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•This program is registered with the AIA/CES for continuing professional education.  

As such, it does not include content that may be deemed or construed to be an 

approval or endorsement by the AIA of any material of construction or any method 

or manner of handling, using, distributing, or dealing in any material or product. 
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•This program is indented to provide continuing professional education for architects 

and engineers.  The length of the presentation is 1 hour.  As such, architects earn 1 

Learning Units and engineers will earn 1 Professional Development Hours upon 

completion of this program. 

•NRMCA is a Registered Provider with The American Institute of Architects 

Continuing Education Systems. Certificates of Completion will be provided to all 

attendees that registered for this program identifying the number of Learning Units 

and/or Professional Development Hours earned for completing this program. 

•Credit earned on completion of this program will be kept on file with NRMCA and 

reported to AIA/CES Records for AIA members. 





The acronym P2P stands for Prescriptive to Performance 

This was initiated by the ready mixed concrete industry because of 

the preponderance of the prescriptive requirements in specification 

that prevented the optimized use of materials for mixtures and 

problems that often resulted with the assignment of responsibility 

to0 the concrete producer. 

 

There has been considerable efforts to move towards the 

performance in industry standards and by public agencies. 

 

 



This is an excerpt from a document by the American Society for Civil Engineers 

(ASCE) that summarizes the difference between the types of specifications. 

 

Prescriptive specifications provide detailed directions on means and methods while  

define an end result needed while assigning responsibility to the contractor to 

achieve these methods chosen by him. There is an implication of responsibility – 

with prescriptive specifications, the contractor cannot be held responsible if some 

intent is not achieved, However this is not always followed in practice, There is 

more responsibility to the contractor with a performance specification but the 

requirements need to tbe clearly defined. 



There are different perceptions of what is meant by performance requirements. A 

concrete producer only has control on the characteristics of a concrete mixture as is 

required for workability and hardened properties. So this is an agreed upon 

definition as it applies to concrete mixtures. The performance indicator, like strength 

or some measure of durability, has to be defined. This property has to be measured 

by a standard test method with defined criteria for acceptability. The specification 

should not restrict the composition of the mixture.  

 

The ultimate performance required by the owner is often implied – the structure 

should function for service conditions for an expected service life. It should be 

realized that this performance of a structure is impacted by the design, specification, 

materials used and construction. So there are different entities that control the 

ultimate needs of the owner. The evolution to performance specifications supports 

an important premise – that when one has the responsibility for some aspect of the 

project – they have the authority to develop means to achieve that.  

 

For example, cracking in a concrete member cannot be controlled by the concrete 

mixture. It is impacted by the design of the member, cover over reinforcement, the 

characteristics of the mixture, the method of construction, curing and protection, and 

the service conditions consistent with the design.  

 



These are a couple of documents developed by NRMCA that are resources for 

engineers to use as they choose to review their current specifications and update 

them. These documents use the MasterSpec format, most commonly used. The 

documents provide proposed specification clauses with detailed rationale (or notes 

to the engineer). The licensed version of the AIA masterspec is a bit dated 

compared to current ACI standards. The guide to improving specifications proposes 

language that is consistent with current versions of ACI 301 and ACI 318. It also 

indicates several instances where prescriptive requirements can be minimized. The 

second document proposes performance alternatives, again with proposed 

language and rationale.  

 



Understanding the importance of moving to performance specifications, ACI formed 

a committee – ACI 329 to deal with this subject. This committee has a 

comprehensive guide (pictured) and is working on developing a guide performance 

specification.  
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NRMCA offers a number of resources for implementing performance based specs 



Engineers are not comfortable to evolving to performance specs, because, 

sometimes due to past experience, they feel the industry cannot deliver 

So the issue of credibility comes up. The engineer needs to be convinced that a 

particular company has the capability and expertise to deliver performance based 

concrete mixtures.  

What will it take?  

 



Company credibility can be established by a local reputation of higher quality and 

delivering innovative solutions with knowledgeable people to consult with 

 

Certifications can be used to establish credibility. These are some NRMCA 

certifications that are recognized. 

 

ACI has recently developed a more comprehensive certification program that covers 

these aspects 

 



NRMCA developed this quality certification program as a part of the P2P initiative to 

establish the “credibility” of a company so that they might be pre-qualified to bid and 

deliver on performance-based project. It is a comprehensive audit of the quality 

management system with minimum criteria established by the certification program. 

It is recognized that the level of expertise or the desire to move to performance  

varies among concrete producers.  Not all can deliver to a performance spec.  This 

quality certification was developed as a part of the P2P initiative to establish  the 

“credibility” of a company so that they might be pre-qualified to bid and deliver on 

performance-based project. It is a comprehensive audit of the quality management 

system with minimum criteria established by the certification program.   

 



The benefits of performance specifications need to be stated 



Whats in it for me to all stakeholders 

Some potential benefits 



The benefits of performance specifications need to be stated 



A relatively first easy step is to identify prescriptive requirements in specifications 

that can cause issues on a project. There are many that can be identified and 

reasons that these should be removed should be developed.  

From reviewing several specifications, this is a list of common prescriptive 

requirements seen in project specs. In many cases the intended performance is not 

clear. These might exist because of historical reasons. SO the first step for an 

engineer would be to review their specification and minimize prescriptive 

requirements, such as these, especially if the intent is not clear.  

Ultimately performance requirement – both fresh and hardened – for each type of 

concrete application can be developed. In many cases, the performance 

requirements do not need to be too complicated.  
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In 2014 NRMCA sent out this list of prescriptive requirements to ready mixed 

industry members and asked them to rank these requirements considering these 

questions 
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Result of survey. Most onerous specs have a rating of 1.0 and so the list is arranged 

from the most onerous. The top 5 most onerous are highlighted and were selected 

The most onerous requirements were assigned a rating of 1 with higher numbers  

being less so. This is a result of that ranking as an average of the survey response.  

This is a list of requirements arranged from the most onerous. It was decided to 

address the top 5 most onerous  requirements that are highlighted  

 



Project specs were reviewed to see the frequency of just the top 5 selected items 

Members were requested for copies of project specifications from the most recent 

12 months from private construction projects.   

NRMCA reviewed these specifications to quantify the frequency at which the top 5 

prescriptive specification requirements were used in these specs.  



NRMCA reviewed 102 specs from different regions of the US for a wide range of 

projects as listed. Specs from the same design firm or owner from different areas 

were avoided.   

 



This represents a summary of the review of these specification.  

This is limited to the top 5 ranked prescriptive items and how often these were seen 

in the specifications reviewed.  

To compare to our current industry standards, such as in ACI, the last column 

provides some context on where these requirements might exist.  

 

For example, 85% of the specs placed a restriction on the quantity of 

supplementary cementitious material like fly ash or slag cement. In ACI standards, 

this restriction is only stated for concrete that will be exposed to cycles of freezing 

and thawing with the application of deicing salts – Exposure Class F3.  

 

80% of the specs either have a max w/cm criterion or a minimum CM content 

criterion. Both of these requirements tend to lead to mixtures that are not optimized.  

 

These items are the subject of the Specification in Practice topics and will be 

discussed in more detail in this presentation.  
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Survey findings published 



Specification in Practice is a series of short (2 page) information sheets in an easy 

understandable “What, Why and How?” format. Each sheet addresses one 

prescriptive specification item listed earlier. The general discussion follows this 

sequence in the discussion. These SIPs are available from the NRMCA website at 

this link. The SIPs can be used by ready mixed producers and contractors in their 

discussion with specifying engineers.  



The MasterSpec (2014) notes correctly inform the designer that this clause should 

only be retained for concrete members that will be exposed to freezing and thawing 

cycles and the application of deicing salts. However, this advice seems to be 

ignored by specification writers. In 85% of the specifications reviewed, there was a 

blanket restriction on the quantity of SCM in all concrete mixtures regardless of type 

of exposure to the elements.  



An NRMCA industry survey quantified the use of cementitious materials in concrete 

mixtures. These numbers are total quantity of a material used divided by the 

reported volume of concrete produced  in cubic yards. It is not the average quantiy 

of material in a typical mixture.  

The quality of portland cement was 457 lb per yd3 produced; blended cement was 

2.7 lb/yd3; fly ash was 83 lb/yd3; slag cement was 18 lb/yd3; silica fume was 0.2 

lb/yd3.   

The SCMs in blended cement was also included in these estimates using some 

assumptions.  

 

So on average the quantity of SCMs is at around 18% of the total CM in concrete 

mixtures. The survey also asked the producers on reasons that restricted the 

quantity of SCM used. Besides supply and technical reasons, the main reason was 

that the maximum limits stated in specification.  



This is the only case where ACI 318 states this requirement. The concern in ACI 

318 is that surface scaling will reduce cover and result in reinforcement corrosion. 

Additionally, ACI 318-14 requires air entrainment, a maximum water-cementitious 

materials ratio (w/cm) of  0.40, and a minimum specified strength of 5000 psi (35 

MPa) and for structural concrete. The limits on w/cm and specified strength are 0.45 

and 4500 psi (31 MPa), respectively, for plain concrete.  

These limits on SCM are also stated in ACI 301 when this exposure class applies.  



As stated, SCM limits are stated in specifications regardless of the anticipated 

exposure.   

Possible reasons might be to ensure that there is some minimum content of 

portland cement or for technical reasons listed.   

It should be recognized that SCMs are extremely useful to improve the strength and 

durability of concrete and these limits often prevent the ability to achieve these 

properties.   

This is a misapplication of the ACI requirement.  

 

The characteristics of SCMs vary considerably as do their impact on concrete 

properties. Prescriptive limits like this should not be used to control properties such 

as setting time or rate of strength gain. If these requirements are stated, it would be 

the responsibility of the concrete producer to develop the mixture to achieve those 

properties. Just controlling SCM quantities does not assure that you will get  

acceptable set time and early age strengths  

 



This lists some of the problems caused by this limitation. These are discussed in the 

SIP.  

 



This is an example where the quantity of SCM needed to mitigate deleterious  

expansion due to alkali aggregate reaction is more than the limits stated. So in this  

case the limit works against ensuring concrete that will be durable.   

 



Also in the SIP are suggested alternatives, - retain these limits if the assigned 

exposure class is F3. define the requirements separately if the intent is to control 

other concrete properties such as strength or setting time.   

 



These are some benefits by replacing this type of specification clause with the 

suggested alternatives.   

The concrete mixture can be better designed for resistance to ASR and sulfate 

attack, as well as concrete mixtures with low permeability that will delay the onset of 

corrosion. Concrete with SCMs continue to improve properties with time.   

This also supports green construction as SCMs are typically byproducts from other 

industrial processes.   
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This is an example of a specification that was performance based that did not have 

limits on the quantity of SCMs. More details are in the reference paper on the I-35W 

bridge in Minneapolis.   

These type of mixtures are not possible with the limit on SCMs  

Concrete mixtures with up to 85% SCMs by weight of cementitious materials have 

been used in structural members to achieve the performance requirements  
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This summarizes the superior performance achieved on the various parts of the 

structure with the different types of mixtures for which different performance 

requirements were defined.  

Early age strength for PT, very low permeability, lower shrinkage and reduced heat 

of hydration in massive members.  



The second prescriptive item (SIP 2) deals with a specified maximum w/cm ratio 

regardless of whether it is required or not for durability. This is often stated as a 

blanket requirement for all mixtures of specifically stated by member type. The spec 

review quantified instances where there was no assignment of durability exposure 

class or indication that the member needed to have a low w/cm for durability  

reasons. Another issue is when the w/cm is not consistent with the strength 

required.  Often a minimum cement content is additionally specified. All these 

together establish conflicts in a concrete specification.   

 



In ACI standards the limit on w/cm is always stated with a specified compressive  

strength  that is consistent with the level of strength anticipated at that w/cm.   

In ACI 318 – max w/cm and a companion specified strength is stated based on an 

assignment of a durability exposure class. Any member that is not asigned one of 

these exposure classes, does not need to have a max w/cm limit specified. ACI 301 

incorporates the ACI 318-08 requirements in the reference specification.    

Exterior work, such as parking areas, which are not covered by ACI 318, have 

similar requirements for w/cm and strength   

 



This is an example of an actual project specification. While there is an attempt to 

assign exposure classes to different members, the w/cm and strength requirements 

are not consistent with ACI 318. Concrete with C0, F0 exposures (where such 

durability issues are not a concern) are specified with w/cm of 0.50 and 

compressive strength of 3000 psi. Clearly conflicting specs.   

 



The w/cm is frequently specified even for concrete that is not exposed such as in 

the past example. The thinking is that low w/cm is always good 

 



The above example shows that low w/cm is not always good. It can lead to mixes 

that are not optimized, not sustainable and actually attain a poorer performance. 



The Table lists the typical strengths attained by producers as reported in a NRMCA 

survey of the industry. The average strength achieved at different w/cm are 

summarized for air-entrained and non air-entrained concrete mixtures.   

A designer might use a strength of 3500 psi when designing a member but if 

durability applies, the specified strength should be consistent with the w/cm. This is 

because strength is used as a basis to verify that the requirements of the concrete 

have been met.   

A requirement of 0.40 / 3500 psi will yield concrete with a strength significantly 

greater than the specified strength and the strength acceptance criteria do not work 

appropriately. Concrete test results can be as low as 3000 psi and this does not 

assure that the mixture was at a w/cm of 0.40. So it is important that there is no 

mismatch between specified w/cm and strength.   

 



These are issues that can occur on a problem when w/cm is inappropriately 

specified. These are discussed in the SIP.  

 



These are alternatives suggested –  

Only specify w/cm when required for durability 

Make sure the specified strength and w/cm are consistent so that quality assurance 

is possible. If durability requires a higher strength, use that higher strength in the 

design of the member.  

Avoid specifying w/cm that is less than 0.40 as its not needed for most applications 

and causes other issues with construction. Performance based tests that measure 

permeability can be used as an alternate. 



These are some benefits with the proposed alternatives 
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Specify requirements for concrete by application – as suggested with these 

alternatives  

 

45 



This is an example of an evolution from prescription to performance for bridge 

structures by the WA DOT. A survey of bridges built with this perf spec after 2 years 

showed that it had fewer cracks than those built with prescriptive approach  

 

46 



The third most common prescriptive requirement observed in reviewing  

specifications is a requirement for minimum  content of cementitious material, 

sometimes stated as minimum content of cement  

 



There are no restrictions on minimum CM content in ACI standards. There is a 

requirement in ACI 350 for environmental structures.  

ACI 301 states a minimum cement content in one application - for interior floors 

only. The purpose is to ensure adequate paste for hard trowelled finishes. These 

limits are considerably lower than that seen in some specifications. A test slab 

placement is permitted as an alternative to the minimum cementitious content 

requirement. 
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This is an actual project spec. The min CM content and SCM dosage requirement 

required that a very high CM content had to be used. 

This type of specification can cause problems with cracking due to temperature 

differentials and drying shrinkage due to the higher paste volume. Also the limits on 

SCM were not adequate to minimize ASR. 



Some of the possible reasons for specifying a low w/cm are  

It improves durability by providing assurance that a low water-cementitious 

materials ratio (w/cm) is attained, even if good control of the mixing water content is 

not exercised. 

Enough cement content will ensure a high pH of the pore solution that can ensure 

corrosion resistance of the rebar 

For the most part, min cementitious requirements is a historical remnant in many 

specs where there is inertia to delete this requirement 



This summarizes results from an NRMCA study that developed mixtures at different 

cement contents at the same w/cm.  

Higher CM mixes had same strength but higher RCPT (permeability) and shrinkage. 

The higher permeability and shrinkage is a consequence of the higher paste volume  



These data from the same study show the increased shrinkage – same w/cm but 

increasing paste volume. 
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Another potential consequence is that the concrete may have a high variability as 

illustrated in this set of data – as there is no incentive to achieve better control.  

In this example the Spec had 658 lbs CM content requirement, so strengths 

attained averaged 6000 psi  as opposed to a specified level of only 4000 psi. There 

was no incentive for the producer to control strength variation since strengths 

attained were much higher than specified strength. This resulted in high concrete 

variability which is indicative of poor quality control practices. Combining a low w/cm 

and a low strength requirement will lead to same outcome. High variability concrete 

is not in the best interest of anyone. 
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Prescriptive spec caters for the lowest common denominator. In its attempt to keep 

the worst out it ends up penalizing the better performers. Prescriptive specs are 

often overkill for intended performance. Perf specs on the other hand provides 

incentives to the best performers to achieve mixtures that are optimized for the 

intended performance. 



It is estimated that producers use on average 100 lb more CM than required for 

performance 

 

These are the problems caused by min cement content in specifications 

 



These are suggested alternatives – clearly removing this requirement and a more 

thorough evaluation of the intended performance and specifying those requirements 

would improve the specification. The only thing that a specified minimum cement 

content assures is that the mixture contains that quantity at a minimum. 



These are some benefits listed that result from the suggested alternatives and are 

discussed in more detail in SIP 3.  



The fourth most restrictive prescriptive requirement observed in the review was 

additional limits on the characteristics of the SCMs – beyond what the specifications 

require.  

There are likely technical reasons for these but there is no assurance that these 

requirements will achieve the intended performance.  
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There are no additional limits on the characteristics of SCMs in ACI standards.  

 

ACI 318 just references the applicable specifications with no additional restrictions.  

 

ASTM C618 classifies fly ash by these requirements and additionally, includes  

limits on sulfur trioxide (SO3), moisture content, soundness, strength activity index, 

water requirement, and uniformity requirements for material from a single source. 

Optional requirements, when specifically requested, are also covered in the 

specification. There are no limits on alkali content of fly ash, but the supplier may 

report this, expressed as equivalent sodium oxide (Na2O) 
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Class C - However, specifying Class F fly ash does not ensure that the concrete will 

be resistant to ASR and sulfate attack. A methodical approach to addressing ASR is 

covered in ASTM C1778. Sulfate resistance of concrete is addressed in ACI 318-14 

and the effect of fly ash in improving sulfate resistance is covered in the optional 

requirements of ASTM C618 

  

Fineness - Research on this aspect indicates that when fineness of fly ash from the 

same source varied substantially (between 15% and 30%) over a period of time, 

there was no significant difference in strength of mortar cubes. Besides fineness, fly 

ash reactivity is impacted by factors such as chemical and physical composition, 

morphology, and the portland cement with which it is used (ACI 232.2R-03). The 

concrete producer is responsible for supplying concrete mixtures that meet the 

specified strength requirements. 

 

A limit on available alkalis was removed from ASTM C618 in the 1990s based on 

work that indicated that the available alkalis in fly ash were not a good indicator 

when considering the use of fly ash in concrete containing potentially reactive 

aggregate (Smith 1987)  
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Restricting LOI doesn’t ensure air entrainment problems go away. Low LOI ash 

sources in above chart were more sensitive to air entrainment. Imposing a lower 

LOI limit on fly ash does not ensure better control of the air content in air-entrained 

concrete. The concrete producer is responsible for achieving the specified air 

content in concrete. 
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These are some problems caused by these specification requirements – the 

producer is often forced to use alternative sources that they do not have experience 

with. These requirements establish a false sense of security that the intended 

performance will be achieved.  
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These are suggested alternatives depending on the intended performance. 
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The fly ash supplier and concrete producer are responsible for monitoring the 

quality and uniformity of fly ash to ensure that the specified air content and strength 

are achieved 
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Mitigation of ASR has been attained by increasing the percentage of Class C fly 

ash, or by using Class C fly ash with other supplementary cementitious materials 

(SCMs) and lithium based admixtures (Shehata and  Thomas 2000). Sulfate 

resistance has been attained with ternary blends of Class C fly ash and silica fume 

(Shashiprakash and Thomas 2001). The alternative performance requirements can 

make it feasible to use locally available Class C fly ash sources that results in cost-

effective concrete mixtures, and supports sustainability initiatives. 
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The last type of prescriptive specification is on combined aggregate grading 

addressed in SIP 5.  

These types of requirements are typically included in specifications for some 

conventional and industrial floor slabs, specifications of some state highway 

agencies for road pavements, and a specification for airport pavements (FAA 2014). 

In some cases, these are stated as general requirements for all concrete on a 

project.  
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There are no such limitations in industry standards. There are guidance documents 

that suggest optimizing aggregate grading that are directed to the person 

proportioning concrete mixtures.  
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Research at NRMCA (Obla et al. 2007a, b; Obla and Kim 2008) found that combined 

aggregate gradings meeting the 8-18 and the coarseness factor chart requirements did not 

result in reduced aggregate void content and did not improve concrete performance through 

lower water demand, shrinkage, or higher strength. Based on experimental studies on 

Florida aggregates, McCall et al. (2005) concluded that concrete with combined aggregate 

grading meeting the 8-18 requirements did not yield lower water demand, drying shrinkage, 

or cracking. A study conducted for the Mississippi highway department (Varner 2010) 

concluded that optimized combined aggregate grading did not lead to concrete with lower 

shrinkage, chloride ion penetrability, or higher strength. Recently, Cook et al. (2013) and 

Varner (2012) have shown that the typical 8-18 and coarseness factor chart requirements 

did not lead to improved concrete performance, but did recommend modified limits on the 

individual percent retained for combined aggregate. 

 

Some additional references that led to similar conclusions are: 

••Tuthill, L.H., “Better Grading of Concrete Aggregates,” Concrete International, V. 2, No. 

12, Dec. 1980, pp. 49-51; 

••Anderson, K.W.; Uhlmeyer, J.; and Russell, M., “Combined Aggregate Gradation as a 

Method for Mitigating Studded Tire Wear on PCCP,” Report WA-RD 663.2, Washington 

State Department of Transportation, Olympia, WA, 2009, 15 pp., 

www.wsdot.wa.gov/research/reports/fullreports/663.2.pdf 

••Dilek, U., and Leming, M.L., “Effects of Proposed Well-Graded Aggregate Gradations on 

Frost Durability of Concrete,” Journal of ASTM International, V. 2, No. 5, May 2005, pp. 1-

14. 
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In some cases producers who like blended aggregates find it difficult to comply with 

these specs and attain good performance.  They may blend aggregates based on 

their sources and attain desired perf but may be unable to meet the combined agg. 

grading spec. Also if they comply with the grading and the intended performance is 

not achieved, they cannot be faulted.  
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Ultimately the proponents of prescriptive aggregate grading requirements are 

interested in attaining low shrinkage, good workability, finishability and set times. By 

requiring these performance requirements the prescriptive requirements become 

redundant. 
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If performance alternatives to aggregate grading are specified, these are some of 

the benefits.  
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These are suggested performance options for floor slab mixtures 
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So how do we go about requesting changes in specifications 



NRMCA offers a number of resources for implementing performance based specs 

 

Review these guides to specifications from NRMCA as you consider modifying your 

specification. The SIPs address 5 issues. These documents cover more details on 

specifications.  
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This is a Table from the Guide document. For each class list the application (where 

it will be used), the exposure (none, freeze-thaw, deicing chemicals, sulfate), and 

specified compressive strength. Then begin limitations on materials and quantities 

based on chapter 19 and 26 of ACI 318 that address material and durability 

requirements. Maximum aggregate size is based on limitations in ACI 318. Limits on 

air content, water-cement ratio, cementitious materials, admixtures, and chloride 

ions are provided in ACI 318. All of these are ACI 318 basic Code requirements. 
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These are similar to the prev slide. These requirements are not in the building Code 

but are suggested as option for the A/E to consider. Not all concrete applications will 

require all of these. It is always a good idea to include acceptance criteria for 

performance that are only needed for the concrete application. Otherwise it can lead 

to mixtures that are not optimized for performance. 



ACI 211.5R has a proposed submittal form for performance based mixtures. 

Consider using this  



In conclusion – evolving to performance specification does not have to be very 

complicated. Prescriptive provisions that intend some performance may not be 

achieved and the producer cannot be faulted with associated failures from a 

prescriptive spec. It prevents mixtures from being optimized and provides no 

incentive for operating at a higher level of quality or to consider innovation.  

These are the other benefits with changes to specifications from prescriptive to 

performance.  
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