
A
C

I 5
50

.6
-1

9
Acceptance Criteria for 
Special Unbonded Post-
Tensioned Precast Structural 
Walls Based on Validation 
Testing and Commentary

Reported by Innovation Task Group 5

An ACI Standard

Inch-Pound UnitsIN-LB

Full document details: ACI 550.6-19

http://www.avadocuments.com/doc/aci-550-6-19
http://www.avadocuments.com/doc/aci-550-6-19


First Printing
August 2019

ISBN: 978-1-64195-079-4

Acceptance Criteria for Special Unbonded Post-Tensioned Precast Structural Walls Based on 
Validation Testing and Commentary

Copyright by the American Concrete Institute, Farmington Hills, MI. All rights reserved. This material 
may not be reproduced or copied, in whole or part, in any printed, mechanical, electronic, film, or other 
distribution and storage media, without the written consent of ACI.

The technical committees responsible for ACI committee reports and standards strive to avoid 
ambiguities, omissions, and errors in these documents. In spite of these efforts, the users of ACI 
documents occasionally find information or requirements that may be subject to more than one 
interpretation or may be incomplete or incorrect. Users who have suggestions for the improvement of 
ACI documents are requested to contact ACI via the errata website at http://concrete.org/Publications/
DocumentErrata.aspx. Proper use of this document includes periodically checking for errata for the most 
up-to-date revisions.

ACI committee documents are intended for the use of individuals who are competent to evaluate the 
significance and limitations of its content and recommendations and who will accept responsibility for 
the application of the material it contains. Individuals who use this publication in any way assume all 
risk and accept total responsibility for the application and use of this information.

All information in this publication is provided “as is” without warranty of any kind, either express or 
implied, including but not limited to, the implied warranties of merchantability, fitness for a particular 
purpose or non-infringement.

ACI and its members disclaim liability for damages of any kind, including any special, indirect, incidental, 
or consequential damages, including without limitation, lost revenues or lost profits, which may result 
from the use of this publication.

It is the responsibility of the user of this document to establish health and safety practices appropriate 
to the specific circumstances involved with its use. ACI does not make any representations with regard 
to health and safety issues and the use of this document. The user must determine the applicability of 
all regulatory limitations before applying the document and must comply with all applicable laws and 
regulations, including but not limited to, United States Occupational Safety and Health Administration 
(OSHA) health and safety standards.

Participation by governmental representatives in the work of the American Concrete Institute and in 
the development of Institute standards does not constitute governmental endorsement of ACI or the 
standards that it develops.

Order information: ACI documents are available in print, by download, through electronic subscription, 
or reprint, and may be obtained by contacting ACI.

ACI codes, specifications, and practices are made available in the ACI Collection of Concrete Codes, 
Specifications, and Practices. The online subscription to the ACI Collection is always updated, and 
includes current and historical versions of ACI’s codes and specifications (in both inch-pound and SI 
units) plus new titles as they are published. The ACI Collection is also available as an eight-volume set of 
books and a USB drive.

American Concrete Institute
38800 Country Club Drive
Farmington Hills, MI 48331
Phone:	 +1.248.848.3700
Fax:	 +1.248.848.3701

www.concrete.org

Full document details: ACI 550.6-19

http://www.avadocuments.com/doc/aci-550-6-19
http://www.avadocuments.com/doc/aci-550-6-19


Acceptance Criteria for Special Unbonded
Post-Tensioned Precast Structural Walls

Based on Validation Testing and Commentary
An ACI Standard

Reported by ACI Innovation Task Group 5

ACI 550.6-19

Attila B. Beres Vilas S. Mujumdar Carol K. Shield

Ned M. Cleland Suzanne Dow Nakaki John W. Wallace

Neil M. Hawkins Stephen P. Pessiki Loring A. Wyllie, Jr.

Ronald Klemencic

Consulting member

S. K. Ghosh

Charles W. Dolan
Chair

Full docu
ACI Committee Reports, Guides, Manuals, Standard
Practices, and Commentaries are intended for guidance in
planning, designing, executing, and inspecting construction.
This document is intended for the use of individuals who are
competent to evaluate the significance and limitations of its
content and recommendations and who will accept
responsibility for the application of the material it contains.
The American Concrete Institute disclaims any and all
responsibility for the stated principles. The Institute shall not
be liable for any loss or damage arising therefrom.

Reference to this document shall not be made in contract
documents. 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.

This document applies to structures in regions of high seismic risk or to
structures assigned to high seismic performance or design categories. It
defines the minimum experimental evidence that can be deemed to satisfy
the use of unbonded post-tensioned precast structural walls (shear walls)
for bearing wall and building frame special reinforced concrete shear wall
systems, as defined in ASCE/SEI 7-10, when those walls do not fully satisfy
the intent of the prescriptive requirements of Chapter 18 of ACI 318-14.
This document includes mandatory Acceptance Criteria and nonmandatory
Commentary, and has been written in such a form that its requirements can
be coordinated directly with the requirements for special precast structural
walls in 18.11 of ACI 318-14. Among the subjects covered are requirements
for the procedures that shall be used to design unbonded post-tensioned
precast test modules and their configurations, as well as requirements for
testing, reporting, and assessing satisfactory performance of the test modules.

The references of the Commentary provide documentary evidence,
additional to the references of Chapter 18 of ACI 318R-14, that support the
acceptance criteria. Consistent with the approach of ACI 318, no comparison
is made, either in the body of the Acceptance Criteria or Commentary, of
research results for precast test modules satisfying ACI 318 with those for
modules that, although not satisfying ACI 318, do satisfy the Acceptance
Criteria. Such comparisons, both experimental and analytical, are available in
the Commentary references.
 1
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CHAPTER 1—INTRODUCTION AND SCOPE
1.1—Introduction

For seismic design, 18.2.1.7 of ACI 318-14 specifies that
“a reinforced concrete structural system not satisfying the
requirements of this chapter (Chapter 18) shall be permitted
if it is demonstrated by experimental evidence and analysis
that the proposed system has strength and toughness equal to
or exceeding those provided by a comparable monolithic
reinforced concrete structure satisfying this chapter.” This
document defines the minimum experimental evidence
required to validate the use of special unbonded post-
tensioned precast structural wall systems in regions of high
seismic risk or for structures assigned to high seismic
performance or design categories when those systems do not
satisfy fully the prescriptive requirements of Chapter 18 of
ACI 318. The provisions of this document are intended to
supplement the provisions of Chapter 18 of ACI 318 and not
to supplant them.

Consistent with the 18.2.1.7 requirement of ACI 318, this
document specifies that, before the validation testing
mandated by the document is undertaken, a design procedure
shall have been developed for prototype unbonded post-
tensioned precast structural walls having the generic form
for which acceptance is sought. Further, the same design
procedure shall be used to proportion the test modules. The
document also requires that the prototype buildings that
contain the unbonded post-tensioned precast structural walls
have proportions that are essentially regular in the vertical
direction, having no significant physical discontinuities in
plan, in vertical configuration, or in their lateral-force-resisting
systems.

This document is intended for walls that might, for
example, involve the use of precast elements, precast/
prestressed elements, post-tensioned reinforcement or combi-
nations of those elements and reinforcement. Comprehensive
prescriptive requirements for unbonded post-tensioned
precast structural walls constructed with such elements are
not included in ACI 318.

1.2—Scope and general requirements

R1.2—Scope and general requirements
While only ACI Committee 318 can specify the requirements

necessary for unbonded post-tensioned precast walls to meet
the provisions of 18.2.1.7 of ACI 318, 1.10 of ACI 318
permits the building official to accept precast wall systems,
other than those explicitly covered by Chapter 18 of ACI
318, provided specific tests, load factors, deflection limits,
construction procedures, and other pertinent requirements
have been established for acceptance of such systems
consistent with the intent of the Code. This document
provides a framework that establishes the specific tests, load
factors, deflection limits, and other pertinent requirements
appropriate for acceptance for regions of high seismic risk
or for structures assigned to high seismic performance or
design categories of unbonded post-tensioned precast wall
systems, including unbonded post-tensioned precast coupled
American Concrete Institute Copyrig
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wall systems, not satisfying all the prescriptive requirements
of Chapter 18 of ACI 318.

This document assumes that the unbonded post-tensioned
precast wall system to be tested has details that differ from
those prescribed by 18.10 of ACI 318 for conventional
monolithic reinforced concrete construction. Such walls
may, for example, involve the use of precast elements,
precast prestressed elements, post-tensioned reinforcement,
or combinations of those elements and reinforcement. Life
safety and toughness are theoretically enhanced by mild
steel reinforcement grouted across the wall to foundation
interface. The presence of mild steel reinforcement,
however, makes erection more difficult, and may inhibit the
self-centering action provided by unbonded post-tensioning
crossing the same interface. For an uncoupled wall, mild
steel reinforcement, or some other form of energy-dissipating
base connection, is necessary to meet the relative energy
dissipation requirements of this document. For coupled
walls, however, energy-dissipating coupling elements can be
used along the vertical boundaries between walls so that
only unbonded post-tensioning tendons need to cross the
wall to foundation interface. Life safety for coupled walls is
then more critically dependent on the unbonded post-
tensioning not fracturing under the seismic event. In that
case, careful attention should be paid to corrosion protection of
the tendon and to stress increases in the tendon during the
seismic event.

For monolithic reinforced concrete walls, a fundamental
design concept underlying the Chapter 18 provisions of ACI
318 is that walls with hw/lw exceeding 1.0 should be
proportioned so that their inelastic response is dominated by
flexural action on a critical section located near the base of
the wall. That same basic fundamental concept is retained in
this document. The limiting hw/lw value, however, is reduced
to 0.5. The basis for that lower limit is discussed in R1.2.2.

Tests on modules, as envisioned in this document, cannot
be extrapolated with confidence to the performance of
panelized walls of proportions differing from those tested for
the development of Chapter 18 of ACI 318 if the shear-slip
displacement pattern or excessive joint opening pattern of
Fig. R2.3 is significant in the response developed in the test

on the module.

Two other fundamental requirements of Chapter 18 of ACI
318 are for closely spaced ties around heavily strained
boundary element reinforcement and the provision of
minimum amounts of uniformly distributed horizontal and
vertical reinforcement in the web of the wall. Ties around
boundary element reinforcement to inhibit its buckling in
compression are required where the strain in the extreme
compression fiber exceeds 0.003 and spalling of the cover
concrete may occur. Those ties then provide confinement
that maintains the integrity of the boundary element and
permits the confined concrete to develop increasing
compressive forces with increasing lateral displacements in
spite of the loss of the concrete cover. Minimum amounts of
uniformly distributed horizontal and vertical reinforcement
over the height and length of the wall are required to restrain
the opening of inclined cracks and allow the development of
hted Material—www.concrete.org
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the minimum acceptable drift angle capacities specified in
Section 5.4. Deviations from those tie and distributed

reinforcement requirements are possible only if a theory is
developed that can substantiate reasons for such deviations
and that theory is tested as part of the validation testing.

1.2.1 This document defines minimum acceptance criteria
for unbonded post-tensioned precast structural walls,
including coupled unbonded post-tensioned precast structural
walls, designed for regions of high seismic risk or for structures
assigned to high seismic performance or design categories,
where acceptance is based on experimental evidence and
analysis.

R1.2.1 This document is not intended for use directly with
existing construction or for use with walls that are designed
to conform to all the requirements of 18.10 of ACI 318. The
criteria of this document are at least as stringent as those for
walls designed to the minimum requirements of 18.10 of ACI
318. Some walls designed to 18.10, and having low height-
length ratios, may not meet the minimum acceptable drift
angle capacity of Eq. (5-1) because their behavior may be
governed almost entirely by shear deformations (Hidalgo et
al. 2002). The height-length ratio of 0.5 is the least value for
which Eq. (5-1) is applicable.

1.2.2 This document is applicable to unbonded post-
tensioned precast structural walls, coupled or uncoupled,
with height-to-length ratios, hw /lw , equal to or greater than
0.5. This document is applicable to either prequalifying
unbonded post-tensioned precast structural walls for a
specific structure or prequalifying an unbonded post-
tensioned precast wall type for construction in general. This
document applies to walls that are effectively continuous
from the base of the structure to top of wall and are designed
to have a single critical section for flexure and axial loads.

R1.2.2 The use of this document is limited to walls with
hw/lw values of 0.5 or greater primarily for two reasons.
First, for rectangular walls, elastic cracked section flexural
deformations start to exceed elastic cracked section shear
deformations once the hw/lw value exceeds 0.5. Second,
experimental evidence shows that postpeak load drift values
for walls with hw/ lw values less than 0.5 are unreliable
unless the walls contain considerably more horizontal and
vertical reinforcement than the 0.25% minimum required by
18.10.2.1 in ACI 318 (Hidalgo et al. 2002). Further, for
precast walls with grouted joints between panels, the likelihood
of sliding increases as the hw/lw value decreases and the
presence of post-tensioning becomes increasingly essential
in ensuring nonsliding behavior. For walls with hw/lw
values of 0.5 or greater, postpeak load drifts are about 0.5%
regardless of the hw/lw value of the wall (Hidalgo et al.
2002). From Eq. (5-1), it follows that for walls with hw/lw
values of 0.5, only about 0.4% drift angle is contributed by
the prepeak load response. If the postpeak load drift is
unreliable, the drift capacity becomes unreliable for hw/lw
values less than 0.5. Limiting the use of this document to
walls with hw/lw values of 0.5 and greater does not imply
that the behavior of walls with hw/lw values less than 0.5 is
American Concrete Institute Copyrig
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unreliable. Rather, the behavior of such walls can be very
reliable if shear stresses are low and the wall is not required
to deform to displacements greater than the displacement
associated with the peak load capacity of the wall.

The wall heights to which this document can be applied
are not limited because a practical limit will be effectively
imposed by the combination of testing facility restrictions on
height and the minimum specimen scale limits imposed in
this document. Further, for heights greater than about 100 ft
and the customary hw/lw ratios for precast panels, the
design displacements result in stress level changes in the
prestressing steel that are difficult to accommodate while
still maintaining the desirable self-centering characteristic
of an unbonded post-tensioned wall. For coupled walls, the
situation becomes even more severe because the
prestressing steel stress changes are even greater for the
trailing wall than would be the case for an uncoupled wall of
the same height (Thomas and Sritharan 2004).

Consistent with the concepts of 18.10.6.2 of ACI 318,
procedures are based on the assumption that inelastic
response of the wall is dominated by flexure at a single critical
jointed section that is a potential yielding section. The wall
should be proportioned so that the critical section occurs
where intended. For walls with openings, the influence of an
opening or openings on flexural and shear strengths should
be considered, and a load path around the opening or openings
should be verified. The presence of the opening or openings
should be verified to not affect the location of the critical
jointed section that is the potential yielding section.

1.2.3 The walls of the prototype structure shall be
permitted to be several panels long and several panels high,
to be constructed from subpanels, and to be either coupled or
uncoupled. Coupling elements shall be permitted to be
devices or beams connecting adjacent vertical boundaries of
the unbonded post-tensioned precast walls.

R1.2.3 For uncoupled walls, relative energy dissipation
ratios increase as the drift angle increases (Kurama 2002).
Tests on slender monolithic walls have shown relative
energy dissipation ratios, derived from rotations at the base
of the wall, of approximately 40 to 45% at large drifts (Ali
and Wight 1990). The same result has been reported even
where there has been a significant opening in the web of the
wall on the compression side (Taylor et al. 1998). Kurama
(2002) computed relative energy dissipation ratios at a
0.020 radians drift angle for uncoupled walls with height-
length ratios of 4. Ratios were 30, 18, 12, and 6% for mono-
lithic reinforced concrete, hybrid reinforced/post-tensioned
prestressed concrete with equal flexural strengths provided
by the prestressed and deformed bar reinforcement, hybrid
reinforced/post-tensioned prestressed concrete with 25% of
the flexural strength provided by deformed bar reinforcement
and 75% by the prestressed reinforcement, and post-
tensioned prestressed concrete special structural walls,
respectively. Thus, for slender precast uncoupled walls of
emulative or nonemulative design, it should be anticipated
that at least 27% of the flexural capacity at the base of the
wall should be provided by deformed bar reinforcement if
hted Material—www.concrete.org
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the requirement of a relative energy dissipation ratio of 1/8
is to be achieved. If more than approximately 40% of the
flexural capacity at the base of the wall is provided by
deformed bar reinforcement (Kurama 2002), however, then
the self-centering capability of the wall following a major
event is lost, and that is one of the benefits gained with the
use of post-tensioning. For squat walls with height-length
ratios between 0.35 and 0.69, the relative energy dissipation
has been reported (Hildalgo et al. 2002) as remaining constant
at 23% for drifts between that for first diagonal cracking and
that for a postpeak capacity of 80% of the peak capacity. Thus,
regardless of whether the behavior of a wall is controlled by
shear or flexural deformations, a minimum relative energy
dissipation ratio of 1/8 is a realistic requirement.

For an unbonded post-tensioned wall, it is difficult to
separate the strength provided by the post-tensioning from
the strength provided by the deformed bar reinforcement and
the strength provided by axial load because both the post-
tensioning and axial load move the neutral axis toward the
center of the wall and increase the moment strength. If self-
centering is a goal, it is recommended that the engineer
developing the system calculate independently the deformed
bar reinforcement requirements because the values of the
previous paragraph provide guidance only.

For coupled wall systems, theoretical studies (Stanton and
Nakaki 2002) and tests (Priestley et al. 1999) have
demonstrated that the 1/8 relative energy dissipation ratio
can be achieved by using central post-tensioning only in the
walls and appropriate energy-dissipating coupling devices
connecting adjacent vertical wall boundaries.

1.2.4 Unbonded post-tensioned precast structural walls
shall be deemed to have a strength and toughness that is
adequate to comply with 18.2.1.7 of ACI 318, and the
corresponding unbonded post-tensioned precast structural
walls of the prototype structure shall be deemed acceptable
when all of the conditions in Sections 1.2.4.1 through 1.2.4.5
are satisfied.

1.2.4.1 The prototype structure satisfies all applicable
requirements of this document and of ACI 318 except 18.10.

R1.2.4.1 The precast walls should meet the strength,
minimum reinforcement, and detailing requirements of
Chapters 11 and 22 of ACI 318 as well as the structural
integrity requirements of Chapter 16. The structural
integrity provisions of Chapter 16 require a minimum of
two ties per panel with a nominal strength of not less than
10,000 lb per tie. Thus, at least two tendons per wall, or
one tendon and one grouted in-place deformed steel tie
bar, are required.

By not requiring the walls to meet 18.10 of ACI 318, the
specific triggers of 18.10.6 of ACI 318 concerning the need
for boundary elements in special structural walls are
rescinded. This does not mean, however, that boundary
elements or confinement reinforcement in wall boundaries
will not be required. The need for such elements and reinforce-
ment for jointed walls should be explored using displacement-
American Concrete Institute Copyrig
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based concepts consistent with the concepts of 18.10.6.2 for
monolithic walls.

1.2.4.2 Tests on wall modules satisfy the conditions in
Chapters 3 and 7.
1.2.4.3 The prototype structure is designed using the
design procedure substantiated by the testing program.

1.2.4.4 The prototype structure is:

(1) Analyzed using stiffness properties consistent with
those validated as prescribed in Section 5.10;

(2) Demonstrated through analysis to have design
displacements for all walls equal to or less than two thirds of
the displacement associated with the drift angles to which
the appropriate modules have been tested in accordance with
Section 5.4; and

(3) Shown to have factored engineering design values for
all walls less than the nominal engineering design values
used for the test modules in accordance with Section 4.2.
R1.2.4.4 ASCE 7-10 contains allowable story drift limits.
In ASCE 7-10, allowable story drifts Δa are specified in
Table 12.12-1, and likely values are discussed in the
Commentary of Section 5.4 of this document. The limiting
initial drift angle consistent with Δa equals Δa/φCdhw ,
where φ is the strength reduction factor appropriate to the
condition, flexure or shear, that controls the design of the
test module. For example, for Δa/hw equal to 0.015, the
required deflection amplification factor Cd of 5, and φ equal
to 0.9, the limiting initial drift angle, corresponding to B in
Fig. R7.1, is 0.0033. The use of a φ value is necessary
because the allowable story drifts of the ASCE are for the
design seismic load effect E , while the limiting initial drift
angle is at the nominal strength En , which should be greater
than E/φ. The load-deformation relationship of a wall
becomes significantly nonlinear before the applied load
reaches Ent. While the load at which that nonlinearity
becomes marked depends on the structural characteristics of
the wall, the response of most walls remains linear up to
approximately 75% of Ent

 (Kurama et al. 1999).

1.2.4.5 The structure as a whole, based on the results of
the tests of Section 1.2.4.2 and analysis, is demonstrated to
have the required global toughness.

R1.2.4.5 The criteria of Chapter 7 are for the test
module. In contrast, the criterion of Section 1.2.4.5 is for the
structural system as a whole, and can be satisfied only by the
details used for the design and analysis of the building as a
whole. The criterion adopted herein is similar to that
described in the last paragraph of R18.2 of ACI 318. The
intent is that test results and analyses demonstrate that the
structure, after cycling three times through both positive and
negative values of the minimum acceptable limiting drift
angle capacity specified in Section 5.4 of this document, is
still capable of supporting the gravity load specified as
acting on the structure during the earthquake.
hted Material—www.concrete.org
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CHAPTER 2—NOTATION AND DEFINITIONS
2.1—Notation

Only symbols additional to those in ACI 318 are defined.
The terms in this list are used in the Acceptance Criteria and
in the Commentary.

Emax = maximum measured lateral resistance of test
module determined from test results, lb. See
Section 7.1.1

En = nominal lateral resistance of test module calcu-

lated using the defined design procedure and
specified geometric properties of test members,
specified yield strength of reinforcement, speci-
fied compressive strength of concrete, a strain
compatibility analysis or deformation compati-
bility analysis, and a strength reduction factor φ
of 1.0, lb

Ent = nominal lateral resistance of test module
calculated using the defined design procedure and
measured geometric properties of test members,
the measured yield strengths of reinforcement,
compressive strengths of concrete, and strengths
of coupling elements, obtained by testing per
Sections 5.6, 5.7, and 5.8, and a strength reduction
factor φ of 1.0, lb
Epr = probable lateral resistance of test module at peak
load, calculated using the defined design proce-
dure and the measured geometric properties of
the test members, measured stress-strain properties
of reinforcement and concrete, a strain compati-
bility analysis or deformation compatibility
analysis, and a strength reduction factor φ of 1.0, lb

In ACI 318, hw is defined as “height of entire wall from
base to top or clear height of wall segment or wall pier
considered.” In this document, hw is defined as height of test
module from the top of the foundation to the point of appli-
cation of the load. Also, in ACI 318, lw is defined as “length
of entire wall or length of segment or wall pier considered in
direction of shear force.” In this document, for coupled walls,
lw is the length of one of the wall segments that is coupled in
the direction of shear force.

R2.1—Notation
The terms in this list are used in the Commentary, but not

in the Acceptance Criteria.

Ad = area of hysteresis loop

Cd = deflection amplification factor. See ASCE/
SEI 7-10, Chapter 12, Seismic Design
Requirements for Building Structures

E1,E2 = peak positive and negative lateral resistances
for increasing and decreasing drift angle,
respectively, for third cycle of loading
sequence, lb

EQ = horizontal force applied to test module and
representing earthquake load

f1 = live load factor defined in required global
toughness in Section R2.2
American Concrete Institute Copyri
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Ks ,Ks′ = initial stiffness values for increasing and
decreasing drift angle, respectively, as
defined in Section 5.10

R = response modification coefficient. See ASCE/
SEI 7-10, Chapter 12, Seismic Design
Requirements for Building Structures

βh = relative energy dissipation ratio
Δ = lateral displacement, in. See Fig. R2.1, R2.2,

and R2.3
Δa = allowable story drift, in. See Table 12.2-1 of

ASCE/SEI 7-10
θL = drift angle, radians
θL1,θL2 = measured drift angles at peak lateral resis-

tance for increasing and decreasing drift
angle, respectively, for third cycle of loading
sequence, radians

θL1′ ,θL2′ = measured drift angles for zero lateral load
for unloading at stiffness value of Ks, Ks′
from peak positive and negative lateral resis-
tance, respectively, for third cycle of loading
sequence, radians. See Fig. R2.4

2.2—Definitions
The following definitions, in addition to those in 2.3 of

ACI 318, shall apply:
coupling elements—devices or beams connecting adjacent

vertical boundaries of precast structural walls and used to
provide stiffness and energy dissipation for the connected
assembly greater than the sum of those provided by the
connected walls acting as separate units.

drift—the lateral displacement at the top of the module or
the prototype structure.

drift angle—the lateral displacement at the top of the test
module or prototype structure divided by the height of the
module or structure.

factored engineering design value—factored value of an
engineering design characteristic such as shear stress, axial
stress, moment-to-shear ratio, for a given wall in the prototype
structure.

nominal engineering design value—maximum
permitted value of an engineering design characteristic
defining a limit state mechanism such as shear, flexure, axial
load, or any combination thereof, assumed in the design
procedure to control the behavior of the prototype structure
and the test module.

prototype structure—the unbonded post-tensioned
precast concrete wall structure for which acceptance is
sought.

relative energy dissipation ratio—ratio of measured
energy dissipated by the test module during reversing cyclic
displacements between given measured drift angles to the
maximum theoretical energy that can be dissipated for the
same drift angles. The quantity is expressed as the ratio of
the area of the hysteresis loop for that cycle to the area of the
circumscribing parallelograms defined by the initial stiffness
values during the first cycle to Ent and the peak resistances
during the cycle for which the relative energy dissipation
ratio is calculated. See Section 7.1.4.
ghted Material—www.concrete.org
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R2.2—Definitions
The terms in this list are used in the Commentary, but not

in the Acceptance Criteria.
emulative—detailing that results in designs intended to

respond to design displacements in the same manner as
monolithic construction.
American Concrete Institute Copyrig
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leading wall—the end wall, where the lateral loading
causes maximum compressive forces, for a wall group
coupled in-plane.

nonemulative—jointed construction and detailing that
results in designs that are not intended to respond to design
displacements in the same manner as monolithic construction.

self-centering—action by which a wall returns to its original
undeformed position following deformations to values as
large as the design displacement.

trailing wall—the end wall, where the lateral loading
causes minimum compressive forces, for a wall group
coupled in-plane.

The following is Commentary on definitions used in the
Acceptance Criteria.

coupling elements—coupling elements are discrete
connections provided at specific intervals along the vertical
boundaries of adjacent structural walls. Coupled structural
walls are stiffer and stronger than the same walls acting
independently. For cast-in-place construction, effective
coupling elements are typically coupling beams having
small span-depth ratios. The inelastic behavior of such
beams is normally controlled by their shear strength. For
precast construction, effective coupling elements can be
precast beams connected to the adjacent structural walls by
post-tensioning, ductile mechanical devices, or grouted-in-
place reinforcing bars (PCI Ad Hoc Committee on Precast
Walls 1997). The resultant coupled construction can be
either emulative of cast-in-place construction or nonemulative
(jointed). The coupling elements can also be steel beams or
composite steel and concrete beams connected to adjacent
walls by means similar to those used for precast concrete
construction (Kurama et al. 2004). For precast construction,
however, coupling beams can also be omitted and mechanical
devices used to connect directly the vertical boundaries of
adjacent structural walls (PCI Ad Hoc Committee on Precast
Walls 1997; Schultz and Magana 1996).

drift angle—the definition of the drift angle θL, is illustrated
in Fig. R2.1 for a three-panel wall module. The position of
Fig. R2.1—Definition of drift angle θL .
the module at the start of testing, with only its self-weight
acting, is indicated by broken lines, and the deformed position
of the module is indicated by solid lines. The module is set on
a horizontal foundation support that is centered at A. The
module is acted on by a lateral force EQ applied at the top
of the wall. The self-weight of the wall is distributed
uniformly to the foundation support. Under lateral loading,
however, self-weight and any axial gravity load acting at the
top of the wall cause overturning moments on the wall that
are additional to the overturning moment EQhw and can
increase deformations. The chord AB of the centroidal axis
of the wall is the vertical reference line for drift measurements.

For acceptance testing, a lateral force EQ is applied to the
wall through a pin at B. Depending on the geometric and
reinforcement characteristics of the module, that force can
result in the module taking up any one, or a combination, of
the deformed shapes indicated by solid lines in Fig. R2.1,
R2.2, and R2.3. In those figures, deformations and gap
Fig. R2.2—Typical wall deformation components.
hted Material—www.concrete.org

openings are grossly exaggerated to show clearly the
required global toughness—the ability of the entire
lateral-force-resisting system of the prototype structure to
maintain structural integrity and continue to carry the
required gravity load at the maximum lateral displacements
anticipated for the ground motions of the maximum
considered earthquake.

test module—laboratory specimen representing an
unbonded post-tensioned precast structural wall of the proto-
type structure. See Chapter 4.
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