
(ft3/yd3) 

Weight 
(lbs/yd3) 

Cement (SPG =3.14) 0.106 b) a) 

Water d) e) c) 

Fine Aggregate g) h) 1650 

Coarse Aggregate f) 10.6 1560 

Total 1.000 yd3 27.0 ft3  

 
 



Answers 4 – 14 Volume, Unit Weight, Specific Gravity, and Water Cement Ratio 
 
4. 8.0 ft3 =           yd3 
 
 

8.0 ft3   ÷  27 ft3 / yd3 = 0.296 yd3 
 

 

5. 0.118 yd3 = _______ ft3 
 

0.118 yd3  27 ft3/ yd3 = 3.186 ft3 

 
 

6. How many pounds does 6.8 gallons of water weigh? 
 
 

(6.8 gal)    (8.33 lbs)/gal.  = 56.64 lbs    
 
 

7. What volume (ft3) does 235 lbs of water occupy? 
 

235 lbs    = 3.766 ft3  
62.4 lbs/ft3  

 

 

 
8. Determine the unit weight of 0.25 ft3 of concrete that weighs 35.7 lbs? 
 

35.7lbs    = 142.8 lbs/ft3 
0.25 ft3 

 

9. 2.3 ft3 of a material weighs 385 lbs. Determine the specific gravity (SPG). 
 

Unit weight of material = 385 lbs ÷ 2.3 ft3 = 167.4 lbs/ ft3 
 
 
SPG = Unit wt of material   = 167.4 lbs/ft3 ÷ 62.4 lbs/ft3 = 2.68 
    Unit wt of water 
 
 

10. Given 6% air content in a cubic yard. What volume of air in cubic feet? 
 

0.06 yd3/yd3  27 ft3/yd3  = 1.62 ft3   
 



11. What is the absolute volume of cement yd3 per cubic yard, given the SPG is 
3.14 and there are 709 lbs/yd3 ? 

 
Abs. Vol (yd3/yd3) =            709 lbs/yd3    =0.134 yd3/yd3  
    ( 3.14  62.4 lbs/ft3  27 ft3/yd3) 
 
 
 

12. What is the absolute volume of cement ft3 per cubic yard, given the SPG is 
3.14 and there are 709 lbs/yd3 ? 

 
 

Abs. Vol (ft3/yd3) =            709 lbs/yd3    =3.61 ft3/yd3  
    ( 3.14  62.4 lbs/ft3) 
 
 

13. What is the weight of material (lbs/yd3) given an absolute volume of 0.330 
and a specific gravity of 2.65? What is the weight in (lbs/ft3) ? 

 
Weight lbs/yd3 = 0.330 x 2.65 x 62.4 ft3/yd3 x 27 ft3/yd3  =  1473 lbs/yd3 

 

Weight lbs/ ft3 =  1473 lbs/yd3  ÷  27 ft3/yd3  =  54.57 lbs/ft3 

 
  
14. Determine the w/c ratio, given the following mix design: 
 

 300 lbs cement 200 lbs water at plant 
    90 lbs fly ash   10 lbs from coarse aggregate 
  210 lbs ggbfs   30 lbs from fine aggregate 
   2 gallons water per yd3 added on truck 

  
 
w/c = 200 +10 + 30 + 2x8.33    =  256.66 = 0.428 
 300 + 90 + 210    600 

 
 
 
 
 
 
 
 
 
 
 



15. Given that a concrete mix is designed on the basis of 1 yd3 (27 ft3) provide the 
correct answer in each box so that ALL of the missing information in the 
following table is completed.   The w/c ratio is given as 0.45. 

 
 

Component Material Absolute Volume 
(yd3/yd3) 

Absolute Volume 
(ft3/yd3) 

Weight 
(lbs/yd3) 

Cement (SPG =3.14) 0.106 b) a) 

Water d) e) c) 

Fine Aggregate g) h) 1650 

Coarse Aggregate f) 10.6 1560 

Total 1.000 yd3 27.0 ft3  

 
a) 0.106 X 62.4 X 27 X 3.14 = 561 lbs 
b) 0.106 X 27 = 2.86 ft3 
c) 561 X 0.45 = 252.45 lbs 
d) 252.45 ÷ (1.00 X 62.4 X 27) = 0.150 yd3 
e) 0.150 X 27 = 4.05 ft3 
f) 10.6 ÷ 27 = 0.393 yd3 
g) 1.000 – 0.393 – 0.150 – 0.106 = 0.351 yd3 
h) 0.351 X 27 = 9.48 ft3 

 



Example Problem 16 
 

16. Determine the SSD weights for a QMC mix using form 820150 given the 
following source information: 
 

• LafargeHolcim I/II       3.14 

• Port Neal #4 fly ash (20% replacement)    2.66 

• Fine agg. Halletts Materials, Army Post East, Polk Co.  2.65 

• Coarse agg. Martin Marietta, Ames Mine, Story Co.  2.68 

• Intermediate agg. Martin Marietta, Ames Mine, Story Co. 2.68 
 
 
Assume the following aggregate Proportions: 
 

• Coarse = 0.48 
 

• Intermediate = 0.12 
 

• Fine = 0.40 
 



Rev 05/09 Form  E820150E 

Project No.: Problem 16 County : Any

Mix No.: QMC Abs Vol. Cement: 0.1059 Type:  I/II

Cement (IM 401): 560 lbs Source: LafargeHolcim I/II Sp. Gr.: 3.14

%

Fly Ash (IM 491.17): 20 112 Source: Port Neal #4 Sp. Gr.: 2.66

Slag (IM 491.14): 0 Source: Sp. Gr.: 

Adjusted lbs. Cement: 448

              Total Cementitious 560 Total % Replacement = 20

IM T203 Fine Aggregate Source: Sp. Gr.: 2.65

IM T203 Interm. Aggregate Source: Sp. Gr.: 2.68

IM T203 Coarse Agregate Source: Sp. Gr.: 2.68

Basic w/c 0.400 Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) = 224

Max w/c 0.450 Max. Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) = 252

Absolute  Volumes Cement ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  = 0.085

Fly Ash ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  = 0.025

                Slag ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

Water ............................................. (lbs/cy) / ( 1.00 X 62.4 X 27 ) = 0.133

Air ...................................................................................................................... 0.060

Subtotal = 0.303

1.000 - Subtotal = 0.697

Total = 1.000

%  FA  Agg.: 40 Fine  Aggregate ( 1.000 - Subtotal ) X % In Mix = 0.278

%  In.  Agg.: 12 Interm.  Aggregate ( 1.000 - Subtotal ) X % In Mix = 0.084

%  CA  Agg.: 48 Coarse  Aggregate ( 1.000 - Subtotal ) X % In Mix = 0.335

Aggregate  Total = 0.697

Aggregate  Weights Fine Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 1241

Intermediate Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 379

Coarse Aggregate  ( abs vol.) X Sp. Gr. X 62.4 X 27 = 1513

Summary Cement 448  (lbs/cy)

Fly Ash 112  (lbs/cy)

Slag 0  (lbs/cy)

Water 224  (lbs/cy)

Fine Agg. 1241  (lbs/cy)

Interm. Agg. 379  (lbs/cy)

Coarse Agg. 1513  (lbs/cy)

Distribution:  ___  Materials,  ___  DME,  ___  Proj. Engr.,  ___  Contractor

Ames Mine

Army Post East

Ames Mine

Iowa Department Of Transportation

Office Of Materials

PORTLAND CEMENT CONCRETE

 



Rev 05/09 Form  E820150E 

Project No.: County : 

Mix No.: Abs Vol. Cement: Type:  

Cement (IM 401): lbs Source: Sp. Gr.: 

%

Fly Ash (IM 491.17): Source: Sp. Gr.: 

Slag (IM 491.14): Source: Sp. Gr.: 

Adjusted lbs. Cement:

              Total Cementitious Total % Replacement =

IM T203 Fine Aggregate Source: Sp. Gr.: 

IM T203 Interm. Aggregate Source: Sp. Gr.: 

IM T203 Coarse Agregate Source: Sp. Gr.: 

Basic w/c Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) =

Max w/c Max. Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) =

Absolute  Volumes Cement ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

Fly Ash ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

                Slag ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

Water ............................................. (lbs/cy) / ( 1.00 X 62.4 X 27 ) = 

Air ...................................................................................................................... 0.060

Subtotal = 

1.000 - Subtotal = 

Total = 1.000

%  FA  Agg.: Fine  Aggregate ( 1.000 - Subtotal ) X % In Mix = 

%  In.  Agg.: Interm.  Aggregate ( 1.000 - Subtotal ) X % In Mix = 

%  CA  Agg.: Coarse  Aggregate ( 1.000 - Subtotal ) X % In Mix = 

Aggregate  Total = 

Aggregate  Weights Fine Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 

Intermediate Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 

Coarse Aggregate  ( abs vol.) X Sp. Gr. X 62.4 X 27 = 

Summary Cement  (lbs/cy)

Fly Ash  (lbs/cy)

Slag  (lbs/cy)

Water  (lbs/cy)

Fine Agg.  (lbs/cy)

Interm. Agg.  (lbs/cy)

Coarse Agg.  (lbs/cy)

Distribution:  ___  Materials,  ___  DME,  ___  Proj. Engr.,  ___  Contractor

Iowa Department Of Transportation

Office Of Materials

PORTLAND CEMENT CONCRETE



Rev 05/09 Form  E820150E 

Project No.: Problem 16 County : Any

Mix No.: QMC Abs Vol. Cement: 0.1059 Type:  I/II

Cement (IM 401): 560 lbs Source: LafargeHolcim I/II Sp. Gr.: 3.14

%

Fly Ash (IM 491.17): 20 112 Source: Port Neal #4 Sp. Gr.: 2.66

Slag (IM 491.14): 0 Source: Sp. Gr.: 

Adjusted lbs. Cement: 448

              Total Cementitious 560 Total % Replacement = 20

IM T203 Fine Aggregate Source: Sp. Gr.: 2.65

IM T203 Interm. Aggregate Source: Sp. Gr.: 2.68

IM T203 Coarse Agregate Source: Sp. Gr.: 2.68

Basic w/c 0.400 Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) = 224

Max w/c 0.450 Max. Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) = 252

Absolute  Volumes Cement ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  = 0.085

Fly Ash ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  = 0.025

                Slag ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

Water ............................................. (lbs/cy) / ( 1.00 X 62.4 X 27 ) = 0.133

Air ...................................................................................................................... 0.060

Subtotal = 0.303

1.000 - Subtotal = 0.697

Total = 1.000

%  FA  Agg.: 40 Fine  Aggregate ( 1.000 - Subtotal ) X % In Mix = 0.278

%  In.  Agg.: 12 Interm.  Aggregate ( 1.000 - Subtotal ) X % In Mix = 0.084

%  CA  Agg.: 48 Coarse  Aggregate ( 1.000 - Subtotal ) X % In Mix = 0.335

Aggregate  Total = 0.697

Aggregate  Weights Fine Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 1241

Intermediate Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 379

Coarse Aggregate  ( abs vol.) X Sp. Gr. X 62.4 X 27 = 1513

Summary Cement 448  (lbs/cy)

Fly Ash 112  (lbs/cy)

Slag 0  (lbs/cy)

Water 224  (lbs/cy)

Fine Agg. 1241  (lbs/cy)

Interm. Agg. 379  (lbs/cy)

Coarse Agg. 1513  (lbs/cy)

Distribution:  ___  Materials,  ___  DME,  ___  Proj. Engr.,  ___  Contractor

Ames Mine

Army Post East

Ames Mine

Iowa Department Of Transportation

Office Of Materials

PORTLAND CEMENT CONCRETE
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PCC Level III Basic Equations 
 
 

Abs. Vol. (yd3/yd3) = weight (lbs) / ( SpG X 62.4 lbs/ft3 X 27 ft3/yd3 ) 

 

Abs. Vol. (ft3/yd3) = weight (lbs) / ( SpG X 62.4 lbs/ft3 ) 

 
 
Weight (lbs/yd3) = Abs. Vol. (yd3/yd3) X SpG X 62.4 lbs/ft3 X 27 ft3/yd3 
 
Weight (lbs/yd3) = Abs. Vol. (ft3/yd3) X SpG X 62.4 lbs/ft3  
 
 
 

w/c ratio = ( weight water ) / ( weight cementitious materials ) 

 

weight of cement =  ( weight water ) / (w/c ratio) 

 
weight of water =  ( weight cementitous materials ) X (w/c ratio) 
 
 
 
unit weight of water = 62.4 lbs/ft3 
 
SpG of water = 1.00 
 
1 gallon of water = 8.33 lbs 

 





Fineness Modulus Worksheet 
 

 

Sieve Size Percent retained Cumulative Percent 
Retained 

6”   

3”   

1.5”   

3/4"   

3/8”   

#4   

#8   

#16   

#30   

#50   

#100   

Pan  NA 

Sum   

Calculation   

FM   

 
 
 





Mathematical Combined Aggregate Gradation, by Weight 
 

 

Sieve, in. 

Coarse 

% Passing 

Intermediate 

% Passing 

Fine 

% Passing 

Combined  

% Passing 

Combined 

% Retained 

Relative percent       

      

1 1/2 “      

1”      

¾”      

½”      

3/8”      

No. 4      

No. 8      

No. 16      

No. 30      

No. 50      

No. 100      

No. 200      

 





Rev 05/09 Form  E820150E 

Project No.: County : 

Mix No.: Abs Vol. Cement: Type:  

Cement (IM 401): lbs Source: Sp. Gr.: 

%

Fly Ash (IM 491.17): Source: Sp. Gr.: 

Slag (IM 491.14): Source: Sp. Gr.: 

Adjusted lbs. Cement:

              Total Cementitious Total % Replacement =

IM T203 Fine Aggregate Source: Sp. Gr.: 

IM T203 Interm. Aggregate Source: Sp. Gr.: 

IM T203 Coarse Agregate Source: Sp. Gr.: 

Basic w/c Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) =

Max w/c Max. Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) =

Absolute  Volumes Cement ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

Fly Ash ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

                Slag ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

Water ............................................. (lbs/cy) / ( 1.00 X 62.4 X 27 ) = 

Air ...................................................................................................................... 0.060

Subtotal = 

1.000 - Subtotal = 

Total = 1.000

%  FA  Agg.: Fine  Aggregate ( 1.000 - Subtotal ) X % In Mix = 

%  In.  Agg.: Interm.  Aggregate ( 1.000 - Subtotal ) X % In Mix = 

%  CA  Agg.: Coarse  Aggregate ( 1.000 - Subtotal ) X % In Mix = 

Aggregate  Total = 

Aggregate  Weights Fine Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 

Intermediate Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 

Coarse Aggregate  ( abs vol.) X Sp. Gr. X 62.4 X 27 = 

Summary Cement  (lbs/cy)

Fly Ash  (lbs/cy)

Slag  (lbs/cy)

Water  (lbs/cy)

Fine Agg.  (lbs/cy)

Interm. Agg.  (lbs/cy)

Coarse Agg.  (lbs/cy)

Distribution:  ___  Materials,  ___  DME,  ___  Proj. Engr.,  ___  Contractor

Iowa Department Of Transportation

Office Of Materials

PORTLAND CEMENT CONCRETE

 





Rev 05/09 Form  E820150E 

Project No.: County : 

Mix No.: Abs Vol. Cement: Type:  

Cement (IM 401): lbs Source: Sp. Gr.: 

%

Fly Ash (IM 491.17): Source: Sp. Gr.: 

Slag (IM 491.14): Source: Sp. Gr.: 

Adjusted lbs. Cement:

              Total Cementitious Total % Replacement =

IM T203 Fine Aggregate Source: Sp. Gr.: 

IM T203 Interm. Aggregate Source: Sp. Gr.: 

IM T203 Coarse Agregate Source: Sp. Gr.: 

Basic w/c Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) =

Max w/c Max. Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) =

Absolute  Volumes Cement ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

Fly Ash ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

                Slag ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

Water ............................................. (lbs/cy) / ( 1.00 X 62.4 X 27 ) = 

Air ...................................................................................................................... 0.060

Subtotal = 

1.000 - Subtotal = 

Total = 1.000

%  FA  Agg.: Fine  Aggregate ( 1.000 - Subtotal ) X % In Mix = 

%  In.  Agg.: Interm.  Aggregate ( 1.000 - Subtotal ) X % In Mix = 

%  CA  Agg.: Coarse  Aggregate ( 1.000 - Subtotal ) X % In Mix = 

Aggregate  Total = 

Aggregate  Weights Fine Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 

Intermediate Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 

Coarse Aggregate  ( abs vol.) X Sp. Gr. X 62.4 X 27 = 

Summary Cement  (lbs/cy)

Fly Ash  (lbs/cy)

Slag  (lbs/cy)

Water  (lbs/cy)

Fine Agg.  (lbs/cy)

Interm. Agg.  (lbs/cy)

Coarse Agg.  (lbs/cy)

Distribution:  ___  Materials,  ___  DME,  ___  Proj. Engr.,  ___  Contractor

Iowa Department Of Transportation

Office Of Materials

PORTLAND CEMENT CONCRETE





 

 













 





 
 

 
 

 
A

PPEN
D

IX D
 

 
 

 
 

 
SPR

EA
D

SH
EET 

                                        





INSTRUCTIONS FOR USING AGGREGATE GRADATION & QMC MIX DESIGN 

SPREADSHEET (master.XLS) 

 

1. COVER 

• Latest version always under revision 

• References 

• Operates in excel 7.0 or newer 

• Workbook and sheets are fully password protected 

• Red text is input field, blue or black text is calculated or default field 

 

2. GRADATION 

• Starting sheet 

• Capable of showing blend analysis for 1 sand, 2 coarse, and paste 

• Sieve analysis for paste includes cement and all additional mineral admixtures these are 

typically held at default 

• Input sieve analysis on a percent passing basis for all aggregate sources being considered  

• Input proportions of all aggregates being considered this may be a best guess/trial and 

error or one of the eight optimization routines may be used (FIGURE 1) 

• Numerical information(CW, FM, percent passing/retained) may be referenced 

• Coarseness and workability already covered 

• FM is the sum of total percent retained for half size sieves indicates coarseness of 

aggregate 

• Ignore all areas with highlighted yellow indicating dependent on MIX DESIGN (DOT 

MIX D) these should only be looked at after the MIX DESIGN (DOT MIX D) sheet has 

been used because of dependency on actual mix 

• View results using the 818, POWER, CW—each will provide different information and 

insight (FIGURES 2, 3, & 4) 

• All graphs are based on combined aggregate combinations not paste 

 

 

3. FORM 955QMC 

• For use in determining gradations – Target data and sources transferred from 

GRADATION sheet 

• Gives guidelines from producer on production gradation limits  

• County, Project No., Date, Location, Design No., Contractor, Material, Ident #, and 

Max/Min Limits must be entered on sheet (FIGURE 5) 

• Can print sheet to sign by Contractor and Producer (FIGURE 6) 

 

 

4. MIX DESIGN (DOT MIX D) 

• D is for design A is for actual (FIGURE 7) 

• Design is based on absolute volumes and all aggregates are in SSD condition 

• Entry information is provided to the right of the input column (FIGURE 8) 

• General information is entered  

• The target W/C ratio is entered, cementitious includes both cement and fly ash, only a 

target 

• Cement source information and then volume are entered 

• Fly ash source information and then percent substitution by weight are entered 

• If needed additional mineral admixture information is entered 

• Fine aggregate source information and percent of total aggregate are entered 



• Coarse aggregate source information and percent of coarse and intermediate aggregate 

are entered, percent of total aggregate is calculated 

• If needed intermediate aggregate source information is entered, percent of coarse and 

intermediate aggregate and percent of total aggregate is calculated 

• Admixture source information and dosage rate in ounces per 100 pounds of cement is 

entered 

• Design slump is entered, only a target 

• Design air content is entered, only a target 

• Batch size is entered in cubic feet, this is for small lab use quantities 

• Output sheet will show mix quantities batch size, 1 cubic foot and 1 cubic yard.  To see 

output sheet scroll to the left and to the top (FIGURE 9) 

• All source information will be shown followed by mix quantities, summation of 

quantities are also shown 

• Percent paste and percent mortar based on volume as well as percent passing are shown 

• Paste is sum of volumes of cement, fly ash, mineral admixtures, and water 

• Mortar is volumes of cement, fly ash, mineral admixtures, sand, and water or combined 

percent passing #8 

• Chemical admixture dosage rates are shown in ml—an update will be to show theses 

dosage rates in ounces as well 

• GRADATION Sheet - Areas with highlighted yellow indicating dependent on MIX 

DESIGN (DOT MIX D) are now valid 

• Percent passing paste and combined percent passing and retained are now valid based on 

mix design 

• Lab weights are determined if breaking down an aggregate 

• Adjusted workability is determined 

 



FIGURE 1 

 
 

FIGURE 2 



 

FIGURE 3 

 
 

FIGURE 4 

 



FIGURE 5 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FIGURE 6 

Form 955QMC Iowa Department of Transportation
Highway Division-Office of Materials

Proportion & Production Limits For Aggregates

County : Project No.: Date:

Project Location: Mix Design No.:

Contractor: Producer: Location:

Material Ident # % in Mix A # Producer & Location Class Beds

1 1/2 " Stone 48.0% A85006 Martin Marietta, Ames Mine 

1/4" Chips 12.0% A85006 Ames

Conc. Sand 40.0% A77504 Johnston

Individual Aggregates Sieve Analysis - % Passing  (Target)

Material 1 1/2 " 1" 3/4" 1/2" 3/8" #4 #8 #16 #30 #50 #100 #200

1 1/2 " Stone 100 98 75 38 21 4 1.8 1

1/4" Chips 100 100 100 100 86 21 4.1 2.1

Conc. Sand 100 100 100 100 100 92 82 66 42 14 1.4 0.3

Preliminary Target Gradation

* Upper Tolerance 100 100 93 75 65 46 38 32.0 22.0 9.6 3.4 1.5

Comb Grading 100 99 88 70 60 41 34 28 18 6.6 1.4 0.9

* Lower Tolerance 95 94 83 65 55 36 30 24.0 14.0 3.6 0.0 0.0

Production Limits for Aggregates Approved by the Contractor & Producer.

Coarse Intermediate Fine Aggregate

Sieve 1 1/2 " Stone 1/4" Chips Sieve Conc. Sand

Size 48.0% 12.0% Size 40.0%

in. Max. Min Max. Min. in. Max. Min.

1 1/2 3/8 100.0 100.0

1 #4

3/4 #8

1/2 #16

3/8 #30

#4 #50

#8 #100

#200 1.5 0.0 #200 1.5 0.0

Comments:

Check(X)

Signed: Coarse Signed:

Producer Interm. Contractor

Signed: Fine Signed:

Producer Contractor

representative of the aggregate producer.

The above target gradations and production limits have been discussed with and agreed to by an authorized

 
 



 

FIGURE 7 
 

 



FIGURE 8 
 
DATE:

PROJECT:

PROJECT TITLE: Spreadsheet Instructions

MIX TYPE: QMC

MIX NUMBER: 1

WATER CEMENT RATIO (W/C+FA+Slag)): 0.4

CEMENT: 

  Type Lafarge

  Source I/II

  Specific Gravity 3.14

  Abs. Volume Of Cement 0.106 (enter as yd/yd3)

  Total Cementitious Material 561

FLY ASH:

  Class C

  Source Port Neal #4

  Specific Gravity 2.68

  % Substitution By Weight Of Cement 20 (enter 0 if none is used)

MINERAL ADMIXTURE:

  Class/Grade

  Source

  Specific Gravity

  % Substitution By Weight Of Cement (enter 0 if none is used)

FINE AGGREGATE:

  Source A77504 Johnston (from Gradation sheet)

  Specific Gravity 2.65

  % of Total Aggregate 40.00 (from Gradation sheet)

COARSE AGGREGATE:  

  Source A85006 Martin Marietta, Ames Mine (from Gradation sheet)

  Specific Gravity 2.68

  % Coarse in Coarse Fraction 40.00 (calculated)

  % of Total Aggregate 48.00 (from Gradation sheet)

INTERMEDIATE AGGREGATE:

  Source A85006 Ames (from Gradation sheet)

  Specific Gravity 2.68

  % Intermediate in Coarse Fraction 60.00 (calculated)

  % of Total Aggregate 12.00 (from Gradation sheet)

AIR ENTRAINING AGENT:

  Brand Darvair 1400

  oz/100 lbs cementitious 4.0 (enter 0 if none is used)

RETARDER:

  Brand

  oz/100 lbs cementitious 0.0 (enter 0 if none is used)

WATER REDUCER:

  Brand WRDA 82

  oz/100 lbs cementitious 3.5 (enter 0 if none is used)

SUPER WATER REDUCER:

  Brand

  oz/100 lbs cementitious 0.0 (enter 0 if none is used)

ACCELERATOR:

  Brand

  oz/100 lbs cementitious 0.0 (enter 0 if none is used)

SLUMP:

  Design (enter as in)

AIR CONTENT:

  Design 6.0 (enter as %)

BATCH SIZE: 1.5 (enter as ft3)  
 

 



FIGURE 9 
 

GENERAL INFORMATION

PROJECT: 0

PROJECT TITLE: Spreadsheet Instructions

MIX TYPE: QMC

MIX NUMBER: 1    All materials meet applicable Iowa DOT specifications

DATE: 1/0/1900    All materials meet applicable ASTM specifications

MATERIALS Source Type/Class SPG Percent Percent Abs. Vol.

CEMENT: I/II Lafarge 3.14 0.085

FLY ASH: Port Neal #4 C 2.68 20.00 0.025

MINERAL ADMIXTURE: 0.00 0

WATER (w/c ratio): 0.4 1.00 0

AIR CONTENT: 6.0 0.060

FINE AGGREGATE: A77504 Johnston 2.65 40.00 0.332

COARSE AGGREGATE: A85006 Martin Marietta, Ames Mine 2.68 48.00 0.398

INTERMEDIATE AGGREGATE: A85006 Ames 2.68 12.00 0.1

AIR ENTRAINING AGENT: Darvair 1400 Total 1.000

RETARDER: Paste+Air 0.17

WATER REDUCER: WRDA 82 Agg 0.83

SUPER WATER REDUCER:

ACCELERATOR:

DESIGN SLUMP: 0.0

QUANTITIES (absolute volume method in SSD condition)

Volume Volume Weight Weight Weight

ft3 ft3 lbs lbs lbs

Batch Size Batch Size Batch Size Batch Size Lab Batch Size

1.0 yd3 1.0 ft3 1.0 ft3 1.0 yd3 1.50

CEMENT: 0.085 2.30 X 3.14 X 62.4 = 16.6 449 24.9

FLY ASH: 0.025 0.68 X 2.68 X 62.4 = 4.1 112 6.2

MINERAL ADMIXTURE: 0.000 0.00 0.00 0.0 0.0 0 0

WATER: 0.000 0.00 X 1.00 X 62.4 = 0.0 0 0.0

FINE AGGREGATE: 0.332 8.96 X 2.65 X 62.4 = 54.9 1482 82.3

COARSE AGGREGATE: 0.398 10.75 X 2.68 X 62.4 = 66.6 1797 99.8

INTERMEDIATE AGGREGATE: 0.100 2.70 X 2.68 X 62.4 = 16.7 452 25.1

AIR: 0.060 1.62 X 0.00 X 62.4 = 0.0 0 0.0

Summation 1.0000 27.00 159.0 4292 238.4

Paste Content 11.0

Mortar Content (abs vol) 50.2

Mortar Content (% pass) 45.3

CHEMICAL ADMIXTURES

Rate Rate Rate

ml ml ml

Rate Batch Size Batch Size Lab Batch Size

oz/100 lbs cementitious 1.0 ft3 1.0 yd3 1.5

AIR ENTRAINING AGENT: 4.0 20.77 X 0.04 X 29.57 = 24.6 663.3 36.8

RETARDER:

WATER REDUCER: 3.5 20.77 X 0.035 X 29.57 = 21.5 580.4 32.2

SUPER WATER REDUCER:

ACCELERATOR:  
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 1

Ch. 2 Cementitious Materials 
 
 
 
 
1 Which of the following statements are true regarding fly ash?  

a. Class F is pozzolanic 
b. Class C is both cementitious and pozzolanic 
c. Class F is predominantly available in Iowa 
d. All of the above 
e. A and B 

 
 
2 Which of the following statements are correct regarding supplementary 

cementitious materials? 
a. GGBFS is more variable because the molten limestone contains steel 
b. Fly ash is tightly controlled because it’s based on electricity production 
c. GGBFS is less variable than fly ash because of the tight controls in steel 

production 
d. GGBFS is cheaper than fly ash because it does not need further 

processing 
 
 
3 What are the potential benefits to using slag and fly ash in a mix design? 

a. Reduced permeability and increased strength 
b. Increased permeability and increased strength 
c. Reduced cost 
d. a and b 
e. a and c 

 
 

4 The w/c ratio has the biggest impact on what major concrete properties? 
a. Abrasion resistance and frost resistance 
b. Air void system 
c. Strength and permeability  
d. Sulfate resistance 

 
 
 
5 What effect does w/c ratio have on capillary pores? 

a. As the w/c ratio increases, the strength and permeability increase 
b. As the w/c ratio decreases, the strength and permeability decrease 
c. As w/c ratio increases, more water is available for hydration so strength is 

increased and permeability is decreased 
d. As w/c ratio increases, the cement grains become further apart increasing 

permeability and decreasing strength 
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Ch 3 Chemical Admixtures 
 
 
 

1. Which of the following statements are correct regarding chemical 
admixtures? 

a. All admixtures are designed to improve only one concrete property 
b.  An admixture may be used to enhance a poor mix design and 

improve placement 
c. Admixtures should be used to enhance the properties of a good mix 

design 
d. Admixtures are liquid and will likely increase the w/c ratio 

 
 

2. Which of the following describes the impact of bubble size and spacing on 
concrete freeze thaw protection? 

a. Many small bubbles spaced relatively close to each other provides 
the maximum freeze thaw protection 

b. A few large bubbles spaced as close as possible will provide 
adequate freeze thaw protection 

c. Freeze thaw protection is not a concern in Iowa because the 
concrete remains frozen for an extended time 

d. Since the capillaries contain all the water, the bubble size has little 
impact on freeze thaw protection 

 
 

3. Which of the following describe multiple effects of admixtures on concrete 
properties? 

a. Water reducers aid in air entrainment as well as reduce water for a 
given slump 

b. Retarders provide water reduction as well as retard the set 
c. Air entrainment improves workability and improves F/T resistance 
d. All of the above  
e. None of the above 

 
 

4. Water reducers can be used in which of the following manners to achieve 
various effects? 

a. Use same cement and reduce the water 
b. Reduce cement and water the same amount 
c. Cement and water remain the same 
d. All of the above 
e. None of the above 
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5. Which of the following statements are correct regarding retarders? 
a. Retarders reduce the ultimate strength because it delays the initial 

hydration 
b. Retarders coat the cement grains, increasing placement period, yet 

have relatively little impact on the ultimate strength 
c. Retarders greatly increase the ultimate strength because of the 

long slow hydration 
d. Retarders are used in cold weather to delay freezing of the 

concrete 
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Ch. 4 Aggregate  
 
 

1. Which of the following statements are correct concerning aggregate shape 
and cement content? 

a. Flat and elongated and rough textured aggregates require more 
paste to reduce particle interactions 

b. Smooth and rounded particles require more cement to keep the 
particles suspended in the mix 

c. Angular fine aggregate may require more cement versus a rounded 
sand 

d. a and b  
e. a and c 

 
 
 
 

2. What is the ideal aggregate shape and texture for workability in a concrete 
mix design? 

a. Smooth and rounded have lower surface to volume ratio 
b. Flat and elongated particles can stack better 
c. A cubical aggregate with a rough texture 
d. All of the above 

 
 
 
 
 

3.   What moisture condition should be used when developing a concrete 
mix? 

a. SSD is the condition the aggregate when it is in equilibrium 
b. Dry condition allows more water to be added 
c. Any moisture condition is okay 
d.  Wet condition allows better slump 

 
 

4. What graphical techniques can be used to check individual sieves for a 
combined aggregate gradation? 

a. Shilstone CW and 0.45 Power curve 
b. Shilstone CW and Percent Retained chart 
c. 0.45 Power curve and Percent Retained chart 
d. Shilstone CW, 0.45 Power curve, and Percent Retained chart 
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5. Calculate the FM for the following gradation: 
 
Sieve Size Percent retained Cumulative Percent 

Retained 
6” 0 0 

3” 0 0 

1.5” 0 0 

3/4" 0 0 

3/8” 10  

#4 12  

#8 17  

#16 16  

#30 23  

#50 10  

#100 7  

Pan 5 NA 

Sum   

Calculation   

FM   
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6.  Calculate the Combined percent passing and Combined percent retained 
given the following gradations and relative percentage of aggregates. 

 
 
Sieve, in. 

Coarse 
% Passing 

Intermediate 
% Passing 

Fine 
% Passing 

Combined  
% Passing 

Combined 
% Retained 

Relative percent  
0.45 0.14 0.41   

      
1 1/2 “ 100.0 100.0 100.0 100.0 0.0 
1” 99.0 100.0 100.0 99.6 0.5 
¾” 84.0 100.0 100.0 92.8 6.8 
½” 44.0 100.0 100.0 74.8 18.0 
3/8” 15.0 100.0 100.0   
No. 4 2.4 38.0 98.0   
No. 8 1.2 5.2 84.0   
No. 16 1.1 4.3 65.0   
No. 30 1.0 3.3 43.0 18.6 9.2 

No. 50 1.0 2.4 13.0 6.1 12.5 
No. 100 0.9 1.4 1.3 1.13 5.0 
No. 200 0.8 0.5 0.8 0.76 0.4 
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7. Calculate the coarseness and workability factors for the following gradations: 
 

 Passing Passing Passing Passing Retained 
Sieve Size Coarse Intermediate Fine (Combined Agg) (Combined Agg) 
1 1/2" 100 100 100 100.0 0.0 
1" 100 100 100 100.0 0.0 
3/4" 86 100 100 92.9 7.1 
1/2" 53 100 100 76.0 16.8 
3/8" 32 97 100 65.1 11.0 
#4 9 27 98 46.2 18.8 
#8 2.7 2.9 86 36.0 10.2 
#16 2.42 2.64 68 28.7 7.4 
#30 2.14 2.38 42 18.1 10.6 
#50 1.86 2.12 11 5.5 12.6 
#100 1.58 1.86 1 1.4 4.2 
#200 1.3 1.6 0.05 0.8 0.5 
Total     100 
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Ch. 5 Basic Mix Design Concepts 
 
 
 
1. What job parameters must be considered before designing a concrete mix?   

a. Maximum aggregate size, strength, air content 
b. Slump, workability, durability 
c. Dimensions of element, placement method, service environment, 

structural design 
d. w/c ratio, permeability, admixtures 

 
 
2. What 3 properties should a properly proportioned mix design possess? 

a. High strength, low permeability, entrained air  
b. Workability in fresh state, durability and strength in hardened state,  and 

economical 
c. Well graded, two inch top size aggregate, low slump 
d. Low w/c ratio, high slump, high permeability 

 
 
3. Why is standard deviation of producer important in mix design? 

a. A producer with a high standard deviation can use less cement 
b. A producer with a low standard deviation needs to use more cement  
c. A producer with a lower standard deviation has tighter quality control, 

requiring lower over design and perhaps lower cement content 
d. Standard deviation is not a requirement for mix design   

 
 
4. What typical unit of volume is used when selling or placing concrete?  

a. Tons 
b. Pounds 
c. Cubic foot 
d. Cubic yard 

 
 
 
5. Why is it preferable to design mixes using absolute volumes?  

a. Because it equals on cubic yard 
b. It is easy to determine the number of bags of cement in the mix 
c. Because there are 27 cubic feet in a cubic yard 
d. To achieve consistent yield by accounting for specific gravity differences 
e. None of the above 
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6.  ______ ft3 = 0.118 yd3 
       
 
 
 
 
 
 
7. 5.0 ft3 =   yd3 
 
 
 
 
 
 
 
 
8.   What is the weight of water (lbs/yd3), if the w/c ratio is 0.40 and the cement 

content is 448 lbs/yd3 and fly ash content is 112 lbs/yd3?  
 
 
 
 
 
9. What is the absolute volume(ft3) of cement if the SPG is 3.14 and there are   

625lbs/yd3?  
 
 
 
 
 
 
 
 
10. What is the W/C ratio given 500 lbs cement, 100lbs fly ash, 220 lbs of water 

at the plant, and 3 gallons added at the grade?  
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11. Which of the following would be considered a reasonable concrete mix 
design? 
a) A mix with 10% paste and 90% aggregate 
b) A mix with 30% paste and 70% aggregate 
c) A mix with 75% paste and 25% aggregate 
d) None of the above 

 
 
 
 
12. Given that a concrete mix is designed on the basis of 1 yd3 (27 ft3) provide the 

correct answer in each box so that ALL of the missing information in the 
following table is completed.   The w/c ratio is given as 0.45. 

 
 
Component Material Absolute Volume 

(yd3/yd3) 
Absolute Volume 
(ft3/yd3) 

Weight 
(lbs/yd3) 

Cement (SPG =3.14) d) e) c) 
Water 0.159 a) b) 
Fine Aggregate g) h) 1650 
Coarse Aggregate f) 9.45 1560 
Total 1.000 yd3 27.0 ft3 i) 
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13. Given that a concrete mix is designed on the basis of 1 yd3 (27 ft3) 

provide the correct answer in each box so that ALL of the missing 
information in the following table is completed. 

  
 
Component Material 

Absolute Volume 
(yd3/yd3) 

Absolute Volume 
(ft3/yd3) 

Weight 
 (lbs/yd3) 

Cement (SPG =3.14) 0.118 a) b) 
Water d) c) 220 
Fine Aggregate 0.335 e) 1550 
Coarse Aggregate f) g) 1625 
Total 1.000 yd^3 27.0 ft^3 h) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

14. Acme Ready Mix has a standard deviation of 640 psi when producing 
4000 psi compressive strength concrete. What should the target strength 
be for a structure to ensure they meet the minimum design compressive 
strength of 4000 psi? 
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Chapter 6 - Mix Design 
 
1. According to ACI, what is the maximum recommended w/c ratio for concrete 

exposed to freezing and thawing in a moist condition or exposed to deicing 
chemicals? 

 
 

 
 
2. Using the chart in ACI, estimate the approximate water content when using a 

1 inch nominal aggregate size and a 3 inch slump? 
 
 
 
3. Given 6% air content in a cubic yard of concrete. What is the volume of air, in 

cubic feet? 
 
 
 
 
 
4. What are the mix design requirements for an HPC-D mix design? 
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5. Example 6A -QMC Mix Design  
 
Given aggregate proportions of 51% Coarse, 9% Intermediate and 40% fine 
aggregate, determine the combined % passing, combined % retained. Calculate 
the coarseness & workability (CW) factors. Plot the %passing, %retained, and 
CW factors on the graphs. 
 
 

% % % % %
Passing Passing Passing Passing Retained

Sieve Size Coarse Intermediate Fine (Combined Agg) (Combined Agg)

1 1/2" 100.0 100.0 100.0 100.0 0.0

1" 93.0 100.0 100.0 96.4 3.6

3/4" 75.0 100.0 100.0 87.3 9.2

1/2" 38.0 100.0 100.0 68.4 18.9

3/8" 20.0 100.0 100.0 59.2 9.2

#4 4.0 40.0 99.0 45.2 14.0

#8 1.5 3.1 84.0 34.6 10.6

#16 1.4 2.5 59.0 24.5 10.1

#30 1.3 2.0 32.0 13.6 10.9

#50 1.1 1.4 10.0 4.7 8.9

#100 1.0 0.9 2.1 1.4 3.3

#200 0.9 0.3 0.6 0.7 0.7  
 
 
 
 
 
Based on relative aggregate proportions determined above, determine the dry 
batch weights for a QMC mix design, using Form 820150E.  Given the following: 
 
Cement: Lafarge IS(20)  Sp. G. = 3.10 
Fly Ash: Port Neal #4  (20%)  Sp. G. = 2.66 
Coarse Agg: Ft. Dodge A94002  Sp. G. = 2.65 
Interm. Agg: Ft. Dodge A94002  Sp. G. = 2.65 
Fine Agg: Buske Sand A94526 Sp. G. = 2.67 
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Rev 05/09 Form  E820150E 

Project No.: County : 

Mix No.: Abs Vol. Cement: Type:  

Cement (IM 401): lbs Source: Sp. Gr.: 

%
Fly Ash (IM 491.17): Source: Sp. Gr.: 

Slag (IM 491.14): Source: Sp. Gr.: 

Adjusted lbs. Cement:

              Total Cementitious Total % Replacement =

IM T203 Fine Aggregate Source: Sp. Gr.: 
IM T203 Interm. Aggregate Source: Sp. Gr.: 
IM T203 Coarse Agregate Source: Sp. Gr.: 

Basic w/c Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) =
Max w/c Max. Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) =

Absolute  Volumes Cement ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

Fly Ash ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

                Slag ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

Water ............................................. (lbs/cy) / ( 1.00 X 62.4 X 27 ) = 

Air ...................................................................................................................... 0.060

Subtotal = 
1.000 - Subtotal = 

Total = 1.000

%  FA  Agg.: Fine  Aggregate ( 1.000 - Subtotal ) X % In Mix = 
%  In.  Agg.: Interm.  Aggregate ( 1.000 - Subtotal ) X % In Mix = 
%  CA  Agg.: Coarse  Aggregate ( 1.000 - Subtotal ) X % In Mix = 

Aggregate  Total = 

Aggregate  Weights Fine Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 

Intermediate Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 

Coarse Aggregate  ( abs vol.) X Sp. Gr. X 62.4 X 27 = 

Summary Cement  (lbs/cy)
Fly Ash  (lbs/cy)

Slag  (lbs/cy)
Water  (lbs/cy)

Fine Agg.  (lbs/cy)
Interm. Agg.  (lbs/cy)
Coarse Agg.  (lbs/cy)

Distribution:  ___  Materials,  ___  DME,  ___  Proj. Engr.,  ___  Contractor

Iowa Department Of Transportation
Office Of Materials

PORTLAND CEMENT CONCRETE
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Example 6B -BR Mix Design  
 
Given aggregate proportions of 48% Coarse, 8% Intermediate and 44% fine 
aggregate, calculate the coarseness & workability factors and plot them on the 
graph. 
 
 

% % % % %
Passing Passing Passing Passing Retained

Sieve Size Coarse Intermediate Fine (Combined Agg) (Combined Agg)

1 1/2" 100.0 100.0 100.0 100.0 0.0

1" 97.1 100.0 100.0 98.6 1.4

3/4" 74.3 100.0 100.0 87.7 10.9

1/2" 47.7 100.0 100.0 74.9 12.8

3/8" 29.8 97.0 100.0 66.1 8.8

#4 4.4 38.0 97.6 48.1 18.0

#8 1.3 6.9 84.6 38.4 9.7

#16 1.3 5.8 66.2 30.2 8.2

#30 1.2 4.8 42.4 19.6 10.6

#50 1.2 3.7 9.9 5.2 14.4

#100 1.1 2.7 1.0 1.2 4.0

#200 1.1 1.6 0.5 0.9 0.3  
 
 
 
 
 
Based on relative aggregate proportions determined above, determine the dry 
batch weights for a BR mix design, using Form 820150E.  Given the following: 
 
Cement: Monarch I/II   Sp. G. = 3.14 
Fly Ash: Ottumwa  (20%)  Sp. G. = 2.75 
Coarse Agg: Ames Mine A85006  Sp. G. = 2.67 
Interm. Agg: EDM Vandalia A77528 Sp. G. = 2.69 
Fine Agg: EDM Vandalia A77528 Sp. G. = 2.65 
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Rev 05/09 Form  E820150E 

Project No.: County : 

Mix No.: Abs Vol. Cement: Type:  

Cement (IM 401): lbs Source: Sp. Gr.: 

%
Fly Ash (IM 491.17): Source: Sp. Gr.: 

Slag (IM 491.14): Source: Sp. Gr.: 

Adjusted lbs. Cement:

              Total Cementitious Total % Replacement =

IM T203 Fine Aggregate Source: Sp. Gr.: 
IM T203 Interm. Aggregate Source: Sp. Gr.: 
IM T203 Coarse Agregate Source: Sp. Gr.: 

Basic w/c Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) =
Max w/c Max. Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) =

Absolute  Volumes Cement ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

Fly Ash ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

                Slag ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

Water ............................................. (lbs/cy) / ( 1.00 X 62.4 X 27 ) = 

Air ...................................................................................................................... 0.060

Subtotal = 
1.000 - Subtotal = 

Total = 1.000

%  FA  Agg.: Fine  Aggregate ( 1.000 - Subtotal ) X % In Mix = 
%  In.  Agg.: Interm.  Aggregate ( 1.000 - Subtotal ) X % In Mix = 
%  CA  Agg.: Coarse  Aggregate ( 1.000 - Subtotal ) X % In Mix = 

Aggregate  Total = 

Aggregate  Weights Fine Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 

Intermediate Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 

Coarse Aggregate  ( abs vol.) X Sp. Gr. X 62.4 X 27 = 

Summary Cement  (lbs/cy)
Fly Ash  (lbs/cy)

Slag  (lbs/cy)
Water  (lbs/cy)

Fine Agg.  (lbs/cy)
Interm. Agg.  (lbs/cy)
Coarse Agg.  (lbs/cy)

Distribution:  ___  Materials,  ___  DME,  ___  Proj. Engr.,  ___  Contractor

Iowa Department Of Transportation
Office Of Materials

PORTLAND CEMENT CONCRETE
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Ch. 2 Cementitious Materials 
 
 
 
 
1 Which of the following statements are true regarding fly ash?  

a. Class F is pozzolanic 
b. Class C is both cementitious and pozzolanic 
c. Class F is predominantly available in Iowa 
d. All of the above 
e. A and B 

 
 
2 Which of the following statements are correct regarding supplementary 

cementitious materials? 
a. GGBFS is more variable because the molten limestone contains steel 
b. Fly ash is tightly controlled because it’s based on electricity production 
c. GGBFS is less variable than fly ash because of the tight controls in 

steel production 
d. GGBFS is cheaper than fly ash because it does not need further 

processing 
 
 
3 What are the potential benefits to using slag and fly ash in a mix design? 

a. Reduced permeability and increased strength 
b. Increased permeability and increased strength 
c. Reduced cost 
d. a and b 
e. a and c 

 
 

4 The w/c ratio has the biggest impact on what major concrete properties? 
a. Abrasion resistance and frost resistance 
b. Air void system 
c. Strength and permeability  
d. Sulfate resistance 

 
 
 
5 What effect does w/c ratio have on capillary pores? 

a. As the w/c ratio increases, the strength and permeability increase 
b. As the w/c ratio decreases, the strength and permeability decrease 
c. As w/c ratio increases, more water is available for hydration so strength is 

increased and permeability is decreased 
d. As w/c ratio increases, the cement grains become further apart 

increasing permeability and decreasing strength 
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Ch 3 Chemical Admixtures 
 
 
 

1. Which of the following statements are correct regarding chemical 
admixtures? 

a. All admixtures are designed to improve only one concrete property 
b.  An admixture may be used to enhance a poor mix design and 

improve placement 
c. Admixtures should be used to enhance the properties of a 

good mix design 
d. Admixtures are liquid and will likely increase the w/c ratio 

 
 

2. Which of the following describes the impact of bubble size and spacing on 
concrete freeze thaw protection? 

a. Many small bubbles spaced relatively close to each other 
provides the maximum freeze thaw protection 

b. A few large bubbles spaced as close as possible will provide 
adequate freeze thaw protection 

c. Freeze thaw protection is not a concern in Iowa because the 
concrete remains frozen for an extended time 

d. Since the capillaries contain all the water, the bubble size has little 
impact on freeze thaw protection 

 
 

3. Which of the following describe multiple effects of admixtures on concrete 
properties? 

a. Water reducers aid in air entrainment as well as reduce water for a 
given slump 

b. Retarders provide water reduction as well as retard the set 
c. Air entrainment improves workability and improves F/T resistance 
d. All of the above  
e. None of the above 

 
 

4. Water reducers can be used in which of the following manners to achieve 
various effects? 

a. Use same cement and reduce the water 
b. Reduce cement and water the same reduce cost 
c. Cement and water remain the same increase workability 
d. All of the above 
e. None of the above 
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5. Which of the following statements are correct regarding retarders? 
a. Retarders reduce the ultimate strength because it delays the initial 

hydration 
b. Retarders coat the cement grains, increasing placement 

period, yet have relatively little impact on the ultimate strength 
c. Retarders greatly increase the ultimate strength because of the 

long slow hydration 
d. Retarders are used in cold weather to delay freezing of the 

concrete 
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Ch. 4 Aggregate  
 
 

1. Which of the following statements are correct concerning aggregate shape 
and cement content? 

a. Flat and elongated and rough textured aggregates require more 
paste to reduce particle interactions 

b. Smooth and rounded particles require more cement to keep the 
particles suspended in the mix 

c. Angular fine aggregate may require more cement versus a rounded 
sand 

d. a and b  
e. a and c 

 
 
 
 

2. What is the ideal aggregate shape and texture for workability in a concrete 
mix design? 

a. Smooth and rounded have lower surface to volume ratio 
b. Flat and elongated particles can stack better 
c. A cubical aggregate with a rough texture 
d. All of the above 

 
 
 
 
 

3.   What moisture condition should be used when developing a concrete 
mix? 

a. SSD is the condition the aggregate when it is in equilibrium 
b. Dry condition allows more water to be added 
c. Any moisture condition is okay 
d.  Wet condition allows better slump 

 
 

4. What graphical techniques can be used to check individual sieves for a 
combined aggregate gradation? 

a. Shilstone CW and 0.45 Power curve 
b. Shilstone CW and Percent Retained chart 
c. 0.45 Power curve and Percent Retained chart 
d. Shilstone CW, 0.45 Power curve, and Percent Retained chart 
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5. Calculate the FM for the following gradation: 
 

Sieve Size Percent retained Cumulative Percent 
Retained 

6” 0 0 

3” 0 0 

1.5” 0 0 

3/4" 0 0 

3/8” 10 10 

#4 12 22 

#8 17 39 

#16 16 55 

#30 23 78 

#50 10 88 

#100 7 95 

Pan 5 NA 

Sum 100 387 

Calculation  387 / 100 

FM  3.87 
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6.  Calculate the Combined percent passing and Combined percent retained 
given the following gradations and relative percentage of aggregates. 

 

 

Sieve, in. 

Coarse 

% Passing 

Intermediate 

% Passing 

Fine 

% Passing 

Combined  

% Passing 

Combined 

% Retained 

Relative percent  
0.45 0.14 0.41   

      

1 1/2 “ 100.0 100.0 100.0 100.0 0.0 

1” 99.0 100.0 100.0 99.6 0.5 

¾” 84.0 100.0 100.0 92.8 6.8 

½” 44.0 100.0 100.0 74.8 18.0 

3/8” 15.0 100.0 100.0 61.8 13.0 

No. 4 2.4 38.0 98.0 46.6 15.2 

No. 8 1.2 5.2 84.0 35.7 10.9 

No. 16 1.1 4.3 65.0 27.8 7.9 

No. 30 1.0 3.3 43.0 18.6 9.2 

No. 50 1.0 2.4 13.0 6.1 12.5 

No. 100 0.9 1.4 1.3 1.13 5.0 

No. 200 0.8 0.5 0.8 0.76 0.4 

 
% Passing 
3/8” 0.45x15 + 0.14x100 + 0.41x100 = 61.8   
#4   0.45x2.4 + 0.14x38  + 0.41x98 = 46.6 
#8   0.45x1.2  + 0.14x5.2 + 0.41x84 = 35.7 
#16  0.45X1.1 + 0.14x4.3 + 0.41x65 = 27.8 
 
% Retained 
3/8” 74.8-61.8=13 
#4 61.8-46.6=15.2 
#8 46.6-35.7=10.9 
#16 35.7-27.8=7.9
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7. Calculate the coarseness and workability factors for the following gradations: 
 

 Passing Passing Passing Passing Retained 

Sieve Size Coarse Intermediate Fine (Combined Agg) (Combined Agg) 

1 1/2" 100 100 100 100.0 0.0 

1" 100 100 100 100.0 0.0 

3/4" 86 100 100 92.9 7.1 

1/2" 53 100 100 76.0 16.8 

3/8" 32 97 100 65.1 11.0 

#4 9 27 98 46.2 18.8 

#8 2.7 2.9 86 36.0 10.2 

#16 2.42 2.64 68 28.7 7.4 

#30 2.14 2.38 42 18.1 10.6 

#50 1.86 2.12 11 5.5 12.6 

#100 1.58 1.86 1 1.4 4.2 

#200 1.3 1.6 0.05 0.8 0.5 

Total     100 

 

 

 

WF = 36 
 
CF =   0+0 + 7.1 + 16.8 + 11          X 100  =  34.9  X 100  =  54.6 
         0+ 0 + 7.1 + 16.8 + 11 + 18.8 + 10.2               63.9 
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Ch. 5 Basic Mix Design Concepts 
 
 
 
1. What job parameters must be considered before designing a concrete mix?   

a. Maximum aggregate size, strength, air content 
b. Slump, workability, durability 
c. Dimensions of element, placement method, service environment, 

structural design 
d. w/c ratio, permeability, admixtures 

 
 
2. What 3 properties should a properly proportioned mix design possess? 

a. High strength, low permeability, entrained air  
b. Workability in fresh state, durability and strength in hardened state, 

and economical 
c. Well graded, two inch top size aggregate, low slump 
d. Low w/c ratio, high slump, high permeability 

 
 
3. Why is standard deviation of producer important in mix design? 

a. A producer with a high standard deviation can use less cement 
b. A producer with a low standard deviation needs to use more cement  
c. A producer with a lower standard deviation has tighter quality 

control, requiring lower over design and perhaps lower cement 
content 

d. Standard deviation is not a requirement for mix design   
 
 
4. What typical unit of volume is used when selling or placing concrete?  

a. Tons 
b. Pounds 
c. Cubic foot 
d. Cubic yard 

 
 
 
5. Why is it preferable to design mixes using absolute volumes?  

a. Because it equals on cubic yard 
b. It is easy to determine the number of bags of cement in the mix 
c. Because there are 27 cubic feet in a cubic yard 
d. To achieve consistent yield by accounting for specific gravity 

differences 
e. None of the above 
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6.  ______ ft3 = 0.118 yd3 
       
 
0.118 yd3 X (27 ft3 / 1 yd3) = 3.186 ft3 
 
 
 
 
7. 5.0 ft3 =   yd3 
 
5 ft3 ÷ 27 ft3  = 0.185 yd3 
 
 
 
 
 
8.   What is the weight of water (lbs/yd3), if the w/c ratio is 0.40 and the cement 

content is 448 lbs/yd3 and fly ash content is 112 lbs/yd3?  
 
wt. water (lbs/yd^3) = 0.40 X 560 = 224 lbs/yd^3 
 
 
 
9. What is the absolute volume(ft3) of cement if the SPG is 3.14 and there are   

625lbs/yd3?  
 
AV = Wt  / (SpG x UW(water)) = 625 lbs/yd3 / (3.14 x 62.4 lbs/ft3) = 3.19 ft3/yd3 
 
 
 
 
 
 
10. What is the W/C ratio given 500 lbs cement, 100lbs fly ash, 220 lbs of water 

at the plant, and 3 gallons added at the grade?  
 
w/c =  (220+ 3 gal X 8.33 lbs/gal )  / ( 500 + 100 )  =  245 / 600  = 0.408 
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11. Which of the following mixes will be considered a reasonable concrete mix 
design? 
a) A mix with 10% paste and 90% aggregate 
b) A mix with 30% paste and 70% aggregate 
c) A mix with 75% paste and 25% aggregate 
d) None of the above 

 
 
 
 
 
12. Given that a concrete mix is designed on the basis of 1 yd3 (27 ft3) provide the 

correct answer in each box so that ALL of the missing information in the 
following table is completed.   The w/c ratio is given as 0.45. 

 
 

Component Material Absolute Volume 
(yd3/yd3) 

Absolute Volume 
(ft3/yd3) 

Weight 
(lbs/yd3) 

Cement (SPG =3.14) d) e) c) 

Water 0.159 a) b) 

Fine Aggregate g) h) 1650 

Coarse Aggregate f) 9.45 1560 

Total 1.000 yd3 27.0 ft3 i) 

 
a) 0.159 yd3/yd3  x 27 ft3/yd3  =  4.29 ft3/yd3 
b) 0.159 yd3/yd3  x 27 ft3/yd3  x 62.4 lbs/ft3 x 1.00  =  268 lbs/yd3 
c) w/c = 0.45        0.45 = 268/c         c = 268 / 0.45 = 596 lbs/yd3 
d) 596 lbs/yd3 / (27 ft3/yd3  x 62.4 lbs/ft3 x 3.14)  = 0.113 yd3/yd3 
e) 0.113 yd3/yd3  x 27 ft3/yd3  =  3.05 ft3/yd3 
f) 9.45 ft3/yd3 / 27 ft3/yd3  =  0.350 yd3/yd3 
g) 1.000yd3/yd3 -0.113yd3/yd3 -0.159yd3/yd3-0.350yd3/yd3 = 0.378 

yd3/yd3 
h) 0.378 yd3/yd3  x 27 ft3/yd3  =  10.21 ft3/yd3 
i) 596 + 268 + 1650 + 1560 = 4074 lbs/yd3 

 
Check totals  
  0.113 + 0.159 + 0.350 + 0.378 = 1.000 yd3/yd3 

  4.29 + 3.05 + 10.21 + 9.45 = 27.0 ft3/yd3 
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13. Given that a concrete mix is designed on the basis of 1 yd3 (27 ft3) 

provide the correct answer in each box so that ALL of the missing 
information in the following table is completed. 

  

 
Component Material 

Absolute Volume 
(yd3/yd3) 

Absolute Volume 
(ft3/yd3) 

Weight 
 (lbs/yd3) 

Cement (SPG =3.14) 0.118 a) b) 

Water d) c) 220 

Fine Aggregate 0.335 e) 1550 

Coarse Aggregate f) g) 1625 

Total 1.000 yd^3 27.0 ft^3 h) 

 
 

 
a) 0.118 yd3/yd3  x 27 ft3/yd3  =  3.19 ft3/yd3 
b) 0.118 yd3/yd3  x 27 ft3/yd3  x 62.4 lbs/ft3 x 3.14  =  624 lbs/yd3 
c) 220 lbs/yd3 / (62.4 lbs/ft3 x 1.00)  = 3.53 ft3/yd3  
d) 3.53 ft3/yd3 / 27 ft3/yd3  =  0.131 yd3/yd3 
e) 0.335 yd3/yd3  x 27 ft3/yd3  =  9.05 ft3/yd3 
f) 1.000 yd3/yd3 - 0.118yd3/yd3 - 0.131yd3/yd3  - 0.335 yd3/yd3  =  0.416 

yd3/yd3 
g) 0.416 yd3/yd3  x 27 ft3/yd3   =  11.23 ft3/yd3 
h) 624 lbs/yd3 + 220 lbs/yd3 + 1550 lbs/yd3 + 1625 lbs/yd3 = 4019 lbs/yd3 

 

Check totals  
  0.118 + 0.131 + 0.335 + 0.416 = 1.000 yd3/yd3 

  3.19 + 3.53 + 9.05 + 11.23 = 27.0 ft3/yd3 
 
 
 
 
 
 

14. Acme Ready Mix has a standard deviation of 640 psi when producing 
4000 psi compressive strength concrete. What should the target strength 
be for a structure to ensure they meet the minimum design compressive 
strength of 4000 psi? 

 
 

f'cr = 4000 + (2.33 X 640 – 500) = 4991 psi 

f'cr = 4000 + 1.34 X 640 = 4858 psi 

Select the largest value 4991 and round to the next highest 10 psi 
Target =5000 psi 
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Chapter 6 - Mix Design 
 
1. According to ACI, what is the maximum recommended w/c ratio for concrete 

exposed to freezing and thawing in a moist condition or exposed to deicing 
chemicals? 
0.45 from table 4.2.2 or mix datasheet 

 
 

 
2. Using the chart in ACI, estimate the approximate water content when using a 

1 inch nominal aggregate size and a 3 inch slump? 
~320 lbs of water from chart 

 
 
3. Given 6% air content in a cubic yard of concrete. What is the volume of air, in 

cubic feet? 
 

0.06 yd3/yd3  27 ft3/yd3  = 1.62 ft3   
 
 
 
 
4. What are the mix design requirements for an HPC-D mix design? 
 Basic w/c ratio = 0.40, Maximum w/c ratio = 0.42. 
 A mid-range water reducer shall be used  
 Type IP or IS cement. 
 Type I/II cement with a minimum of 25% replacement with GGBFS. 

Use fly ash with maximum fly ash replacement not to exceed 20% 
Maximum total replacement of 50% by weight (mass) of the cement. 

 Maximum w/c ratio of 0.45 for substructure & 0.42 for deck  
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QMC Mix Design Example 6A  Answer Key 
 

0.51 0.09 0.40

% % % % %

Passing Passing Passing Passing Retained

Sieve Size Coarse Intermediate Fine (Combined Agg) (Combined Agg)

1 1/2" 100.0 100.0 100.0 100.0 0.0

1" 93.0 100.0 100.0 96.4 3.6

3/4" 75.0 100.0 100.0 87.3 9.2

1/2" 38.0 100.0 100.0 68.4 18.9

3/8" 20.0 100.0 100.0 59.2 9.2

#4 4.0 40.0 99.0 45.2 14.0

#8 1.5 3.1 84.0 34.6 10.6

#16 1.4 2.5 59.0 24.5 10.1

#30 1.3 2.0 32.0 13.6 10.9

#50 1.1 1.4 10.0 4.7 8.9

#100 1.0 0.9 2.1 1.4 3.3

#200 0.9 0.3 0.6 0.7 0.7  
 

 

 

WF  =  34.6 
 
CF =  0 + 3.6 + 9.2 + 18.9 + 9.2                       x 100   =   40.9 x 100   =62.4 
 0 + 3.6 + 9.2 + 18.9 + 9.2 + 14 + 10.6   65.5 
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Rev 05/09 Form  E820150E 

Project No.: Exercise 6A County : Any

Mix No.: QMC Abs Vol. Cement: 0.106 Type:  IS(20)

Cement (IM 401): 553 lbs Source: Lafarge IS(20) Sp. Gr.: 3.10

%

Fly Ash (IM 491.17): 20 111 Source: Port Neal #4 Sp. Gr.: 2.66

Slag (IM 491.14): 0 Source: Sp. Gr.: 

Adjusted lbs. Cement: 442

              Total Cementitious 553 Total % Replacement = 36

IM T203 Fine Aggregate Source: Sp. Gr.: 2.67

IM T203 Interm. Aggregate Source: Sp. Gr.: 2.65

IM T203 Coarse Agregate Source: Sp. Gr.: 2.65

Basic w/c 0.400 Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) = 221

Max w/c 0.450 Max. Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) = 249

Absolute  Volumes Cement ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  = 0.085

Fly Ash ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  = 0.025

                Slag ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

Water ............................................. (lbs/cy) / ( 1.00 X 62.4 X 27 ) = 0.131

Air ...................................................................................................................... 0.060

Subtotal = 0.301

1.000 - Subtotal = 0.699

Total = 1.000

%  FA  Agg.: 40 Fine  Aggregate ( 1.000 - Subtotal ) X % In Mix = 0.280

%  In.  Agg.: 9 Interm.  Aggregate ( 1.000 - Subtotal ) X % In Mix = 0.063

%  CA  Agg.: 51 Coarse  Aggregate ( 1.000 - Subtotal ) X % In Mix = 0.356

Aggregate  Total = 0.699

Aggregate  Weights Fine Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 1260

Intermediate Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 281

Coarse Aggregate  ( abs vol.) X Sp. Gr. X 62.4 X 27 = 1589

Summary Cement 442  (lbs/cy)

Fly Ash 111  (lbs/cy)

Slag 0  (lbs/cy)

Water 221  (lbs/cy)

Fine Agg. 1260  (lbs/cy)

Interm. Agg. 281  (lbs/cy)

Coarse Agg. 1589  (lbs/cy)

Distribution:  ___  Materials,  ___  DME,  ___  Proj. Engr.,  ___  Contractor

Ft Dodge

Buske Sand

Ft Dodge

Iowa Department Of Transportation

Office Of Materials

PORTLAND CEMENT CONCRETE
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Example 6B -BR Mix Design  
 

Given aggregate proportions of 48% Coarse, 8% Intermediate and 44% fine 
aggregate, calculate the coarseness & workability factors and plot them on the 
graph. 
 

 
% % % % %

Passing Passing Passing Passing Retained

Sieve Size Coarse Intermediate Fine (Combined Agg) (Combined Agg)

1 1/2" 100.0 100.0 100.0 100.0 0.0

1" 97.1 100.0 100.0 98.6 1.4

3/4" 74.3 100.0 100.0 87.7 10.9

1/2" 47.7 100.0 100.0 74.9 12.8

3/8" 29.8 97.0 100.0 66.1 8.8

#4 4.4 38.0 97.6 48.1 18.0

#8 1.3 6.9 84.6 38.4 9.7

#16 1.3 5.8 66.2 30.2 8.2

#30 1.2 4.8 42.4 19.6 10.6

#50 1.2 3.7 9.9 5.2 14.4

#100 1.1 2.7 1.0 1.2 4.0

#200 1.1 1.6 0.5 0.9 0.3  
 

CF=  0+1.4+10.9+12.8+8.8                   X 100=   33.9 X 100 =  55.0 

 0+1.4+10.9+12.8+8.8+18.0+9.7  61.6   

 

WF = 38.4 

 

Based on relative aggregate proportions determined above, determine the dry 
batch weights for a BR mix design, using Form 820150E.  Given the following: 
 
Cement: Monarch I/II   Sp. G. = 3.14 
Fly Ash: Ottumwa  (20%)  Sp. G. = 2.75 
Coarse Agg: Ames Mine A85006  Sp. G. = 2.67 
Interm. Agg: EDM Vandalia A77528 Sp. G. = 2.65 
Fine Agg: EDM Vandalia A77528 Sp. G. = 2.69 
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Rev 05/09 Form  E820150E 

Project No.: Barrier Rail County : Any

Mix No.: BR-C20 Abs Vol. Cement: 0.114 Type:  I/II

Cement (IM 401): 603 lbs Source: Monarch I/II Sp. Gr.: 3.14

%

Fly Ash (IM 491.17): 20 121 Source: Ottumwa Sp. Gr.: 2.75

Slag (IM 491.14): 0 Source: Sp. Gr.: 

Adjusted lbs. Cement: 482

              Total Cementitious 603 Total % Replacement = 20

IM T203 Fine Aggregate Source: Sp. Gr.: 2.65

IM T203 Interm. Aggregate Source: Sp. Gr.: 2.69

IM T203 Coarse Agregate Source: Sp. Gr.: 2.67

Basic w/c 0.400 Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) = 241

Max w/c 0.450 Max. Water  (lbs/cy) = Design w/c ( wt. cement + wt Fly Ash +Slag) = 271

Absolute  Volumes Cement ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  = 0.091

Fly Ash ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  = 0.026

                Slag ............................................. (lbs/cy) / ( Sp. Gr. X 62.4 X 27)                  =

Water ............................................. (lbs/cy) / ( 1.00 X 62.4 X 27 ) = 0.143

Air ...................................................................................................................... 0.060

Subtotal = 0.320

1.000 - Subtotal = 0.680

Total = 1.000

%  FA  Agg.: 44 Fine  Aggregate ( 1.000 - Subtotal ) X % In Mix = 0.300

%  In.  Agg.: 8 Interm.  Aggregate ( 1.000 - Subtotal ) X % In Mix = 0.054

%  CA  Agg.: 48 Coarse  Aggregate ( 1.000 - Subtotal ) X % In Mix = 0.326

Aggregate  Total = 0.680

Aggregate  Weights Fine Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 1339

Intermediate Aggregate   ( abs vol.) X Sp. Gr. X 62.4 X 27 = 245

Coarse Aggregate  ( abs vol.) X Sp. Gr. X 62.4 X 27 = 1466

Summary Cement 482  (lbs/cy)

Fly Ash 121  (lbs/cy)

Slag 0  (lbs/cy)

Water 241  (lbs/cy)

Fine Agg. 1339  (lbs/cy)

Interm. Agg. 245  (lbs/cy)

Coarse Agg. 1466  (lbs/cy)

Distribution:  ___  DME,  ___  Proj. Engr.,  ___  Contractor

A85006

A77522

A77522

Iowa Department Of Transportation

Office Of Materials

PORTLAND CEMENT CONCRETE
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Office of Construction & Materials 

PORTLAND CEMENT (PC) CONCRETE PROPORTIONS 
 
GENERAL
 
Materials for pavement concrete and structural concrete shall be mixed in any one of the 
following proportions for the class of concrete specified. Each mixture will have specific 
requirements for the coarse and fine aggregates and the type of cement. Concrete mix 
proportions include the unit volumes of all materials. 
 
Mix numbers designate numerous aspects of the particular mix. The following is an explanation 
of the various aspects of the mix number: 
 

• The first letter designates the class of concrete as designated in the contract documents. 
 

• In certain mix designations, the letter V or L appears after the first hyphen. This indicates 
either Class V or Class L aggregate is to be used. If no letter is shown, aggregate other than 
Class V or Class L shall be used. 

 

• The number indicates the relationship of coarse aggregate to fine aggregate. A mix with a 4 
is a 50/50 mix. The following chart shows the number within the mix number and the 
proportions of the aggregates for each number: 

 

2 is composed of 40% fine and 60% coarse 
3 is composed of 45% fine and 55% coarse 
4 is composed of 50% fine and 50% coarse 
5 is composed of 55% fine and 45% coarse 
6 is composed of 60% fine and 40% coarse 
7 is composed of 65% fine and 35% coarse 
8 is composed of 70% fine and 30% coarse 
57 is composed of 50% fine and 50% coarse 
57-6 is composed of 60% fine and 40% coarse 

 

• The letters WR indicate water reducer is used in this mixture. 
 

• When a C or an F is shown toward the end of the mix number, fly ash is a part of the mixture 
and C-fly ash or an F-fly ash, respectively, is used. The percentage of fly ash being used in 
the mixture shall be designated at the end of the mix number. 

 

• When used as a mineral admixture, Ground Granulated Blast Furnace Slag (GGBFS) shall 
be designated through the letter “S,” followed by the percent substitution, and shown at the 
end of the mix number. This would be in the same convention used for fly ash substitution. 
When GGBFS is a portion of a blended cement, the cement type will be designated as IS, 
but special notation will not be made in the mix number. 

 

• The following example illustrates a mix number showing a Class C concrete mixture, 50/50 
aggregate proportions, using Class L aggregate, water reducer, and 35% GGBFS 
substitution. 

 

 Example: C - L 4 W R – S35 
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The following example illustrates a mix number showing a Class C concrete mixture, 50/50 
aggregate proportions, using water reducer and a Class C fly ash substitution at a rate of 10%. 
 
 Example: C – 4 W R – C10 
 
The following example illustrates a mix number showing a Class C concrete mixture, 50/50 
aggregate proportions, using a water reducer, Class C fly ash substitution at 20%, and GGBFS 
substitution at 20%. 
 Example: C – 4 W R –C20-S20 
 
The Class D mixtures and the Class V mixtures vary somewhat from the above pattern, but 
follow the general format. 
 
MIX REQUIREMENTS 
 
General requirements for the mixes are: 
 
1. Fly Ash and GGBFS used in concrete mixtures shall meet the requirements of Section 4108. 

Fly Ashes for use in concrete mixtures shall be included on the list of approved sources 
(Materials IM 491.17). GGBFS for use in concrete mixtures shall be included on the list of 
approved sources (Materials IM 491.14). 

 
2. A water-reducing admixture shall be used in concrete mixtures with the designation as 

follows: Those mixtures have mixture numbers which have the letters "WR" following a 
single digit number, all following the first hyphen in the mixture number. These mixtures 
have reduced cementitious contents to produce concrete of approximately equal strength 
compared with other mixtures in a particular class of concrete. A water-reducing admixture 
may be added to other concrete mixtures, without cement reduction, to aid in workability and 
air entrainment. Other admixture combinations may be approved based on manufactures 
recommendations. 

 
 The water-reducing admixture shall meet the requirements of Section 4103 and shall be 

included on the list of Approved Sources of Water Reducing Admixtures (Materials IM 403, 
Appendix C). The dosage shall be as described in IM 403. 

 
3. The total quantity of water in the concrete, including water in the aggregate, shall not exceed 

the maximum water to cement and fly ash ratio. 
 
4. Type I, Type II, Type III, Type IP, and Type IS Cement shall be used as provided for in the 

specifications. All cement shall be from an approved source as per IM 401. The cement type 
shall be documented on all reports pertaining to a project. 

 
5. The fine aggregates other than Class V (Section 4117) and Class L (Section 4111) shall 

meet the requirements of Section 4110 of the current specifications. The coarse aggregates 
for mixtures using aggregates, other than Class V aggregates, shall meet the requirements 
of Articles 4115.01 through 4115.04 of the current specifications.  The coarse aggregates for 
Class O or Class HPC-O concrete mixtures shall meet the requirements of 4115.05 of the 
current specifications, for overlays (Article 2413). Intermediate aggregates used for QMC, 
BR, or HPC-D mixes shall meet 4112.   
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6. When approved by the Engineer, combined fine and coarse aggregate may be used in 
combination with screened coarse aggregate to produce proportions specified for Class D 
and Class X concrete mixtures according to the percentage of particles passing the No. 4 
sieve in the combined aggregate at the time the material is used. 

 
7. With Engineer approval, proportions designated for mixtures A-V, B-V or C-V with and 

without fly ash may be substituted for Class X concrete.  
 
8. With Engineer approval, Class M concrete may be substituted for Class A, Class B or Class 

C concrete.  
 
9. Certain structural placements with congested steel and narrow forms may require higher 

slump to place the concrete. The Engineer may approve the use of a high range water 
reducer with standard mixes. When a high range water reducer is used, the allowable slump 
may be increased to a target range of 1 to 7 inches, with a maximum of 8 inches. If highly 
flowable concrete is needed for the placement, the Engineer may approve the use self-
consolidating concrete (SCC) in accordance with Appendix A. 

 
A-MIX 
 
A-Mixes are specified primarily as paving mixes. They have a lower cement content and lower 
ultimate strength when compared to a Class C-Mix. A-Mix may be used on lower traffic 
roadways or detour pavement. 
 
B-MIX 
 
B-Mixes are specified primarily on sidewalks and trails. They have the least amount of cement 
of any paving mix. The strength is also lower than for other paving mixes. 
 
C-MIX 
 
C-Mixes are specified for use in both paving and structures. It is the normal paving mix used in 
primary paving. Typical structural uses would include box culverts, bridge piers, bridge 
abutments, and most bridge decks. When Class C is specified, any mix beginning with the letter 
C may be utilized. 
 
D-MIX 
 
D-Mixes are specified for use primarily in structures. A typical use includes drilled shafts. 
 
M-MIX 
 
M-Mixes are designed for high early strength, suitable for many applications for which they are 
allowed.  Calcium chloride should only be used when needed, for patching and other 
placements without steel reinforcement.  Do not include water in calcium chloride solution when 
calculating water cement ratio. 
 
O-MIX 
 
O-Mixes are specified for low slump concrete, primarily for use in bridge deck overlays. The 
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water-cement ratio is intended to be controlled by the slump specified elsewhere for concrete 
where these mixtures are used. A water-reducing agent is required for this mix, as described in 
IM 403. O-Mixes require coarse aggregate specifically intended for repair and overlay. See 
Article 4115.05.  HPC-O is also used in bridge deck overlays.  The HPC-O mix requires the use 
of blended cements, slag, and fly ash.  The maximum water-cement ratio is 0.42 (basic of 0.40). 
 
X-MIX 
 
X-Mixes are specified to be used as seal course concrete, primarily in cofferdams. No air 
entraining is required. No maximum water-cementitious ratio is specified. See Article 2405.05 
for limits on water usage. 
 
QMC 
 
Contractor-designed aggregate proportioning mixes for paving. Minimum absolute volume of 
cement is 0.106. Basic water-cement ratio is 0.40. Maximum water-cement ratio is 0.42 0.45. 
 
BR 
 
BR mixes are used in slip form barrier rail in accordance with Section 2513. Determine 
aggregate proportions based on production gradations. Unless major changes occur to 
aggregate gradations, utilize aggregate proportions determined and assess gradation of 
individual aggregates during concrete production. The minimum absolute volume of cement is 
0.114. Maximum water-cement ratio is 0.45. 
 
HPC 
 
HPC mixes are used in bridge substructures and decks to achieve low permeability and higher 
compressive strength.  HPC mixes require the use of blended cements, slag, and fly ash. 
Maximum water-cement ratio is 0.42 (basic of 0.40) for decks and 0.45 (basic of 0.42) for 
substructures.  Aggregate proportioning is required for HPC-D mixes with an absolute volume of 
cement of 0.118. 
 
CLASS V 
 
Class V is an aggregate classification, specified in Section 4117. The fine limestone aggregates 
in concrete mixes using Class V aggregate with/without fly ash shall meet the requirements of 
Article 4117.03 of the current specifications. Allowable cements and substitutions shall meet the 
requirements of Article 4117.05. This material may be used in various concrete mixes, including 
HPC mixes. The mixes utilizing this material will be designated with a Roman numeral V, in the 
Mix Number.   
 
CLASS L 
 
Class L is an aggregate classification, specified in Section 4111. This material may be used in 
various concrete mixes, so designated. The mixes utilizing this material will be designated with 
a Roman Numeral L, in the Mix Number. 
 
SUDAS CONCRETE MIXTURES 
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Class C-SUD and CV-SUD mixes are utilized on SUDAS projects where higher durability is 
desired to reduce joint deterioration due to deicing chemicals. These mixes are designed with a 
lower water to cement ratio to reduce permeability. To maintain the lower water to cement ratio 
a low or mid-range water reducer may be needed. To further enhance durability, the use of 
blended cements (Type IP or IS) should be utilized along with fly ash substitution. When three 
aggregates are desired for certain placements, use the C-SUD mix design with aggregates 
proportioned to meet Zone II in accordance with IM 532. Otherwise, use the aggregate 
proportions listed at 55% coarse aggregate and 45% fine aggregate.  
 
Note:  These mix designs should be used as an improvement to the overall pavement system. 
Other aspects, such as a drainable base, etc. must also be utilized to ensure durability.    
 
FLY ASH & GGBFS SUBSTITUTION 
 
At Contractor option, fly ash or GGBFS may be substituted for a portion of the cement in 
concrete mixes, within the limitations set forth in the appropriate Article for each type of 
placement. IM 527 gives instructions on how to determine the proper batch proportions in a mix. 
When fly ash or GGBFS is substituted for the cement, the replacement shall be on a pound-for-
pound basis. Tables 1, 2, and 3 define concrete mixes with no substitution. These mixes shall 
be used as the basis for determining the final batch proportions and shall be adjusted 
accordingly. The change in volume resulting from the substitution shall be determined and an 
adjustment in both coarse and fine aggregate proportions shall be determined in order to ensure 
a unit volume. The change in aggregate proportions shall be in the same ratio as that of the 
specific mix. In those cases where the cement content is increased, relative to the standard 
design mix, the mix proportions shall be adjusted and a change in the aggregate content shall 
be determined, as described above. 
 
When both fly ash and GGBFS are substituted for the cement in ready-mixed concrete, the 
replacement shall be on a pound-for-pound basis and shall be substituted as shown in the 
following example. 
 
Example:  C-3WR-C20-S20 
 
Absolute Volume Cement = 0.108 
 
Cement = 0.108 X 62.4 X 27 X 3.14 = 571 lbs per cubic yard 
 
Fly ash substitution 20% = 571 X 0.20 = 114 lbs per cubic yard 
 
Slag substitution 20% = 571 X 0.20 = 114 lbs per cubic yard 
 
Type IP and Type IS cements shall be considered cement with regard to substitution of fly ash. 
Refer to appropriate Article for limitations.  A Type IS(25) cement with a 20% fly ash 
replacement is equivalent to a 40% weight replacement of Portland cement.   
 
Example:  C-3WR-C20 using Type IS(20) cement 
 
Absolute Volume Cement = 0.108 
 
Cement = 0.108 X 62.4 X 27 X 3.10 = 564 lbs per cubic yard 
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Fly ash substitution 20% = 564 X 0.20 = 113 lbs per cubic yard 
 
Weight of cement = 564 – 113 = 451 lbs per cubic yard 
 
Type IS(20) cement contains Portland cement and slag 
 
451 x 0.80 = 361 lbs Portland cement  
451 X 0.20 =  90 lbs slag 
 
Total replacement of Portland cement 
((113 + 90) / 564 ) X100 = 36% 
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Proportion Table 1 
Concrete Mixes 

Using Article 4110 and 4115 Aggregates 
Basic Absolute Volumes of Materials Per Unit Volume of Concrete 

A MIXES  Basic w/c = 0.474 Max w/c = 0.532 

Mix No. Cement  Water Air Fine  Coarse 

A-2 0.101 0.150 0.060 0.276 0.413 

A-3 0.104 0.155 0.060 0.306 0.375 

A-4 0.108 0.161 0.060 0.335 0.336 

A-5 0.111 0.165 0.060 0.365 0.299 

A-6 0.115 0.171 0.060 0.392 0.262 

B MIXES  Basic w/c = 0.536 Max w/c = 0.600 

Mix No. Cement  Water Air Fine  Coarse 

B-2 0.088 0.148 0.060 0.282 0.422 

B-3 0.091 0.153 0.060 0.313 0.383 

B-4 0.093 0.157 0.060 0.345 0.345 

B-5 0.096 0.162 0.060 0.375 0.307 

B-6 0.099 0.167 0.060 0.404 0.270 

B-7 0.102 0.172 0.060 0.433 0.233 

B-8 0.105 0.177 0.060 0.461 0.197 

BR MIXES  Basic w/c = 0.400 Max w/c = 0.450 

Mix No. Cement  Water Air Fine  Coarse 

BR 0.114 0.143 0.060 * * 

C MIXES  Basic w/c = 0.430 Max w/c = 0.488 

Mix No. Cement  Water Air Fine  Coarse 

C-2 0.110 0.149 0.060 0.272 0.409 

C-3 0.114 0.154 0.060 0.302 0.370 

C-4 0.118 0.159 0.060 0.331 0.332 

C-5 0.123 0.166 0.060 0.358 0.293 

C-6 0.128 0.173 0.060 0.383 0.256 

C-WR MIXES  Basic w/c = 0.430 Max w/c = 0.489 

Mix No. Cement  Water Air Fine  Coarse 

C-3WR 0.108 0.146 0.060 0.309 0.377 

C-4WR 0.112 0.151 0.060 0.338 0.339 

C-5WR 0.117 0.158 0.060 0.366 0.299 

C-6WR 0.121 0.163 0.060 0.394 0.262 

D MIXES  Basic w/c = 0.423 Max w/c = 0.450 

Mix No. Cement  Water Air Fine  Coarse 

D-57 0.134 0.178 0.060 0.314 0.314 

D-57-6 0.134 0.178 0.060 0.377 0.251 

M MIXES  Basic w/c = 0.328 Max w/c = 0.400 

Mix No. Cement  Water Air Fine  Coarse 

M-3 0.149 0.153 0.060 0.287 0.351 

M-4 0.156 0.161 0.060 0.311 0.312 

M-5 0.160 0.165 0.060 0.338 0.277 

O MIXES  Basic w/c = 0.327 Max w/c = ------ 

Mix No. Cement  Water Air Fine  Coarse 

O-4WR 0.156 0.160 0.060 0.312 0.312 

HPC-O MIXES Basic w/c = 0.390 Max w/c =0.420 

Mix No. Cement  Water Air Fine  Coarse 

HPC-O 0.134 0.164 0.060 0.321 0.321 

HPC-S MIXES  Basic w/c = 0.420 Max w/c =0.450 

Mix No. Cement  Water Air Fine  Coarse 

HPC-S 0.118 0.156 0.060 0.333 0.333 
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HPC-D MIXES  Basic w/c = 0.400 Max w/c =0.420 

Mix No. Cement  Water Air Fine  Coarse 

HPC-D 0.118 0.148 0.060 * * 

QMC MIXES Basic w/c = 0.400 Max w/c =0.420 

Mix No. Cement  Water Air Fine  Coarse 

HPC-D 0.106 0.133 0.060 * * 

X MIXES  Basic w/c = 0.423 Max w/c = ------ 

Mix No. Cement  Water Air Fine  Coarse 

X-2 0.124 0.165 0.000 0.284 0.427 

X-3 0.129 0.171 0.000 0.315 0.385 

X-4 0.134 0.178 0.000 0.344 0.344 
 

Above mixtures are based on Type I or Type II cements (Sp. G. = 3.14). Mixes using blended cements 
(Type IP or IS) must be adjusted for cement gravities listed in IM 401. 
*These mixes require optimized aggregate proportioning in accordance with the specifications. 

 
 
 
 

Proportion Table 2 
Concrete Mixes 

Using Class V Aggregates Combined with Limestone 
Basic Absolute Volumes of Materials Per Unit Volume of Concrete 

V47B MIXES 

Mix No. Cement  Water Air Class V. 
Coarse 
Limestone 

Basic w/c 
Max. 
w/c 

A-V47B 0.107 0.148 0.060 0.479 0.206 0.440 0.560 

B-V47B 0.098 0.160 0.060 0.477 0.205 0.520 0.597 

C-V47BF1 0.113 0.145 0.060 0.477 0.205 0.430 0.488 

M-V47B2 0.155 0.170 0.060 0.338 0.277 0.350 0.400 

V MIXES 

Mix No. Cement  Water Air Class V. 
Fine 
Limestone 

Basic w/c 
Max. 
w/c 

A-V 0.135 0.188 0.060 0.586 0.031 0.444 0.467 

B-V 0.135 0.188 0.060 0.586 0.031 0.444 0.467 

C-V 0.135 0.188 0.060 0.586 0.031 0.444 0.467 

M-V 0.160 0.196 0.060 0.555 0.029 0.390 0.420 

CV-HPC MIXES 

Mix No. Cement  Water Air Class V. 
Coarse 
Limestone 

Basic w/c 
Max. 
w/c 

CV-HPC-D1 0.123 0.147 0.060 0.368 0.302 0.400 0.420 

CV-HPC-S1 0.123 0.155 0.060 0.364 0.298 0.420 0.450 
 

Above mixtures are based on Type I or Type II cements (Sp. G. = 3.14). Mixes using blended cements 
(Type IP or IS) must be adjusted for cement gravities listed in IM 401. 
 
¹Absolute volumes based on Type IP cement used. 
2M-V47B mix shall use Type I/II cements for patching projects. 
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Proportion Table 3 

Concrete Mixes 
Using Class L Aggregates 

Basic Absolute Volumes of Materials Per Unit Volume of Concrete 

A-L MIXES  Basic w/c = 0.474 Max w/c = 0.532 

Mix No. Cement  Water Air Fine  Coarse 

A-L-2 0.107 0.159 0.060 0.270 0.404 

A-L-3 0.111 0.165 0.060 0.299 0.365 

A-L-4 0.115 0.171 0.060 0.327 0.327 

A-L-5 0.118 0.176 0.060 0.355 0.291 

B-L MIXES  Basic w/c = 0.536 Max w/c = 0.600 

Mix No. Cement  Water Air Fine  Coarse 

B-L-2 0.094 0.158 0.060 0.275 0.413 

B-L-3 0.097 0.163 0.060 0.306 0.374 

B-L-4 0.099 0.167 0.060 0.337 0.337 

B-L-5 0.102 0.172 0.060 0.366 0.300 

C-L MIXES  Basic w/c = 0.430 Max w/c = 0.488 

Mix No. Cement  Water Air Fine  Coarse 

C-L-2 0.117 0.158 0.060 0.266 0.399 

C-L-3 0.121 0.163 0.060 0.295 0.361 

C-L-4 0.125 0.169 0.060 0.323 0.323 

C-L-5 0.131 0.177 0.060 0.348 0.284 

C-LWR  MIXES  Basic w/c = 0.430 Max w/c = 0.489 

Mix No. Cement  Water Air Fine  Coarse 

C-L3WR 0.115 0.155 0.000 0.301 0.369 

C-L4WR 0.119 0.161 0.000 0.330 0.330 

C-L5WR 0.124 0.167 0.000 0.357 0.292 
 

Above mixtures are based on Type I or Type II cements (Sp. G. = 3.14). Mixes using blended cements 
(Type IP or IS) must be adjusted for cement gravities listed in IM 401. 

 
Proportion Table 4 

SUDAS Concrete Mixes 
Using Article 4110 and 4115 Aggregates 

Basic Absolute Volumes of Materials Per Unit Volume of Concrete 

C-SUD MIXES  Basic w/c = 0.400 Max w/c = 0.420 

Mix No. Cement  Water Air Fine  Coarse 

C-SUD 0.106 0.133 0.060 * * 
 

Above mixture is based on Type I or Type II cements (Sp. G. = 3.14). Mixes using blended cements (Type 
IP or IS) must be adjusted for cement gravities listed in IM 401.  *These mixes require optimized aggregate 
proportioning in accordance with the specifications. Use proportions listed above if not utilizing three 
aggregates. 
 

Using Class V Aggregates (4117) Combined with Limestone 
Basic Absolute Volumes of Materials Per Unit Volume of Concrete 

CV-SUD MIXES Basic w/c = 0.400 Max w/c = 0.420 

Mix No. Cement  Water Air Class V. 
Coarse 
Limestone 

CV-SUD 0.114 0.135 0.060 0.379 0.311 
 

Above mixture is based on Type IP cements.  
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GUIDELINES FOR APPROVING AND TESTING 
SCC MIX DESIGNS FOR FIELD PLACED CONCRETE 

 
Description 

 
A. Develop and provide self consolidating concrete (SCC) for cast in place structural 

concrete.  SCC is defined as a concrete mix that provides the following: 

• Filling ability to flow and fill completely spaces within formwork, under its own weight. 

• Passing ability to flow through tight spaces between reinforcement without 
segregation or blocking. 

• Ability to resist segregation by remaining homogenous during transport and 
placement. 

 
B. Apply Sections 2403, 2412, and Division 41 of the Standard Specifications with the 

following modifications. 
 
Typically aggregates are well graded with a maximum top size of ¾” or less.  Aggregate 
angularity and shape can affect the slump flow.  Typical sand to aggregate ratio is 0.40 to 0.50.  
Paste volume can range from 28 to 40% depending on slump flow required. 
Water to cementitious ratio is typically in the 0.25 to 0.44 range.  
 
If the producer has no previous experience with SCC, it is recommended that a technical 
representative of the admixture company be present during initial trial batches. 

 
Materials 
Meet the requirements of Division 41 for the appropriate materials and the following: 
 

• Use a high range water reducer (HRWR) from Material IM 403 Appendix D.   

• When a viscosity modifying admixture (VMA) is used, manufacturer shall provide 
documentation indicating compatibility with HRWR. 

• Use maximum nominal aggregate size no larger than one third the minimum clear 
spacing between reinforcing steel  

• Maximum w/c ratio of 0.45 

• Minimum cementitious content shall be 624 pounds per cubic yard  

• When required to maintain plasticity during a placement, use a retarding admixture or 
hydration stabilizer. 

 
Mix Design 
Mix designs will be approved by the District Materials Engineer (DME).  New mix designs for 
SCC shall be verified through trial batches.  Other mix designs will be qualified by previous 
performance.  Field validation shall be required for all new mixes. 
 

• Work with the admixture supplier representative to develop the mix design 

• Slump flow in accordance with Materials IM 389. The target slump flow value is 23.0 
inches. The allowable tolerance range of the slump flow is plus or minus 3 inches. The 
contractor may submit a target slump flow, if placement requires different flow 
characteristics. 



April 17, 2018 Matls. IM 529 
New Issue Appendix A 
  
 

  
 

2 

• Target Visual Stability Index (VSI) in accordance with Materials IM 389. The VSI Rating 
shall not exceed 1.0.  

• Passing ability by J-Ring in accordance with ASTM C 1621. Calculate the difference 
between slump flow and J-Ring flow. The maximum allowable difference is 2 inches (50 
mm).  

• Static segregation using hardened cylinders in accordance with Material IM 390 
 
Producer shall submit material sources, proportions, individual gradations of each aggregate, 
combined aggregate gradation, slump flow, visual stability index, air content, and compressive 
strength for the proposed mix design. 
 
Trial Batch Validation 
 

1. Allow the District Materials Engineer ample opportunity to witness the trial batching.  
Provide the District Materials Engineer notice and mix proportions 7 calendar days 
prior to this event. 

 
2. Mix the trial batch with a minimum of 3 cubic yards at least 30 calendar days prior to 

planned placement. Establish the batching sequence of the materials during the trial 
batch.  

  
3. Transport the concrete a distance comparable to the distance from the ready mix 

plant to the placement site.  
  

4. Test concrete samples that are representative of the entire batch for air content, 
slump flow, visual stability index, J-Ring, density (unit weight), static segregation and 
temperature. Cast specimens from each sample for compressive strength tests. 
Modify the consolidation method of all materials test procedures, including IM 315, 
IM 316, IM 318, and IM 340 by placing the concrete in the molds in one layer without 
vibration or tamping. 

 

5. Cast a minimum of eight 4 inch by 8 inch cylinders for testing. Trial batch concrete 
will be tested for strength and static segregation. All samples will be cast, cured, and 
handled according to Materials IM 315.  

 
6. Strength samples will be stripped of their molds and wet cured until their break age. 

Strength samples will be tested according to AASHTO T 22. Three cylinders will be 
tested for strength at each age of 7 and 28 days. The District Materials Engineer may 
witness the strength testing.  The samples for static segregation may be sent to the 
Central Materials Laboratory for sawing. 

 
7. Submit a trial batch report to the District Materials Engineer no later than 7 calendar 

days after trial batching. Approval will be based on successful trial batch mixing and 
properties. The District Materials Engineer may waive the trial batch testing provided 
satisfactory mix properties have been achieved through testing of previous trial 
batches or production placements. 

 
Quality Control Plan 
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Submit for approval a written Quality Control Plan describing the procedures to be used to 
control the production and placement of SCC. Submit the Quality Control Plan at least 30 
calendar days before the first intended structural concrete placement.  Do not place structural 
concrete before receiving written approval from the engineer of the Quality Control Plan and 
having all equipment and materials necessary to facilitate the plan on site and ready for use. 
 
Include the following in the Quality Control Plan: 

 

• Develop mix design that meets the design criteria for strength, flowability, passing 
ability, and consistency.  

 

• Define concrete batching sequence, mixing time , and minimum revolutions to 
prevent cement balls and mix foaming. Include procedures for ensuring wash water 
is removed before batching.   

 

• Define concrete placement pattern and methods. Include maximum horizontal flow 
distance from point of discharge. 

 

• Describe additional quality control procedures at the plant to ensure consistent 
delivery of concrete. 

 

• Define field procedures to accept or reject concrete during production. 
 

• Describe procedures used when continuous placements are interrupted. 

 

• Other information as needed. 
 

Provide stability analysis of proposed formwork for full static pressure and proposed methods 
used to prevent leakage. 
 
Placement 
Deliver concrete without any interruption of flow such that a continuous placement is achieved. 
Deposit concrete continuously or in horizontal layers of such thickness that no new concrete will 
be placed on concrete that has hardened enough to cause seams or planes of weakness. Do 
not exceed 30 minutes between placement of successive batches unless engineer has 
reviewed placement conditions. If a section cannot be placed continuously, provide construction 
joints as specified.  
 
If deemed necessary by the Engineer, construct a mock-up of the section to verify placement 
procedures.  
 
Do not re-temper SCC. 
 
Do not vibrate SCC without permission of the Engineer.  If Engineer approves vibration, 
maximum insertion time is 2 seconds or less.  If emergency delay occurs, concrete may be 
rodded with a piece of lumber or conduit if the material has lost its fluidity prior to placement of 
additional concrete. The DME may approve other methods of consolidation, if necessary. 
 



April 17, 2018 Matls. IM 529 
New Issue Appendix A 
  
 

  
 

4 

Validate drop distance to demonstrate that separation does not occur. 
 
Testing 
Notify the Engineer 48 hours prior to placement of production concrete.  Use only approved 
SCC mixes for production concrete. Ensure mix has the same materials, proportions, and 
properties established in the trial batch. 
 
Perform air content testing in accordance with Materials IM 318, except place SCC in one layer, 
without consolidation or tapping.  Cast cylinders in accordance with Materials IM 315, except 
place SCC in one layer, without consolidation or tapping. 

 
The Engineer will perform air content testing at sampling at testing rate described in IM 204. 
The contractor will perform quality control testing of slump flow in accordance with IM 389 at 
rate of 1/30 cubic yards. Slump flow range shall be ±2 inches of the mix design target value.  
The visual stability index shall not exceed 1. If the slump flow exceeds the range up to a 
maximum of 28 inches, the concrete may be placed provided the visual stability index does not 
exceed 1. The producer will make adjustments to move the slump flow back into range. 

  
The District Materials Engineer will obtain verification strength samples on a minimum of two 
random placements. Strength samples will be tested at the District Materials Laboratory 
according to AASHTO T 22. A set of five cylinders will be cast, cured, and handled according to 
Materials I.M. 315. Three cylinders will be tested for strength at 28 days. The remaining two 
cylinders will be checked for static segregation of hardened cylinders in accordance with 
Material IM 390. 
 
Since SCC mixes are highly sensitive to moisture, the Producer should perform aggregate 
moistures at a minimum of once per day prior to mixing.  The DME may adjust moisture testing 
depending on weather conditions and aggregate storage. 
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Office of Construction & Materials 

QUALITY MANAGEMENT & ACCEPTANCE 
PC CONCRETE PAVEMENT

 
GENERAL 
This Instructional Memorandum is based on the concept of mutual benefit partnership between the 
Contracting Agency and the Contractor during progress of the work. Technical partnering shall be a 
part of this work and a formal partnership agreement may or may not be in effect.  
 
The Contractor shall submit and comply with a Quality Control Program. The Contractor shall be 
responsible for the design of a Portland Cement Concrete Design Mixture (CDM) for use in pavement 
and shall be approved by the District Materials Engineer. The Contractor shall perform process 
control sampling, testing, and inspection during all phases of the concrete work at the rate specified 
in the contract documents, with monitor inspection by the agency personnel. Inspection of all other 
aspects of the concrete paving operation remains the responsibility of the Engineer. 
 
The Contractor shall have an Iowa DOT PCC Level II Certified Technician responsible for all process 
control sampling and testing and execution of the Quality Control Plan as specified in the 
specification and this Instructional Memorandum. An Iowa DOT PCC Level I Concrete Field Testing 
Technician may perform the sampling and testing duties for which he or she is certified. 
 
MIX DESIGN PROCEDURE 
An Iowa DOT PCC Level III Certified Technician shall perform the mix design. The Engineer shall 
concur with the Contractor designee. 
 
The CDM shall be developed using the Excel spreadsheet developed by the Office of Construction 
and Materials. ACI 211 procedure, PCA procedure, or alternative methods may also be used. 
Aggregate proportions are contained on Form #955QMC (IM 532, Appendix A). When a CDM is 
developed, the absolute volume method shall be used. 
 
The Contractor shall submit the CDM with test data, including a list of all ingredients, the source of 
all materials, target gradation, and the proportions, including absolute volumes. 
 
A CDM with a satisfactory record of performance strength may be submitted in lieu of a new CDM. 
The concrete used for paving per this IM shall be produced with the same material sources and 
batched and mixed with the same equipment used to produce the concrete represented by the 
performance strength documentation. 
 
QUALITY CONTROL PLAN 
The Contractor shall submit a Quality Control Plan listing the type and frequency of inspection, 
sampling, and testing deemed necessary to measure and control the various properties of materials 
and construction governed by the specifications. As a minimum, the sampling and testing plan shall 
detail sampling location, sampling procedures, and the test frequency to be utilized. This Contractor 
Quality Control Plan shall be submitted to the Project Engineer prior to paving and will be retained 
for use on all QMC projects. A copy of the Quality Control Plan shall be available on the project at all 
times. Periodic updates may be required as necessary. 
 
The Quality Control Plan shall include the Project Information Plan submitted for each project. The 
plan shall identify the personnel responsible for the contractor quality control. This should include the 



April 18, 2017 Matls. IM 530 
Supersedes October 18, 2016   
  
 

  
 

2 

company official who will act as liaison with Iowa DOT personnel, as well as the certified technician 
who will direct the inspection program. The certified technician shall be responsible to an upper level 
company manager and not to those responsible for daily production. The Project Information Plan 
shall also include the mix design and mix design properties.  
 
A. Elements of the Quality Control Plan 
 

The plan shall address all elements that affect the quality of the concrete, including but not limited 
to, the following: 

 
1. Stockpile management 
 
2. Mixing time and transportation, including time from batching to completion of delivery and 

batch placement rate (batches per hour) 
 
3. Placement and consolidation 
 
4. The frequency of sampling and testing, coordination of activities, corrective actions to be 

taken, and documentation 
 
5. How the duties and responsibilities are to be accomplished and documented, and whether 

more than one certified technician would be provided 
 
6. The criteria used by the technician to correct or reject noncompliant materials, including 

notification procedures 
 

B. Personnel Requirements 
 
1. Perform and utilize process control tests and other quality control practices to ensure that 

delivered materials and proportioning meets the requirements of the mix design(s). 
 
2. Periodically inspect all equipment utilized in transporting, proportioning, mixing, placing, 

consolidating, finishing, and curing to ensure proper operation. Monitor placement, 
consolidation, finishing, and curing to ensure conformance with the mix design and other 
contract requirements. 

 
C. Elements of Project Information Plan 
 

1. Mix design(s) 
 
2. Mix design properties, as specified in the Specifications 
 
3. The Contractor shall furnish name(s) and credentials of the quality control staff to the 

Engineer prior to the beginning of construction. 
 
4. Project-related information 

 
DOCUMENTATION 
The Contractor shall maintain records of all inspections and tests. The records shall indicate the 
nature and number of observations made, the number and type of deficiencies found, the quantities 
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represented by the test, and any corrective action taken. The contractor documentation procedures 
will be subject to the approval of the Iowa DOT prior to the start of the work and prior to regular 
monitoring during the progress of the work. Use standard Iowa DOT forms. Batch tickets and 
gradation data shall be documented in accordance with Iowa DOT requirements. Copies shall be 
submitted to the engineer as work progresses. 
 

A control chart and running tabulation of individual test results shall be prepared for the following 
tests. An Excel spreadsheet is available from the Office of Construction and Materials to plot the test 
results. These shall be available to the Engineer at any time and submitted to the Engineer weekly: 
 

1. Gradation (% passing) for each of the following sieves: 1 1/2 in., 1 in., 3/4 in., 1/2 in., 3/8 in., #4, 
#8, #16,  #30, #50, #100, #200, and pan. Gradation test frequency is based on the running total 
of concrete production.  

 
2. Moisture: Coarse Aggregate(s) & Sand 
 
3. Unit Weight tested in front of the paver. Unit weight is used as a check on air content and batch 

changes. If the unit weight range exceeds the theoretical unit weight at the target air content, 
check batch proportions, scales, etc. for any problems. Unit weight test frequency is twice per 
day for normal production or once per week for intermittent production. No testing required for 
hand placements. 

 
4. Plastic Air Content 
 
5. Coarseness & Workability Factors 
 

6. Water/cementitious Ratio 
 

Charting will be completed within 24 hours after testing. Working range limits shall be indicated on 
the control charts.  
 
The Contractor shall notify the Engineer whenever the process approaches a specification limit and 
shall take action, which results in the test results moving toward the specification target, away from 
the limit. 
 
All charts and records documenting the contractor quality control inspections and tests shall become 
property of the Iowa DOT upon completion of the work. 
 
The PCC Level II Technician shall document the changes to the mix design, allowed by the 
specification, on the Iowa DOT QM-C Mix Adjustment form (IM 530, Appendix A). The PCC Level III 
Technician shall concur with the changes and shall periodically review mix changes affect on 
workability and placement in the field. 
 
FIELD VERIFICATION TESTING 
For continuous construction operation, a lot will be defined as a week of paving.  Lots less than three 
days of paving will be grouped with the previous week.  If less than 500 cu. yd. are produced in one 
day that day's production, group with the following day's production. 
 
Intermittent construction operation involving quantities less than 500 cubic yards per day, shall be 
grouped to establish a lot, not to exceed one week.   
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The Engineer will perform verification testing at the following minimum test frequencies: 
 
MINIMUM TEST FREQUENCIES 
 

 Verification  

Unit Weight 
Plastic Concrete 

 
None 

 
IM 340 

Gradation 
(Individual aggr., % passing) 

Sample 1/day if production >500 yd3 

Test 1st/day, then twice per week 

 
IM 302 

Flexural Strength, Third 
Point 
Loading - 28 days * 

1/10,000 cu. yd.  

Maximum of three sets 

 
IM 328 

Air Content 
Unconsolidated Concrete 

 
1/700 cu. yd.  

 
IM 318 

Water/Cement Ratio None IM 527 

Vibration Frequency 1/week IM 384 

 

*One set of two beams at the above rate shall be cast for pavement design purposes. The beams 
shall be delivered to the Central Laboratory in Ames for testing. Transported beams shall be 
stripped and wrapped in wet burlap and plastic to ensure adequate curing during delivery. Include 
information on project number, contractor, date cast and air content with delivery.  Date of testing 
will be increased to 90 days when quartzite coarse aggregate is used. 
 
CONTROL & ACCEPTANCE PROCESS OF PLASTIC AIR TESTING 
On the first air test of each day, the Contractor and Agency shall run side by side tests to ensure 
both air meters are within the tolerance in IM 216. If the air tests are outside the tolerance, both 
air meters should be calibrated in accordance with IM 318 to resolve the difference.   
 
Thereafter, the Engineer will randomly test the plastic air content at the minimum frequency in the 
table above. The Contractor may elect to run side by side comparison at the same time as the 
Engineer to ensure both meters are operating properly.  When a verification test result is outside 
the tolerance for the target air content, the Contractor will be immediately notified. 
 
The unconsolidated air content limits will be established according to Article 2301.04C using 
Contractor test results.  The Contractor shall notify the Engineer whenever an individual quality 
control test result is outside the tolerance for the target air content.  Lot acceptance shall be based 
on the agency verification test results on the unconsolidated mix on the grade.   
 
 
VALIDATING COARSENESS & WORKABILITY FACTOR 
On the first day of paving, the Engineer will direct and witness sampling and splitting of one 
sample of each aggregate.  The split sample shall meet the requirements of IM 216.  If 
correlation is not established, the District Materials Engineer will resolve the differences. 
 
Thereafter, the Engineer will direct and witness sampling of one random independent sample 
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per day, for normal production.  The agency will take immediate possession of the samples.  
The Engineer will randomly test a minimum of two samples per lot.  The samples will be tested 
in a timely manner and the results will be given to the Contractor within a week after results are 
obtained. The Engineer will determine aggregate percentages based on the batch weights at 
the time the sample was obtained, compute the average coarseness and workability factors in 
accordance with IM 532 for the combined samples tested, and average the results.  If the 
average results obtained by the Engineer fall within the same zone as the Contractor, the 
results are validated for the lot. 
 
If the average results obtained by the agency are not in the same zone as the Contractor, the 
Engineer will test the remaining samples representing the lot and average all results for the lot. 
The average results obtained by the agency shall govern as validation for the lot. 
 
CORRECTIVE ACTION 
The Contractor shall take prompt action to correct conditions that have resulted, or could result, 
in the incorporation of noncompliant materials. 
 
NONCOMPLIANT MATERIALS 
The Contractor shall establish and maintain an effective and positive system for controlling 
noncompliant material, including procedures for its identification, isolation and disposition. 
Reclaiming or reworking of noncompliant materials shall be in accordance with procedures 
acceptable to the Iowa DOT. 
 
All noncompliant materials and products shall be positively identified to prevent use, shipment, and 
intermingling with conforming materials and products. 
 
AVOIDANCE OF DISPUTES 
Every effort should be made by Contractor and Engineer personnel to avoid any potential conflicts 
in the Quality Assurance Program prior to and during the project by using partnering concepts. 
Potential conflicts should be resolved at the lowest possible levels between the Contractor and 
Engineer personnel. Correction of problems and performance of the final product should be the 
primary objective of this resolution process.  
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****THIS IS A NEW APPENDIX. – PLEASE READ CAREFULLY.**** 

IOWA DOT QM-C MIX ADJUSTMENT FORM 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

 
 

 Old Mix Proportions New Mix Proportions 

 Source SSD Weight 
or Dosage 

Source SSD Weight 
or Dosage 

Cement                         

Fly Ash                         

Water                         

Coarse 
Aggregate 

                        

Intermediate 
Aggregate 

                        

Fine Aggregate                         

Air Entraining 
Agent 

                        

Water Reducer                         

Retarder                         

 
 
PCC II Technician____________________________ Cert No. _______________ 
 
Copies To: District Materials Engineer 
  Resident Construction Engineer 

Project Number:      
 
Contractor:      

 
Date of Mix Adjustment (m/d/yy):      

 
Station of Mix Adjustment:      

 
Number of Mix Changes to Date:      

Old Mix ID:      
 
New Mix ID:      

 
Mix Adjustment 1:      
Reason:      
 
Mix Adjustment 2:      
Reason:      

 
Mix Adjustment 3:      

Reason:      
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Office of Construction & Materials 

TEST METHOD FOR COMBINING AGGREGATE GRADATIONS
 
When the aggregate gradations for a PCC mixture are sampled and tested individually, the results 
must be mathematically combined to create a theoretical combined gradation. This combined 
gradation is based on their relative percent volume in the mixture.  
 

Each individual aggregate gradation shall start with the largest appropriate sieve for that material 
and shall include all the consecutive smaller sieve sizes through the #200 sieve. They shall include: 
1/2-in., 1-in., 3/4-in., 1/2-in., 3/8-in., #4, #8, #16, #30, #50, #100, and #200 sieves. For coarse and 
intermediate aggregates, the #16 through #100 sieves may be determined mathematically. 
 

The following methods outline the procedures to be used to determine the combined gradation. 
Method A is generally used for most aggregate combinations. Method B should be used when the 
specific gravity of the individual aggregates differ by more than 0.25. 
 

METHOD A 
 
Multiply relative percentage by the percent passing and sum all aggregates for each sieve size. 
 

P = Aa + Bb + Cc 
P = Combined percent passing of a given sieve 
A,B,C = Percent passing given sieve for aggregate A, B, and C 
a,b,c = Relative percent of total aggregates A, B, and C 

 
Convert combined percent passing to combined percent retained by subtracting the combined 
percent passing on the top sieve from 100 and the combined percent passing from each 
subsequent sieve, thereafter. 
 

 

 

 

Sieve 

 

 

Coarse 

Aggregate 

 

 

Intermediate 

Aggregate 

 

 

Fine 

Aggregate 

Theoretical 

Combined 

Gradation 

% Passing 

Theoretical 

Combined 

Gradation 

% Retained 

Relative Percent 0.472 0.118 0.410   

 1 1/2 inch 100 100 100 100 0.0 

 1 inch 83 100 100 92 8.0 

 3/4 inch 65 100 100 83.4 8.5 

 1/2 inch 35 100 100 69.3 14.2 

 3/8 inch 14 100 100 59.4 9.9 

 No. 4 2.1 33 96 44.2 15.2 

 No. 8 0.9 2.8 82 34.4 9.8 

 No. 16 0.8 2.3 63 26.5 7.9 

 No. 30 0.7 1.8 37 15.7 10.8 

 No. 50 0.5 1.2 9.4 4.3 11.4 

 No. 100 0.4 0.7 1 0.7 3.6 

 No. 200 0.3 0.1 0.4 0.3 0.4 
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METHOD B 
 

STEP 1: 
 
The percent volume of each of the aggregates is determined from the volume proportions of the 
mixture design. The relative proportion of each aggregate of the total aggregate is determined by 
dividing the individual aggregate portion in the mix by the total aggregate portion in the mix. 
 
 Example: 
 

A mixture design has the following mix proportions by volume: 
 

Cement  0.110 
Water 0.150 
Air Entraining 0.070 
Fine Aggregate (PCC Sand) 0.270 
½ inch Intermediate Aggregate (Limestone Chip) 0.100 
1½ inch Coarse Aggregate (Limestone PCC Stone) 0.300 

 
Total 1.000 

 
The total aggregate portion is: 0.270 + 0.100 + 0.300 = 0.670 
 
The relative percent retained portion for each aggregate by volume is determined as follows: 

 
Fine Aggregate (0.270/0.670) = 0.403 
Intermediate Aggregate (0.100/0.670) = 0.149 
Coarse Aggregate (0.300/0.670) = 0.448 
 
 

Check the total aggregate relative portions. They should equal 1.000. 
 

0.403 + 0.149 + 0.448 = 1.000 (OK) 
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STEP 2: 
 
These volume proportions are then adjusted by the specific gravity of the aggregates, since 
gradations are based on percent weight retained on each sieve. The proportion retained by weight is 
determined by multiplying each aggregate’s volume proportion by its specific gravity. These weights 
are then summed to obtain a total weight. The proportion by weight is then determined by dividing 
each aggregate’s weight by the total weight. 
 
Example: 

 

Aggregate 

Proportion 

Volume 

Specific 

Gravity 

 

Weight 

Proportion 

By Weight 

Fine 0.403 2.67 1.07601  (1.07601/2.64912) = 0.406 

Intermediate 0.149 2.59 0.38591  (0.38591/2.64912 = 0.146 

Coarse 0.448 2.65 1.18720  (1.18720/2.64912) = 0.448 

Total 1.000  2.64912 1.000 

 
 

STEP 3: 
 
Determine the theoretical combined gradation from the individual gradations. This is done by 
multiplying the percent retained on each sieve for the individual gradations by the relative portion of 
the aggregate volumes. Then total the percent retained of each product for each sieve size. This is 
the theoretical combined percent retained for each sieve. The total of these percents retained 
should equal 100.0. If the total is off due to rounding, prorate the rounding error. 
 

Example: Coarse Aggregate 
 

 

 Sieve 

 

% Retained 

Relative 

Volume 

Adjusted 

% Retained 

 1 1/2 inch 0.0 0.448 0.0 

 1 inch 1.4 0.448 0.6 

 3/4 inch 23.7 0.448 10.6 

 1/2 inch 31.0 0.448 13.9 

 3/8 inch 24.5 0.448 11.0 

 No. 4 14.1 0.448 6.3 

 No. 16 0.7 0.448 0.3 

 No. 30 0.8 0.448 0.4 

 No. 100 0.4 0.448 0.2 

 No. 200 0.2 0.448 0.1 

 Minus 200 0.8 0.448 0.4 

 
 
Similar calculations are done for the intermediate and fine aggregates. 
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STEP 4: 
 
The individual adjusted gradations are summed to get the theoretical combined gradation, percent 
retained. The theoretical combined gradation, percent passing, may be calculated by subtracting 
subsequent sieves beginning with 100, as per IM 302. The following table shows the calculations: 
 
 

 

 

 

Sieve 

 

 

Coarse 

Aggregate 

 

 

Intermediate 

Aggregate 

 

 

Fine 

Aggregate 

Theoretical 

Combined 

Gradation 

% Retained 

Theoretical 

Combined 

Gradation 

% Passing 

 1 1/2 inch 0.0   0.0 100 

 1 inch 0.6   0.6 99.4 

 3/4 inch 10.6 0.0  10.6 88.8 

 1/2 inch 13.9 3.2  17.1 71.7 

 3/8 inch 11.0 5.4 0.0 16.4 55.3 

 No. 4 6.3 4.9 2.0 13.2 42.1 

 No. 8 0.9 0.4 4.1 5.4 36.7 

 No. 16 0.3 0.3 5.6 6.2 30.5 

 No. 30 0.4 0.1 12.9 13.4 17.1 

 No. 50 0.1 0.2 12.0 12.3 4.8 

 No. 100 0.2 0.1 3.1 3.4 1.4 

 No. 200 0.1 0.1 0.2 0.4 1.0 

 Minus 200 0.4 0.2 0.4 1.0 0.0 

 
 
The theoretical combined gradations are used in graphically displaying aggregate blends of PCC 
mixture designs and for plotting control charts to compare target gradation with working ranges of 
the mixture design. 
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Office of Construction & Materials 

AGGREGATE PROPORTIONING GUIDE 
FOR PC CONCRETE PAVEMENT 

 
GENERAL 
 
This Instructional Memorandum covers procedures for developing a well-graded aggregate 
combination for use in Portland Cement Concrete paving. It is the responsibility of the mix designer 
to design a mix with appropriate properties for the intended application and placement method. The 
mixture should be economical, meet workability and finishing requirements, and allow for a proper 
air void system at a minimum water/cementitious ratio. Regardless of how the mix performs in 
controlled conditions, ultimately it must be evaluated on how well it performs during production and 
placement in the field. 
 
Concrete mixtures produced with a well-graded aggregate combination tend to reduce the need for 
water, provide and maintain adequate workability, require minimal finishing, and consolidate without 
segregation. These characteristics tend to enhance placement properties as well as strength and 
long-term performance. Concrete mixtures produced with a gap graded aggregate combination tend 
to segregate easily, contain higher amounts of fines, require more water, and increase susceptibility 
to shrinkage. These characteristics tend to limit placement properties as well as strength and long 
term performance. 
 
Achieving a uniform gradation may require the use of three or more different aggregate sizes. It is 
the responsibility of the mix designer to consider particle shape when designing a mix. When using 
the coarseness/workability chart it is assumed that particles are rounded or cubical shaped. Rounded 
or cubical shaped aggregates typically enhance workability and finishing characteristics. Flat and 
elongated aggregates typically limit workability and finishing characteristics. 
 
 
COARSENESS/WORKABILITY CHART1 
 
The mathematically combined gradation, expressed as percent retained, shall be calculated in 
accordance with IM 531. The coarseness and workability factors shall be calculated and then plotted 
in a coarseness/workability chart as shown in Figure 1. 
 

 100 x 
seive] 8 No. above retained % [combined

sieve] in. 3/8 above retained % [combined
  Factor   Coarseness   

 
 Workability Factor = Combined % Passing No. 8 Sieve* 
 

*The workability factor shall be increased by 2.5% for each increase of 94 pounds of cement 
over 564 pounds per cubic yard. 

 

                     
1 ¹Shilstone, J. Sr., ”Concrete Mixture Optimization”, Concrete International, June 1990 
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Zone II is considered well graded for ¾” to 1 ½” aggregate top size. For slipform paving, Shilstone 
recommends a target of 60 Coarseness Factor and 35 Workability Factor. For a nominal maximum 
aggregate size of 1 in. to 1 1/2 in., Shilstone recommends a Workability Factor of 34 to 38 when the 
Coarseness Factor is 52 and a Workability Factor of 32 to 36 when the Coarseness Factor is 68.  
 
Aggregate blends that plot close to the bottom boundary line may tend to have too much coarse 
aggregate. Aggregate blends with a point below the bottom boundary line (Zone V) will produce 
rocky mixtures with inadequate mortar and shall not be allowed. 
 
Aggregate blends above the top boundary line (Zone IV) will produce sandy mixtures with high 
amounts of fines requiring higher water contents and potential for segregation. 
 
Aggregate blends with coarseness factors higher than 75 (Zone I) will produce gap graded mixtures 
with inadequate workability and high potential for segregation.  
 
Aggregate blends with a point in Zone III, respectively, corresponds with Zone II for aggregate sizes 
less than 1/2 in. 
 
 
0.45 POWER CURVE 
 
The 0.45 power curve is based on the mathematically combined percent passing gradation 
determined in accordance with IM 531. Historically, the 0.45 power curve has been used to develop 
uniform gradations for asphalt mix designs; however, it is increasingly being used to develop uniform 
gradations for Portland Cement Concrete mix designs. 
 
To create a 0.45 power curve plot the mathematically combined percent passing for each sieve on 
a chart having percent passing on the y-axis and sieve sizes raised to the 0.45 power on the x-axis. 
Sieve sizes shall include the Connect the plotted points as shown in Figure 2. Plot the maximum 
density line from the origin of the chart to the sieve one size larger than the first sieve to have 90 
percent or less passing. 
 
A well-graded aggregate combination will follow the maximum density line to the No. 16 sieve. A 
slight deviation below the maximum density line at the No. 16 sieve will occur to account for the effect 
of the fines provided by the cementitious materials (Figure 2). A gap graded aggregate combination 
will produce an “S- shaped” curve deviating above and below the maximum density line (Figure 3). 
 
 
PERCENT-RETAINED CHART 
 
The percent-retained chart is based on the mathematically combined percent-retained gradation for 
each sieve in accordance with IM 531. The percent-retained chart has evolved from efforts to limit 
disproportionate amounts of material retained on any one sieve. 
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To create a percent-retained chart plot the mathematically combined percent retained for each sieve 
on a chart having percent retained on the y-axis and sieve sizes on the x-axis. Sieve sizes shall 
include the 1 1/2 in., 1 in., 3/4 in., 1/2 in., 3/8 in., No. 4, No. 8, No 16, No. 30, No 50, No. 100, and 
the No. 200. Connect the points and plot the boundary lines as shown in Figure 4. 
 
A well-graded aggregate combination will have no significant peaks and/or dips (Figure 4). A gap 
graded aggregate combination will have significant peaks and dips (Figure 5). Shilstone 
recommends that the sum of percent retained on two consecutive sieves should be at least 13% to 
be an optimum gradation. 
 
 
OPTIMUM AGGREGATE BLEND 
 
Determining an optimum combined aggregate blend will require the use of all 3 graphical 
representations as well as sound practical experience. The coarseness/workability chart should be 
the primary method used to develop an aggregate combination that will produce a mixture with 
appropriate properties for the intended application and placement method. The 0.45 power curve 
and the percent-retained chart should be used as secondary means to verify the 
coarseness/workability chart results and to identify areas deviating from a well-graded aggregate 
combination. Aggregate blend for QMC mixes may be found on Form #955QMC (Appendix A). 
 
The following may be used as a guide to determine aggregate combinations for optimum 
placement characteristics. For QMC paving, use aggregate combinations in the gray box of 
Zone II.  
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For BR and HPC-D mixes, use aggregate combinations in the hatched box Zone II. 
 

 
 

 
AGGREGATE SHAPE EFFECT ON OPTIMUM GRADATION 
 
The shape and texture of aggregate particles affect the volume of paste needed to coat particles 
and decrease interactions during placement. The ideal aggregate shape for workability is smooth 
and round. Smooth and round particles, such as gravels, have a low surface to volume ratio and 
require less paste to coat the surfaces of each particle. Crushed limestone aggregates, which 
usually tend to be more angular and rough than gravel aggregates, have a higher surface to 
volume ratio, and may require more paste to reduce particle interactions. 
 
These rules are generalized and the mix designer must determine the actual optimum gradation, 
considering particle shape, with placing and finishing characteristics as the ultimate assessment 
of workability. Although other combinations can be used depending on aggregate top size, shape, 
and texture, typical optimum aggregate combinations tend to fall within the range of 44-48% 
coarse, 10-15% intermediate, and 38-42% fine aggregate. 
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DS-15038 
 (Replace DS-15031) 

 
 
 

DEVELOPMENTAL SPECIFICATIONS 
FOR 

QUALITY MANAGEMENT CONCRETE (QM-C) 
 
 

Effective Date 
April 19, 2016 

 
 
THE STANDARD SPECIFICATIONS, SERIES 2015, ARE AMENDED BY THE FOLLOWING 
MODIFICATIONS AND ADDITIONS. THESE ARE DEVELOPMENTAL SPECIFICATIONS AND THEY 
PREVAIL OVER THOSE PUBLISHED IN THE STANDARD SPECIFICATIONS. 
 
 
15038.01 DESCRIPTION. 
 

A. This specification identifies a concrete mixture design with an optimum combined aggregate 
gradation, and the Contractor’s testing and quality control responsibilities. Optimization of the 
aggregates should produce concrete with low water requirement as well as improved workability 
and finishing characteristics. While concrete strength is important and is measured, it is not the 
basis for optimization of the concrete mixture design. 

 
B. Testing and quality control apply to all Contractor produced concrete using the Concrete Design 

Mixture (CDM). The CDM applies to mainline slip form pavement. At the Contractor’s option, the 
CDM may apply to any other slip form paving.  

 
15038.02  MATERIALS. 
For all materials, meet the quality requirements for the respective items in Division 41 of the Standard 
Specifications. Compatibility of all material combinations is the Contractor’s responsibility based on 
acquired field experience with proposed materials. 
 
15038.03  LABORATORY CONCRETE DESIGN MIXTURE. 
 

A. An Iowa DOT PCC Level III Certified Technician is responsible for the development of the CDM. 
Develop a CDM based on a unit volume of 1.000 according to industry standard practice, and 
containing proportions of materials, including admixtures. Base the proportions upon saturated 
surface dry aggregates to produce a workable concrete mixture meeting the constraints of Table 
DS-15038.03-1: 

 
Table DS-15038.03-1: Concrete Mixture Constraints 

Nominal Maximum Coarse Aggregate Size Greater than or equal to 1 inch 

Gradation Materials I.M. 532 

Cementitious Content Minimum, 560 pounds per cubic yard* 

Fly Ash Substitution Rate See Article 2301.02, B, 6 

Water/Cementitious Ratio Maximum, 0.45  0.42 

Air Content 6% ± 1%, Design Absolute Volume = 0.060  

28 Day Flexural Strength, Third Point Minimum, 640 pounds per square inch 
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* The minimum cement content assumes the use of Type I/II cement with a specific gravity of 3.14 for an 
absolute volume of 0.106. If cement other than Type I/II is used, use an absolute volume of 0.106 and 
determine the weight of cement from the specific gravity of the cement. Cement content may need to be 
increased to maintain the water to cementitious ratio during hot weather conditions. 

 
B. Use normal production gradations to determine the relative percentage of each individual 

aggregate used in the CDM. Select the relative percentage of each individual aggregate to 
produce the desired combined aggregate gradation using the following sieves:  1.5 inch, 1 inch, 
0.75 inch, 0.5 inch, 0.375 inch, No. 4, No. 8, No. 16, No. 30, No. 50, No. 100, and No. 200.   

 
C B. Develop a target combined gradation in Zone II for each CDM based on normal production 

gradations and the relative percentages of each individual aggregate. Submit Form 955QMC to 
aggregate producer(s) to ensure individual gradations used are acceptable. Limit the percent 
passing the No. 200 sieve to no more than 1.5% for the combined aggregate gradation. When the 
coarse aggregate used meets the increase in percent passing the No. 200 sieve, according to 
Section 4109, Aggregate Gradation Table, Note 10 of the Standard Specifications, limit the 
percent passing the No. 200 sieve to no more than 2.0% for the combined aggregate gradation.  

 
D C. Comply with AASHTO T 126 for laboratory development of the CDM. Mix designs may be 

conducted in a ready mix or central mix batch plant provided the following conditions are met: 
Contractor may use water reducing admixture, Type A, or water reducing and retarding 
admixture, Type D, in the CDM. 

 All non-mix design materials are emptied, 

 Mix design materials are used, and 

 Batch size is at least 3 cubic yards.   
 
E. An Iowa DOT PCC Level III Certified Technician is required to oversee the development of the 

CDM. Allow the Engineer to witness the development of the CDM. Provide notice 7 calendar days 
prior to this event. Perform the tests in Table DS-15038.03-2 in the development of the CDM: 

 
Table DS-15038.03-2: Tests for CDM 

Specific Gravity of Each Individual Aggregate Materials I.M. 307 

Gradation of Each Individual Aggregate Materials I.M. 302 

Unit Weight of Plastic Concrete AASHTO T 121 

Air Content of Plastic Concrete Materials I.M. 318 

28 Day Flexural Strength AASHTO T 97 

Temperature of Plastic Concrete ASTM C 1064 

 
15038.04  MIX DESIGN DOCUMENTATION. 
 

A. At least 7 calendar days prior to the start of paving, submit a CDM report to the District Materials 
Engineer for approval on Iowa DOT form. Contract extensions will not be allowed due to 
inadequate or additional CDMs. In the CDM report include the information shown in Table DS-
15038.04-1: 

 
Table DS-15038.04-1: Items to Include in CDM Report 

Cover Page 
 
 
 
 

Contractor name 
Project number 
Date and location of CDM laboratory development 
Date Submitted 
Signature of Contractor representative 

Material Source Information 
 
 

Brand 
Type 
Source 
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Material Proportion Information 
 
 
 
 
 

Specific gravity 
Relative percentage of each individual aggregate 
Target combined gradation % passing (Materials I.M. 531) 
Target combined gradation charts (Materials I.M. 532) 
Design batch weight (mass) (SSD) 
As mixed batch weight (mass) (SSD) 

Mix Properties 
 
 
 
 

Unit weight (mass) of plastic concrete 
Air content of plastic concrete 
28 day flexural strength 
Slump 
Temperature of plastic concrete 

 
B. The District Materials Engineer may approve the mix design without laboratory mixture testing if 

the proposed mix design proportions fall within Zone II-A of Materials I.M. 532. If the mix design is 
approved without laboratory testing, cast a set of three beams on the first day of paving from 
concrete meeting the mix design criteria. Test the beams for 28 day flexural strength, third point 
loading. When the coarse aggregate for the mix design is quartzite, cast an additional set of three 
beams, and test at 90 days. Submit the strength results to the Engineer. 

 
15038.05 QUALITY CONTROL. 
 

A. General. 
 
1. The Contractor is responsible for quality control of the concrete. An Iowa DOT PCC Level II 

Certified Technician is required to oversee quality control operations. The individual 
conducting the testing on grade is required to be an Iowa DOT PCC Level I Certified 
Technician. Calibrate and correlate testing equipment prior to and during paving operations. 

 
2. At least 7 calendar days prior to the preconstruction conference, submit to the Engineer a 

Quality Control Plan complying with Materials I.M. 530. Include the proposed mix design(s) 
with the Quality Control Plan. Do not begin paving until the plan is reviewed for compliance 
with the contract documents. Maintain equipment and qualified personnel to direct and 
perform all field quality control sampling and testing necessary to: 

 Determine the various properties of the concrete governed by the contract documents, 
and 

 Maintain the properties described in this specification. 
 

B. Quality Control Testing. 
 

1. Perform all quality control tests necessary to control the production and construction 
processes applicable to this specification and as set forth in the Quality Control Plan. Take 
samples for quality control testing in a random manner according to the prescribed sampling 
rate.  Perform the tests listed in Table DS-15038.05-1: 

 

Table DS-15038.05-1: Quality Control Table 

 Limits Testing Frequency Test Methods 

Unit Weight (Mass) of 
Plastic Concrete 

Monitor for changes,  
± 3% 

Twice/day AASHTO T 121 

Gradation 
Combined % Passing 

See Paragraph 2 
below 

1/1500 cubic yard 
Materials I.M. 216, 

301, 302, 531 

Aggregate Moisture 
Contents 

See Materials I.M. 527 1/1500 cubic yard Materials I.M. 308 

Air Content Plastic 
Concrete 
In Front of Paver 

See Article  
2301.02, B, 4 

1/350 cubic yard 
See below 

Materials I.M. 318 

Air Content Plastic 
Concrete 
In Back of Paver 

May be used by 
Project Engineer to 

adjust target air in front 

2/day for first 3 days and 
1/week thereafter (for each 
paver used) 

Materials I.M. 318 
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of paver 

Water/Cementitious 
Ratio 

0.45 0.42 maximum  Twice/day Materials I.M. 527 

Vibrator Frequency 
 

See Article  
2301.03, A, 3, a, 6, a 

With Electronic Vibration 
Monitoring: Twice/day 
 
Without Electronic Vibration 
Monitoring: Twice/Vibrator/Day 

Materials I.M. 384 

 
2. Maintain Tthe running average of three combined aggregate gradation tests is required fall 

within the limits established by the CDM target gradation and the working ranges of Table 
DS-15038.05-2: 

 
Table DS-15038.05-2: CDM Target Gradations 

Sieve Size Working Range 

No. 4 or greater ± 5% 

No. 8 to No. 30 ± 4% 

No. 50 ± 3% 

No. 100 ± 2% 

minus No. 200 See Article DS-15038.03 

 
C. Corrective Action. 

For QM-C mixes only, plot all process control test results on control charts as described in 
Materials I.M. 530.  
 
1. Aggregate Tests. 

Take corrective action when the running average approaches the working range limits. When 
a combined gradation test result for a sieve exceeds the working range limits, adjust the 
target and notify the Engineer. If the verification test result for the minus No. 200 exceeds the 
limits in Article DS-15038.03 for the combined gradation, the material represented by that test 
for this sieve will be considered non-complying. Pay factors Price adjustments will be 
assessed based on Coarseness/Workability Factors as described in Article DS-15038.07, E. 
 

2. Concrete Tests. 
Take corrective action when an individual test result approaches the control limits. Notify the 
Engineer whenever an individual test result exceeds the control limits. 
 

D. Acceptable Field Adjustments. 
 
1. All mix changes must be mutually agreed upon between the Contractor and Engineer.  

Document all mix changes on the QM-C Mix Adjustment form. Determine batch weights using 
a basic water cement ratio of 0.40. When the water cement ratio varies more than ±0.03 from 
the basic water cement ratio, adjust the mix design to unit volume of 1.000. A change in the 
source of materials or an addition of admixtures or additives requires a new CDM. The 
following are small adjustments that may be made without a new CDM being required: 

 Increase cementitious content. 

 Decrease fly ash substitution rate. 

 Aggregate proportions may be adjusted from CDM proportions by a maximum of ± 4% for 
each aggregate. 

 Change water reducer to water reducer retarder. 

 Adjustment in water reducer or water reducer retarder admixture dosage. 

 Change in source of fly ash. 

 Change in source of sand, provided target gradation limits are met. 
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2. When circumstances arise, such as a cement plant breakdown, that create cement supply 
problems, a change in cement source may be allowed with the Engineer’s approval. Consult 
the District Materials Engineer for approval of other changes to the mix design. A set of three 
beams for 28 day flexural strength testing may be required to document the changes.  

 
3. Should conditions beyond the Contractor’s control prevent completion of the work with the 

CDM, a Class C mix, or a mix based on Class C mix proportions using project materials, will 
be allowed, at no additional cost to the Contracting Authority.  Mutual agreement between the 
Contractor and Engineer is required. Pay Factor incentives/disincentives in Table DS-
15038.07-1, will not be applied to Class C mixtures. 

 
4. Prior to 28 days strength test results, paving with QM-C mix may begin if the Engineer 

approves when the mix design strength, based on the average of three beams, meets or 
exceeds 640 psi. 

 
E. Hand Finished Pavement. 

Use project materials based on Class C or Class M concrete mix proportions. With approval of 
the Engineer, the Contractor’s CDM may be used for hand finished pavement. Quality control, as 
required in this specification, will not apply to hand finished pavement. 

 
15038.06  METHOD OF MEASUREMENT. 
Measurement will be as follows: 
 

A. Standard or Slip-Form Portland Cement Concrete Pavement, QM-C. 
Square yards shown in the contract documents. 
 

B. Portland Cement Concrete Overlay, QM-C, Furnish Only. 
Article 2310.04, A, of the Standard Specifications applies. 
 

C. Portland Cement Concrete Overlay, QM-C, Placement Only. 
Article 2310.04, B, of the Standard Specifications applies. 
 

D. Hand Finished Pavement. 
Square yards of Standard or Slip-Form Portland Cement Concrete Pavement, QM-C, constructed 
using Class C or Class M mixtures. For overlays, the Engineer will compute the number of: 

 Square yards of Portland Cement Concrete Overlay, QM-C, Placement Only, constructed 
using Class C or Class M mixtures, and 

 Cubic yards of Class C and Class M mixtures used. 
 
15038.07  BASIS OF PAYMENT. 
The cost for furnishing labor, equipment, and materials for the work required by the Contractor to design, 
test, and provide process control for production of QM-C shall be included in the contract unit price for 
QM-C bid items. Payment will be the contract unit prices as follows: 
 

A. Standard or Slip Form Portland Cement Concrete Pavement, QM-C. 
 
1. Contract unit price for Standard or Slip-Form Portland Cement Concrete Pavement, QM-C, 

per square yard. 
 
2. The contract unit price per square yard for Standard or Slip-Form Portland Cement Concrete 

Pavement, QM-C, constructed will be adjusted according to Table DS-15038.07-1 based 
upon the average coarseness and workability factors for each lot according to Materials I.M. 
530. 
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Table DS-15038.07-1: Pay Factor Chart 

Gradation Zone 
(Materials I.M. 532) 

Pay Factor 

II-A 1.03 

II-B 1.02 

II-C 1.01 

II-D 1.00 

IV 0.98 

I 0.95 

 
B. Portland Cement Concrete Overlay, QM-C, Furnish Only. 

Article 2310.05, A, of the Standard Specifications applies. Average coarseness and workability 
factor for each lot will be determined according to Materials I.M. 530. The contract unit price will 
be adjusted according to Table DS-15038.07-1. 
 

C. Portland Cement Concrete Overlay, QM-C, Placement Only. 
Article 2310.05, B, of the Standard Specifications applies. Average coarseness and workability 
factor for each lot will be determined according to Materials I.M. 530. The contract unit price will 
be adjusted according to Table DS-15038.07-1. 
 

D. Hand Finished Pavement. 
 
1. Standard or Slip-Form Portland Cement Concrete Pavement, QM-C: per square yard.   
 
2. Portland Cement Concrete Overlay, QM-C, Placement Only: per square yard.  
 
3. Portland Cement Concrete Overlay, QM-C, Furnish Only: per cubic yard.   
 
4. Pay Factor incentives/disincentives in Table DS-15038.07-1 will not be applied to hand 

finished pavement. 
 

E. Price Adjustment 
Failure to provide an optimized gradation within Zone II, when required, will result in the following 
price adjustments. 
 

Table DS-15038.07-1: Price Adjustments 

Gradation Zone 
(Materials I.M. 532) 

Price 
Adjustment 

Per Lot 

IV 2% 

I 5% 
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(Replaces DS-15044) 

 

 
 

DEVELOPMENTAL SPECIFICATIONS 
FOR 

HIGH PERFORMANCE CONCRETE FOR STRUCTURES 
 
 

Effective Date 
October 15, 2019 

 
 
THE STANDARD SPECIFICATIONS, SERIES 2015, ARE AMENDED BY THE FOLLOWING 
MODIFICATIONS AND ADDITIONS.  THESE ARE DEVELOPMENTAL SPECIFICATIONS AND THEY 
PREVAIL OVER THOSE PUBLISHED IN THE STANDARD SPECIFICATIONS. 
 
 
15073.01  DESCRIPTION. 

 
A. Develop and provide high performance concrete (HPC) for bridge substructures and decks when 

called for in the contract documents. HPC is defined as a concrete mix providing the following: 

• Desired workability. 

• Maximum 28 day permeability of 2000 coulombs for the substructure (or greater than 20 K 
ohm-cm surface resistivity by Wenner probe) and 1500 coulombs for the deck (or greater 
than 30 K ohm-cm surface resistivity by Wenner probe), as a target. 

 
B. Apply Sections 2403, 2412, and Division 41 of the Standard Specifications with the following 

modifications. 
 
15073.02  MATERIALS. 
Contractor may use other mixes than those described below provided they meet the requirements of this 
specification and are approved by the District Materials Engineer. 
 

A. Substructure: 
 
1. Apply the following conditions for substructure HPC mixes: 

• Coarse aggregate meeting Class 3i durability. 

• Basic water to cementitious material (w/c) ratio of 0.42, with a maximum w/c ratio of 0.45. 
 
2. HPC mix for substructure may be a HPC-S or CV-HPC-S. Apply the following conditions: 

a. Use one of the following cement combinations: 

• Type IS. 

• Type I or II with a minimum of 30% weight substitution with GGBFS. 

• Type IP, except with an absolute volume of 0.126 for HPC-S mix. 
b. Fly ash substitution not to exceed 20% by weight of the cement. 
c. Maximum total substitution of 50% 
d. A high range water reducer may be used with a maximum allowable slump of 8 inches 

and target air content of 7.5% ± 2.0%. 
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B. Deck. 
 
1. Apply the following conditions for deck HPC mixes: 

a. Use coarse aggregate meeting Class 3i durability. 
b. Basic w/c ratio of 0.40, with a maximum w/c ratio of 0.42. 

 
2. The HPC mix for the deck may be a HPC-D or a CV-HPC-D. Apply the following conditions: 

a. Use one of the following cement combinations: 

• Type IS. 

• Type I or II with a minimum of 30% weight substitution with GGBFS. 

• Type IP. 
b. Fly ash substitution not to exceed 20% by weight of the cement. 
c. Maximum total substitution of 50%. 
d. Combined aggregate gradation optimized in Zone II according to Materials I.M. 532 and 

meeting the limits in Article 2513.03, A, 2, b, 3, of the Standard Specifications. 
 

C. Contractor Designed HPC. 
Other mixes meeting the above requirements may be approved by the District Materials Engineer. 

 
15073.03  CONSTRUCTION. 
 

A. Production Concrete. 
 
1. Notify the Engineer at least 48 hours prior to placement of production concrete.  Use only 

approved HPC mixes for production concrete. If a mix other than mix described in Article DS-
15073.02, A or B is to be used, ensure it has same materials, proportions, and properties 
(including slump, air content, and w/c ratio) as approved by the District Materials Engineer. 

 
2. District Materials Engineer will obtain random verification strength samples on a minimum of 

one deck placement. Strength samples will be tested at District Materials Laboratory 
according to AASHTO T 22. A set of four cylinders will be cast, cured, and handled according 
to Materials I.M. 315. Three cylinders will be tested for strength at 28 days. One cylinder will 
be tested for permeability on a random basis by Central Materials Laboratory or Wenner 
probe resistivity testing by the District Materials Engineer. Permeability testing will not be 
evaluated on footings or drilled shafts. 

 
B. Placing Concrete. 

 
1. If concrete is to be placed by pumping, use a pump line with a section reduction to reduce 

exit velocity of pumped concrete and minimize damage to epoxy coated reinforcement.  
Submit measures for reducing exit velocity of concrete to Engineer for approval prior to 
placement by pumping. 

 
2. Protect epoxy coated reinforcement from damage caused by placing and handling 

equipment. 
 
3. For the deck, placing of concrete floors shall not begin if the theoretical rate of evaporation 

exceeds 0.1 pounds per square foot per hour. Monitor theoretical evaporation rate at a 
maximum interval of every three hours during placement at a location as near the deck as 
possible. If the rate exceeds 0.15 pounds per square foot per hour cease placement at next 
location acceptable to Engineer. 

 
C. Curing. 
 

1.  Substructure. 
a. Leave forms in place for 96 hours of curing. 



DS-15073, Page 3 of 3 

b. Leave wet burlap covering in place for 96 hours. 
 

2.  Deck. 
a. Leave forms in place for 168 hours of curing. 
b. Apply water to the burlap covering for 168 hours of continuous wet sprinkling system 

curing. 
c. Do not place curing compound on floor. 
d. Use burlap that is prewetted by fully saturating, stockpiling to drain, and covering with 

plastic to maintain wetness prior to placement. Place two layers of prewetted burlap on 
floor immediately after artificial turf drag or broom finish with a maximum time limit of 10 
minutes after final finishing. Apply water to burlap covering for entire curing period by 
means of a continuous wet sprinkling system that is effective in keeping burlap wet during 
moist curing period. 

e. Use evaporation retardant only in situations where equipment and/or labor delays, or 
environmental conditions, prevent adequate protection of concrete until prewetted burlap 
is in place. Have an evaporation retardant, including Confilm, Conspec Acquafilm, 
Evapre, or Sure Film, readily available during placement for application as directed by the 
Engineer. Do not work evaporation retardant into concrete surface or use as a finishing 
aid. 

 
D. Cold Weather Protection. 

 
1. Monitor surface temperature of concrete continuously during curing period using electronic 

recording type thermometers capable of recording a minimum of one reading per hour. 
Furnish results to Engineer in electronic format as required. 

 
2. If supplemental housing and heating is used, locate temperature monitors in the concrete at 

the furthest and closest point from heat source. Verify maximum temperature at monitor point 
closest to heat source does not exceed 150ºF. 

 
3. After required curing period, gradually reduce temperature of air surrounding concrete to 

outside air temperature according to Article 2403.03, I, of the Standard Specifications. 
a.  Substructure. 

Ensure concrete and its surface temperature are maintained at a temperature of no less 
than 50ºF for the first 120 hours after placing. Curing time will not be counted if concrete 
temperature falls below 50ºF. 

b. Deck. 
1) Covering with plastic will not be allowed as a substitute for continuous wet sprinkling 

system curing. 
2) Ensure concrete and its surface temperature are maintained at a temperature of no 

less than 50ºF for 168 hours of continuous wet sprinkling system curing. Curing time 
will not be counted if the concrete temperature falls below 50ºF. 

 
15073.04  METHOD OF MEASUREMENT. 
Measurement for High Performance Concrete will be the cubic yards shown in the contract documents. 

 
15073.05  BASIS OF PAYMENT. 
Payment for High Performance Concrete will be at the contract unit price per cubic yard. Payment 
includes cost for testing production concrete. 
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Construction Practice: Impact on 
Air Entrainment & Durability

Air Loss Testing

 Noted up to 2% loss 
through paver

 Up to 1994

 5% in front

 Minus 2% loss

 =3% in pavement 
!!!

Specification History

Up to 1994 1995 to 
2001

2001 & 
Later QMC

Air 
Content

6 ± 1% 7 ± 1% 6 + Loss

+1.5% / -1%

Vibration Min. 7000 
vpm’s

Supplementary 
vibration at 
baskets

5000 to 
8000 vpm’s

4000 to 8000 
vpm’s
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Paver Vibrators

 Hydraulic 
Vibrators

 Capable of 
heavy 
vibration

Vibration Affect on Air Content

 Research showed low 
air in top of cores 
directly on trail

Over vibration Cores

 Aggregate 
segregation

 Area of all mortar 

 Low air in mortar

 9% air required 
in mortar
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Impact of Supplemental Vibration 

 US 20 Webster

 Reinforced 
Pavement

 Deterioration on 
skew of joint

 No Joint !! 

Importance of Vibration Monitoring

 Effect of Excessive 
Vibration on Air Loss

 Important to retain 
data

 Projects > 50,000 yd2
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I-29 Pott/Harrison

 1992 NB –

 MP 57.70 to 72.45

 1994 SB –

 MP 57.70 to 60.80 & 65.50 to 70.84 

 1995 SB –

 MP 60.80 to 65.50 & 70.84 to 72.45 

Pottawattamie Co. I-29 – 1992

MP 57.70 to 72.45 NB

Pottawattamie Co. I-29 - 1994

MP 57.70 to 60.80 SB & MP 65.50 to 70.84 SB
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Pottawattamie Co. I-29 - 1995

MP 60.80 to 65.50 SB &MP 70.80 to 72.45 SB

Iowa - Hardened Air Content - Concrete
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Iowa - Hardened Air Content - Concrete
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Ch. 4 - Influence of 
Aggregate Shape

Shape & Texture affect  Workability

Smooth and rounded 

particles require less 

water to produce 

workable concrete

Rough, Flat, and Angular

particles require more water 

to produce workable 

concrete  more cement to 

maintain w/c

Intermediate Aggregates

LIMESTONE CHIPS QUARTZITE CHIPS

PEA GRAVEL
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Influence of  Aggregate Shape
U.S. 75 Woodbury Co.

 Key mix features of 2000

 45.5% CA/ 19.5% IA/ 35% FA

 Quartzite coarse and intermediate

 A lot of intermediate

 Flat and elongated chips

 Key results of 2000

 finishing difficulties

 poor smoothness

 edge tear

 poor production rates

2000

2000
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 Key mix features of 2001

 53.5% CA/ 9.5% IA/ 37% FA

 Quartzite coarse and intermediate

 Less intermediate aggregate

 Intermediate better aggregate shape

 Key results of 2001

 better finishability

 excellent smoothness

 no edge tear

 normal production rates

Influence of  Aggregate Shape
U.S. 75 Sioux City, IA

2000 Project

2001 Project

Intermediate Aggregate Shape

2000 2001
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2001

Shape  Effect on Project  Workability

•Minor Gradation 

Changes

•Improved Shape of 
Chips

•Better workability 
compared to 2000

•Use of Pea Gravel 

improves workability

 Key mix features

 42.5% CA/ 14.5% IA/ 43% FA

 Quartzite coarse & Pea Gravel intermediate

 Intermediate better aggregate shape

 Key results

 Excellent finishability

 Excellent smoothness

 normal production rates

Influence of  Aggregate Shape
-IA 60 Sioux County 2005
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Influence of  Aggregate Shape
-IA 60 Sioux County 2005

 Quartzite Coarse 
Aggregate Stockpile

 Gravel Intermediate 
Stockpile

 Key mix features

 48% CA/ 10% IA/ 42% FA

 Gravel coarse & Pea Gravel intermediate

 “Best” aggregate shape

 Key results

 Excellent finishability

 Edge tended to dip

 normal production rates

Influence of  Aggregate Shape
-US 20 Woodbury County 2016
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Assumptions: 564 lbs cement per cubic yard, 1 inch Aggregate,  and Slipformed

Influence of Aggregate Shape

 Shape has impact on workability and ability 
to hold edge when slip formed

 Quartzite CA–use gravel intermediate

 Limestone CA– limestone chips or pea gravel

 Gravel CA – may be better to use limestone 
chips ?
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Ch. 6 - Experience with Optimized 

Gradation in Slipform Rail

Iowa DOT Class D Mix Problems

 Difficult to place & 

finish

 Excessive Vibration

 Difficult to entrain air

 Sagging

 Excessive cracking

Poor Placement=Poor Performance
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Investigation of Rail Concrete

 Low Air Content 

& Poor Air Void 

System
 Worst Air 1.27%

 Spacing Factor 

0.278 mm

 Large voids 

Solutions

 Use well graded aggregates

 Use less cement

 Use a water reducer

Mix Design- Absolute Volumes

Class D

 Cement       0.134

 Water          0.147

 Coarse        0.329

 Fine            0.329

 Air 0.060

BR-1

 Cement       0.114

 Water          0.159

 Coarse        0.313

 Interm. 0.078

 Fine            0.284

 Air 0.060

Cement reduced by 106 lbs/yd3 (63 kgs/m3)

Water / cement ratio increased from 0.35 to 0.42
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Results

D Mix BR Mix

Comp. Strength, psi (MPa) 5750 (39.6) 6800 (46.9)

Permeability, coulombs 7000 3600 

Shrinkage Cracks In Rails 55 right side, 

54 left side

26 right side, 

11 left side

Air Entrainment 25 oz/cwt – 5.5%

(16.5 mL/kg)

8 oz/cwt – 7.4%

(5.3 mL/kg)

Slump, in (mm) 0 to 3/4 (0-75mm) 3/4 to 1 (75-100mm)
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Ch. 6 – QMC Mix Design

History – Concrete 

Paving in Iowa

 Long term service

 Many over 40 years

760 miles built prior 

to 1963 w/o overlay  

I-29 Monona 1961

US 30 Greene Co 1955

Eddyville Cemetery Rd 

1913

History – Concrete Paving in Iowa

 1950’s to 1960’s

 Identified freeze 

thaw mechanism –

D-cracking 

limestone

 Developed Iowa 

Pore Index Test 
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History - Concrete Paving in Iowa

 1991-New type distress

Vibrator trails

Joint spalling

 Visible in 3 – 5 yrs

 Over 20 projects

1986 – 1994

Over vibration Cores

 Aggregate 

segregation

 High mortar area

 Low Air <3%

 Poor Spacing 

Factors >0.35 mm

History - Concrete Paving in Iowa

1994

 Vibration spec change

From min. 7000 vpm

To 5000 to 8000 vpm

1997

 Vibration Monitoring

Projects > 50,000 yd2 
(40,000 m2)
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Pavement Placement Problems

 Six finishers

 Unable to close 

surface 

 Air entraining 

problems

Pavement Placement Problems

Direct Relationship To Placement 

Problems & Long  Term Durability
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History - QMC

 Projects > than 50,000 yd2 (40,000 m2)

 1997 pilot project 
 28 day compressive strength >4500 psi (avg - 1 stdev)

 1998 to 1999 projects -12 projects
 28 day third point flexural >600 psi (avg - 1 stdev)

 Minimal mix improvement to attain incentive

No Correlation of Strength to Durability 

Optimized Mix Design for Pavements

Based on Coarseness -

Workability Factor Chart

 Economy – Cement Content

 Improved Placement 

Characteristics

 Response to vibrator

 Reduced Shrinkage

 Allows for Quality Control
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QMC History - Gradation

 2000 to 2007 - 82 projects
 Incentive to Contractor based on 

Average Coarseness and Workability 

factors for project

0.45 Power & Percent Retained charts 

used to check individual sieves

NO placement problems

QMC Mix Design

 Given absolute 

volume of cement

 Given a maximum 

w/c ratio

 Given Air Content

 Determine aggregate 

proportions

Determine w/c for Durability
Table 4.2.2 W/C ratio requirements for 
special exposure conditions 
 
Exposure Condition Maximum water-

cementitious 
materials ratio, by 
weight, normal 
weight aggregate 

Minimum f’c, 
normal weight 
aggregate 
concrete, psi. 

Concrete intended to have low 
permeability when exposed to water 

 
0.50 

 
4000 psi 

Concrete exposed to freezing and 
thawing in a moist condition or to 
deicing chemicals 

 
0.45 

 
4500 psi 

For corrosion protection of 
reinforcement in concrete exposed to 
chlorides from deicing chemicals, salt, 
salt water, brackish water, seawater. or 
spray from these sources. 

 
0.40 

 
5000 psi 
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Select Air Content
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re
a

s
in

g
 P

a
s

te
 C

o
n

te
n

t

ACI 318-99 Building Code for Structural Concrete

Table 4.2.1--TOTAL AIR CONTENT FOR FROST RESISTANT 

CONCRETE

Nominal maximum 

aggregate size, in inches.

Air content, as a 

percentage of total 

concrete volume.

9% mortar air for Severe F/T Severe 

Exposure

Moderate 

Exposure 

3/8 7.5 6

1/2 7 5.5

3/4 6 5

1 6 4.5

1-1/2 5.5 4.5

2 5 4

3 4.5 3.5

In
 p

la
c

e
 A

ir
 c

o
n

te
n

t

Cement Content

 Design for Durability & Strength

 0.45 w/c ratio for F/T with Deicers

 Difficult to maintain w/c at lower cement 

contents, especially in hot weather

 ACPA & PCA Recommend 564 lbs/yd3 for 

severe freeze thaw and deicers

Effect of Cement Content on w/c Ratio

0.390

0.395

0.400

0.405

0.410

0.415

0.420

0.425

0.430

0.435

0.440

0.445

0.450

510 520 530 540 550 560 570 580 590 600 610

Cement Content, lbs/cu. yd.

w
/c

 r
a
ti

o

Well Graded Barrier Rail Mixes Designed for 3/4" Slump 

Effect of Cement Content on w/c
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Typical QM-C Blends

Aggregate percentages (total)
43-53 percent coarse

8-16 percent intermediate

38-42 percent fine

Coarser than IDOT Standard mix??

Aggregate Batch Weights

 Paste = 0.301

Aggregates

 Coarse = 0.48 X 0.699 = 0.335

 Intermediate = 0.12 X 0.699 = 0.084

 Fine = 0.40 X 0.699 = 0.280

More Rock or Less Sand ??

 Cement 0.085

 Fly Ash 0.025

 Water 0.131

 Air 0.060

 Fine 0.280

 Interm. 0.084

 Coarse 0.335

 Cement 0.086

 Fly Ash 0.025

 Water 0.131

 Air 0.060

 Fine 0.314

 Interm. 0.000

 Coarse 0.384

QMC C-3WR-C
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Mix Appears Rocky at Belt Placer

Closeup of Mix on Grade

Responds Well to Vibration
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Excellent Slab Behind Paver

Similar placement 

whether it’s-

Contractor A

Contractor B

Contractor C
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Contractor D

Coarseness Chart Assumptions

 Slipform Paving

 564 lbs/yd3 cementitious

Adjust WF factor 2.5% + or - every 94 lbs/yd3

 Aggregate top size is 1 to 1.5 inches 

 Rounded or Cubical aggregate

 Need to account for aggregate shape

Original Slipform Paver 1954
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QMC Mix Design Problem 

 
You are responsible for designing and proportioning a PCC paving mix for a federally 

funded Iowa DOT interstate paving project.  As a designer you must ensure you meet all 

specification requirements while providing the most economical combination of 

materials.  You should use the provided computer program to evaluate potential 

aggregate combinations and select the most appropriate sources and blends.  You then 

will need to select other component materials keeping in mind project conditions and 

economics. 

 

The project location, cross-section, quantities, aggregate durability requirements are 

detailed in the provided plan sheets.  Supplemental specification DS-01106 details the 

special requirements of a QM-C pavement. 

 

The contractor you work for has a central mix batch plant and is capable of using three 

cementitious products and up to three aggregates.  The pavement will be placed by slip-

form paver and delivered by dump truck to the grade.  It is anticipated that the project 

will be constructed over the summer.  There is ample shoulder area for a haul road so 

opening time is not extremely critical. 

 

Approved aggregates are provided in the T-203 and the source locations are detailed on 

the provided map for aggregates in Hamilton, Hardin, and Grundy Counties.  Costs of 

aggregates produced and on the ground are considered equal for all sources; however, 

transportation distances should be considered.  The average production gradations have 

been provided on the attached sheets. 

 

Per specification the maximum allowable substitution rates for fly ash and GGBFS are 20 

and 35 percent respectively, with a total substitution limit of 40 percent.  Blended 

cements are not available for use.  IM 401, 491.17, and 491.14 can be referenced for 

selecting cementitious materials. 

   

Chemical admixtures can be considered to be equal in cost and should be selected based 

on compatibility.  IM 403 should be referenced for selecting chemical admixtures. 
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APPROVED SOURCES 

AIR-ENTRAINING ADMIXTURES 
 
 

VINSOL RESIN BRAND NAME PRODUCER/DISTRIBUTOR LOCATION 
 
Catexol AE260 Amix Concrete Tech. Middlebranch, OH 
Catexol AE360 
 
Daravair - 1400 W.R. Grace & Company Boston, MA 
Darex II AEA 
Darex EH AEA 
 
Euco Air Mix Euclid Chemical Cleveland, OH 
 Distributed by Brett Admixtures Des Moines, IA 
 
MB AE 90 BASF Admixtures, Inc. Cleveland, OH 
MB-VR Standard 
Micro-Air 
Pave-Air 
Pave-Air 90 
 
Polychem VR General Resource Technology Eagen, MN 
 
RVR-15 RussTech, Inc. Louisville, KY 
 
Sika AER Sika Corporation Marion, OH 
 Dist. by Contractors Steel Corp. Des Moines, IA 
 
 

NON-VINSOL RESIN BRAND NAME PRODUCER/DISTRIBUTOR LOCATION 
 
AEA-92 Euclid Chemical Company Cleveland, OH 
AEA-92S Distributed by Brett Admixtures 
 
Daravair 1000 W.R. Grace & Company Boston, MA 
Daravair AT30 
Daravair AT60 
 
Everair Plus  BASF Admixtures, Inc. Cleveland, OH 
 
Polychem AE General Resource Technology Eagen, MN 
Polychem SA  
Polychem SA-50 
 
RSA-10 RussTech, Inc. Louisville, KY 
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NON-VINSOL RESIN BRAND NAME PRODUCER/DISTRIBUTOR LOCATION 

(Continued) 
 
Sika AEA-14 Sika Corporation Marion, OH 
Sika AEA-15 
Sika Air 
Sika Multi Air 25 
 
Super Air Plus* Fritz-Pak Corporation Dallas, TX 
Air Plus* 
 
Terapave AEA  W.R. Grace & Company Boston, MA 
 
 
*Dry powdered admixture, prepackaged in water-soluble bag. 
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APPROVED SOURCES 

WATER REDUCING ADMIXTURES 

 
 CONCRETE PAVEMENT 

 
  RECOMMENDED MIN. DOSAGE 

  mL/kg  fl. oz./100 lb. 

  cementitious  cementitious 

BRAND NAME PRODUCER/DISTRIBUTOR materials  materials 

 

Normal Water Reducers 

 

#1920 Auger Aid SPECCO Industries 5.2 8.0 

 

Catexol 800 N AXIM Concrete Technologies 2.0 3.0 

 

Catexol 1000N AXIM Concrete Technologies 1.0 1.5 

 

Duraflux 33 AXIM Concrete Technologies 0.7 1.0 

 

Eucon WR Euclid Chemical Company 1.3 2.0 

 

Eucon WR-75 Euclid Chemical Company 2.0 3.0 

 Distributed by Brett Admixtures 

 

Eucon WR-91 Euclid Chemical Company 2.0 3.0 

 Distributed by Brett Admixtures 

 

FinishEase NC RussTech, Inc. 3.3 5.0 

 

Glenium 3000 NS BASF Construction Chemicals 2.6 4.0 

 

Glenium 3030 NS BASF Construction Chemicals 3.9 6.0 

 

Glenium 3200 HES BASF Construction Chemicals 1.3 2.0 

 

LC-400 RussTech, Inc. 2.6 4.0 

 

LC-400P RussTech, Inc. 3.3 5.0 

 

LC-500R RussTech, Inc. 2.0 3.0 

 

Master Pave BASF Construction Chemicals 3.3 5.0 

 

Master Pave
+
 BASF Construction Chemicals 2.6 4.0 
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CONCRETE PAVEMENT (Continued) 
 

  RECOMMENDED MIN. DOSAGE 

  mL/kg  fl. oz./100 lb. 

  cementitious  cementitious 

BRAND NAME PRODUCER/DISTRIBUTOR materials materials 
 

Normal Water Reducers (Continued) 
 

Master Pave N BASF Construction Chemicals 1.3 2.0 
 

Master Pave RI BASF Construction Chemicals 1.3 2.0 
 

NCA Fritz-Pak Corporation 1% by weight of cement* 
 

Pavex AXIM Concrete Technologies 1.3 2.0 
 

Plastocrete 161 Sika Corporation 1.3 2.0 

 Dist. by Contractors Steel Corp. 
 

Plastocrete 169 Sika Corporation 2.6 4.0 
 

Polychem 1000 General Resource Tech. 2.0 3.0 
 

Polychem 400 NC General Resource Tech. 2.0 3.0 
 

Polychem KB-1000 General Resource Tech. 2.0 3.0 
 

Polychem Paver Plus General Resource Tech. 1.3 2.0 
 

Pozzolith 80 BASF Construction Chemicals 2.0 3.0 
 

Pozzolith 200 BASF Construction Chemicals 2.0 3.0 
 

Pozzolith 220N BASF Construction Chemicals 2.0 3.0 
 

Pozzolith 322 N BASF Construction Chemicals 1.6 2.5 
 

PS 1466 BASF Construction Chemicals 1.3 2.0 
 

Sikament 686 Sika Corporation 2.0 3.0 
 

WRDA-82 W.R. Grace & Company 2.3 3.5 
 

WRDA with Hycol W.R. Grace & Company 2.0 3.0 
 

*Dry powdered admixture pre-packed in water-soluble bag. 
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CONCRETE PAVEMENT (Continued) 

 
  RECOMMENDED MIN. DOSAGE* 

  mL/kg  fl. oz./100 lb. 

  cementitious  cementitious 

BRAND NAME PRODUCER/DISTRIBUTOR materials materials 

 
Mid-range Water Reducers 

 

Based on manufacturer’s recommendation, mid-range water reducers may also be used as normal 

water reducer at different rate. 
 

 

CATEXOL 3000GP Axim Concrete Technologies 1.3 2.0 

 

CATEXOL 3500N Axim Concrete Technologies 2.0 3.0 

 

Catexol Hydrosense Axim Concrete Technologies 1.3 2.0 
 

Daracem-65 W.R. Grace & Company 2.0 3.0 

 

Duralflux 77 Axim concrete Technologies 0.7 1.0 
 

Eucon MR Euclid Chemical Company 4.6 7.0 

 Distributed by Brett Admixtures 

 

MIRA 62 W.R. Grace & Company 2.6 4.0 
 

Polyheed 900 BASF Construction Chemicals. 2.0 3.0 
 

Polyheed 997 BASF Construction Chemicals 2.0 3.0 
 

Polyheed 1020 BASF Construction Chemicals 2.0 3.0 
 

Polyheed 1025 BASF Construction Chemicals 2.0 3.0 

 

Polyheed 1720 BASF Construction Chemicals 2.0 3.0 

 

Polyheed 1725 BASF Construction Chemicals 2.0 3.0 
 

Polychem KB-1000 General Resource Technologies 2.0 3.0 

 

Sikaplast 500 Sika Corporation 2.0 3.0 

 

*Rates above are for concrete pavement.  When higher slump is required for other work, such as 

patching, HPC overlays, and other structural applications, rates shall be adjusted per 

manufacturer’s recomendation. 
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MID-RANGE WATER REDUCERS FOR 

BRIDGE FLOOR REPAIR, OVERLAY (Class HPC-O), & RESURFACING 
 

  RECOMMENDED MIN. DOSAGE 

  mL/kg  fl. oz./100 lb. 

  cementitious  cementitious 

BRAND NAME PRODUCER/DISTRIBUTOR materials materials 
 

CATEXOL 3000GP AXIM Concrete Technologies 1.3 2.0 

 

Polyhead 1020 BASF Construction Chemicals 2.0 3.0 

 

Polyhead 1025 BASF Construction Chemicals 2.0 3.0 

 

Eucon MR Euclid Chemical Company 4.6 7.0 

 Distributed by Brett Admixtures 

 

*NOTE: When concrete mobile mixer is used for bridge deck overlay, use same dosage rate 

per sack of cement. 

 

For the HPC-O application, a water reducing and retarding admixture, or a combination of water 

reducer and retarder, may be used with approval of the Engineer. 
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