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PREFACE  

This manual is designed to standardize Department policies and procedures with reference to 

applicable areas (Part VI - Part X) of the 2016 Standard Specifications for Roads and Bridges.  It 

is specifically written for routine DOTD cast-in-place portland cement concrete construction 

operations.  It is not designed for application in areas requiring specialized techniques, such as 

concrete overlays, pavement rehabilitation, concrete recycling, etc.  This manual details the 

responsibilities of the contractor and the Department with reference to the areas of certification, 

design, production, transportation, placement, quality control, inspection, and acceptance of 

pavements and structures built of portland cement concrete.  It is to be used in conjunction with 

the following: 

 CONTRACT DOCUMENTS – the legally binding written agreement between the DOTD 

and the Contractor setting forth obligations for the performance of work for a specific 

project. 

 2016 EDITION OF THE LOUISIANA STANDARD SPECIFICATIONS FOR ROADS AND 

BRIDGES – (known as “Standard Specifications”) the terms and stipulations for 

providing materials, services, and the finished constructed product.  (From the DOTD 

Intranet, Go to Publications/Manuals, to Standard Specifications, to 2013 Standard 

Spec…) 

 MATERIALS SAMPLING MANUAL – (known as “MSM”) will be generated by Site 

Manager Materials arranged by Contract Item #, this includes the purpose, method of 

sampling, minimum frequency of sampling, sample quantity (size), sampling procedures, 

certificate requirements, and distribution of documentation.  

(http://www.dotd.la.gov/highways/construction/lab/sitemap.asp , Go to 2015 Specs…) 

 SAMPLING PLAN – will be generated using Site Manager Materials; a project-specific 

document denoting the minimum number of samples and certificates required for each 

contract item to ensure adequate representation and quality of all materials incorporated 

into the project.  This is reviewed by the District Lab Engineer and/or the Project 

Engineer and is based upon the Materials Sampling Manual.  (Sampling Plan is not on 

web site) 

  

http://www.dotd.la.gov/highways/construction/lab/sitemap.asp
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 SITE MANAGER MATERIALS MANUAL – User manual for completing and submitting 

the required documentation to accompany samples.  (From the DOTD Intranet, go to 

Construction, then SiteManager Materials, Materials Documentation…) 

 TEST PROCEDURES MANUAL – all standardized DOTD test procedures, which are 

denoted, “DOTD TR-xxx”. 

(http://wwwsp.dotd.la.gov/Inside_LaDOTD/Divisions/Engineering/Materials_Lab/Pages/d

efault.aspx , Go to Test Procedures Manual) 

 ENGINEERING DIRECTIVES AND STANDARDS MANUAL – (known as 

“EDSM”) establishes policies and procedures for DOTD Design, Construction, 

and Maintenance.  An example is “haul truck certification”.  (From the DOTD 

Intranet, go to Publications/Manuals, to EDSMs (Engineering Directives and 

Standards.) 

 APPROVED MATERIALS LIST (Quality Brand Name) (Formally known as “QPL”) – a 

listing of materials which have been prequalified by DOTD.  This does not necessarily 

eliminate the requirement for testing.  

(http://wwwsp.dotd.la.gov/Inside_LaDOTD/Divisions/Engineering/Materials_Lab/Pages/

Menu_QPL.aspx , Go to Approved Materials List) 

 DOTD CONSTRUCTION MEMORANDA – The DOTD’s internal office documentation to 

explain various construction issues.  (From the DOTD Intranet, go to Construction Home 

Page, to Construction Memos) 

 CONSTRUCTION CONTRACT ADMINISTRATION MANUAL – Instructions for DOTD 

Project Engineers and their representatives which include procedures for change orders, 

estimates, diaries, and field book entries.  (From the DOTD Intranet, go to Construction, 

to Construction Contract Administration Manual) 

 AASHTO TEST PROCEDURES – a set of nationally recognized test procedures and 

specifications published by the American Association of State Highway Transportation 

Officials.  (Available at http://www.transportation.org) 

  

http://wwwsp.dotd.la.gov/Inside_LaDOTD/Divisions/Engineering/Materials_Lab/Pages/default.aspx
http://wwwsp.dotd.la.gov/Inside_LaDOTD/Divisions/Engineering/Materials_Lab/Pages/default.aspx
http://wwwsp.dotd.la.gov/Inside_LaDOTD/Divisions/Engineering/Materials_Lab/Pages/Menu_QPL.aspx
http://wwwsp.dotd.la.gov/Inside_LaDOTD/Divisions/Engineering/Materials_Lab/Pages/Menu_QPL.aspx
http://www.transportation.org/


ix 
 

 ASTM TEST PROCEDURES – a set of nationally recognized test procedures published 

by the American Standards for Testing and Materials.  (Go to http://www.astm.org, Go to 

Standards, and then search.  DOTD personnel may contact the District Lab Engineer.)  

 ADMINISTRATIVE MANUAL FOR CONSTRUCTION TECHNICIAN TRAINING AND 

CERTIFICATION – certification and training requirements for performing construction 

inspection.  (http://www.ltrc.lsu.edu/pdf/2008/admin_manual_final08.pdf ) 

These publications are used together to ensure that portland cement concrete operations are 

performed in accordance with all DOTD specifications, policies, and procedures.  For precast-

prestressed plant operations, refer to the DOTD Application of Quality Assurance Specifications 

for Precast-Prestressed Concrete Plants manual.  

For the purposes of this manual the term "certified technician" is the authorized representative of 

the contractor.  The term "certified inspector" is the Department’s authorized representative.  

Examples of forms and specification requirements in this booklet are based on the 2016 Standard 

Specifications for Roads and Bridges.  Relevant specifications are referenced throughout this 

manual.  Specifications may be repeated in order to further detail or demonstrate how they are 

applied.  All specifications, manuals, forms, and spreadsheets are subject to change.  

Therefore, it is imperative that contract documents for each project be reviewed for any 

specific change, update, and/or addition.   

http://www.astm.org/
http://www.ltrc.lsu.edu/pdf/2008/admin_manual_final08.pdf
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SPECIFICATION CHANGES  

This manual is referenced in those areas of the Standard Specifications, which are concerned 

with cast-in-place portland cement concrete; therefore, it must be consulted for elaboration of 

areas of specification change and DOTD construction techniques and procedures which are 

presented in more detail than is possible in the Standard Specifications.  The English System for 

units of measure is the standard for this manual.    

The primary changes regarding portland cement concrete pavement and structural concrete 

construction are:    

 Three Classes of Structural Concrete (A, A2, A3) 

 Three Classes of Prestressed Concrete (P1, P2, P3) 

 Three New Classes for Mass Concrete (MASS A1, MASS A2, MASS A3) 

 Longitudinal Surface Tolerance Requirements will be measured by IRI (See DOTD 

TR644) 

 Surface Resistivity testing is now required for all structural class concretes (See DOTD 

TR 233) 

 The hot and cold weather limitations have significantly changed.  (See Section 901.11) 

 Substitutions of cementitious materials has significantly changed 

 The percent air content by volume requirements have changed 

 There is no minimum cementitious material requirement 

The payment adjustment schedules were not developed for the benefit of the contractor, but as a 

mechanism by which the Department can accept the product and pay the contractor on those rare 

occasions when the portland cement concrete product does not meet all Department 

requirements.  The payment adjustment schedules included in the Standard Specifications are to 

be considered as a method of payment to the contractor for a substandard product.  Under these 

specifications, the production of portland cement concrete at less than 100 percent payment will 

not be allowed on a continuous basis.  If test results demonstrate that payment adjustments are 

necessary, or other specification requirements are not being met, satisfactory control adjustments 

shall be made or production shall be discontinued.  
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FINENESS MODULUS OF FINE AGGREGATE 

The fineness modulus is calculated by obtaining the sum of the cumulative percentages retained 

on specific sieves and dividing it by 100.  The specified sieves for the calculation of the fineness 

modulus of a fine aggregate are: 3/8 in., No. 4, No. 8, No. 16, No. 30, No. 50, and No. 100.  The 

complete set of sieves used to calculate the fineness modulus of coarser aggregate is specified 

in AASHTO Test Method T27.  The following example illustrates the calculation process. 

EXAMPLE 

The first step will be to determine the gradation of the fine aggregate using test method DOTD 

TR 113.  The cumulative percent retained is calculated for each sieve, but only the sieves listed 

above are used to calculate the fineness modulus (FM) of the fine aggregate. 

 

Aggregate Gradation Worksheet 

  
   Percent 

Retained on 

Sieve 

Cumulative 

Percent 

Retained 

Percent 

Passing 

  Sieve Size Aggregate 

Wt., g   In(mm) 

  3/8 (9.5) 0.0 0.00 0.00 100 

  No.4 (4.75) 20.0 4.02 4.02 96 

  No.8 (2.36) 31.0 6.23 10.25 90 

  No.16 (1.18) 81.4 16.35 26.60 73 

  No.30 (.600) 103.4 20.77 47.37 53 

  No.50 (.300) 100.9 20.27 67.64 32 

  No.100 (.150) 139.6 28.04 95.68 4 

  No.200 (.075) 19.0 3.82 99.50 0.5 

  Pan(-.075) 2.5 
  

  

   Sum of Agg. Wts 497.8 
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Equation: 

100

Retained sPercentage Cumulative
    Modulus  Fineness



 

 

 
Cumulative 

Percent 

Retained 

 
Sieve Size 

 

In(mm) 
 

3/8 (9.5) 0 
 

No.4 (4.75) 4 
 

No.8 (2.36) 10 
 

No.16 (1.18) 27 
 

No.30 (.600) 47 
 

No.50 (.300) 68 
 

No.100 (.150) 96 
 

Sum of 

Cumulative % 

Retained 

252 ÷ 100 = 2.52 

 
Fineness 

Modulus 
 

  

 
2.52 
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MIX PROPORTION CALCULATION 

PLAIN PORTLAND CEMENT 

The following is an example design of a Class A mix using the required air entrainment and water-

reducing admixture.   

Example 1 

This example utilizes the absolute volume method for proportioning concrete mixtures.  The 

calculations are presented in Standard units.  

Given: 

Cement Content 560 lb 

Maximum Water-Cement Ratio  0.45 

Air Content 5.0 % 

Maximum Size of Aggregate 3/4 in. 

Dry-Rodded Unit Weight of Coarse Aggregate 100 lb/ft3 

Specific Gravity of Coarse Aggregate (SSD) 2.55 

Absorption Factor of Coarse Aggregate 1.5 % 

Fineness Modulus of Fine Aggregate 2.69 

Specific Gravity of Fine Aggregate (SSD) 2.62 

Absorption Factor of Fine Aggregate 0.5 % 

Specific Gravity of Cement 3.15 

Admixtures: 

Water Reducer 38.50 oz* 

Air Entrainment 2.92 oz* 

* These quantities are already included in the maximum allowed water. 
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The maximum water-cement ratio and the total air are determined from the Master Proportion 

Table for Portland Cement Concrete, Standard Specifications Table 901-3.  The maximum 

aggregate size was determined by a gradation analysis from the stockpile.  Note that the 

quantities for all of the components to be included in the mix are listed with the exception of the 

coarse and fine aggregate.  These quantities must be determined to complete the design of the 

concrete mixture. 

Determination Of Mix Proportion Of Coarse Aggregate 

The following table may be used to determine the volume of dry-rodded coarse aggregate 

required for one cubic yard of concrete.  This is Table 901-1 in the Standard Specifications.  The 

values for the fineness modulus of the fine aggregate and the maximum coarse aggregate size 

must be known in order to use this table.  Interpolation might be necessary when the fineness 

modulus of the fine aggregate falls between the values of the table. 
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Table 901-1 

Volume of Coarse Aggregate per Unit of Volume of Concrete 

Maximum Size of 

Aggregate, 

Inches (mm) 

Volume of Dry-Rodded Coarse Aggregate Per Unit Volume of 

Concrete for Different Fineness Moduli of Fine Aggregate1 

2.20 2.40 2.60 2.80 3.00 

3/8 (9.50) 0.52 0.50 0.48 0.46 0.44 

1/2 (12.5) 0.61 0.59 0.57 0.55 0.53 

3/4 (19.0) 0.68 0.66 0.64 0.62 0.60 

1 (25.0) 0.73 0.71 0.69 0.67 0.65 

1 1/2 (37.5) 0.77 0.75 0.73 0.71 0.69 

2 (50.0) 0.80 0.78 0.76 0.74 0.72 

3 (75.0) 0.84 0.82 0.80 0.78 0.76 

1
 Volumes are based on aggregates in dry-rodded condition as described in AASHTO T19, Unit 

Weight of Aggregate.  These volumes are selected from empirical relationships to produce 

concrete with a degree of workability suitable for usual reinforced concrete construction.  For less 

workable concrete such as required for concrete pavement construction, they may be increased 

up to 10 percent.  For more workable concrete, as may be required for pumping, they may be 

reduced up to 10 percent. 

 

 

In this example, the fine aggregate has a fineness modulus of 2.69 and the maximum size 

aggregate is 3/4 inch.  For this aggregate size, the table provides a value of 0.64 for a fineness 

modulus of 2.60 and 0.62 for a fineness modulus of 2.80.  Interpolation is required to determine 

the volume of coarse aggregate for this mix.  The following equation can be used to interpolate 

the required value from the table: 

  112

12

1 VVV
FMFM

FMFM
V R

R 
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Where: 

VR = percent volume of coarse aggregate required for mix 

FMR = fineness modulus provided for mix 

V1 = percent volume of coarse aggregate required for lower fineness modulus 

V2 = percent volume of coarse aggregate required for higher fineness modulus 

FM1 = lower fineness modulus 

FM2 = higher fineness modulus 

Substituting the corresponding values into the equation, 

  631.064.064.062.0
60.280.2

60.269.2













RV

 

 

The weight of dry-rodded coarse aggregate required for one cubic yard (27.00 ft3) of concrete is 

calculated in the following step, 

3333 lb/yd 1,704 lb/ft 100 /ydft 27  0.631  (dry)Weight  Aggregate Coarse   

Therefore, 1,704 pounds of dry coarse aggregate will be required for one cubic yard.  

This weight needs to be converted to saturated surface dry condition (SSD) using the 

Absorption Factor taken from the Approved Materials List,  

33 lb/yd 1,730   
100

5.1
1 lb/yd 1,704 

100

Factor Absorption
 1  (dry) Weight Aggregate Coarse  (SSD) Weight Aggregate Coarse





















Determining the Absolute Volume of Other Components 
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The following formula can be used to calculate the absolute volume of cement, water, and coarse 

aggregate for one cubic yard (27 ft3) of concrete: 

WaterofWeightUnitGravitySpecific

ComponentofWeight
VolumeAbsolute




 

33

3

3

/ydft 85.2
lb/ft 4.6215.3

lb/yd 560
    Volume AbsoluteCement  


  

 

To calculate the absolute volume of the water required it is first necessary to find the maximum 

weight of water using the water-cement ratio that is provided by the specifications. 

33 lb/yd 0.252450lb/yd560 Water  ofWeight   .  

gal2.30
34.8

lb/yd 0.252
 Water of Gallons

3

  

33

3

3

/ydft 04.4
lb/ft 4.6200.1

lb/yd 0.252
 Volume AbsoluteWater 




 

To calculate the absolute volume of coarse aggregate in SSD condition, take the SSD 

weight of coarse aggregate previously calculated and the specific gravity for the 

aggregate in SSD condition and substitute in the absolute volume formula, 

33

3

3

/ydft 87.10
lb/ft 4.6255.2

lb/yd 730,1
 (SSD) Volume Absolute Aggregate Coarse 




 

To calculate the absolute volume of air, multiply the total volume (27.00 ft3) times the percent of 

air required per design, in this case 5.0%, 
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3333 /ydft 35.1/ydft 00.2705.0  Volume  AbsoluteAir    

 

The absolute volume of fine aggregate is obtained by subtracting the sum of all the components 

from the absolute volume of a cubic yard (27.00 ft3), 

33

33

/ydft 89.7

ft )35.187.1095.385.2(ft 00.27  (SSD) Volume  Absolute  Aggregate  Fine





 

Once the absolute volume of fine aggregate is known, the absolute volume formula can be used 

to determine the weight of fine aggregate in SSD condition, 

3333 lb/yd 1290lb/ft 4.6262.2/ydft 89.7  (SSD)  Weight  Aggregate  Fine 
 

The batch weights, based on the saturated surface dry conditions of the aggregate, for one cubic 

yard of concrete mixture for this design are transferred to the Portland Cement Concrete Mix 

Design:  03-22-0735 form presented below: 
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These proportions will require adjustment to take into consideration the moisture present on the 

aggregates and batch size.  Adjustments may be necessary based on field experience with the 

mixture. 

  

Mix Proportions for one Cubic Yard of Concrete 

Cement    5 6 0 lb 

Fly Ash    
   

lb 

Slag    
   

lb 

Fine Aggregate (SSD) 1 2 9 0 lb 

Course Aggregate 1 (SSD) 1 7 3 0 lb 

Course Aggregate 2 (SSD) 
    

lb 

Water   2 9 . 5 gal 

Water Reducer 3 8 . 5 0 oz 

Air Entrainer 
 

2 . 9 2 oz 
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Moisture Adjustments 

More than likely the aggregates will not be at SSD condition at the time of preparing the mixture.  

If the previously calculated batch weights are used with aggregated at any condition other than 

SSD, the mixture proportions will not be maintained.  In addition, if the aggregates are too dry 

there will not be sufficient water to react with the cement.  On the other hand, if the aggregates 

are too wet there will be additional water not required by the specifications that might introduce 

other problems, such as reduced compressive strength and shrinkage cracking, to the concrete.  

An example of calculating free moisture is located in the Calculating Batch Weights from Mix 

Design Proportions section of this appendix.  
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FLY ASH AS PARTIAL REPLACEMENT OF PORTLAND CEMENT 

The following is an example of the design of a Class A mix using an air entrainment and water 

reducing admixture.  The specification for this mixture allows the use of fly ash as pound for pound 

substitution of cement up to 30% fly ash by weight of cement.  This example utilizes the absolute 

volume method for proportioning concrete mixtures.  The calculations are presented in U.S. 

customary units.  The same example in international system (SI) units is shown in the Appendix 

C. 

Example 2 

Given: 

Total Cementitious Material Content 560 lb 

Fly Ash Substitution by Weight 15% 

Maximum Water-Cementitious Materials Ratio 0.45 

Air Content 5.0 % 

Maximum Size of Aggregate 3/4 in. 

Dry-Rodded Unit Weight of Coarse Aggregate 100 lb/ft3 

Specific Gravity of Coarse Aggregate (SSD) 2.55 

Absorption Factor of Coarse Aggregate 1.5 % 

Fineness Modulus of Fine Aggregate 2.69 

Specific Gravity of Fine Aggregate (SSD) 2.62 

Absorption Factor of Fine Aggregate 0.5 % 

Specific Gravity of Cement 3.15 

Specific Gravity of Fly Ash 2.58 

Admixtures: 

Water Reducer 38.50 oz* 

Air Entrainment 2.92 oz* 

* These quantities are already included in the maximum allowed water. 



 

Appendix A  Page A14 

The maximum water-cement ratio and the total air are determined from the Master Proportion 

Table in the Standard Specifications.  The maximum aggregate size was determined by a 

gradation analysis from the stockpile.  Note that the quantities for all of the components to be 

included in the mix are listed with the exception of the coarse and fine aggregate.  These 

quantities must be determined to complete the design of the mixture. 

Determination of Mix Proportion of Coarse Aggregate 

The following table may be used to determine the volume of dry-rodded coarse aggregate 

required for one cubic yard of concrete.  The values for the fineness modulus of the fine aggregate 

and the maximum coarse aggregate size must be known in order to use this table.  Interpolation 

might be necessary when the fineness modulus of the fine aggregate falls between the values of 

the table. 
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Table 901-1 

Volume of Coarse Aggregate per Unit of Volume of Concrete 

Maximum Size of Aggregate, 

Inches (mm) 

Volume of Dry-Rodded Coarse Aggregate Per 

Unit Volume of Concrete for Different Fineness 

Moduli of Fine Aggregate1 

2.20 2.40 2.60 2.80 3.00 

3/8 (9.50) 0.52 0.50 0.48 0.46 0.44 

1/2 (12.5) 0.61 0.59 0.57 0.55 0.53 

3/4 (19.0) 0.68 0.66 0.64 0.62 0.60 

1 (25.0) 0.73 0.71 0.69 0.67 0.65 

1 1/2 (37.5) 0.77 0.75 0.73 0.71 0.69 

2 (50.0) 0.80 0.78 0.76 0.74 0.72 

3 (75.0) 0.84 0.82 0.80 0.78 0.76 

1 Volumes are based on aggregates in dry-rodded condition as described in AASHTO 

T19, Unit Weight of Aggregate.  These volumes are selected from empirical 

relationships to produce concrete with a degree of workability suitable for usual 

reinforced concrete construction.  For less workable concrete such as required for 

concrete pavement construction, they may be increased up to 10 percent.  For more 

workable concrete, as may be required for pumping, they may be reduced up to 10 

percent. 

 

 

In this example, the fine aggregate has a fineness modulus of 2.69 and the maximum size 

aggregate is 3/4 inch.  For this aggregate size, the table provides a value of 0.64 for a fineness 

modulus of 2.60 and 0.62 for a fineness modulus of 2.80.  Interpolation is required to determine 

the volume of coarse aggregate for this mix.  



 

Appendix A  Page A16 

The following equation can be used to interpolate the required value from the above table: 

  112

12

1 VVV
FMFM

FMFM
V R

R 













 

 

Where: 

VR = percent volume of coarse aggregate required for mix 

FMR = fineness modulus provided for mix 

V1 = percent volume of coarse aggregate required for lower fineness modulus 

V2 = percent volume of coarse aggregate required for higher fineness modulus 

FM1 = lower fineness modulus 

FM2 = higher fineness modulus 

Substituting the corresponding values into the equation, 

  631.064.064.062.0
60.280.2

60.269.2













RV

 

 

The weight of dry coarse aggregate that is required for this mix can be calculated as follows, 

 

3333 lb/yd 1,704 lb/ft 100 /ydft 27.00  0.631  (dry)Weight  Aggregate Coarse   
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Therefore, 1,704 pounds of dry coarse aggregate will be required for one cubic yard of this mix.  

This weight needs to be converted to saturated surface dry condition (SSD),  

33 lb/yd 1,730   
100

5.1
1 lb/yd 1,704 

100

Factor Absorption
 1  (dry) Weight Aggregate Coarse  (SSD) Weight aggregate Coarse





















 

Determination of Mix Proportions for Cement and Fly Ash 

The weight of fly ash is a percentage of the cement weight.  In this case, it is 15% and it can be 

calculated as follows, 

3lb/yd 84
100

%153lb/yd 605

 Percent  on SubstitutiAsh Fly   ght  Cement Wei  Ash WeightFly 





 

To determine the proportion of cement for this mixture it is necessary to calculate the weight of 

cement with the adjustment for the fly ash substitution. 

3lb/yd 4763lb/yd843lb/yd 560

 Ash WeightFly  ght Cement Wei ght  Cement Wei Adjusted




 

Determination of Mix Proportions for Fine Aggregate 

To determine the proportion of fine aggregate to be used in one cubic yard of concrete, it is 

necessary to calculate the absolute volumes of the other components.  The sum of these absolute 

volumes subtracted from the total 27 ft3/yd will provide the absolute volume of fine aggregate.  

Once the absolute volumes of the components have been determined, they can be converted to 

weight. 

The following formula can be used to calculate the absolute volume of the components,  
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WaterofWeightUnitGravitySpecific

ComponentofWeight
VolumeAbsolute




 

33

3

3

/ydft 42.2
lb/ft 4.6215.3

lb/yd 476
    Volume AbsoluteCement 




 

33

3

3

/ydft 52.0
lb/ft 4.6258.2

lb/yd 84
    Volume AbsoluteAsh Fly 




 

 

To calculate the absolute volume of the water required it is first necessary to find the maximum 

weight of water using the water-cement ratio and the total cementitious material content, 

33 lb/yd 0.252450lb/yd 560ht  Water Weig  .  

gal2.30
34.8

lb/yd 0.252
 Water of Gallons

3

  

33

3

3

/ydft 04.4
lb/ft 4.6200.1

lb/yd 0.252
 Volume AbsoluteWater 




 

To calculate the absolute volume of coarse aggregate in SSD condition, take the SSD weight of 

coarse aggregate previously calculated and the specific gravity for the aggregate in SSD condition 

and substitute in the absolute volume formula, 

33

3

3

/ydft 87.10
lb/ft 4.6255.2

lb/yd 730,1
 (SSD) Volume Absolute Aggregate Coarse 
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To calculate the absolute volume of air, multiply the total volume (27.00 ft3) times the percent of 

air required per design, in this case 5.0%, 

3333 /ydft 35.1/ydft 00.2705.0  Volume  AbsoluteAir    

The absolute volume of fine aggregate is obtained by subtracting the sum of all the components 

from the absolute volume of a cubic yard, (27.00 ft3). 

33

33

/ydft 80.7

ft )35.187.1004.452.042.2(.00ft 27  (SSD) Volume  Absolute  Aggregate  Fine




 

Once the absolute volume of fine aggregate is known, the absolute volume formula can be used 

to determine the weight of fine aggregate in SSD condition, 

3lb/yd 275,13lb/ft 4.6262.23/yd3ft 80.7  (SSD)  Weight  Aggregate  Fine   

The batch weights for one cubic yard of concrete mixture for this design are the following: 

 

 

 

 

 

 

Mix Proportions for One Cubic Yard of Concrete 

        

Cement    4 7 6 lb 

Fly Ash       8 4 lb 

Slag          lb 

Fine Aggregate (SSD)  1 2 7 5 lb 

Course Aggregate 1 (SSD)  1 7 3 0 lb 

Course Aggregate 2 (SSD)         lb 

Water    3 0 . 2 gal 

Water Reducer  3 8 . 5 0 oz 

Air Entrainer    2 . 9 2 oz 
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These proportions will require adjustment to take into consideration the moisture present on the 

aggregates and batch size.  Adjustments may be necessary based on field experience with the 

mixture.  Moisture adjustment calculations are located in the Calculating Batch Weights from Mix 

Design Proportions section of this appendix. 
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GROUND GRANULATED BLAST-FURNACE SLAG (GGBFS) AS PARTIAL 

REPLACEMENT OF PORTLAND CEMENT 

The following is an example of the design of a Class A mix using an air entrainment and water 

reducing admixture.  The specification for this mixture allows the use of ground granulated blast-

furnace slag (GGBFS) as pound for pound substitution of cement up to 50% GGBFS by weight 

of cement.  This example utilizes the absolute volume method for proportioning concrete mixtures.  

The calculations are presented in both U.S. customary units. 

Example 3 

Given: 

Total Cementitious Material Content 560 lb 

GGBFS Substitution By Weight 50% 

Maximum Water-Cement Ratio 0.45 

Air Content 5.0 % 

Maximum Size of Aggregate 3/4 in. 

Dry-Rodded Unit Weight Of Coarse Aggregate 100 lb/ft3 

Specific Gravity of Coarse Aggregate (SSD) 2.55 

Absorption Factor of Coarse Aggregate 1.5 % 

Fineness Modulus of Fine Aggregate 2.69 

Specific Gravity of Fine Aggregate (SSD) 2.62 

Absorption Factor of Fine Aggregate 0.5 % 

Specific Gravity of Cement 3.15 

Specific Gravity of GGBFS 2.88 

Admixtures: 

Water Reducer 38.50 oz* 

Air Entrainment 2.92 oz* 

* These quantities are already included in the maximum allowed water. 
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Since this example differs from Example 2 only in the use of GGBFS instead of fly ash, the only 

proportions that need to be recalculated are for the cement, GGBFS and fine aggregate. 

 

Determination of Mix Proportions of Cement and GGBFS 

Calculate the weights of GGBFS and cement in the same way as Example 2. 

33 lb/yd 280
100

50
lb/yd 605                                

onSubstituti GGBFS  Content   usCementitio  WeightGGBFS





 

333 lb/yd 280lb/yd 280lb/yd 560                                 

 WeightGGBFS Content  usCementitio ght  Cement Wei





 

WaterofWeightUnitGravitySpecific

componentofWeight
VolumeAbsolute




 

33

3

3

/ydft 42.1
lb/ft 4.6215.3

lb/yd 280
    Volume AbsoluteCement 




 

33

3

3

/ydft 56.1
lb/ft 4.6288.2

lb/yd 280
    Volume Absolute GGBFS 




 

 

Determination of Mix Proportions of Fine Aggregate 

The absolute volume of fine aggregate is obtained by subtracting the sum of all the 

components from the absolute volume of a cubic yard (27.00 ft3). 
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33

33

/ydft 7.76

ft 1.35)10.874.041.56(1.42ft 27.00  (SSD) Volume  Absolute  Aggregate  Fine




 

Once the absolute volume of fine aggregate is known, the absolute volume formula can be used 

to determine the weight of fine aggregate in SSD condition, 

3lb/yd 269,13lb/ft 4.6262.23/yd3ft 76.7  (SSD)  Weight  Aggregate  Fine   

 

The batch weights for one cubic yard of concrete for this design are the following: 

 

 

 

 

 

 

These proportions will require adjustment to take into consideration the moisture present on the 

aggregates and batch size.  Adjustments may be necessary based on field experience with the 

mixture.  Moisture adjustment calculations are located in the Calculating Batch Weights from Mix 

Design Proportions section of this appendix. 

Mix Proportions for one Cubic Yard of Concrete 

        

Cement     2 8 0 lb 

Fly Ash          lb 

Slag     2 8 0 lb 

Fine Aggregate (SSD)  1 2 6 9 lb 

Course Aggregate 1 (SSD)  1 7 3 0 lb 

Course Aggregate 2 (SSD)         lb 

Water    3 0 . 2 gal 

Water Reducer  3 8 . 5 0 oz 

Air Entrainer    2 . 9 2 oz 
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TERNARY MIXTURES 

The following is an example of the design of a Class A mix using an air entrainment and water 

reducing admixture.  The specification for this mixture allows combinations of ground granulated 

blast-furnace slag (GGBFS) and fly ash as pound for pound substitution of cement up to 70% by 

weight of cement.  This example utilizes the absolute volume method for proportioning concrete 

mixtures.  The calculations are presented in U.S. customary units. 

Example 

Given: 

Total Cementitious Material Content 560 Lb 

Class C Fly Ash Substitution By Weight 

Ggbfs Substitution By Weight 

30% 

30% 

Maximum Water-Cementitious Materials Ratio 0.45 

Air Content 5.0 % 

Maximum Size of Aggregate 3/4 In. 

Dry-Rodded Unit Weight of Coarse Aggregate 100 Lb/Ft3 

Specific Gravity of Coarse Aggregate (Ssd) 2.55 

Absorption Factor of Coarse Aggregate 1.5 % 

Fineness Modulus of Fine Aggregate 2.69 

Specific Gravity of Fine Aggregate (Ssd) 2.62 

Absorption Factor of Fine Aggregate 0.5 % 

Specific Gravity of Cement 3.15 

Specific Gravity of Class C Fly Ash 2.58 

Specific Gravity of Ggbfs 2.88 

Admixtures: 

Water Reducer 38.50 oz* 

Air Entrainment 2.92 oz* 

* These quantities are already included in the maximum allowed water. 



 

Appendix A  Page A26 

Since this example differs from Example 2 with the use of GGBFS and fly ash, the proportions 

that need to be recalculated are for the cement, GGBFS, fly ash, and fine aggregate. 

Determination of mix proportions of cement and GGBFS 

Calculate the weights of GGBFS and cement in the same way as Example 2. 

 

33 lb/yd 168
100

30
lb/yd 605                                

onSubstitutiAsh Fly   Content   usCementitio Ash WeightFly 





 

33 lb/yd 168
100

30
lb/yd 605                                

onSubstituti GGBFS  Content   usCementitio  WeightGGBFS





 

3333 lb/yd 224lb/yd 168lb/yd 168lb/yd 560                                 

 WeightGGBFS - Ash WeightFly  Content  usCementitio ght  Cement Wei





 

WaterofWeightUnitGravitySpecific

componentofWeight
VolumeAbsolute




 

33

3

3

 /ydft 14.1
 lb/ft  4.6215.3

 lb/yd  224
    Volume   Absolute   Cement 


  

33

3

3

/ydft 04.1
lb/ft 4.6258.2

lb/yd 168
    Volume AbsoluteAsh Fly 




 

33

3

3

/ydft 93.0
lb/ft 4.6288.2

lb/yd 168
    Volume Absolute GGBFS 
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Determination of mix proportions of fine aggregate 

The absolute volume of fine aggregate is obtained by subtracting the sum of all the 

components from the absolute volume of a cubic yard, (27.00 ft3). 

3/yd3ft 63.7

3ft )35.187.1004.493.004.114.1(3ft 00.27  (SSD) Volume  Absolute  Aggregate  Fine




 

Once the absolute volume of fine aggregate is known, the absolute volume formula can be used 

to determine the weight of fine aggregate in SSD condition, 

3lb/yd 247,13lb/ft 4.6262.23/yd3ft 63.7  (SSD)  Weight  Aggregate  Fine   
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The batch weights for one cubic yard of concrete for this design are the following: 

 

 

 

 

 

 

 

These proportions will require adjustment to take into consideration the moisture present on the 

aggregates and batch size.  Adjustments may be necessary based on field experience with the 

mixture.  Moisture adjustment calculations are located in the Calculating Batch Weights from Mix 

Design Proportions section of this appendix. 

  

Mix Proportions for one Cubic Yard of Concrete 

        

Cement     2 2 4 lb 

Fly Ash    1 6 8 lb 

Slag    1 6 8 lb 

Fine Aggregate (SSD)  1 2 4 7 lb 

Course Aggregate 1 (SSD)  1 7 3 0 lb 

Course Aggregate 2 (SSD)         lb 

Water    3 0 . 2 gal 

Water Reducer  3 8 . 5 0 oz 

Air Entrainer    2 . 9 2 oz 
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PLAIN PORTLAND CEMENT TYPE B MIX 

The following is an example of the design of a Type B mix using an air entrainment and water 

reducing admixture.  As in previous examples, this exercise utilizes the absolute volume method 

for proportioning concrete mixtures.  However, in comparison with other examples, a third 

aggregate is required to meet the specifications. 

Example 4 

Given information: 

Cement Content 475 lb 

Maximum Water-Cement Ratio 0.53 

Air Content 5.0 % 

Maximum Size of Aggregate 1 1/2 in. 

Dry-Rodded Unit Weight of Coarse Aggregate 100 lb/ft3 

Specific Gravity of Coarse Aggregate (SSD) 2.69 

Absorption Factor of Coarse Aggregate 1.0 % 

Specific Gravity of Intermediate Aggregate (SSD) 2.52 

Absorption Factor of Intermediate Aggregate 2.5 % 

Fineness Modulus of Fine Aggregate 2.42 

Specific Gravity of Fine Aggregate (SSD) 2.62 

Absorption Factor of Fine Aggregate 0.5 % 

Specific Gravity of Cement 3.15 

Admixtures: 

Water Reducer 38.50 oz** 

Air Entrainment 2.92 oz** 

** These quantities are already included in the maximum allowed water. 
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Also given are the gradations for the aggregates, which are shown in Table 1 as percent passing 

and percent retained of oven-dry weight. 

Table A1 - Aggregate Gradations 

Sieve 

Size 

Fine Aggregate 
Intermediate 

Aggregate 
Coarse Aggregate 

Percent 

Passing 

Percent 

Retained 

Percent 

Passing 

Percent 

Retained 

Percent 

Passing 

Percent 

Retained 

2”       

1 ½”     100.0 0.00 

1”     97.0 2.74 

3/4”   100.0 0.00 64.0 33.08 

1/2”   100.0 0.21 21.0 43.08 

3/8” 100.0 0.00 97.0 2.68 6.0 14.55 

No. 4 99.0 0.70 71.0 26.08 0.0 5.89 

No. 8 90.0 8.70 27.0 43.52 0.0 0.17 

No. 16 78.0 11.80 1.0 25.98 0.0 0.23 

No. 30 64.0 14.39 0.0 1.21 0.0 0.11 

No. 50 22.0 41.72 0.0 0.04 0.0 0.08 

No. 100 2.0 20.06 0.0 0.05 0.0 0.03 

No. 200 0.0 2.43 0.0 0.04 0.0 0.02 

Pan 0.0 0.20 0.0 0.19 0.0 0.02 

Totals : 100.00  100.00  100.00 
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Determination of Volume Percentages of Aggregate Portion 

Some trial and error will be involved in order to determine the proportions of aggregates that will 

meet the specifications.  Table 2 shows the initial iteration (effort) for this example.  Column (H) 

shows the percent retained gradation resulting from the combination of the aggregates in the ratio 

of 30-10-60 (percent by volume of fine-intermediate-coarse) of oven dry material.  The values for 

Column (H) are obtained by using the following equation, 

     

RetainedPercent  Aggregate CoarseG

Volumeby Mix Percent  Aggregate Coarse F

RetainedPercent  Aggregate teIntermediaE

Volumeby Mix Percent  Aggregate teIntermediaD

RetainedPercent  Aggregate FineC

Volumeby Mix Percent  Aggregate Fine  B

RetainedPercent  CombinedH

:Where

GFEDCBH

















 

 

For example, to calculate the combined percent retained for the No.8 sieve size, 

%1.7%20
100

60
%5.43

100

10
%78

100

30
H 


























 ..  
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Table A2 - Initial Iteration for Pavement Mix Design 

  

Fine 

Aggregate 

Intermediate 

Aggregate 

Coarse 

Aggregate       

  Percent Mix by Volume 
  

  

  (B) (D) (F) 
  

  

  30.00% 10.00% 60.00% 
 

Combined 

Percent 

Retained 

  

  
    

  

Sieve 

Size Percent Retained 
 

  

(A) (C) (E) (G) 
 

(H)   

2 ½” 0 0 0 
 

0   

2” 0 0 0 
 

0 Sum of 

Consecutive 

Sieves 

1 ½” 0 0 0 
 

0 

1” 0 0 2.74 
 

2 

3/4” 0 0 33.08 
 

20 (I) 

1/2” 0 0.21 43.08 
 

26 46 

3/8” 0 2.68 14.55 
 

9 35 

No. 4 0.7 26.08 5.89 
 

6 15 

No. 8 8.7 43.52 0.17 
 

7 13 

No. 16 11.8 25.98 0.23 
 

6 13 

No. 30 14.39 1.21 0.11 
 

5 11 

No. 50 41.72 0.04 0.08 
 

13   

No. 100 20.06 0.05 0.03 
 

6   

No. 200 2.43 0.04 0.02 
 

1   

Pan 0.2 0.19 0.02 
 

0   

Totals : 100 100 100   100   

 

From examination of Column (H) in Table 2 or by looking at Figure 1, it can be determined that 

this combination of aggregates do not meet the specification for a Type B concrete pavement 

mixture.   
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The specification for this pavement mixture requires the combined percent retained curve to be 

between a 5% and a 20% low and upper limits.  In addition, the sum of two consecutive sieve 

sizes needs to be equal to or greater than 13%. 

There is an excess of material retained on the 1/2” sieve, not enough material retained on the #30 

sieve and the sum of material retained on sieves #16 and #30 is less than 13%.  Additional 

iterations are required to find a combination that meets the specifications.  Based on this data the 

adjustments to be done in the next iterations could be reducing the coarse aggregate proportion, 

and increasing the fine and intermediate aggregate proportions. 

Figure A1 - Plot of First Iteration  

 

Notice the peak at the 1/2” sieve and the dip at #30 sieve. 

MATERIAL DISTRIBUTION - PERCENT RETAINED
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After a few iterations, the ratio of 40-20-40 fine-intermediate-coarse was found to meet the 

specifications.  It can be seen from Table 3 and Figure 2 that this gradation meets the specification 

requirements, both the 5-20% limits and the sum between consecutive sieves. 
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Table 3.  Final Iteration of Aggregate Combination  

  

Fine 

Aggregate 

Intermediate 

Aggregate 

Coarse 

Aggregate       

  Percent Mix by Volume 
  

  

  (B) (D) (F) 
  

  

  40.00% 20.00% 40.00% 
 

Combined 

Percent 

Retained 

  

  
    

  

Sieve 

Size Percent Retained 
 

  

(A) (C) (E) (G) 
 

(H)   

2 ½” 0 0 0 
 

0   

2” 0 0 0 
 

0 Sum of 

Consecutive 

Sieves 

1 ½” 0 0 0 
 

0 

1” 0 0 2.74 
 

1 

3/4” 0 0 33.08 
 

13 (I) 

1/2” 0 0.21 43.08 
 

17 46 

3/8” 0 2.68 14.55 
 

6 35 

No. 4 0.7 26.08 5.89 
 

8 15 

No. 8 8.7 43.52 0.17 
 

12 13 

No. 16 11.8 25.98 0.23 
 

10 13 

No. 30 14.39 1.21 0.11 
 

6 11 

No. 50 41.72 0.04 0.08 
 

17   

No. 100 20.06 0.05 0.03 
 

8   

No. 200 2.43 0.04 0.02 
 

1   

Pan 0.2 0.19 0.02 
 

0   

Totals : 100 100 100   100   
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Figure A2 - Plot of Final Iteration 

 

Determination of Batch Weights for Mixture 

After showing that this combination of aggregates meets the specifications, the next step will be 

to calculate the required aggregate volumes for this mixture.  First, it necessary to convert the 

known components into volume using the following formula, 

 

WaterofWeightUnitGravitySpecific

componentofWeight
VolumeAbsolute




 

MATERIAL DISTRIBUTION - PERCENT RETAINED

0

5

10

15

20

25

0.00.11.010.0100.0
Sieve Size (mm)

P
e

rc
e

n
t 

R
e

ta
in

e
d

mm………..in

63             2 1/ 2

50             2

37.5          1 1/ 2

25             1

19             3/ 4

12.5          1/ 2

9.5            3/ 8

4.75          # 4

2.36          # 8

1.18          # 16

0.600        # 30

0.300        # 50

0.150        # 100

0.075        # 200

0.045        # 325



 

Appendix A  Page A37 

/ydft 42.2
lb/ft 4.6215.3

lb/yd 475
    Volume AbsoluteCement 3

3

3





 

To calculate the absolute volume of the water required it is first necessary to find the maximum 

weight of water using the weight of the cement and the water-cement ratio, 

33 lb/yd 75.251530lb/yd 475 Water  ofWeight   .  

gal2.30
34.8

lb/yd 75.251
 Water of Gallons

3

  

33

3

3

/ydft 03.4
lb/ft 4.621

lb/yd 75.251
 Volume AbsoluteWater 




 

 

To calculate the absolute volume of air, multiply the total volume, 27.00 ft3, times the percent of 

air required per design, in this case the air content is 5.0%, 

3333 /ydft 35.1/ydft 00.27
100

0.5
  Volume  AbsoluteAir  

 

 

The absolute volume of the aggregate component is obtained by subtracting the sum of all the 

components from the absolute volume of a cubic yard (27.00 ft3), 

3333 /ydft 20.19ft )35.103.442.2(ft 00.27 Vol. Absolute Comp. Agg.   

Now the volumes for the individual aggregates can be calculated, 
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3333 /ydft 68.7
100

%0.40
/ydft20.19 Volume Absolute Aggregate Coarse 

 

3333 /ydft 84.3
100

%0.20
/ydft20.19 Volume Absolute Aggregate teIntermedia 

 

3333 /ydft 68.7
100

%0.40
/ydft20.19 Volume Absolute Aggregate Fine 

 

To calculate the aggregate batch weights in Saturated Surface Dry condition (SSD), using the 

SSD specific gravity, the absolute volume equation can be rearranged in the following form, 

 Wateroft Unit WeighGravity Specific Volume Absolute Component  ofWeight   

3333 lb/yd289,1lb/ft4.6269.2/ydft68.7  (SSD) Weight Aggregate Coarse   

3333 lb/yd604lb/ft4.6252.2/ydft84.3  (SSD) Weight Aggregate teIntermedia   

3333 lb/yd399,1lb/ft4.6262.2/ydft68.7  (SSD) Weight Aggregate Fine    
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The following are the batch weights at SSD condition required for one cubic yard or one cubic 

meter of concrete:  

 

 

 

 

 

 

 

These proportions will require adjustment to take into consideration the moisture present on the 

aggregates and batch size.  Adjustments may be necessary based on field experience with the 

mixture.  Moisture adjustment calculations are located in the Calculating Batch Weights from Mix 

Design Proportions section of this appendix. 

Calculation of Oven-Dry Weight of Materials 

If the oven-dry weight of the aggregates is desired then the following equation can be 

used to convert SSD weight into oven-dry weight, 

Mix Proportions for one Cubic Yard of Concrete 

        

Cement     4 7 5 lb 

Fly Ash          lb 

Slag        lb 

Fine Aggregate (SSD)  1 3 9 9 lb 

Course Aggregate 1 (SSD)  1 2 8 9 lb 

Course Aggregate 2 (SSD)    6 0 4 lb 

Water   3 0 . 2 gal 

Water Reducer  3 8 . 5 0 oz 

Air Entrainer    2 . 9 2 oz 
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100

Factor Absorption
 1

(SSD) Weight Aggregate
  (dry) Weight Aggregate













 

3
3

lb/yd2761

100

01
1

lb/yd2891
  (dry) Weight Aggregate Coarse ,

.
 

 ,














 

3
3

lb/yd589

100

2.5
 1

lb/yd 604
  (dry) Weight Aggregate teIntermedia 











  

3
3

lb/yd3921

100

5.0
1

lb/yd3991
  (dry) Weight Aggregate Fine ,

 

 ,














 

 

CALCULATING BATCH WEIGHTS FROM MIX DESIGN PROPORTIONS 

The proportions calculated for design purposes (earlier examples) must be modified, for actual 

production, into batch weights based on the amount of total water in the fine and coarse aggregate 

determined by DOTD Designation:  TR 106.  These adjustments must be performed at least once 

per day prior to starting operations to account for changes in free moisture in the aggregate 

stockpiles. 

The maximum allowable water for design purposes is the amount of water that may be 

used, not the amount of water that must be used.  Only enough water to produce concrete 

within the correct slump range should actually be used; however, in this example, for 

convenience, calculations will be based on using maximum allowable water.  

Cement used in making concrete is dry; therefore, no moisture corrections need to be made for 

cement.  However, the fine and coarse aggregate sand and gravel will normally contain a different 
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amount of moisture than the moisture content of the saturated surface dry condition (SSD).  

Therefore, the wet weight of each (fine and coarse aggregate) (sand and gravel), must be 

adjusted so that the quantity charged into the mixer will be the equivalent of the saturated surface 

dry quantity. 

DETERMINE THE FREE MOISTURE IN AGGREGATES 

For this example, the total moisture contents of the stockpiled aggregates for a Class A mix as 

determined by DOTD Designation: TR 403 are 4.4% for the fine aggregate and 0.3% for the 

coarse aggregate.  The Absorption Factors are taken from the Approved Materials List. 

 

The following equation can be used to determine the free moisture or additional water on the 

aggregates:  

 

Aggregate Free Moisture (%) =  Aggregate Moisture −  Absorption Factor of Agg. 

Aggregate Tests  
Test 1 

Fine  Coarse 

Time of Test  6:30AM  6:30AM 

A: tare mass, g (lb)  300.0  (2.12) 

B: Wet mass (A+sample), g(lb)  863.0  (12.90) 

C: Dry mass (A+ sample), g (lb)  839.3  (12.87) 

D: Mass of Water (B-C), g (lb)  23.7  (0.03) 

E: Dry mass of sample  539.3  (10.75) 

F: Percent total moisture (D/E)%  4.4  0.3 

G: Absorption factor, %  0.5  1.5 

H: Percent free moisture (F-G), %  3.9  -1.2 

I: Aggr. (SSD) from mix design, lb/Cu yd  1305  1730 

J: Corrected mass (1+(H/100)) I, lb  1356  1709 
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Fine Agg. Free Moisture (%)  =  4.4% −  0.5% 

=  3.9%  

Coarse Agg. Free Moisture (%) = 0.3% − 1.5% = −1.2 

 

It can be seen that the fine aggregate contains 3.9% of water above the SSD condition (free water 

for mixing), while the coarse aggregate needs an additional 1.2% of water to get to SSD condition 

(water that will be absorbed from the mixing water).  These percentages are now converted into 

weights.   

Correct the Aggregate Weights 

The aggregate weights corrected for moisture content are determined by the following equation:  

 

 

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝐴𝑔𝑔. 𝑊𝑒𝑖𝑔 = 𝐴𝑔𝑔. 𝑆𝑆𝐷 𝑊𝑒𝑖𝑔ℎ𝑡 × [1 +
𝐹𝑟𝑒𝑒 𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒% 𝑖𝑛 𝐴𝑔𝑔.

100
] 

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝐹𝑖𝑛𝑒 𝐴𝑔𝑔. 𝑊𝑒𝑖𝑔ℎ𝑡 = 1,305 𝑙𝑏 × [1 +
3.9% 

100
] = 1,356 𝑙𝑏 

 

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝐶𝑜𝑎𝑟𝑠𝑒 𝐴𝑔𝑔. 𝑊𝑒𝑖𝑔ℎ𝑡 = 1,730 𝑙𝑏 × [1 +
−1.2% 

100
] = 1,709 𝑙𝑏 
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Correct the Allowable Water 

The free water in the aggregates can be found by subtracting the SSD weight from the 

corrected weight:  

 

I: Aggr. (SSD) from mix design, lb/Cu yd 1305 1730 

J: Corrected mass (1+(H/100))1, lb  1356 1709 

K: Free Water (J-I),  lb 51 -21 

L: Free Water  (K/8.34), gal 6.1 -2.5 

 

𝐹𝑟𝑒𝑒 𝑊𝑎𝑡𝑒𝑟 =  𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝐴𝑔𝑔. 𝑊𝑒𝑖𝑔ℎ𝑡 − 𝐴𝑔𝑔. 𝑆𝑆𝐷 𝑊𝑒𝑖𝑔ℎ𝑡  

𝐹𝑟𝑒𝑒 𝑊𝑎𝑡𝑒𝑟 𝑖𝑛 𝐹𝑖𝑛𝑒 𝐴𝑔𝑔. =  1,356 𝑙𝑏 −  1,305 𝑙𝑏 =  51 𝑙𝑏  

𝐹𝑟𝑒𝑒 𝑊𝑎𝑡𝑒𝑟 𝑖𝑛 𝐶𝑜𝑎𝑟𝑠𝑒 𝐴𝑔𝑔. =  1,709 𝑙𝑏 −  1,730 𝑙𝑏 =  −21𝑙𝑏  

Note: 1 gallon of water = 8.34 lb 

Free Water in Gallons in  Fine Agg. =
51 𝑙𝑏

8.34
 =  6.1 𝑔𝑎𝑙𝑙𝑜𝑛𝑠 

Free Water in Gallons in  Coarse Agg. =
−21 𝑙𝑏

8.34
 =  −2.5 𝑔𝑎𝑙𝑙𝑜𝑛𝑠 

The correction for the mixing water is then done by subtracting the free water and the total 

admixtures in gallons from the water calculated for the SSD condition mix design:  

M: total admixture from mix design, (oz/128) gal 2 

N: Total free water (L for fine and coarse aggr. +M), gal 20 

O: Maximum allowable water (from mix design), gal 146 

P: Maximum allowable water to be added (O-N), gal 126 

Q: Minimum allowable water to be added (.75P), gal 94 
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𝑇𝑜𝑡𝑎𝑙 𝐴𝑑𝑚𝑖𝑥𝑡𝑢𝑟𝑒𝑠 =
38.50𝑜𝑧 +  2.92𝑜𝑧

128 𝑜𝑧/𝑔𝑎𝑙
 

𝑇𝑜𝑡𝑎𝑙 𝐹𝑟𝑒𝑒 𝑊𝑎𝑡𝑒𝑟 =  6.1𝑔𝑎𝑙 +  −2.5𝑔𝑎𝑙 +  0.3𝑔𝑎𝑙 =  3.9𝑔𝑎𝑙  

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑊𝑎𝑡𝑒𝑟 =  29.5𝑔𝑎𝑙 − 3.9𝑔𝑎𝑙 =  25.6𝑔𝑎𝑙 

𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑊𝑎𝑡𝑒𝑟 𝑡𝑜 𝑏𝑒 𝐴𝑑𝑑𝑒𝑑 ∗ =  25.6 𝑔𝑎𝑙𝑠. 𝑥 .75 = 19.2 𝑔𝑎𝑙𝑠 

*Specifications require that a minimum of 75% of the maximum allowable mixing water must 

be added at the plant during batching.  

   

 

Determine the Corrected Batch Weights 

The batch weights, based on the adjustments made above for the corrected weights of 

aggregates and the total free water, are the actual quantities of the components to be batched 

for one cubic yard.  

 
For the example above the batch weights are below:  

 

 

 

 

It is seldom that exactly one cubic yard batches are used in the field.  To adjust the quantities 

above (adjusted batch weights, stockpile condition) for the field to any size batch, multiply the 

values for one cubic yard by the number of cubic yards in one batch.  For example, if an 8 cubic 

yard batch is desired, multiply each component by 8: 

Cement  560 lb 

Minimum Water to Be Added  19.2 gal 

Fine Aggregate (Corrected Mass)  1,356 lb 

Coarse Aggregate (Corrected Mass)  1,709 lb 

Water Reducing Admixture  38.50 oz 

Air Entrainment Admixture  2.92 oz 
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R: Batch Size, cu yd  8 

S: Cement (R x mix design mass ), lb 4,480 

T: Fly Ash (or) Slag (R x mix design mass), lb - 

U: Fine Aggregate (R x J), lb 10,848 

V: Coarse aggregate (R x J), lb 13,672 

W: Maximum water to be added (R x P), gal  204.8 

X: Minimum water to be added (R x Q), gal  153.6 

Y: Water Reducing admixture (R x mix design mass), oz 308.00 

Z: Air entraining admixture (r x mix design mass), oz 23.36 

 

𝐶𝑒𝑚𝑒𝑛𝑡 560 𝑥 8 =  4,480 𝑙𝑏  

𝐹𝑖𝑛𝑒 𝐴𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒 1,356 𝑥 8 =  10,848 𝑙𝑏  

𝐶𝑜𝑎𝑟𝑠𝑒 𝐴𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒 1,709 𝑥 8 =  13,672 𝑙𝑏  

𝑀𝑎𝑥. 𝑊𝑎𝑡𝑒𝑟 25.6 𝑥 8 =  204.8 𝑔𝑎𝑙  

∗ 𝑀𝑖𝑛. 𝑊𝑎𝑡𝑒𝑟 19.2 𝑥 8 =  153.6 𝑔𝑎𝑙  

𝑊𝑎𝑡𝑒𝑟 𝑅𝑒𝑑𝑢𝑐𝑒𝑟 38.50 𝑥 8 =  308.00 𝑜𝑧  

𝐴𝑖𝑟 𝐸𝑛𝑡𝑒𝑟𝑡𝑎𝑖𝑛𝑒𝑟 2.92 𝑥 8 =  23.36 𝑜𝑧  

*Specifications require that a minimum of 75% of the maximum 

allowable mixing water must be added at the plant during batching.  

   



 

Appendix A  Page A46 

HOT WEATHER ADJUSTMENTS  

Concrete production shall be controlled to ensure that the internal temperature of the plastic 

concrete does not exceed 90°F throughout placement.  The addition of ice to the batch is one 

method of controlling the temperature of the concrete.  Whenever ice is added to a batch of 

concrete, the amount of mixing water must be reduced by a comparable quantity of ice converted 

to gallons.  The following conventional rule can be used to determine the amount of ice to be 

added in order to lower the temperature.  For each degree °F reduction, add approximately 5 

pounds of ice per cubic yard of concrete. 

Example  

To reduce a cubic yard batch from 85°F to 83°F, approximately 10 pounds of ice would be 

necessary.  These values are converted to gallons and then multiplied by the batch size.  

Additionally, the maximum and minimum water to be added must be adjusted so that maximum 

water/cement ratio is not exceeded.   

85° − 83° = 2°𝐹 

2° 𝑥 5 𝑙𝑏 =  10 𝑙𝑏 𝑖𝑐𝑒/𝑐𝑢 𝑦𝑑   

𝐵𝑎𝑡𝑐ℎ 𝑆𝑖𝑧𝑒 =  8 𝑦𝑑3
 
 

𝐺𝑎𝑙𝑙𝑜𝑛𝑠 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 =  
10 𝑙𝑏/𝑦𝑑3 𝑥 8𝑦𝑑3 / 𝑏𝑎𝑡𝑐ℎ

8.34𝑙𝑏 / 𝑔𝑎𝑙 
= 9.6 𝑔𝑎𝑙 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑊𝑎𝑡𝑒𝑟 𝑡𝑜 𝑏𝑒 𝐴𝑑𝑑𝑒𝑑 204.8 𝑔𝑎𝑙 −  9.6 𝑔𝑎𝑙 =  195.2 𝑔𝑎𝑙  

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑊𝑎𝑡𝑒𝑟 𝑡𝑜 𝑏𝑒 𝐴𝑑𝑑𝑒𝑑 153.6 𝑔𝑎𝑙 −  9.6 𝑔𝑎𝑙 =  144.0 𝑔𝑎𝑙  
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MIX ADJUSTMENTS BASED ON SLUMP 

Adjustments to the slump can be made prior to placement or in successive batches in order to 

meet specification requirements, or for workability within the specification ranges.  A “Rule of 

Thumb” of ± one gallon per cubic yard will increase or reduce the slump by one inch.  Examples 

are presented below.  

Increase in slump of 2 inches for an 8 cubic yard batch:  

 

1 gal.×  2 in.×   8 yards =  16 gallons added to the batch    

 

For adjustments to the slump, water may be added to a batch at the jobsite at a maximum of 

two increments.  A range of 20-30 revolutions at mixing speed is allowed for each increment.  

Specifications require a minimum of 70 revolutions at mixing speed prior to any job site 

adjustments for each batch, up to a maximum of 300 total revolutions. 

THEORETICAL AND ACTUAL YIELD  

The theoretical yield determines how much area a cubic yard of concrete should cover on a 

roadway based on plan width, plan thickness and the length of the section to be paved.  The 

actual yield tells you how much area was actually covered with the quantity of cubic yards of 

concrete used.  If the actual yield is less than the theoretical yield, it may take more concrete than 

anticipated to complete the entire project if it continues consistently.  If the actual yield is greater 

than theoretical yield, less concrete will be needed to complete the project if it continues 

AA: Ice added, (lb/yd.3) 10 

BB: Ice, gal [AA x R/8.34 = gal/batch] 9.6 

CC: Adjusted maximum water to be added (W - BB), gal 195.2 

DD: Adjusted minimum water to be added (X - BB), gal 144.0 
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consistently.  Some factors that affect the actual yield are under and over thicknesses or widths, 

insufficient or excessive cross slope, deficiencies in the base course that affect grade and 

variations in the composition of the concrete during batching operations.  

Below are examples of the calculations for theoretical and actual yield: 

Example 

 

𝐓𝐡𝐞𝐨𝐫𝐞𝐭𝐢𝐜𝐚𝐥 𝐲𝐢𝐞𝐥𝐝 (sq yd/cu yd)   =  
Area in square yards to be paved

Volume in cubic yards using Plan Thickness
 

 

Plan Width = 24’ Length to be poured= 500’ Plan Thickness= 10”  

Theoretical Yield =  

[

[(24 x 500)/9]

[(24 x 500) x (10/12) /27] 
= 3.6001 = 3.60 Sq Yd/Cu Yd 

 

 

𝐀𝐜𝐭𝐮𝐚𝐥 𝐲𝐢𝐞𝐥𝐝 (sq yd/cu yd) =    
Area in Square Yards covered

Actual total Cubic Yards used based on Batch Tickets
 

 

Width Paved= 24’ Length Paved= 500’ Total Cubic Yards Used= 376 

Actual yield (sq yd / cu yd) =    
[(24 x 500)/9]

376
 =  

[12,000.0000/9]

376
=  

[1,333.3333]

376
= 3.5460

= 3.55 sq yd / cu yd 
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COMPRESSIVE STRENGTH  

When computing the average compressive strength for a lot under the Standard Specifications, 

both high and low critical strengths for a set of cylinders must be identified.  The critical strengths 

are defined as those values greater than fifteen percent above and below the average for the 

three cylinders.  When the compressive strength of an individual cylinder is outside of the range 

of the critical strengths, that cylinder is considered as an Outlier.  Outliers are not to be used in 

the batch average.  Should this be the case, the batch average shall be recalculated using the 

remaining cylinders.  If two cylinders are outside of the critical strengths, the compressive strength 

of the one remaining cylinder shall be used to determine the average strength of the lot.  If all 

three cylinders are outside of the critical strength, an investigation should be made.   

Example without Outlier 

Class AA - Structural Concrete - Lot  028  

Batch #1 

Sample No. Strength (PSI) 

001-A 3950 

001-B 4180 

001-C 4120 

 

𝐵𝑎𝑡𝑐ℎ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒  =   
3950 + 4180 + 4210

3
  =  4113  

𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝐿𝑜𝑤 =  4113 𝑥 0.85 =  3496  

𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝐻𝑖𝑔ℎ =  4113 𝑥 1.15 =  4730  
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No individual cylinders are outliers; therefore, the batch average for this set is 4113 psi.  

Example with Outlier 

Batch #8 

Sample No. Strength (PSI) 

008-D 4520 

008-E 4780 

008-F 3430 

 

 

𝐵𝑎𝑡𝑐ℎ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒  =   
4520 + 4780 + 3430

3
 =  4243  

𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝐿𝑜𝑤 =  4243 𝑥 0.85 =  3607  

𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝐻𝑖𝑔ℎ =  4243 𝑥 1.15 =  4879  

 

Sample 008-F, 3430 is an outlier and outside of the low critical strength value of 3607.  Therefore, 

a new batch average must be calculated for the set using the two valid remaining cylinders.  The 

outlier shall be indicated in the "Remarks" field.  

𝑇ℎ𝑒 𝑁𝑒𝑤 𝐵𝑎𝑡𝑐ℎ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 =  
4520 + 4780

2
 =  4650  

 

The average strength for the lot is then calculated using the batch average from the first set and 

the new batch average for the second set. 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑓𝑜𝑟 𝐿𝑜𝑡 =  
4113 + 4650

2
  =  4328 
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PAYMENT BASED ON COMPRESSIVE STRENGTH  

Cores will be taken and tested in accordance with the requirements of DOTD Designation: TR 

225.  The results of the test will be used in calculating the average compressive strength of the 

lot and in determining the percent pay.  

When the Department determines that any pavement area(s) represented by a core(s) with a 

compressive strength of less than 3000 psi will be left in place, payment will be calculated by 

averaging the percent payment for each of the five portions of the lot, even though the lot average 

is above 3000 psi.  Therefore, individual core results below specifications limits will result in the 

payment for that lot being adjusted, even if the lot average meets the requirements of Table 601-

3, Subsection 601.21 of the specifications.  

Example  

Compressive strength results of Lot 7, with air entrainment, are:  

                      psi 

Core 1  4230 

Core 2  4550 

Core 3  3750 

Core 4  4740 

Core 5           2870 

 

The average compressive strength for the lot is 4028 psi, which meets specification requirements 

for 100% pay.  

However, 20% of the lot or one segment (represented by Core 5) is below specification limits for 
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an individual core.  If it is allowed to remain in place, that 20% of the lot will be paid at 50% of 

the contract unit price.  Payment for Lot 7 for compressive strength will be calculated as follows:  

 

                      psi 

Core 1  4230 

Core 2  4550 

Core 3  3750 

Core 4  4740 

 

The average compressive strength is recalculated for Cores 1, 2, 3 and 4 which is 4317 psi which 

according to Table 601-1, makes them eligible for 100% pay although they account for only 80% 

of the lot.  

Hence,  

100% + 100% + 100% + 100% +  50% 

5
=  90% 

 

Payment for Lot 7 for compressive strength will be made at 90% of the contract unit price.  

If two cores for a lot are below 3000 psi, and average compressive strength for the lot meets the 

requirements for 100% payment, the lot will be paid at 80%.    

Example  
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Compressive strength results for Lot 8 are:  

                         psi 

Core 1  4500 

Core 2  4350 

Core 3  3720 

Core 4  2980 

Core 5             2920 

 

 

The average compressive strength for the lot is 3694 psi, which, according to Table 601-1, 

makes the lot eligible for only 95% payment of the contract unit price.  

However, 40% of the lot or two segments (represented by Cores 4 and 5) are below specification 

limits for individual cores.  If the pavement area is allowed to remain in place, that 40% of the lot 

which is unacceptable will result in the lot being paid for at 80% of the contract unit price.  Payment 

for Lot 8 for compressive strength will be calculated as follows.  

 psi 

Core 1 4500 

Core 2 4350 

Core 3 3720 

 

 

The average compressive strength is recalculated for Cores 1,2, and 3 which is 4190 psi, which 

according to Table 601-1, makes them eligible for 100% pay although they account for only 60% 

of the lot.  
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Hence,  

100% + 100% + 100% +  50% +  50%

5
 =  80% 

Final payment adjustments for lot averages resulting in other payment adjustments will be 

calculated in the same manner.  

PAYMENT BASED ON THICKNESS  

If any pavement area represented by a core found to be deficient in thickness by more than one 

inch is to be left in place, payment will be calculated by averaging the percent payment for each 

of the five lot portions, even though the lot average for thickness is within the tolerance allowed 

by Table 601-3.  

 

Example  

Plan thickness is 9 inches (230 mm).  Thickness measurement results for Lot 10 are: 

  

The lot average is 8.93 inches.  To calculate the lot average, the thickness of Core 1, 9.40 inches, 

is reduced to 9.25 inches, because for averaging computations, a core is allowed excess 

thickness of only 0.25 inches.  

The lot average is only 0.07 inch deficient, which meets the requirements of Table 601-1 for 100% 

payment.  However, Core 4 is more than 1 inch deficient in thickness.  If the segment of Lot 10 

Core 1 9.40 inches 
Core 2 9.20 inches 
Core 3 9.15 inches 
Core 4 7.85 inches 
Core 5 9.20 inches 

 

 

Core 2   9.20 inches    234 mm  
Core 3   9.15 inches    232 mm  
Core 4   7.85 inches    199 mm  
Core 5   9.20 inches    234 mm  
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represented by Core 4 is allowed to remain in place, a 50% payment adjustment will be assessed 

for the 20% of the lot that is not satisfactory.  Payment for Lot 10 will be calculated as follows:  

100% + 100% + 100% +  50% + 100% 

5
=  90% 

Payment for Lot 10 for average thickness will be made at 90% of the contract unit price.    

Lots for which a payment adjustment is applicable based on the lot average of thickness results 

and which also have a core(s) with a thickness deficiency greater than 1.00 inch will be assessed 

an additional payment adjustment for the unsatisfactory thickness represented by the failing 

cores, if that segment of the lot is allowed to remain in place.  Calculations for this payment 

adjustment will be the same as for lots which qualify for 100% payment based on lot average.  

 

Example  

The plan thickness is 9.00 inches.  Thickness results for Lot 12 are:  

 

The average thickness of the lot is 8.51 inches, a deficiency of 0.49 inch, which, according to 

Table 601-3, is eligible for only 80% payment of the contract unit price.  However, Core 2 and 

Core 4 show a deficiency of more than 1.00 inch.  If these segments are allowed to remain in 

place, that 40% of the lot which is below the specification limits for an individual core will result in 

the lot being paid at 80% of the contract unit price.  Payment for Lot 12 will be calculated as 

follows:  

Core 1   9.00 inch 
Core 2   7.90 inch 
Core 3   8.60 inch 
Core 4   7.80 inch 
Core 5   9.25 inch 

 

 

Core 2   7.90 inch   201 mm  
Core 3   8.60 inch   218 mm  
Core 4   7.80 inch   198 mm  
Core 5   9.25 inch   236 mm  
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Core 1   9.00 inch 

Core 3   8.60 inch 

Core 5  9.25 inch 

The average thickness is recalculated for Cores 1, 3 and 5 which is 8.95 inches, which 

according to Table 601-3, makes them eligible for 100% pay although they account for only 60% 

of the lot.  

 

 

Hence,  

100% +  50% + 100% +  50% + 100%

5
 =  80%  

Final payment adjustments for lot averages resulting in other payment adjustments will be 

calculated in the same manner. 
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Sample Identification Form - Front 
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Portland Cement Concrete Plant Certification Report 
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Portland Cement Concrete Plant Certification Report (cont’d.) 
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Portland Cement Concrete Plant Certification Report (cont’d.) 
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Portland Cement Concrete Plant Certification Report (cont’d.) 
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Portland Cement Concrete Plant Certification Report (cont’d.) 
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Portland Cement Concrete Plant Certification Report (cont’d.) 
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Portland Cement Concrete Plant Certification Report (cont’d.) 
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Portland Cement Concrete Plant Certification Report (cont’d.) 
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Portland Cement Concrete Plant Certification Report (cont’d.) 
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Portland Cement Concrete Plant Certification Report (cont’d.) 
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Certification Report for Scales and Meters 
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Portland Cement Concrete Truck Certification Report 
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Portland Cement Concrete Truck Certification Report (cont’d.) 
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Portland Cement Concrete Truck Certification Report (cont’d.) 
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Portland Cement Concrete Truck Certification Report (cont’d.)  



 

Appendix B  Page B21 

 Portland Cement Concrete Mix Design Form  
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Specific Gravity and Water Absorption Factors for Sand and Gravel – AML 
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 Portland Cement Concrete Plant Report 
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Batch Certification for Portland Cement Concrete 
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Certificate of Compliance for Fly Ash 
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Certificate of Compliance for Ground Granulated Blast – Furnace Slag 
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Certificate of Compliance for Portland Cement, Portland-Pozzolan Cement, etc. 
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Certificate of Compliance for Silica Fume 
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Appendix B  Page B37 

 

Certificate of Compliance for Joint Sealants 
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Certificate of Compliance for Concrete Admixtures 
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Certificate of Compliance for Liquid Membrane – Forming Compounds 
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Aggregate Test Report for Type B & D Portland Cement Concrete Pavements 
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