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The Iconic Tower is now the tallest 
structure on the African continent at 
almost 385 m (1263 ft) tall. Designed 
as a key piece of Egypt’s New 
Administrative Capital, the tower is 
part of a $58 billion project that will 
relocate the North African nation’s 
capital 35 km (516 miles) east of Cairo. 
Designed to pay homage to the Luxor 
Obelisk, the Iconic Tower is scheduled 
for full completion in 2023. For more 
information, see the article starting on 
p. 37.
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Fig. 1: ASCE/SEI Prestandard 
for Performance-Based Wind 
Design8

Performance-Based Wind 
Design—Coming Soon to 
ACI 318
Preview of PBWD and concrete

by Jonathan Hurff and Ian McFarlane

P erformance-based design approaches for seismic 
engineering have been used for buildings on the West 
Coast of the United States and in many seismically 

active regions internationally for several years. The 
performance-based seismic design (PBSD) use is 
predominately focused on tall buildings and retrofit of 
existing buildings. The acceleration of the PBSD approach, 
including the acceptance of the methodology with authorities 
having jurisdiction (AHJs), was the result of significant 
research and development of industry guidance in such 
documents as PEER/TBI, “Guidelines for Performance-Based 
Seismic Design of Tall Buildings”1; LATBSDC, “An 
Alternative Procedure for Seismic Analysis and Design of Tall 
Buildings Located in the Los Angeles Region”2; PEER/ATC 
72-13; and ASCE 41-13.4 As the development of PBSD 
analysis and modeling techniques became better defined, 
additional guidance from the material-specific codes and 
standards was needed. For the design of reinforced concrete 
structures, guidance for PBSD has been incorporated into 
Appendix A of ACI 318-19.5

While performance-based wind design (PBWD) is 
seemingly a natural extension of the overall PBSD 
framework, PBWD has been used for only a limited number 
of tall buildings outside of the United States, a few specific 
cases in the United States for existing building structures (for 
which prescriptive, code-based design methods would require 
more extensive and expensive modifications6,7), and a tower 
now under construction in Austin, TX, USA. Designers may 
be reluctant to use PBWD because:
 • They perceive a lack of sufficient research and guidance; 
 • They do not perceive a benefit in comparison with PBSD, 

which leverages a larger degree of inelasticity; or
 • They are not familiar with the dynamic response 

characteristics associated with wind loads.

However, the potential benefits of PBWD include a more 
efficient and effective structural design by allowing modest 
levels of nonlinearity; a more direct evaluation of reliability 
and performance targets; and improved overall building 
design as a result of the rigorous consideration of 
serviceability, strength, and stability. 

A catalyst is needed to accelerate the use and acceptance of 
PBWD, and that catalyst has arrived in the form of ASCE/
SEI, “Prestandard for Performance-Based Wind Design,”8 
(ASCE Prestandard) supported by ASCE, SEI, the Charles 
Pankow Foundation, the ACI Foundation, AISC, the MKA 
Foundation, and FEMA (Fig. 1). 

With the release of the ASCE Prestandard, the material 
standards have an opportunity to address material-specific 
issues related to PBWD. The behavior of concrete elements 
subjected to many cycles of modest yielding is a unique 
aspect that ACI will need to address. There are two 
coordinated efforts underway to address this need between 
ACI Committee 375, Performance-Based Design of Concrete 
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Buildings for Wind Loads, and ACI Subcommittee 318-W, 
Wind Provisions. ACI Committee 375 has engaged in 
supporting efforts to determine needs and prioritize future 
research regarding concrete design for PBWD. ACI 
Subcommittee 318-W has formed to develop a new Code 
Appendix to provide design provisions, complimentary to the 
ASCE Prestandard, to be included in ACI 318-25.

Introduction to PBWD
Traditional design of structures for wind load has been 

limited to elastic strength design provisions. The wind loads 
that are used for elastic design (using stiffness reduction for 
reinforced concrete members) may have a mean recurrence 
interval of 700 to 1700 years depending on risk category. 
Comparatively, seismic loads may have a mean recurrence 
interval between 500 and 2500 years but allow significant 
inelastic behavior depending on the structural system and 
design procedures. The vast difference between these 
approaches results in a design for wind that may be overly 
conservative and may not result in a consistent target 
reliability. PBWD offers a less conservative design with a 
target reliability that is consistent with ASCE 7-16.9

To effectively discuss concrete design and behavior, an 
introduction to PBWD is warranted. PBWD is an alternative 
to the prescribed procedures from the International Building 
Code (IBC) and referenced standards. This alternative design 
procedure allows for more latitude to design engineers if they 
perform a more rigorous analysis to evaluate specific 
performance objectives. The method considers direct 
evaluation of the wind demand on the structure by using the 
wind time history developed from extensive wind tunnel 
testing. Furthermore, the method evaluates the building 
performance as it relates to occupant comfort, operational 
performance, and continuous occupancy performance 
objectives.  

Although the attractive benefit to owners is the ability to 
gain structural economy, PBWD can also result in a better 
performing building structure due to the detailed 
understanding of the behavior, improved ability to tune 
building performance, and study energy dissipation devices 
more accurately. A general flowchart addressing the process 
for PBWD for the main wind force-resisting system (MWFRS) 
is presented in Clifton et al.10 The Occupant Comfort 
performance objective can be evaluated using the approximate 
linear response history or nonlinear response history methods, 
whereas operational performance objective can be evaluated 
using linear static, linear, or nonlinear response history 
methods as outlined in Table 6-1 from the ASCE Prestandard.

Evaluation of the Continuous Occupancy/Limited 
Interruption performance objective in the PBWD process can 
be implemented using one of three methods: Method 1, Method 
2, or Method 3. All methods include a minimum strength 
requirement that is evaluated with linear static wind analysis. 
Although the minimum requirements could be checked at the 
end of the evaluation, it is more often used as a starting point 

for the design. Method 1 requires a response history analysis 
which includes time histories developed from the wind tunnel 
testing. The method allows for demand-capacity ratios 
exceeding unity for specific deformation-controlled actions, 
although in such cases it triggers a nonlinear analysis of the 
building structure. Method 1 will likely be the most used 
method due to relative ease of implementation in 
commercially available software. Refer to Fig. 2 for the 
Method 1 flowchart for Continuous Occupancy. 

Method 2 permits flexibility to the design engineer by 
allowing the building structural reliability to be directly 
calculated and compared to the target reliabilities in ASCE 
7-16, Chapter 1. The method is much more intensive than 
Method 1 due to the reliability assessment and the nonlinear 
incremental dynamic analysis required. Method 3 is like 
Method 2 in that it directly compares system reliability. 
However, Method 3 requires uncertainty in demand and 
capacity to be included in a nonlinear time-history analysis 
considering variation in wind load time-histories resulting in 
significant computation effort. Although Method 3 is quite 
complex, it can be simplified by using the Dynamic 
Shakedown Method.11 This article is primarily focused on 
Method 1 due to the significant ongoing development of 
Methods 2 and 3 and the limited scope and involvement 
currently needed by ACI.

For additional information regarding PBWD, refer to 
Clifton et al.10 and the ASCE Prestandard.

Modeling and Analysis
The focus of the Appendix written by ACI Subcommittee 

318-W is the acceptance criteria and modeling parameters 
specific to concrete structures. Detailed requirements on wind 
load protocol and wind tunnel testing will be deferred to 
ASCE. The acceptable level of inelasticity and effect on 
structural response of concrete elements when subjected to 
thousands of cycles in a wind loading protocol is one of the 
primary questions that the committee is attempting to address. 
For example, coupling beam testing under wind load 
protocol12 has recently demonstrated that standard coupling 
beam detailing can resist wind demands with more than 
2000 loading cycles and reaching a ductility demand of at 
least 1.5 under a limited number of cycles with little to no 
strength degradation. Ongoing and future research will be 
used to develop the recommendations of the Appendix. 

Analysis modeling of the structural concrete MWFRS will 
be required to be a three-dimensional model to capture the 
spatial distribution of wind loads, building torsion, and 
along-wind and across-wind effects. Elements not considered 
part of the MWFRS can be excluded from the model; 
however, second-order effects must be accounted for as well 
as compatibility with the lateral load-resisting elements. 
Depending on the relative stiffness of the lateral system versus 
specific gravity elements, it may be desirable to include those 
elements in the lateral system model to capture the 
compatibility. ACI Subcommittee 318-W is evaluating 



www.concreteinternational.com  |  Ci  |  DECEMBER 2022     45

whether certain elements, not part of the MWFRS, should 
specifically be included in the lateral analysis model so 
compatibility is explicitly captured. 

Effective Stiffness and Expected Material 
Properties

An important part of the design of structural concrete 
lateral systems is accounting for the effective stiffness of each 
element of the lateral system. For PBWD using the linear 
response history procedure, effective stiffness of MWFRS 
components is critical to the serviceability evaluation, 
including Occupant Comfort, of the building structure for 
multiple mean recurrence interval (MRI) events. The level of 
cracking and stiffness reduction should be commensurate with 
the performance objective, level of loading, and load history 
of the element. 

For seismic design, ACI 318-19, Appendix A, provides 
effective stiffness values in Table A.8.4 for various structural 
components. For seismic design, it is permitted to use the 
effective stiffness values or by analysis substantiated with 
physical test data. A similar effective stiffness table is being 
considered for wind performance; however, it is complicated 

by the need to evaluate multiple performance objectives (such 
as Occupant Comfort, Operational, and Continuous 
Occupancy). It is also acceptable to use testing, research, 
rational approaches, and experience in the determination of 
effective stiffness due to the varying MRIs to be considered 
and the varying degree of demand on the components.

In many cases, PBWD may extend beyond the linear 
response history procedure to nonlinear response history. In 
such cases, the analysis shall include nonlinear force-
deformation relationships for deformation-controlled 
elements. Furthermore, the structural stiffness needs to 
consider the effects of MRI when using the nonlinear analysis 
for Occupant Comfort and/or Operational Performance 
objectives. All nonlinear backbone curves would be required 
to be substantiated by testing. There are multiple element 
formulations and material models for use in inelastic dynamic 
analyses of concrete structure for seismic evaluation provided 
in ASCE/SEI 41-13, ACI 374.3R-16,13 ACI 369.1-17,14 and 
NIST GCR 17-917-46v1.15 In some cases, portions of these 
documents may be considered appropriate for wind events. 
There are several considerations when developing the 
hysteresis backbone curves for the nonlinear dynamic analysis:

Fig. 2: Method 1 procedure flowchart including acceptance criteria
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Fig. 3: Generalized force-deformation backbone curves for: (a) large inelastic deformation 
demand (seismic); and (b) limited inelastic deformation demand (wind)

(a)

(b)

 • To address low cycle fatigue, deformation reversals with a 
mean number of inelastic cycles greater than or equal to 
that designed for the continuous occupancy wind return 
period will need to be included;

 • Degradation of member strength and/or stiffness shall be 
included unless the demand is determined to be limited 
enough to not warrant inclusion of these effects; and

 • A greater resolution at first yield of the backbone curve 
relative to what would be used for seismic due to the 
limited inelasticity permitted for wind events. Refer to 
Fig. 3 for comparison of generalized force-deformation 
back-bone curves for large inelastic demand versus limited 
elastic demand (seismic versus wind).
For deformation-controlled actions, expected material 

strength shall be used. Conversely, for force-controlled 
actions, specified (or nominal) material strength shall be used. 
The expected properties are preferably derived from mean 
values of applicable data for the project or similar projects 
using similar materials. In lieu of applicable data, a table of 
representative expected material properties for reinforcement 
and concrete is being considered similar to ACI 318-19, 
Table A.9.1, for seismic design. 

Required Strength, Acceptance Criteria, and 
Enhanced Detailing

The acceptance criteria are a function of the method used 

and whether the element actions are 
force-controlled or deformation-
controlled. A deformation-controlled 
action is where reliable inelastic 
deformation is possible and accounted 
for in the design without hysteretic 
strength decay. Force-controlled actions 
are those not considered deformation-
controlled, which are modeled and 
designed using linear properties. The 
Appendix will provide additional clarity 
regarding which concrete actions are 
categorized as deformation-controlled.

For Method 1, where demands are 
determined via response history analysis 
using wind time histories at the 
Continuous Occupancy performance 
objective, the ACI Appendix is intended 
to provide guidance on the following:
 • Force-Controlled Actions—For all 

analyses, demand should not exceed 
the nominal strength times the 
strength reduction factor. This 
ensures that force-controlled actions 
remain elastic; and

 • Deformation-Controlled Actions—
For linear response history analysis, 
demand should not exceed up to 1.25 
times the expected strength, which 

allows for a modest amount of inelasticity. Where the 
demand on any deformation-controlled action exceeds the 
expected strength, a nonlinear response history analysis is 
required to quantify the response. The Appendix will 
provide methodologies for determining acceptance 
criteria for deformation-controlled actions using a 
nonlinear response history analysis. These considerations 
will include specific rotation and strain-based criteria for 
components where testing is available, and a framework 
for determining acceptance criteria based off laboratory 
test data. Furthermore, evaluation of drift (drift damage 
index) and residual drift acceptance criteria are based on 
the nonlinear response history analysis results.
One of the unique items that will be addressed by the 

Appendix includes combined axial and flexural actions. 
Where traditional concrete design transitions these members 
from compression- to tension-controlled with a change in  
phi (ϕ) factors, the interaction effects become less 
straightforward where the classification and modeling of 
each action may change depending on the demand levels. 
For example, an outrigger column may be considered a 
deformation-controlled action when subjected to axial 
tension with flexure. However, the axial load capacity would 
be considered force-controlled when the combined axial and 
flexural response becomes compression-controlled. To 
further describe the approach, refer to Fig. 4 for an example 
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Fig. 4: Method 1 combined axial load and moment (PMM) curve 

interaction curve. The interaction curve presents the transition 
from a tension-controlled section using 1.25 times the 
expected strength to an element simply in compression 
designed for the nominal strength per the typical capacity 
equations. 

The ASCE Prestandard also includes minimum strength 
requirements. For Method 1, the MWFRS shall be designed 
such that the demand-capacity ratio of force-controlled and 
deformation-controlled actions does not exceed 1.25 times the 
expected design strength, 1.25ϕRne, based on static wind loads 
per ASCE 7-16, Directional Procedure or vertical distribution 
from wind tunnel static loads. 

Special detailing requirements are common in seismic 
design, whether prescriptive- or performance-based, to 
provide ductile behavior and strategically define where 
inelasticity occurs. Inherent to PBWD will be an acute 
understanding of where inelastic behavior will occur in the 
structure. It is currently being reviewed whether any enhanced 
detailing will be required for PBWD. The inelasticity 
permitted is very low relative to seismic conditions. As research 
progresses, the committee will consider where inelasticity 
under wind loading will require detailing enhancements.  

Future Studies
As the concept of relatively low levels of inelasticity for 

the MWFRS structural concrete elements progresses, 
additional research and studies will continue to be an 
important part of the development and use of PBWD. A list of 
topics of interest was compiled and then narrowed to the most 
important topics to supplement the current state of research 
and practice for wind design of structural concrete elements. 
This focused list was based on a survey of the ACI Committee 
375 membership and others associated with the committee 
and includes:
 • Flexural stiffness and stiffness degradation of slab-column 

frames;
 • Coupling beams reinforced with embedded structural steel 

sections;
 • Deformations associated with modest levels of yielding of 

coupling beams reinforced with steel fibers;
 • Post-tensioned slab-column frames;
 • Slab-column connection and deformation compatibility 

requirements;
 • Magnitudes of acceptable inelastic deformations for 

modest yielding; and
 • Flexural stiffness and stiffness degradation of shear walls 

under wind loading conditions as a function of the level of 
axial load.
Further study of these issues will add to the guidance 

resources available to designers, helping them to benefit their 
clients through the efficiencies associated with PBWD. 
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