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This report discusses the differences between performance and
prescriptive requirements for concrete, and provides informa-
tion on developing performance requirements as an alternative
to the current prescriptive requirements in codes and specifica-
tions. Performance-based requirements allow the contractor and
concrete producer to be more innovative in concrete applications,
providing an element for sustainability of concrete construction.
The essential elements of a performance-based requirement are
reviewed, which include the desired performance chara ccve-
tics, sampling and testing procedures to verify these cnorater-
istics, and acceptance criteria. Because acceptanc> ¢ iteria are
crucial elements of effective performance specific *tio. = fuictors to
consider in developing criteria that distribute -isk. to the owner
and members of the construction team are w.>0 o 'scussed. Consid-
erations for implementing performan e-t .sed requirements on
a project are presented and develcpm. it o performance-based
requirements for durability emphas. -ed. Alternative performance-
based requirements are propcseu for the prescriptive durability
requirements in ACI 318.

ACI Comuhittee Reports, Guides, and Commentaries are intended
for“ouiucace in planning, designing, executing, and inspecting
consti. ~tion. 1 is document is intended for the use of individuals
Ww. 2 are « xmpe’ 2nt to evaluate the significance and limitations of its
conte 't and recommendations and who will accept responsibility for
thiapplication of the information it contains. ACI disclaims any and
all responsibility for the stated principles. The Institute shall not be
w.able for any loss or damage arising there from.

Reference to this document shall not be made in contract docu-
ments. If items found in this document are desired by the Architect/
Engineer to be a part of the contract documents, they shall be restated
in mandatory language for incorporation by the Architect/Engineer.

The materials, processes, quality control measures, and inspections
described in this document should be tested, monitored, or performed
as applicable only by individuals holding the appropriate ACI Certi-
fication or equivalent.

Keyword<: acc. »tance criteria; bonus-penalty provisions; building code;
durabilit 7; in-rlace tests; performance specification; prescriptive speci-
fcati n; alily assurance; responsibility; sampling; sustainability; test
m. thoa.
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CHAPTER 1—INTRODUCTION

1.1—Background

1.1.1 Prescriptive and performance spceification—A
specification is an explicit set of require nez.is to be satis-
fied by a material, product, system, or s_rvi.e (ASTM 2013).
In the concrete construction industry, J“e primary types of
specifications are materials speaificac'ons and construction
specifications. The former provide wunimum requirements
for composition and propsiiies, and e latter form part of
the contract betweer, ow. =r ai.d contractor. Specifications
can be of the prescriptiv > or performance type, or they may
include componen s of each. A prescriptive specification for
concrete fohuscrorn the properties and composition of raw
materials; mix e proportions; batching, mixing, and trans-
port of fresi. concrete; and a range of construction operations
from.nlacng 1o curing. Prescriptive specifications rely on
obzarved or implied relationships between the details speci-
f.~c"ard the desired final, in-place, or end-product concrete
periormance. Under a prescriptive specification, the desired
«nd-product performance may or may not be described. A
performance specification, however, defines required results,
the criteria to judge performance, and verification methods
without requirements for how the results are to be obtained.
An alternative name used by some agencies is end-result

specification (ERS). The Federal Highway Administration
(FHWA) has invested considerable resources to promote the
use of performance-related specifications (PRS) in its proj-
ects (FHWA 1998). The PRS approach is intended to ensure
the completed product will perform as specified.

Prescriptive and performance specifications have been in
existence as long as code requirements and specifications for
concrete have existed. For example, in 1910, the National
Association of Cement Users (NACU), the forerunner of
ACI, adopted its “Standard Building Regulations for Rein
forced Concrete” (NACU 1910). These regulations provided
alternatives for concrete strength:

Concrete composed of materials meeting  the
requirements of these regulations, mixed in p, opor-
tion of one part of cement and six ) ‘tts «f ~ggre-
gate (fine and coarse), shall develop a ce mpressive
strength of 2000 pounds per squa ‘e inch in 28 days
when tested as 8-in. diameter ¢y ' ders 16 in. long
under laboratory conditions »f m inufacture and
storage, using the sam~ conistency as is used in the
field. When the pro, ortic 1 of cement is increased,
using the best quality ot aggregates, an increase
may be ma'e n all working stresses proportional
to the increasc in compressive strength at 28 days,
as dzter1 vinec by actual tests, but this increase shall
not exceea 2o per cent.”

Thus, °t 1s seen in this early document governing concrete
consu.tion, there were elements of prescriptive and perfor-
mance requirements.

11 1936, ACI adopted the “Building Regulations for Rein-
forced Concrete (ACI 501-36T),” which served as a basis
for many provisions that are still in use (American Concrete
Institute 1936). ACI 501-36T permitted a performance-
based alternative to the prescriptive water-cement ratio
(w/c) requirements for different design strengths. Alterna-
tive mixture proportions were permitted by prequalifying
a mixture on the basis of test data correlating strength to
w/c. Four different w/c values had to be tested, and the w/c
approved for production was that value corresponding to a
compressive strength that was:

a) 20 percent greater than the design strength when design
strength was less than 2500 psi (17 MPa)

b) 15 percent greater than the design strength when design
strength was 2500 psi (17 MPa) or above

These requirements are the forerunner of today’s required
strength based on standard deviation of historical data. Once
the proposed mixture was approved, no substitutions in
materials were permitted without additional tests.

For durability, ACI 501-36T stated that “All concrete
exposed to the weather shall have a minimum ultimate
28-day compressive strength of not less than 3000 Ib per sq.
in.” According to ACI 501-36T, design professionals were
responsible for on-site inspection of construction, including
maintaining records of “the quality and quantity of concrete
materials, the mixing and placing of the concrete, and the
placing of the reinforcing steel.”
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Today, the responsibility for site verification of concrete
production has shifted away from the licensed design
professional toward the concrete producer. The licensed
design professional, however, is still responsible for review
or approval of the submitted mixture ingredients and
proportions.

Other changes in the concrete industry since these early
codes were written include:

a) Recognition that concrete strength is not the only char-
acteristic considered in developing an acceptable concrete
mixture for a project

b) Portland cement is not the only cementitious material

¢) Water content and aggregate size are not the only factors
that influence slump

d) The w/c is not the only factor influencing permeability

A variety of admixtures have emerged to impart charac-
teristics to a concrete mixture that are otherwise difficult
or impossible to attain by varying only the basic ingredi-
ents of cement, aggregate, and water. Chemical admixtures
and supplementary cementitious materials (SCMs), such
as pozzolans and slag cement, affect factors including air
content, air-void characteristics, workability, setting time,
bleeding, rate of strength gain, long-term strength, and resis-
tance to fluid penetration. In addition, combinations of the
various cementitious materials and admixtures may or may
not be mutually compatible.

It is difficult to write prescriptive specifications that make
use of these developments while, at the same time, avoiding
their pitfalls. It is evident that evaluating concrete durability
is more difficult than evaluating strength. The increasing
demand for improved concrete durability and growing
complexity of concrete mixture proportioning add mpur-
tance to the debate of prescriptive versus performance-tascd
requirements.

Interest in performance-based requirements . fu_led by
the changes in practice that have evolved to *nhcnce concrete
durability and sustainability. For examp.c: cc nsider the high-
performance, low-permeability con/ref_s required to ensure
durable structures under severe expasr.es. Such mixtures
often use portland cement along w ‘th one or more SCM, may
use one or more type of 2dmu ‘ure, including a corrosion
inhibitor, and may incorpora.>-ut least three sizes of aggre-
gate. Developing an-ac-eptable mixture requires experience
with specific materic's, including recognition that traditional
relationships, sucias «hose between workability and water
content and “hose between strength and w/c, are affected by
a varinty'c£fa tors, such as types and amounts of admixtures
and SCL* In a/'dition, the compatibility of admixtures with
ceme ‘itious materials should be investigated (Taylor et al.
2000\ ‘1o ensure durability, the risk of cracking should be
cuntrolled. Curing of concrete characterized by rapid surface
(rying, rapid setting, and a high shrinkage potential requires
special attention.

The reason performance-based requirements should be
considered when prescriptive requirements have been the
mainstay of the concrete industry is that more is demanded
of concrete, and using a strictly prescriptive specification

American Concrete Institute — Copyrighted © Material — www.concrete.org

makes it difficult to take full advantage of the wide range of
available options under a performance specification.

1.1.2 Prescription to performance initiative (P2P)—In
2002, the Research, Engineering and Standards Committee
(RES) of the National Ready Mixed Concrete Association
(NRMCA) embarked on an initiative called P2P— “Prescrip-
tion to Performance”—to introduce performance specifica-
tions as alternatives to traditional prescriptive specifications
(Bickley et al. 2006a; Hover et al. 2008). There was con¢eri
that prescriptive specifications can hinder concrete preduc rs
from providing mixtures that optimize available.mai rials
while meeting the owner’s needs. Similarly, averly pres rip-
tive requirements may stifle the concrete “ont. >ctor’s capa-
bility to use innovative methods that sunoo:  susiainability
principles (1.5) and produce an acceptable | roauct.

The P2P steering committee co ‘miscioiied a project to
review state-of-the-art industry practic=s internationally on
performance specifications (Phse I) and to explore alter-
natives to existing prescriptiva. pecifications for concrete
(Phase II). Background in/ormaion in this report relies
heavily on the first P2P uikiication (Bickley et al. 2006a).
The second repor. whi h is referred to as the P2P Phase
1I Report, is a guide ' writing performance-based require-
ments as 2ltcrnatives to the prescriptive requirements in
current AC1 -eterence specifications (Hover et al. 2008).
The Plase I” report is described in greater detail in Chapter
© Ti= FZT project team observed that while there was an
aln ost aniversal interest in performance, primarily for
durability and sustainability, there were few performance
specifications. A majority of the reviewed international
standards defined exposure conditions for each country,
prescribing limits for concrete mixtures that, on the basis
of past research or experience, would result in the desired
durability. The review revealed there is an almost universal
use of supplementary cementitious materials (SCMs), such
as fly ash, slag cement, and silica fume, either as separate
additions or incorporated in blended cements. The specifica-
tion documents assumed statistical quality control was used
to ensure consistent conformity to the owner’s requirements.

Authors of the P2P Phase I Report (Hover et al. 2008)
observed that, depending on the perspective of the stake-
holder, the term “performance specification” can have
different meanings. Due to the wide array of options and
valid interpretations, it is imperative the term be carefully
defined in any given context. Parties could agree in prin-
ciple to execute work under the performance specification
umbrella while having widely differing views about mutual
expectations.

The P2P Phase I Report (Hover et al. 2008) concluded that
the lack of reliable, consistent, and standardized test proce-
dures for evaluating concrete performance is frequently
cited as a major barrier to the adoption of performance-
based requirements. Most tests available are performed
under standardized conditions, serving as indicators of
relative performance rather than measures of actual perfor-
mance in service. Relative to tests conducted under prescrip-
tive standards, performance tests can be expensive, are
time consuming, and lack desired precision. The short time
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available to respond to a bid request and to start construc-
tion creates difficulties for a concrete producer required to
develop a performance mixture and perform prequalification
testing.

1.1.3 Establishment of ITG-8R—The Strategic Develop-
ment Council (SDC), one of three organizations operating
under the ACI Foundation, has embraced the need for
performance-based requirements in the concrete industry.
The SDC’s mission is to facilitate the advancement of
concrete technology by providing a forum for predicting
and prioritizing key challenges facing the concrete industry,
assisting ACI in timely adoption of innovative technologies
and best practices, and providing a framework for consortia-
directed development programs leading to commercializa-
tion. The SDC adopted a strategy for accelerated technology
acceptance by identifying industry-critical technologies and
applying resources to address these areas. In 2004, SDC
identified the move from prescriptive to performance-based
requirements as an industry-critical technology area and
created an accelerated technology implementation team to
address the need. After further evaluation, however, the team
chose the innovation task group (ITG) mechanism of ACI to
address the issue. The ACI Technical Activities Committee
(TAC) evaluated the application for an ITG and approved the
creation of ITG-8. The mission of ITG-8 was to develop a
report on performance criteria and test methods for concrete
materials that could be used in codes and specifications. In
2010, ACI published ITG-8R-10. This report is based on the
ITG-8R-10 document with some revisions.

1.2—Objective and scope

The objectives of this report are as follows:

a) Provide an introduction to performance specifica-
tions and discuss how they compare with presciipt ve
specifications

b) Discuss the essential features of p rfo.mance
specifications

c¢) Discuss how performance-based rec uiroments can be
used as alternatives to traditional presclipt. e requirements

With respect to the third objective. the verformance-based
tests and criteria discussed in this. 'epo.* are intended to serve
as examples and should not be ino>rpreted as specification
requirements. Design profCsiionals suould determine what
is applicable to their proje ts in accordance with established
codes and local practice.

Chapter 1 is an ii troduction to performance-based require-
ments and ¢chxmpares them with prescriptive requirements. Of
special imporwnce ai 2 the differences in the responsibilities
of various puorties under performance-based and prescriptive
requir>ments. Chapter 2 provides definitions used in this
rexart.

Cnapter 3 discusses the three principal elements of perfor-
mance-based requirements:

1. Required performance characteristics

2. Sampling and testing methods

3. Acceptance criteria

A summary is provided of common and less common test
methods used to confirm performance requirements are met.

Emphasis is placed on test methods available for assessing
the durability potential of a concrete mixture.

Chapter 4 discusses acceptance criteria, reviews key
consideration factors, and discusses actions that may be
taken when the acceptance criteria are not met.

Chapter 5 addresses implementation of performance-
based requirements on new projects. The various means
of enhancing communication between affected parties are
reviewed. There is discussion on the use of bonus-penalty
provisions in contract documents. Finally, the technical chal
lenges to implementation of performance specifications.are
discussed.

Chapter 6 reviews prescriptive durability requiren.>nts of
ACI 318 and ACI 301 as opportunities to develo, pe.for-
mance-based requirements. Examples. ar> pioviaed of
performance-based requirements as alter: tive: 14 prescrip-
tive durability requirements (ACI 318). The.» examples are
based on the P2P Phase Il Report (Hcver et al. 2008).

Chapter 7 provides a summary. ot v.2 ‘eport and lists future
activities to facilitate implementa. on ot performance-based
requirements.

This report is not inte. led 1 provide a comprehensive set
of performance-based requ. ements that can be incorporated
directly into cow'ract documents as alternatives to traditional
prescriptive require nents.

It is ‘mpc tant to recognize that a performance speci-
ficatic» dces not preclude the use of some prescriptive
requirem.nts when that is the most practicable approach
for deve'oping a workable project specification. Likewise,
large. -~ prescriptive specifications sometimes include some
performance-based requirements. These hybrid specifica-
tions have worked well and are expected to continue to do so
in the future. This report does not suggest that prescriptive
specifications should be replaced with performance speci-
fications. There are many cases where prescriptive specifi-
cations are the best solutions for all stakeholders. Rather,
Committee 329 takes the position that because performance
specifications encourage innovation, the industry should
advance toward establishing performance-based alternatives
to prescriptive requirements.

1.3—Performance-based requirements

As mentioned previously, a prescriptive specification
defines the materials and methods of concrete placement. In
contrast, a performance specification for concrete starts with
the end state in mind, and describes the required quality char-
acteristics of the end product, leaving the details about mate-
rials selection, proportioning, and construction means and
methods up to the party bound contractually to complying
with the specifications. Under a performance specification,
the concrete construction team, which includes the concrete
producer, general contractor, placement contractor, and the
concrete contractor, is responsible for selecting and propor-
tioning materials and conducting construction operations that
will result in the required performance. Prescriptive specifi-
cations state how to proportion and install the concrete such
that, if done in accordance with instructions, the end results
will be satisfactory. Performance specifications, however,
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