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MODULE 1: WHEN THE ENVELOPE PROCEDURE IS
NO LONGER ENOUGH

1.1 Design Problem Framing and Analytical Responsibility

In routine wind design, the critical question is not whether a simplified method can be applied, but
whether it remains technically adequate for the actual behavior of the building under consideration.
For regular, prismatic structures with relatively uniform stiffness distribution, simplified pressure
enveloping may provide an efficient and acceptably conservative basis for design. That assumption
becomes less reliable, however, when the structure includes setbacks, roof-level transitions,
eccentric lateral systems, or discontinuities in plan geometry. In those cases, the engineer is no
longer choosing between two equivalent calculation paths. The engineer is determining whether
the selected method can still represent the governing load path, directional pressure interaction,
and resulting structural response with sufficient accuracy to support design, review, and later
technical scrutiny.

In routine practice, the Envelope Procedure is often selected at the outset of wind load
determination due to its computational simplicity and tabulated pressure coefficients. For prismatic
buildings of constant height and symmetric lateral stiffness, this method frequently produces
conservative and efficient results. However, structural configuration in contemporary projects
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increasingly incorporates vertical plan reductions, architectural offsets, and multi-level roof
systems. In such cases, the governing question is not procedural permissibility, but analytical
adequacy.

ASCE 7-22 distinguishes between simplified envelope pressure application (Chapter 28) and
directionally resolved wind analysis (Chapter 27). The Directional Procedure is not merely an
alternative; it represents the primary framework when building geometry introduces directional
dependence or torsional sensitivity.

The analytical responsibility of the engineer of record is to determine whether structural behavior
under wind loading remains adequately represented by maximum independent surface pressures,
or whether directional coupling must be evaluated explicitly.

The Envelope Procedure is predicated on the application of independently maximized surface
pressures derived from orthogonal wind directions. Implicit in this formulation is the assumption
that the most critical structural demand occurs when maximum windward pressure acts
simultaneously with independently defined leeward suction, without explicit consideration of
aerodynamic interaction across the building envelope. While this assumption may remain
conservative for prismatic, symmetric structures, it does not inherently capture the redistribution
of forces that occur when geometry modifies flow separation, pressure gradients, and torsional
load paths.

This limitation is not merely aerodynamic in a descriptive sense; it is structural in consequence.
Once the pressure field changes by direction and by elevation, the corresponding load path may
also change. The issue is no longer whether one fagade pressure coefficient is locally conservative,
but whether the overall force system being delivered to the diaphragms and vertical resisting
elements remains representative of the actual building response. That distinction is what separates
a procedurally acceptable calculation from an analytically defensible one.

In buildings incorporating vertical setbacks or discontinuous plan geometry, wind pressure does
not act uniformly along height. Flow reattachment at setback levels alters the effective pressure
field, and localized suction intensification may occur near re-entrant corners. The Envelope
Procedure does not resolve these behavioral effects explicitly, as it relies on generalized pressure
coefficients applied independently rather than directionally coupled force resultants.

From a structural mechanics perspective, the principal limitation lies not in the magnitude of
surface pressure coefficients, but in the absence of directional load interaction and torsional
coupling. When the center of pressure shifts relative to the center of rigidity, lateral loads generate
rotational demand that may exceed that predicted under symmetric envelope application. This
behavioral gap forms the analytical basis for transitioning to the Directional Procedure. The
practical significance of this distinction becomes clearer when the same building is examined at
two elevations affected by setback geometry. In that case, the issue is no longer conceptual alone;
it becomes quantifiable through the change in velocity pressure and the corresponding change in
structural demand.
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1.2 Quantitative Illustration of Setback Influence on Velocity
Pressure

A setback condition provides a useful illustration because it changes not only the exposed
geometry, but also the elevation at which the governing wind intensity should be evaluated. In
practice, this is precisely where simplified uniform application begins to lose reliability. If the
upper portion of the structure is treated as though it shares the same pressure environment as the
lower portion, the analysis may obscure the very increase in directional demand that the reduced
upper geometry was expected to reveal.

Consider a reinforced concrete building located in Exposure Category C, with the following
geometry:

v Lower portion height: 24 m

v’ Upper setback portion height: 36 m

v' Basic wind speed: V=45 m/s

v Assume flat terrain and no topographic amplification.

Using ASCE 7-22 SI formulation:
q:=0.613 K. K. Kqa V?

Assume:
Kzt: 1 .0
Kq¢=0.85

For Exposure C, typical velocity pressure coefficients (from ASCE 7-22 tables) may approximate:
Kz(24 m)=0.85
Kz(36m)=1.03

At 24 m elevation:
qZ4=0.613(0.85)(1.0)(0.85)(45)2 =0.897 kN/m’

At 36 m elevation:
q36=0.613(1.03)(1.0)(0.85)(45)2 =1.086 kN/m’

The increase in velocity pressure between the lower and upper segments is approximately:
(1.086—0.897) / 0.897=21%

In a stepped building, if envelope pressures are applied uniformly without elevation-specific
segmentation, the upper reduced plan area may experience underestimated wind demand.
Conversely, applying maximum height pressure to the entire fagcade may produce inefficient
overdesign at lower levels.

The Directional Procedure allows segmented evaluation consistent with actual elevation-
dependent exposure, thereby aligning structural demand with aerodynamic behavior.
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1.3 Envelope versus Directional, Conceptual Load Distribution
Comparison

The following comparison is intended to clarify the difference in force logic between envelope-
based pressure application and directionally resolved loading. It is not a substitute for project-
specific coefficient selection under ASCE 7-22 Chapter 27 or Chapter 28. Its purpose is to show
how the analytical character of the force system changes once opposing directional pressures are
considered as a coupled structural action rather than as independently maximized surface effects.

To illustrate the analytical distinction, consider a simplified fagade width of 30 m and tributary
height of 12 m at the upper setback zone.

Using envelope methodology, assume a windward pressure coefficient Cp=0.8. The resulting
windward pressure is:
P=936Cp

p=(1.086)(0.8)=0.869kN/m2

Total wind force on the upper fagade:
Fenv:p A
A=30x12=360m2
Fenn=0.869%360=313 kN

In the Directional Procedure, windward and leeward pressures are applied concurrently with
direction-specific coefficients. Assume:
Cp,windward =0.8

Cp, leewarda=—0.5

Net force becomes:
Prnet=436 ( Cp,windward_ Cp, leeward)

prei=1.086(0.8—(—0.5))=1.086(1.3)
pnei=1.412 kKN/m2

Fair=1.412x360=508 kN

The directional evaluation produces a 62% increase in net lateral force for this simplified
illustration. While exact coefficients depend on geometry and zoning per ASCE 7-22 Chapter 27,
this comparison demonstrates that envelope simplification may not capture concurrent pressure
effects. For irregular buildings, that difference is rarely a matter of numerical refinement alone. It
may alter the governing diaphragm actions, perimeter frame participation, and the resulting
torsional demand carried into structural analysis.
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1.4 Torsional Amplification in Plan-Irregular Buildings

Directional underestimation becomes more consequential when the resulting lateral force does not
act through the effective center of rigidity of the structural system. At that point, the design
problem shifts from force magnitude alone to force distribution, because rotational demand begins
to modify how the structure actually resists wind.

Assume the resultant wind force acts at the geometric center of the fagade, while the center of
rigidity is offset by 4.0 m due to asymmetric core placement.

The torsional moment is:
Mt:Fdir e

M;=508%4.0=2032 kN m

This torsional demand redistributes lateral forces among perimeter frames. In structures with
flexible diaphragms or stiffness discontinuities, torsional amplification may exceed that predicted
under symmetric loading assumptions.

While ASCE 7 does not prescribe explicit wind torsional amplification factors equivalent to
seismic accidental torsion provisions, the structural response must still be evaluated using rational
structural analysis consistent with Chapter 27 loading.

1.5 Expanded Interpretation of Code-Based Triggers

ASCE 7-22 presents the Directional Procedure in Chapter 27 as the primary analytical framework
for MWFRS wind load determination. The Envelope Procedure provided in Chapter 28 is
explicitly introduced as a simplified method applicable under defined geometric conditions. The
distinction is analytical rather than hierarchical; Chapter 27 reflects directionally resolved wind
behavior, while Chapter 28 offers conditional simplification based on assumptions of geometric
regularity and load path uniformity.

Selection of the Envelope Procedure therefore requires professional judgment. That judgment
should be based on whether the building still behaves, for wind-design purposes, as a sufficiently
regular pressure-and-resistance system. ASCE 7-22 does not provide a prescriptive wind-
irregularity checklist equivalent to the seismic irregularity framework of Chapter 12. The burden
therefore shifts to the engineer to determine whether directional dependence, stiffness eccentricity,
roof-level variation, or geometric discontinuity materially alters the resulting demand. In practice,
the absence of an explicit checklist does not reduce the obligation for explicit reasoning; it
increases it.

For buildings assigned higher risk categories under ASCE 7-22, particularly Risk Category III and
IV structures, the margin for analytical simplification becomes narrower. In such cases,
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documentation of methodological selection must demonstrate that the adopted procedure produces
results consistent with expected aerodynamic and structural behavior.

Although ASCE 7-22 does not define wind irregularity through a prescriptive checklist
comparable to the seismic framework of Chapter 12, practical analytical triggers still arise
whenever geometry alters aerodynamic pressure distribution or structural load paths.

Plan irregularity modifies pressure coefficient distribution along building facades. Re-entrant
corners generate localized suction zones, while asymmetric floor plates shift the resultant center
of pressure away from the geometric centroid. These effects increase sensitivity to wind attack
angle and alter torsional demand patterns.

Vertical irregularity, including setbacks and podium transitions, changes effective tributary area
and exposure evaluation height. When the upper structure is reduced in plan dimension, velocity
pressure must be evaluated at the corresponding elevation, and load transfer between diaphragms
may become discontinuous. Such segmentation cannot be fully represented by uniform envelope
application across the entire facade.

Stiffness irregularity arises when lateral-force-resisting elements are distributed asymmetrically.
Offset cores, discontinuous shear walls, or varying frame stiffness create eccentricity between
applied wind forces and resisting elements. Even if facade pressures are symmetric, structural
response may not be. Wind-induced torsional effects in these cases require explicit evaluation
through directional load application.

Aerodynamic irregularity may also occur when roof elevations vary within a single diaphragm
plane. Differential parapet heights and roof step transitions influence flow separation and suction
distribution. In such conditions, reliance on single-height pressure coefficients may obscure
localized demand intensification.

In such configurations, reliance on simplified envelope assumptions requires careful justification.

1.6 Peer Review Scenario and Documentation Expectations

In a third-party structural review of a mid-rise mixed-use building incorporating a three-level
setback and offset shear core, the reviewer questioned the exclusive use of the Envelope Procedure.
The design calculations applied uniform pressure coefficients without segmentation of elevation-
dependent g values and did not address torsional eccentricity.

The reviewer requested justification for omission of the Directional Procedure under ASCE 7-22
Chapter 27. In the absence of documented analytical rationale, the design team was required to
perform supplemental directional evaluation late in the design phase, resulting in modification of
diaphragm reinforcement and perimeter frame sizing. More importantly, the late re-analysis did
not affect reinforcement quantities alone. It called into question the reliability of the original design
basis. Once the analytical method itself becomes the subject of review, downstream design
decisions that were previously treated as resolved may also require reconsideration, including
collector forces, diaphragm transfer actions, connection design, and local frame participation.
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This scenario illustrates that methodological selection is subject to professional scrutiny.
Analytical defensibility depends on clear documentation of assumptions, code references, and
justification for procedure selection. In practice, late-stage revision of wind analysis methodology
may carry measurable cost implications. Supplemental directional analysis performed after
structural sizing is complete can necessitate reinforcement increases in diaphragms, perimeter
frames, and collectors. Such modifications may propagate through connection detailing and
foundation design, extending both schedule and construction cost.

Beyond direct economic impact, inadequate methodological justification may influence
professional liability exposure. In post-construction serviceability investigations involving
excessive lateral drift or fagade distress, documentation of wind load determination is often
reviewed in detail. Absence of clear rationale for procedure selection can complicate forensic
evaluation and weaken defensibility.

Insurance carriers and independent peer reviewers increasingly request evidence that wind analysis
reflects actual building behavior rather than procedural minimum compliance. Explicit reference
to ASCE 7-22 chapter selection and justification of analytical assumptions strengthens the design
record and reduces ambiguity in third-party review.

1.7 Engineering Implication and Transition

The Envelope Procedure remains appropriate for regular, prismatic structures where geometric
simplicity aligns with its underlying assumptions. However, in buildings exhibiting setbacks,
elevation variation, or eccentric stiffness distribution, wind behavior becomes directionally
sensitive and torsionally coupled.

The Directional Procedure provides the analytical structure necessary to evaluate such behavior in
a manner consistent with ASCE 7-22 intent.

The next module develops the complete Directional Procedure workflow, including directional
pressure determination, load combination development, torsional evaluation, and MWFRS force
distribution under full SI-based calculation.

Field Observation:

In setback and multi-level projects, late recognition that directional wind analysis is required often
leads to measurable redesign effort, particularly where diaphragm transfer, collector forces, and
perimeter element demands have already been sized on a simplified basis. Early documentation of
the selected ASCE 7-22 chapter and the reasoning behind that selection strengthens analytical
defensibility and reduces disruption during peer review.
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MODULE 2: THE DIRECTIONAL PROCEDURE:
COMPLETE TECHNICAL EXECUTION

The value of the Directional Procedure lies not only in the equations it uses, but in the disciplined
sequence by which directional wind effects are translated into structural design actions. In
professional practice, errors rarely originate in the velocity-pressure expression itself. They arise
when directional intent is lost between code-based pressure determination, tributary force
development, diaphragm application, and extraction of MWFRS demands. For that reason, the
procedure should be understood not as a collection of isolated calculations, but as a continuous
analytical workflow in which each step preserves the physical meaning of the one before it.
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2.1 Directional Load Case Definition

The Directional Procedure defined in ASCE 7-22 Chapter 27 evaluates wind effects as discrete
load cases acting normal to each principal building axis. Each wind direction is analyzed
independently, and structural response quantities are extracted for each case without cross-
directional enveloping. This methodology reflects directionally resolved aerodynamic behavior
and provides a defensible basis for MWFRS design in both regular and irregular structures.

For a rectangular building plan, a minimum of two orthogonal wind directions shall be evaluated.
In structures exhibiting geometric asymmetry or stiffness eccentricity, additional directional
evaluation may be warranted; however, the technical execution sequence remains unchanged:
determine velocity pressure as a function of height, apply concurrent external pressures, convert
pressures into story forces, and extract MWFRS actions consistent with ASCE 7-22.

2.2 Velocity Pressure Determination in SI Units

Velocity pressure at height z is determined in accordance with ASCE 7-22 Section 26.10:
q-=0.613 K- K Ka V* (N/m2)

where

V' =basic wind speed (m/s)
K- = exposure coefficient at height z
K = topographic factor
K4 = wind directionality factor

For reporting convenience:
q:-(kN/m?)= 0.613 K. K-+ Ka V2 /1000

Although this relationship appears straightforward, its role in the overall design sequence is more
consequential than its compact form suggests. Errors in the interpretation of Kz, in the treatment
of topographic effects, or in the misuse of Kd are rarely isolated errors. They propagate directly
into external pressure, story force, overturning demand, and any subsequent torsional evaluation
derived from those forces. In practice, a small inconsistency in velocity pressure development can
therefore distort the entire analytical chain while remaining numerically unobtrusive in the final
output.

The coefficient 0.613 is derived from the dynamic pressure relationship q=1/2pV? using
p=1.225 kg/m3. The directionality factor Kd modifies velocity pressure directly and shall not be
confused with pressure coefficients Cp.
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2.3 External and Internal Pressure Formulation

External surface pressure is determined using:

Pet(2)=q: G Cp

where G is the gust effect factor and Cp is the external pressure coefficient selected per ASCE 7-
22 Chapter 27 for MWFRS design.

Internal pressure is evaluated as:
pi=qn G Cpi

where gh is velocity pressure evaluated at mean roof height h, and Cpi is selected per ASCE 7-22
Section 26.13 based on enclosure classification.

For global MWEFRS lateral effects derived from the across-building pressure differential between
windward and leeward walls, the dominant driver is the concurrent external pressure difference
evaluated directionally:

pmwers(2)=qz G (Cpw—Cy))

When internal pressure is applied consistently to both opposing walls, its contribution to the net
global across-building lateral resultant is typically secondary; however, internal pressure remains
critical for surface-level net pressures, roof uplift, diaphragm design, collectors, and connection
detailing.

That distinction is important in review because engineers sometimes infer from its secondary role
in global lateral shear that internal pressure can be treated as analytically peripheral. In reality, it
often remains decisive in the local force path. Roof zones, diaphragm boundary actions, collector
demands, facade anchorage, and connection transfer forces may all be strongly affected by the
enclosure assumption adopted at this stage. A defensible workflow therefore documents not only
the selected internal pressure value, but also the design consequences to which that value will later
be carried.

2.3.1 Worked Example , Directional Execution to MWFRS Actions

A practical worked example is useful at this stage because the Directional Procedure is best
understood through execution rather than description alone. In design-office use, the engineer
rarely evaluates wind pressure as an abstract quantity. The calculation must proceed from site
conditions and building dimensions to diaphragm-applied forces, base reactions, and ultimately
design actions that can be introduced into the structural model without loss of directional meaning.

Consider a reinforced concrete office building assigned Risk Category II, located in Exposure
Category C on flat terrain.

10
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Plan dimensions: 30 mx20 m

Mean roof height: h=30 m

Basic wind speed: V=45 m/s

Topographic factor: Kzt=1.0

Directionality factor: Kd=0.85

Gust factor (rigid building): G=0.85

Wind is evaluated normal to the 30 m axis, producing a projected windward width b=20 m

AN NN N NN

The building height is divided into six 5 m story strips. Velocity pressure is evaluated at mid-
height of each strip. Representative Exposure C coefficients Kz, consistent with ASCE 7-22
Section 26.10 relationships, are taken at story mid-heights as:

0.70, 0.78, 0.86, 0.93, 0.99, 1.05
Velocity pressures in kN/m2 become:

qz,2.5m=0.739 kN/m?
qz,7.5m=0.823 kN/m?
qz,12.5m=0.907 kN/m?
qz,17.5m=0.981 kN/m?
qz,22.5m=1.045 kN/m?
qz,27.5m=1.108 kN/m?

External MWFRS coefficients selected per ASCE 7-22 Chapter 27 for this orientation are:
Cp,w=0.8
Cp,I=-0.5

Directional coefficient difference:
Cp,w—Cp,l=1.3

With G=0.85, the MWFRS pressure multiplier becomes:
0.85x1.3=1.105
Thus:

pmwrrs(z)=1.105 qz
Each 5 m strip has tributary area:

Ai=b Az=20%5=100 m2

11
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Strip forces:

F1=81.6 kKN
F2=90.9 kN
F3=100.3 kN
F4=108.4 kN
F5=115.4kN
F6=122.4 kN

Base shear:
Vbase=) Fi=619.1 kN
Base overturning moment:
Mbpase=)_Fizi=10,000.6 kN-m
If structural stiffness distribution produces an eccentricity e=3.0 m, torsional demand becomes:
Mt=Vpase e=1857.3 kN-m

Story shear distribution is obtained cumulatively from roof to base, producing a rational shear
profile consistent with increasing exposure with height.

At this point, the calculation has already produced more than a set of pressures and strip forces. It
has produced a directionally coherent load pattern that can now be introduced into the structural
model as a defensible MWFRS demand. This is the practical advantage of the procedure. The
engineer is no longer working with generalized pressure intensities alone, but with a traceable
force system whose relationship to height, exposure, projected width, and coefficient selection
remains visible throughout the design record.

2.4 Load Combinations

Wind effects derived above are introduced into load combinations per ASCE 7-22 Section 2.3.2
(Strength Design). Typical wind-inclusive combinations include:

U=1.2D+1.0W+1.0L+0.5S
U=09D+ 1.0W

Service-level combinations may be evaluated where drift control governs.

Wind load W in these expressions corresponds to the directional MWFRS resultants derived from
the procedure above.

12
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In practice, the significance of this step lies in preserving the identity of the directional wind case
as it enters structural design. Once introduced into the governing load combinations, the wind
action is no longer an isolated lateral quantity; it becomes part of a combined demand environment
that may govern strength, stability, or drift in different ways. It is therefore important that the
directional source of the load remain visible in the calculation record, particularly where one wind
orientation controls shear while another governs overturning response or torsion-sensitive element
demand.

Verification Tip:

Equilibrium reconciliation remains the most reliable first-level check in Directional Procedure
execution. The summation of story forces should reproduce the reported base shear, and the first-
moment summation should reproduce the calculated overturning moment. Meaningful
discrepancies in either check usually indicate inconsistency in height assignment, tributary area
definition, coefficient application, or sign convention within the calculation sequence.

At the completion of this sequence, the Directional Procedure has established the full analytical
path from velocity pressure to design-level MWFRS action. The next step is to apply the same
logic to a complete building workflow in which geometry, exposure, pressure development,
torsional response, and structural force distribution are carried through as an integrated design
exercise rather than as isolated intermediate calculations.

13
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MODULE 3: Full Building Simulation, Start-to-Finish
Directional Wind Design

g Mome;ﬁ

/_,/ .
Qverturnin

This module translates the Directional Procedure from a sequence of code-based calculations into
a complete building-level design workflow. In professional practice, this is the stage at which wind
design becomes fully consequential. The engineer is no longer checking isolated coefficients or
individual strip forces, but developing a coherent demand model that can be carried directly into
structural analysis, force distribution, and member design. The objective is therefore not only to
compute wind effects, but to preserve the relationship between geometry, exposure, directional
pressure, torsional response, and final MWFRS action as one continuous design process.

3.1 Integrated Directional Wind Design

The following example demonstrates the complete design of a building using the Directional
Procedure of ASCE 7-22 Chapter 27. The objective is to reproduce the sequence of calculations
typically performed during professional wind load determination for the Main Wind Force
Resisting System (MWFRS). Rather than presenting isolated equations, this module walks through
the full analytical workflow beginning with definition of the building geometry and exposure
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conditions, proceeding through velocity pressure evaluation and directional pressure
determination, and concluding with the extraction of design forces used in structural analysis.

In professional practice, wind design is rarely performed as a single calculation. It is instead a
structured process in which geometric definition, exposure characterization, acrodynamic pressure
evaluation, and structural load distribution interact continuously. The Directional Procedure
provides the analytical framework required to capture these interactions in a manner consistent
with the intent of ASCE 7-22.

3.2 Building Geometry and Site Conditions

Consider a reinforced concrete office building located on relatively open terrain. The building has
a rectangular plan measuring 36 m by 24 m and a mean roof height of 36 m. The lateral-force-
resisting system consists of reinforced concrete shear walls supplemented by perimeter moment
frames. Each floor diaphragm is assumed to behave as a rigid diaphragm. This configuration is
intentionally selected because it is regular enough to make the analytical sequence clear, yet
representative enough to reflect the combined wall-frame behavior frequently encountered in mid-
rise professional design. It also provides a useful basis for later discussion of torsional demand,
software interpretation, and force distribution to multiple vertical resisting elements.

The building is composed of six stories, each having a story height of 6 m. Wind effects will first
be evaluated for the direction normal to the longer building dimension, resulting in a projected
windward width:

b=24m
The structure is located in Exposure Category C, which represents open terrain with scattered
obstructions such as low-rise buildings or trees. The basic wind speed for the site is taken as
V=46 m/s
The structure is assigned Risk Category II according to ASCE 7-22 Table 1.5-1.

Topographic effects are neglected for this example:
Kzt=1.0

The wind directionality factor for buildings is
Ka=0.85

For a rigid building with relatively low natural frequency, the gust effect factor may be taken as

G=0.85
consistent with the simplified gust factor provisions of ASCE 7-22 Section 26.11.

3.2.1 Velocity Pressure Profile Along Building Height
Velocity pressure is determined using the relationship provided in ASCE 7-22 Section 26.10:

C]ZZO. 613 Kz Kzt Kd V2
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where qz is expressed in N/m2. For convenience in structural calculations, velocity pressure is
reported in kN/m?

q-(kN/m2)= 0.613 K- K-« K4 V? / 1000
The coefficient 0.613 originates from the dynamic pressure expression
q=1/2pV?
assuming an air density of approximately
p=1.225kg/m3

Velocity pressure varies with elevation due to atmospheric boundary layer effects. To represent
this variation, the building height is divided into story segments, and qz is evaluated at the mid-
height of each story.

Story mid-heights occur at elevations of 3 m, 9 m, 15 m, 21 m, 27 m, and 33 m. Using the
Exposure C relationships provided in ASCE 7-22 Section 26.10, representative exposure
coefficients are obtained for these elevations.

Substituting the corresponding Kz values into the velocity pressure equation produces the
following profile:

qz,3m=0.781 kN/m2
qz,9m=0.867kN/m2
qz,15m=0.954 kN/m2
qz,21m=1.030 kN/m2
qz,27m=1.106 kN/m2
qz,33m=1.171 kN/m2

This velocity pressure profile represents the increasing wind intensity with height that must be
reflected in the distribution of structural wind forces. In practice, this height-dependent profile is
more than a numerical refinement. It governs how lateral demand accumulates vertically and
directly influences both overturning response and torsion-sensitive force distribution. If the upper
portion of the building is assigned an inadequately simplified pressure environment, the resulting
error is not confined to local pressure reporting. It propagates into story force magnitude,
diaphragm demand, overturning equilibrium, and the relative participation of the vertical resisting
elements.

3.2.2 Directional Pressure Determination

External pressure coefficients for MWFRS analysis are selected in accordance with ASCE 7-22
Chapter 27, which provides pressure coefficients based on building geometry and wind direction.
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For the wind direction considered, the governing wall pressure coefficients are taken as
Cpw=0.8
for the windward wall and

Cp,1=_0.5
for the leeward wall.

The net directional pressure coefficient therefore becomes
Cp7w_Cp,]=l .3

The MWFRS wind pressure at height z is determined from
P(2)=qz G (Cpw=Cp.)

Substituting G=0.85 yields the multiplier
0.85x1.3=1.105

Thus, the design pressure acting on the building facade becomes
p(z)=1.105 gz

This expression directly links the velocity pressure profile to the directional aerodynamic pressure
acting on the building envelope. At this stage, the procedure begins to distinguish between
formally correct calculation and behaviorally credible design. The pressure coefficients are not
meaningful in isolation; they acquire engineering value only when applied in a way that remains
consistent with the actual building orientation, tributary exposure, and intended MWFRS
interpretation. For that reason, coefficient selection should always be read together with geometry,

wind direction, and the structural path by which the resulting pressure will be resisted.

3.2.3 Story Force Determination

Wind pressure acting on the building facade is converted to equivalent story forces using the

tributary area associated with each story.
For a story height of 6m, the tributary facade area becomes A=bAz

Substituting b=24 m and Az=6 m produces A=144 m2

Multiplying the directional pressure at each level by the tributary area yields the story forces:

FI1=124.2 kN
F2=138.0 kN
F3=151.7kN
F4=163.9 kN
F5=175.8kN
F6=186.2 kN
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These forces represent the lateral loads applied at each diaphragm level. That distinction is
important in structural design. Once converted into story-level forces, the wind pressures cease to
function merely as surface actions on the envelope and become part of the load path carried by the
diaphragms and transferred to the vertical lateral-force-resisting system. The quality of the design
at this stage therefore depends not only on the magnitude of the calculated forces, but also on
whether those forces are introduced into the model in a manner consistent with diaphragm behavior
and element participation.

3.2.4 Base Shear and Overturning Moment

The total base shear acting on the structure is obtained by summing the story forces:
Vbase:zFi

which produces
Vbase:93 9. 8 kN

The base overturning moment is obtained by summing the moment contribution of each story force

about the base of the structure:
Mbase:ZFiZi

where zi represents the height of each force above the base.
The resulting overturning moment becomes

Mbase:20,3 80 kN-m

This value represents the global overturning demand that must be resisted by the lateral-force-
resisting system and foundation. From a verification standpoint, this is also the stage at which
global equilibrium should be checked explicitly. The summation of story forces and their first
moments should reproduce the reported base shear and overturning moment without reconciliation
gaps. In professional review, disagreement at this level is often the earliest indication that velocity
pressure, tributary area, height assignment, or sign convention has not been carried consistently
through the calculation sequence.
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3.2.5 Torsional Effects
Wind loads rarely act through the center of rigidity of a building. Architectural layout, structural
wall placement, and stiffness variation can introduce eccentricity between the applied wind force

and the resisting system.

Assume the resultant wind force acts with an eccentricity

e=4.0m
from the center of rigidity.
The resulting torsional moment becomes
Mt=Vbasee €
which yields
Mt=3,759 kN-m

This torsional demand must be distributed among the lateral-force-resisting elements through
diaphragm action and structural stiffness relationships. At this point, the analysis has moved
beyond a translational wind model. The resulting demand pattern now depends on where the
directional load acts relative to the effective resistance of the structure, which means that torsion
is no longer a secondary annotation to the calculation. It has become part of the governing force
path. In buildings with wall-frame interaction, eccentric stiffness, or nonuniform perimeter
participation, this transition is often what determines which elements ultimately govern design.

3.2.6 Structural Load Distribution

Once the story forces are determined, they are applied at diaphragm levels in the structural analysis
model. The rigid diaphragm assumption allows the loads to be distributed to vertical elements
based on their relative stiffness.

Shear walls typically attract the majority of the lateral load due to their high stiffness, while
moment frames contribute additional resistance and provide redundancy in the lateral system. The
analysis model must therefore capture both translational and torsional response to ensure that
member forces and drifts are evaluated correctly. This is also the point at which the rigid
diaphragm assumption should be understood as an analytical modeling choice rather than a routine
default. Where diaphragm action is idealized as rigid, the distribution of lateral and torsional
demand depends primarily on the relative stiffness and location of the vertical resisting elements.
If that assumption is inappropriate for the actual floor system, the apparent clarity of the force
distribution may become misleading. In practice, reviewers are often less concerned with whether
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a diaphragm was modeled as rigid than with whether that choice was made consciously and
documented in relation to the actual structure.

3.2.7 Final Wind Load Summary

The resulting MWFRS wind demands for the evaluated direction are summarized as follows:

Base shear:
Vbase=93 9. 8 kN

Base overturning moment:
Mbase:20,3 80 kN-m

Torsional moment:
Mt=3,759 kN-m

The same analytical sequence must then be repeated for the orthogonal wind direction. Governing
structural design forces are determined by comparing results from both directions and selecting
the critical load effects. These values should not be viewed as the end of the wind calculation, but
as the beginning of structural interpretation. Once the governing directional cases have been
established, the engineer can evaluate how the resulting shears, overturning actions, and torsional
demands influence wall design, frame participation, diaphragm transfer, and foundation response.
That transition from calculated load to interpreted design action is what distinguishes a complete
workflow from a merely complete set of equations.

Engineering Judgment:

Where directional wind demand acts with meaningful eccentricity relative to the effective center
of rigidity, torsional response can become a governing component of force distribution in
combined wall-frame systems. Sensitivity to the rigid diaphragm assumption should therefore be
examined early, particularly where perimeter participation, collector demand, or edge-element
response appears likely to control design.

The workflow developed in this module establishes the full directional path from exposure and
pressure determination to diaphragm-applied force, overturning demand, and eccentric response.
The next module isolates the torsional component of that workflow and examines how rotational
demand alters force distribution, element participation, and design control in irregular buildings.
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MODULE 4: TORSIONAL AMPLIFICATION
MASTERCLASS
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4.1 Interpreting Torsional Behavior in Wind-Loaded Buildings

In professional wind design, torsional amplification should be treated as a matter of structural
behavior, not as a routine analytical add-on.

In professional wind design, torsion is often the hidden reason that an otherwise orderly calculation
becomes unreliable in review. The difficulty is not that torsion always increases total lateral
demand in a dramatic way. The difficulty is that it redistributes demand, sometimes decisively,
among frames, walls, collectors, and diaphragm edges that would not appear critical under a purely
translational interpretation. For that reason, torsional behavior should not be treated as an optional
refinement added after the main wind calculation is complete. In irregular buildings, it is often part
of the governing structural question from the outset.

This question frequently arises during professional peer review of wind design calculations. In
many design offices, torsional effects are introduced as a secondary step after lateral wind forces
have already been determined. The engineer identifies an eccentricity between the applied wind
load and the center of rigidity of the building and introduces an additional torsional moment. While
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this procedure appears straightforward, it often obscures the physical origin of torsional response
and may lead to inaccurate distribution of forces within the structural system.

Torsion in wind-loaded buildings does not arise from an arbitrary amplification rule. It originates
from the interaction between the aerodynamic pressure field acting on the building envelope and
the spatial distribution of structural stiffness that resists those loads. When these two systems do
not align, rotational demand develops in addition to translational shear. The resulting torsional
behavior may significantly alter the distribution of forces among shear walls, braced frames, and
moment-resisting frames.

The Directional Procedure presented in ASCE 7-22 Chapter 27 provides the analytical framework
required to capture this interaction. Because wind pressures are applied directionally and
simultaneously on multiple building faces, the resulting load pattern often produces inherent
torsion even in buildings that appear geometrically symmetric.

Understanding how torsion develops and how it should be evaluated is therefore essential for any
engineer performing wind design of irregular structures.

4.1.1 Physical Origin of Wind-Induced Torsion

Wind-induced torsion occurs whenever the resultant lateral wind force does not pass through the
center of rigidity of the structural system. The center of rigidity represents the point within the
floor diaphragm where lateral resistance is balanced in all directions. If a lateral load is applied
through this point, the building experiences pure translation without rotation. When the applied
load acts at a different location, the resulting eccentricity produces torsional moment.

The magnitude of this torsional moment depends on both the total wind force and the distance
between the line of action of the wind load and the center of rigidity. Even relatively small
eccentricities may produce significant torsional effects when base shear is large, particularly in tall
or flexible buildings.

Several conditions frequently encountered in practice contribute to this eccentricity. Architectural
plan irregularities may shift the centroid of the windward pressure distribution away from the
geometric center of the building. Structural irregularities may also develop when shear walls or
braced frames are concentrated in certain regions of the plan. Additionally, differences in fagade
geometry, setbacks, or roof elevations may alter the aerodynamic pressure distribution and produce
asymmetric loading.

These factors explain why torsion is commonly observed even in buildings that appear symmetric
when viewed in architectural drawings. Structural stiffness, not geometric symmetry, ultimately
governs torsional behavior. That distinction becomes even more important when the applied wind
resultant itself shifts with direction, fagade zoning, or roof-level variation. The center of pressure
is not a fixed architectural point; it is the effective line of action of a direction-specific pressure
field. Likewise, the center of rigidity is not a geometric convenience but a structural consequence
of the relative stiffness, location, and interaction of the vertical resisting elements. Torsional
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behavior therefore emerges from the relationship between two systems that may both vary in ways
not visible from plan geometry alone.

4.1.2 Inherent and Accidental Torsion

In structural analysis, torsional response is typically categorized as either inherent torsion or
accidental torsion. Although this distinction is formally defined in seismic design provisions, the
underlying concepts remain relevant in wind design. The distinction is introduced here as an
analytical aid rather than as a direct transfer of seismic code requirements into wind provisions.
Wind design under ASCE 7 does not impose the same formal accidental torsion framework used
in seismic analysis, but the conceptual separation remains useful in professional practice because
it helps distinguish between torsion arising from the actual building configuration and torsion
arising from uncertainty in modeling, stiffness idealization, or force application.

Inherent torsion results directly from the physical configuration of the building. When the resultant
wind load does not pass through the center of rigidity, the resulting eccentricity produces a
torsional moment that must be resisted by the structural system. This form of torsion arises
naturally in the analysis when wind forces are applied at their correct locations relative to the
structural model.

Accidental torsion represents the uncertainty associated with modeling assumptions and
construction tolerances. Small variations in stiffness distribution, diaphragm flexibility, or fagade
pressure distribution may shift the effective location of the resultant wind force. In seismic design,
ASCE 7-22 Chapter 12 addresses this uncertainty by requiring a prescribed accidental
eccentricity. Wind design provisions do not impose the same explicit requirement; however,
engineers often examine similar sensitivity effects when evaluating wind-induced torsion.

In professional practice, the distinction between inherent and accidental torsion is therefore less
procedural and more analytical. The engineer must ensure that the structural model realistically
captures the relationship between applied wind forces and structural stiffness.
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4.1.3 Quantifying Torsional Moment

The torsional moment generated by eccentric wind loading can be expressed through a basic
equilibrium relationship:

Mt= V e
where

Mt= torsional moment acting on the diaphragm (kN-m)
V = total lateral wind force acting on the building (kN)
e = eccentricity between the resultant wind force and the center of rigidity (m)

Although this relationship appears simple, its practical interpretation requires careful consideration
of how the resultant wind force is determined and where it acts relative to the structural system.

To illustrate the calculation, consider the building analyzed in the previous module. The
Directional Procedure produced a total base shear:

Vbase:93 9. 8 kN

Suppose the structural layout places the center of rigidity 3.2 m away from the centroid of the wind
pressure distribution. The torsional moment generated by this eccentricity becomes

M;=939.8%3.2 =3007 kN.m

This torsional moment must be transferred through the diaphragm and resisted by the vertical
lateral-force-resisting elements. The engineering significance of this result lies not in the torsional
moment as an isolated quantity, but in what it implies for force redistribution. Once torsion is
introduced, the design can no longer be understood through story shear alone. The governing
question becomes how that rotational demand is shared among the available resisting elements and
whether the structural model captures that redistribution in a way that remains consistent with the
actual diaphragm behavior and stiffness hierarchy of the building.
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4.1.4 Distribution of Torsional Effects in the Structural System

Once torsional moment is generated, the floor diaphragm distributes this rotational demand to the
vertical structural elements. In buildings with rigid diaphragms, this redistribution occurs in
proportion to the stiffness and location of the resisting elements.

A simplified two-line resisting system offers a useful intermediate illustration because it shows, in
reduced form, how diaphragm rotation alters force participation even before the problem is
transferred into a full three-dimensional model.

To illustrate this mechanism, consider a building floor containing two primary shear wall lines
separated by a distance of L=18 m from center to center. If the torsional moment acting on the
diaphragm is

M=3007 kN-m
the additional shear force introduced in each wall line due to torsion can be estimated from
F=My¢ L
Substituting the known values produces

F=3007 /18 =167 kN

This additional shear force is superimposed on the translational story shear generated by the wind
loads. One wall line experiences an increase in shear, while the opposite wall experiences a
corresponding reduction depending on the direction of rotation.

In buildings containing multiple frames or shear walls, this redistribution becomes more complex
and is generally evaluated using three-dimensional structural analysis. Even so, the governing
mechanics remain conceptually simple and should remain visible to the engineer. Elements located
farther from the center of rigidity often experience larger changes in demand than a translational
analysis would suggest, not because the total story force has changed, but because the diaphragm
must satisfy rotational compatibility as well as translational equilibrium. This is why edge frames,
perimeter shear walls, collector lines, and diaphragm boundary elements frequently become more
sensitive to torsion than centrally located components. In practical design review, one of the most
common signs of underdeveloped torsional analysis is an output set in which global story shear
appears reasonable while force concentration at the perimeter remains insufficiently explained.
Nevertheless, the underlying mechanics remain governed by the same equilibrium principles.
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4.1.5 Structural Consequences of Torsional Amplification

The most significant effect of torsion is not the increase in global base shear but the redistribution
of forces within the structural system. Elements located farther from the center of rigidity may
experience amplified shear and bending demands due to rotational displacement of the diaphragm.

This amplification can govern the design of several structural components. Shear walls positioned
near the edges of the building may attract higher forces than anticipated from translational analysis
alone. Collectors and diaphragm chords may experience increased axial forces as the diaphragm
transmits torsional loads to vertical elements. Connections between diaphragms and walls may
also require additional capacity to resist the resulting force transfer.

For this reason, torsional behavior should always be evaluated at each story level rather than only
at the base of the structure. A design office review frequently reveals that the critical consequence
of torsion is not the global rotational response itself, but the way that response alters local design
control. A wall line that appears comfortably proportioned under translational loading may become
governing once torsional redistribution is included. A collector element that seemed secondary in
the initial load path may become essential once diaphragm rotation is accounted for. In that sense,
torsional amplification is often less a question of adding force than of revealing where the structure
was already vulnerable to directional imbalance. Because wind pressures increase with height due
to the velocity pressure profile, torsional demand may vary significantly along the height of the
building.

4.2 Avoiding Common Analytical Errors

The most persistent torsional errors in wind design do not usually arise from advanced
mathematics. They arise from seemingly reasonable assumptions that remain insufficiently tested.
A building is assumed to be symmetric because its plan appears balanced, while its resisting system
is not. The center of rigidity is inferred from layout rather than verified through structural behavior.
The diaphragm is treated as rigid by habit rather than by conscious analytical choice. Each of these
assumptions may appear minor in isolation, yet together they can distort the resulting force
distribution enough to misidentify the controlling elements.

In professional design practice, several recurring analytical errors lead to incorrect torsional
evaluation. One frequent issue arises when engineers assume that architectural symmetry
guarantees structural symmetry. In reality, the center of rigidity depends on the stiffness of
structural elements rather than the geometry of the floor plan.

Another common error occurs when the torsional eccentricity is estimated without verifying the
actual location of the center of rigidity within the structural analysis model. Small modeling
differences can shift the stiffness centroid significantly, particularly in buildings with mixed lateral
systems.
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Finally, torsional effects may be underestimated when diaphragm flexibility is ignored in buildings
with large floor plates or irregular structural layouts. In such cases, diaphragm deformation may
alter the distribution of forces among vertical elements.

Recognizing these potential sources of error is essential for ensuring that torsional effects are
evaluated realistically in wind design calculations.

By this stage, torsion should no longer be interpreted as an auxiliary correction applied after the
main wind forces have been determined. It should be understood as a governing mechanism that
can alter how directional load reaches the structure, how the diaphragm responds, and which
vertical resisting elements ultimately control design. That is the practical value of torsional
amplification in irregular building analysis: it reveals the difference between a load model that is
globally complete and a load model that is structurally credible.

Construction Insight:

In irregular floor plans, underdeveloped torsional evaluation commonly shifts demand into
diaphragm chords, collector lines, and edge-resisting elements later than expected in design. For
that reason, the offset between the effective pressure resultant and the center of rigidity should be
considered explicitly during initial system sizing, rather than left to emerge only after final force
distribution is reviewed.

The next module examines how this torsional logic is often weakened or obscured in software-
assisted workflows. Once directional wind loading is transferred into a structural model, the
accuracy of the design depends not only on the code equations used, but on whether the software
implementation preserves the actual line of action, stiffness relationship, and torsional sensitivity
of the structure being analyzed.
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MODULE S5: SOFTWARE BLIND SPOTS AND
MODELING PITFALLS IN DIRECTIONAL WIND
ANALYSIS
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5.1 Interpreting Software Results in Directional Wind Design

In software-assisted wind design, the critical question is not whether the program can generate
directional load cases, but whether the implemented model preserves the physical intent of the
Directional Procedure.

In software-assisted wind design, the principal risk is rarely numerical failure. It is analytical
displacement. The software may execute the configured equations correctly while still failing to
represent the physical wind behavior the engineer intended to model. That gap is especially
important in irregular buildings, where load location, directional coupling, stiffness imbalance,
and torsional response may govern the design even when the reported output appears orderly. For
that reason, the engineer’s task is not merely to review software results, but to verify that the model
preserves the actual directional logic of the code procedure being relied upon.
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Modern structural analysis software has fundamentally changed the workflow of wind load
evaluation. Programs such as ETABS, SAP2000, and similar analysis platforms are capable of
generating wind load patterns automatically once the user selects the governing design standard
and defines basic geometric parameters. Within a few moments, the program may produce velocity
pressure distributions, story forces, base reactions, and overturning moments throughout the
structural system.

While these capabilities significantly reduce the time required to perform wind design calculations,
they also introduce an important analytical risk. The speed of automated output can create a
misleading sense of analytical certainty. When wind loads are generated quickly, displayed
cleanly, and carried directly into drift, force, and design summaries, the engineer may be less likely
to examine whether the underlying assumptions remain consistent with the actual geometry and
load path of the building. In that sense, software efficiency can increase—not reduce—the need
for disciplined verification.

Structural software performs numerical implementation of equations, but it does not interpret the

engineering intent behind code provisions. The Directional Procedure defined in ASCE 7-22
Chapter 27 is fundamentally an analytical method describing the aerodynamic interaction
between wind flow and building geometry. Software can reproduce the mathematical framework
of this procedure only to the extent that the structural model reflects the physical assumptions
embedded in the code.

If those assumptions are not represented correctly in the analysis model, the software output may
appear numerically consistent while still failing to represent the actual wind behavior acting on the
building. For this reason, experienced structural engineers treat software-generated wind loads as
analytical tools rather than final design results.
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5.2 Implementation of the Directional Procedure in Structural
Software

In most structural analysis programs, automated wind load generation is implemented through
three principal computational stages. First, the program evaluates velocity pressure along the
building height based on the exposure category and basic wind speed defined by the user. Second,
pressure coefficients associated with the selected wind load procedure are applied to the building
surfaces. Finally, the resulting pressures are converted into equivalent lateral forces acting at
diaphragm levels within the structural model.

The velocity pressure calculation follows the expression defined in ASCE 7-22 Section 26.10
qz=0.613K-K-.KaV?
where

qz = velocity pressure at elevation z (N/m?)
V = basic wind speed (m/s)

Kz = exposure coefficient

Kzt = topographic factor

Kd = directionality factor

For structural design calculations, the velocity pressure is commonly expressed in kN/m? by
dividing the equation by 1000.

Once the velocity pressure profile has been determined, the program applies external pressure
coefficients corresponding to the selected procedure in ASCE 7-22 Chapter 27. The pressures
acting on the building facade are then transformed into equivalent story forces applied at
diaphragm elevations.

Although this workflow appears to replicate the manual procedure described in the code, it is
important to recognize that the software must simplify certain aspects of aerodynamic behavior in
order to generate these loads automatically. That distinction should be made explicit in the design
record whenever software-generated wind loads are relied upon. The code describes a physical and
analytical procedure; the software implements an operational version of that procedure subject to
its own geometric interpretation, zoning logic, axis conventions, and assumptions regarding where
equivalent forces are applied. A model may therefore be code-labeled and still require careful
scrutiny before its results can be considered behaviorally credible.
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5.2.1 Hidden Assumptions Embedded in Wind Load Generators

Wind load generators embedded within structural analysis programs rely on simplified geometric
interpretations of the building model. In many cases the software assumes that the structure
behaves as a prismatic building with uniform exposure conditions along the height.

This assumption may not accurately represent buildings containing setbacks, stepped roof profiles,
podium structures, or significant plan irregularities. In practical terms, this may mean that a roof
step is interpreted as part of a single-height facade, that a setback is absorbed into a simplified
projected surface, or that the resulting lateral action is introduced at the diaphragm centroid rather
than along the actual pressure resultant. None of these assumptions is necessarily obvious from
the final output. The reported story forces may still appear proportionate, and the base reactions
may still reconcile numerically, even though the directional character of the applied loading has
already been diluted.

In such cases the aerodynamic pressure distribution may differ from the simplified fagade zoning
assumed within the automated algorithm.

Another common simplification concerns the spatial location at which wind loads are applied.
Many programs apply the resulting story forces directly at the centroid of the floor diaphragm
rather than at the physical location of the resultant wind pressure acting on the building fagade.
While this approach simplifies the structural analysis, it may suppress torsional effects that would
otherwise arise if the loads were applied at their true eccentric location.

These modeling assumptions do not necessarily invalidate software-generated wind loads, but they
emphasize the importance of engineering judgment when interpreting automated results.

In many offices, the first indication that a wind model deserves closer review is not a software
warning, but a mismatch between expectation and behavior. A drift profile may look smoother
than expected, a perimeter frame may appear unusually lightly loaded, or a torsion-sensitive
structure may produce results that seem too symmetrical for the actual layout. Experienced
engineers do not dismiss these signs as harmless modeling variation. They treat them as prompts
to re-examine where the loads were applied, how the geometry was interpreted, and whether the
software has preserved the directional character of the problem.

5.2.3 Torsional Modeling Pitfalls

Torsional behavior is particularly sensitive to the location where lateral loads are applied within
the structural model. When the resultant wind force does not coincide with the center of rigidity
of the building, an eccentricity develops between the applied load and the resisting system. This
eccentricity produces torsional moment according to the relationship

MtZVe
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where

Mt = torsional moment (kN-m)
V = lateral wind force (kN)
e= eccentricity between load resultant and center of rigidity (m)

Consider a mid-rise building in which the Directional Procedure produces a story shear
V=720 kN
If the center of rigidity is offset from the centroid of the wind pressure distribution by
e=2.8m
the resulting torsional moment becomes

Mt=720%2.8 =2016 kN.m

If the structural analysis model applies wind loads through the diaphragm centroid rather than
through the actual line of action of the facade pressure resultant, the model may not reproduce this
torsional moment correctly. The resulting rotational response may therefore underestimate the
shear demand in structural elements located farther from the center of rigidity. This is an important
point in model verification because agreement in total story shear or even agreement in global base
overturning does not, by itself, confirm that torsional demand has been represented correctly. A
model can preserve translational equilibrium while still suppressing the rotational consequences
of load eccentricity. In review practice, this is one of the most common reasons that apparently
reasonable software results fail to explain the governing demand observed in perimeter frames,
collector lines, or edge wall elements.

In buildings containing irregular stiffness distribution, this modeling simplification can
significantly alter the predicted load distribution among shear walls and moment frames.

5.3 Envelope Logic and Directional Wind Loading

Another modeling issue may arise from the way structural software combines wind load cases.
Some programs internally generate wind loads for orthogonal directions and subsequently apply
envelope logic when evaluating structural responses.

While envelope combinations are appropriate for many load types, they may obscure the
simultaneous pressure conditions required by the Directional Procedure. According to ASCE 7-
22 Chapter 27, windward and leeward pressures act concurrently for a given wind direction. If
structural responses are combined through envelope logic rather than through simultaneous
directional loading, the resulting force distribution may differ from the intended physical behavior.
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This issue becomes particularly important in buildings where torsional response governs structural
design. Directional loading may produce asymmetric force distributions that cannot be represented
correctly through envelope combinations alone. This issue is particularly subtle because the
engineer may believe that a directional procedure has already been satisfied once multiple wind
cases have been generated automatically. The difficulty is that directional generation and
directional structural interpretation are not the same thing. If the resulting responses are later
merged in a way that suppresses concurrent directional behavior, the analysis may retain the
appearance of completeness while losing the physical mechanism that made the directional
procedure necessary in the first place.

5.3.1 Wind Direction Definition and Coordinate System Alignment

A frequently overlooked source of modeling error arises from the relationship between wind load
directions and the coordinate system used in the structural analysis model. Many software
platforms generate wind loads relative to global axes rather than relative to the orientation of the
building itself.

If the building plan is rotated relative to the global coordinate system, automatically generated
wind loads may not correspond to the intended wind attack direction. This situation can produce
unrealistic pressure distributions and incorrect lateral force patterns within the structural model.
The analytical danger is that such a model may still appear internally consistent. The software will
continue to generate load cases, reactions, and element forces, and the output may not display any
obvious warning of directional misalignment. The resulting error is therefore interpretive rather
than computational: the model is stable, but it is answering the wrong wind-direction question.

For this reason, engineers should always verify that wind load directions defined within the
analysis software correspond to the actual orientation of the building geometry. In complex
structures, additional directional load cases may be required to represent critical wind attack
angles.

5.3.2 Independent Verification of Software Results
Professional structural design practice rarely accepts automated wind loads without independent
verification. A common verification step involves estimating the expected magnitude of base shear

using simplified calculations derived from the velocity pressure equation.

Assume that the velocity pressure near roof height is approximately
gn=1.1 kN/m2

and that the projected windward area of the building is
A=24x36=864 m2

An approximate estimate of the wind force acting on the structure may be obtained from
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quhG(Cp,w_Cp,l)A

Using representative values
G=0.85

Cp,W_CpJ:l .3
the estimated wind force becomes
F~1.1x0.85%1.3x864 = 1050 kN

If the base shear reported by the software differs significantly from this order-of-magnitude
estimate, the discrepancy often indicates that modeling assumptions or load definitions require
closer examination.

Such verification checks are commonly performed in structural design offices and represent an
essential safeguard against hidden modeling errors. A disciplined verification workflow should
not stop at a single order-of-magnitude comparison. At minimum, the engineer should confirm one
directional base shear estimate, one pressure-to-force check at a representative fagade or roof zone,
one torsion-sensitive load case, and one alignment check between building orientation and model
axes. The purpose of these checks is not to duplicate the software model in full, but to ensure that
the automated output still corresponds to the physical loading problem the engineer intended to
analyze.

5.4 Engineering Control of the Structural Model

Structural analysis software is an indispensable tool in modern engineering practice. However, the
responsibility for interpreting code provisions and verifying analytical assumptions remains with
the engineer of record.

Software performs calculations. Engineers interpret behavior.

Ensuring that wind loads are applied at the correct locations, verifying that directional loading is
represented accurately, and confirming that torsional response reflects the actual structural
configuration are all essential aspects of professional wind design. When these responsibilities are
exercised carefully, structural analysis software becomes a powerful extension of engineering
judgment rather than a substitute for it.

The essential distinction is therefore not between manual analysis and software analysis, but
between verified analysis and assumed analysis. Software becomes a powerful extension of
engineering judgment only when its assumptions are examined, its force paths are interpreted, and
its results are checked against the actual directional behavior of the building. Without that
discipline, even technically sophisticated output may remain professionally weak.
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Lesson from Practice:

One of the most common software-related wind design errors is not a numerical failure, but an
exposure or geometry interpretation that understates upper-level demand without making the
discrepancy obvious in the final output. A reduced manual check of velocity pressure at
representative elevations—particularly near mid-height and roof level—often reveals these issues
early enough to prevent downstream redesign.

Once software-generated wind analysis has been verified and its limitations made explicit, the
remaining question is not merely whether the calculated forces are reasonable, but whether the
design decisions based on those forces can be defended professionally. The next module addresses
that final step by connecting wind analysis to documentation quality, review readiness, liability
exposure, and defensible engineering judgment.
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MODULE 6: DEFENSIBLE WIND DESIGN AND RISK
CONTROL
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Could you defend your wind design decisions—not merely the final load values—in a peer review,
dispute review, or forensic investigation? That question defines the difference between a
calculation package that is technically complete and one that is professionally defensible. In
irregular and multi-level building design, the quality of the work is judged not only by whether the
final wind forces were computed correctly, but by whether the selected procedure, the governing
assumptions, the load path interpretation, and the resulting structural decisions remain visible,
rational, and reviewable in the design record.

6.1 Beyond Correct Calculations

In professional structural engineering practice, the adequacy of a wind design is not established
solely by producing numerically correct pressures, story forces, base shears, or member demands.
A design becomes professionally defensible only when the engineer can demonstrate that the
selected analytical procedure was appropriate for the actual building configuration, that the
governing assumptions were technically justified, that the applied wind actions remained
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consistent with the physical load path of the structure, and that the resulting design record can be
independently reviewed without reconstructing the analyst’s intent. This distinction is especially
important in irregular and multi-level buildings, where the greatest risk often lies not in arithmetic
error, but in the premature use of simplifications that suppress the governing behavior of the
structure under directional wind loading. ASCE/SEI 7-22 is the governing U.S. standard for
determining design loads and their combinations for buildings and other structures, and it provides
the technical basis within which wind loading decisions must be made.

By the time a project reaches peer review, permit review, third-party checking, owner review, or
post-event investigation, the technical discussion has usually moved beyond isolated equations.
The real questions are more demanding. Why was the selected wind procedure appropriate for this
building and not merely acceptable in a general sense? Was the structure idealized in a way that
preserved the governing wind response, or in a way that merely simplified the workflow? Were
torsional effects recognized early enough to influence the design, or were they acknowledged only
after force distribution had already been fixed? Did the software model actually reflect the intended
code procedure, or did the engineer inherit hidden assumptions from default settings that were
never fully challenged? Those questions determine whether the final design reflects professional
engineering judgment rather than mechanical code compliance. In practice, these issues rarely
remain confined to the calculation file alone. They affect drawing assumptions, design
coordination, peer-review response, and the credibility of later revisions if the analysis must be
revisited. A wind design that is technically adequate but poorly articulated may still become
professionally vulnerable once it enters a broader project environment in which others must rely
on, check, or defend the engineer’s reasoning.

For regular structures, the gap between a code-compliant calculation and a review-ready
calculation may be narrow. For irregular structures, that gap can become substantial. Setbacks,
roof-level transitions, eccentric service cores, discontinuous diaphragms, unequal perimeter
stiffness, and asymmetric lateral-force-resisting systems all increase the likelihood that a
superficially complete analysis will fail to capture the controlling load path. As the geometry
becomes more complex, the record of engineering judgment must become more explicit.
Defensibility is therefore not an administrative overlay applied at the end of the process. It is part
of the technical design methodology itself. NIST has stated this principle clearly in its discussion
of wind and structural engineering responsibilities: effective structural design procedures must be
clear, transparent, sound, and sufficiently documented to permit careful scrutiny.

6.2 Defensibility Begins with Procedure Selection

The first point at which a wind design becomes either robust or vulnerable is the selection of the
analytical procedure. Many deficiencies that later appear as documentation problems, modeling
problems, or distribution errors can be traced back to an earlier decision to use a method that was
convenient rather than fully appropriate for the building. For a building with meaningful plan
irregularity, roof elevation changes, abrupt setbacks, eccentric stiffness distribution, or nonuniform
lateral-force-resisting elements, the engineer must be able to justify why the chosen procedure
captures the actual directional behavior of the structure. That justification is not merely academic.
Once the building departs from regularity, the difference between a simplified envelope concept
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and a directional analysis may materially alter the resulting load path, particularly where torsional
response, local uplift sensitivity, and differential frame participation are involved.

A defensible procedure selection does not begin with pressure coefficients. It begins with behavior
recognition. The engineer must identify, before calculation begins, the structural characteristics
that are most likely to govern the wind response. If different wind directions engage different
frames or walls, the analysis procedure must preserve that distinction. If a multi-level roof changes
the effective loading environment from one portion of the structure to another, the simplification
should not flatten that transition out of existence. If the center of pressure and the center of
resistance do not remain reasonably aligned, the design cannot stop at translational force summary
alone. The engineer’s responsibility is not simply to generate a force that appears conservative in
global magnitude. The responsibility is to generate a force model that remains faithful to the actual
building response within the framework of ASCE/SEI 7-22.

This point becomes more important in practice than it often appears in classroom treatment. On
routine projects, engineers can become conditioned to think in terms of speed and familiarity:
define exposure, compute pressure, distribute force, design elements, close the package. That
sequence may remain acceptable for highly regular forms. It becomes less reliable when
irregularity changes not only the magnitude of wind demand but also the way in which that demand
enters and redistributes through the structure. Mature engineering workflows therefore begin one
step earlier than calculation itself. They begin by defining the behavioral question the analysis
must answer. If that question is weakly framed, even technically correct calculations may lead to
a weak design narrative.

In peer review, this is usually where confidence is either established or lost. A reviewer is far more
likely to trust a package in which the procedure selection is justified early, explicitly tied to
geometry, and carried consistently into force development. Conversely, a calculation package that
moves directly to results without first establishing why the method is appropriate often appears
more fragile than it actually is, because the logic of the design has not been preserved. For that
reason, procedure selection should be treated as part of the permanent engineering record rather
than as an unspoken preliminary choice. In defensible practice, the selected method is not merely
used; it is justified in terms that another engineer can later verify against the actual building
behavior and the governing code framework.

6.3 Documentation as an Engineering Instrument

Once the analytical procedure has been selected, the quality of the design package depends on how
clearly the engineer documents the path from code basis to final design action. In many offices,
calculations are archived primarily to preserve outputs. In stronger practice, they are assembled to
preserve reasoning. That distinction is important because the real difficulty in reviewing wind
design is rarely the final numerical value by itself. The more difficult question is how the engineer
moved from geometry, exposure, enclosure classification, directional loading, and pressure
application to the final design force seen by the structural system.

For irregular buildings, the documentation should make that progression visible. The building
dimensions relevant to wind application should be stated explicitly, including the dimensions that
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govern mean roof height, effective loaded area, tributary regions, roof transitions, and plan offsets
relevant to eccentric response. Exposure classification should be documented together with the
project-specific basis for its selection. The principal wind directions should be shown in the same
coordinate logic used in the structural model so that the relationship between directional pressure
and resisting system orientation remains unmistakable. Internal pressure assumptions should not
appear as inherited code values alone; they should be connected to the enclosure condition actually
assumed in the design basis. Where software is used to generate or distribute wind loads, the
software assumptions should be examined and recorded with the same seriousness given to hand-
calculated coefficients.

This approach is consistent with broader U.S. structural design practice. ACI 318-19(22) frames
structural concrete design not merely in terms of isolated strength checks, but in terms of an
integrated code environment that includes analysis, serviceability, detailing, and construction
document information. That broader perspective is relevant here because a wind design package
is not complete when lateral pressures have been computed. It becomes professionally meaningful
only when those pressures are translated into a design record that supports member design,
detailing decisions, review by others, and later verification if questions arise.

The essential objective is traceability. A competent reviewer should be able to start with the stated
code basis, reproduce the velocity pressure logic, understand the sign and application of external
and internal pressures, follow the translation of surface pressures into diaphragm or story-level
forces, and verify how those forces were distributed to the lateral-force-resisting system. If that
chain is broken, hidden, or overly dependent on unstated software logic, the design becomes
difficult to defend regardless of whether the final member sizes appear reasonable. From a
professional standpoint, that is where otherwise capable analyses often become vulnerable. The
calculations may be technically sound, yet the package fails to communicate the engineer’s
reasoning in a form that allows independent verification. This is particularly important because
calculation packages in major building projects do not function only as internal design notes. They
become part of the larger project record by informing drawing assumptions, review comments,
field clarifications, later revisions, and sometimes post-construction technical evaluation. Once the
calculations begin to serve that broader function, clarity is no longer a stylistic preference. It
becomes part of the engineering reliability of the work itself.

6.4 Force Traceability and Structural Accountability

The most reliable way to preserve defensibility in wind design is to maintain force traceability
from pressure derivation to structural demand. Every major force effect should remain connected
to a defined source, a defined tributary area, a defined eccentricity where relevant, and a defined
structural destination. This principle becomes especially important in irregular buildings because
small assumptions in pressure application or stiffness idealization can materially change where the
load appears to go, even when the total lateral force remains within an apparently reasonable range.

At the most basic level, the directional wind force associated with a pressure acting on an effective
loaded area should remain identifiable in the record as

Fizpi XAI'

39




Mastering the ASCE 7-22 Directional Procedure: Eliminating Torsion Errors & Reducing Wind Risk — S05-018

where

F; is the resultant force from pressure region iii
pi is the design pressure on that region in kN/m?
A is the corresponding effective area in m?.

Once several such pressure-derived forces act at a story or roof level, the resulting translational
demand should be demonstrably consistent with the sum of those directional components:

Vstory = Z?=1 Fl

This relationship is elementary, but its professional importance is often underestimated. In peer
review, it provides the first confirmation that the pressure field has been translated into structural
action coherently rather than implicitly. A design package in which forces appear only as final
model reactions, without a visible intermediate path from pressure to force, is more difficult to
defend because it obscures the physical meaning of the output.

The same principle becomes more consequential when eccentricity is introduced. If the directional
resultant does not pass through the center of resistance of the lateral-force-resisting system, the
engineer should show the torsional action explicitly rather than allowing it to remain buried inside
software output. A transparent representation is

—_yn : :
M= YL, Fi x ei
where

M; is the torsional moment at the level under consideration
e; 1s the eccentric distance between the line of action of force F; and the reference center of
resistance.

In irregular buildings, this expression often marks the difference between a complete wind analysis
and a reviewable wind analysis. Without it, the engineer may have load totals, but not a visible
explanation of how those loads redistribute across the actual structure.

For traceability to remain meaningful in practice, at least one governing directional case should be
reduced to a transparent project-scale hand-check using SI units. Consider a roof zone measuring
40 m by 30 m, with a design velocity pressure qz=2.8 kN/m? and an external pressure coefficient
magnitude |GCpl=1.2. If the effective loaded area is taken as Ai=1200 m?, the uplift demand
becomes

F=2.8x1.2x1200=4032kN

If that resultant acts at an eccentricity of 8 m from the center of resistance, the associated torsional
action becomes
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Mt:Fe
Mt=4032x8=32256kN-m=32.26 MN-m

A reduced check of this kind is often more valuable in review than several pages of uninterrupted
software output because it reveals, in one continuous sequence, how directional pressure becomes
uplift demand, eccentric action, and torsional consequence. If the governing code procedure
requires torsional amplification or additional directional assessment, that amplification should be
shown in the same force path rather than introduced later as an isolated modifier. The purpose of
the hand-check is not to replace the software model. It is to demonstrate that the model is solving
the correct physical problem under the governing loading standard. This is why force traceability
matters beyond calculation clarity alone. It forms the bridge between code-based pressure
determination and professional accountability for the final design actions derived from that
pressure. Once that bridge is broken, the design may still appear numerically complete, but the
engineer’s ability to explain, verify, and defend the resulting force path becomes substantially
weaker. ASCE/SEI 7-22 exists precisely to provide the framework for that pressure-to-force
transition.

Once torsional demand is identified, the distribution of that demand to frames, walls, collectors,
diaphragm chords, or transfer elements must remain reviewable as well. A software model may
perform that distribution numerically, but the engineer should still be able to explain the structural
logic qualitatively and verify at least one critical case by rational check. The defense of the design
does not rest on the sophistication of the model alone. It rests on the engineer’s ability to show that
the model captured the correct structural question.

6.5 How Professional Risk Actually Develops

In structural design practice, liability is rarely triggered by a single dramatic mistake made in
isolation. It more often develops through a sequence of modest assumptions that were each left
insufficiently challenged. A designer may begin with a simplification that performed acceptably
on previous regular projects. The same simplification is then carried into an irregular building with
the assumption that broad conservatism will absorb the discrepancy. Software-generated wind
loads are accepted because they appear orderly and code-based. Torsion is recognized conceptually
but not translated into a demand path that materially changes the controlling frames. Final
documentation summarizes results but does not preserve the assumptions needed to reproduce
them. At no single point does the process appear reckless. Yet by the time the design reaches
independent review, the chain of engineering judgment is no longer visible.

A representative review scenario illustrates how this risk develops. Consider a 12-story office
building in coastal South Florida with a 3 m roof setback, an offset service core, and unequal
stiffness between the perimeter lateral frames. The engineer used a directional wind workflow, but
the force distribution was effectively carried forward in a manner equivalent to an envelope
assumption, and no explicit torsional amplification check was documented for the governing roof
and upper-story cases. In a later forensic-style technical review after a severe wind event, it became
clear that corner-frame demands had been understated relative to the actual eccentric load path.
The original design record defended the results on the basis of “conservative story forces,” yet the
review conclusion was different: the global story shears were not the controlling issue; the
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unamplified torsional redistribution was. That distinction is central to defensible practice. A design
may appear conservative at the building level while remaining unconservative at the critical frame,
collector, or diaphragm edge if directional eccentricity is not carried through the full load path.

This pattern is common enough that it should be treated as a design risk in its own right. In irregular
wind design, professional exposure is often rooted less in the final numerical value than in the
absence of an explicit rationale connecting procedure selection, load development, structural
idealization, and final force distribution. The engineer is exposed not only when a result is wrong,
but when the basis of the result cannot be demonstrated clearly after the fact. That is why
documentation and risk control should be treated as technical tasks rather than administrative
afterthoughts. A package that records assumptions late, incompletely, or only by implication may
still satisfy an internal filing requirement, but it does not necessarily satisfy the professional
requirement of technical reproducibility. For that reason, the most vulnerable wind designs are
often not the ones that appear visibly reckless. They are the ones that appear orderly, conservative,
and procedurally complete while leaving too much of the engineering logic unstated. In review or
forensic settings, that kind of narrative incompleteness is often more damaging than a narrow
calculation error because it undermines confidence in the reasoning behind the entire design
sequence.

The NIST position on clear, transparent, and sufficiently documented engineering practice is
especially relevant here. When the design record does not preserve who made which engineering
assumption, why that assumption was reasonable, and how it influenced the final outcome, the
technical credibility of the package weakens regardless of how polished the final report appears.
In higher-quality practice, every major simplification is recognizable as a decision, not merely as
a default setting inherited from software or office habit.

6.6 Overdesign Is Not the Same as Safety

One of the most persistent misconceptions in structural practice is the assumption that overdesign
is inherently harmless. In wind engineering, that assumption can become especially misleading. A
building may appear conservatively designed because certain elements were proportioned against
inflated story forces or because broad envelope assumptions were applied where a directional
interpretation would have been more faithful to the actual geometry. Yet such conservatism is not
always evenly distributed, and it does not necessarily improve the reliability of the overall design.
In some cases, it simply increases member size while leaving the critical torsion-sensitive path
insufficiently understood.

A defensible design is therefore not the most conservative design in a generic sense. It is the most
technically justified design within the governing code framework. This distinction matters because
overdesign carries real project consequences. It may increase cost, distort structural proportions,
complicate detailing, reduce coordination efficiency, and create inconsistency between the
documented load basis and the actual structural behavior. More importantly, indiscriminate
conservatism can conceal unconservative assumptions elsewhere by creating a false impression
that the structure has been robustly checked. That false sense of security is one of the more subtle
professional hazards in wind design. A structure may appear robust because certain members have
been oversized, while the actual weakness lies in an unexamined directional load path, an
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understated torsional redistribution, or a software assumption that was never fully verified. In that
situation, apparent conservatism becomes a distraction rather than a safeguard.

By contrast, unconservative risk in irregular wind design usually enters through omission rather
than aggressive numerical reduction. A critical directional case may not be modeled explicitly. An
eccentric load path may not be amplified appropriately. A stiffness imbalance may not be allowed
to influence force distribution. A local roof transition may be flattened into a global simplification.
These are not merely analytical oversights; they are failures to preserve governing behavior. At
the member or subsystem level, the consequence of those earlier decisions appears in the familiar
demand-capacity form

U=D/C
where

U is the utilization ratio
D is the required design demand from the governing load combination
C is the available design capacity evaluated under the applicable material code.

The value of the expression is not merely numerical. If the demand term D originates from a wind
model whose assumptions are incomplete, then the utilization ratio may convey precision without
reliability. A low utilization does not automatically indicate safety if the upstream force path was
oversimplified. Conversely, a high utilization in a torsion-sensitive element may be the first sign
that the actual structural behavior is more directional than the simplified model originally
suggested.

This distinction becomes even more important in protective and performance-critical applications.
FEMA P-361 states criteria for the design and construction of safe rooms intended to provide near-
absolute protection from extreme wind and wind-borne debris, and FEMA’s safe-room guidance
reflects a design philosophy in which directional fidelity and explicit load-path reliability are
essential, not optional. Although safe-room design belongs to a more demanding performance
category than ordinary building design, the professional lesson carries directly into irregular
building analysis: generalized conservatism at the whole-building level does not substitute for
correctly identifying the governing directional demand and the actual structural path by which that
demand is resisted.

ACI 318-19(22) reinforces the same broader professional principle from the structural concrete
side. Structural adequacy is not established by isolated strength checks alone; it is established
within a coordinated framework of analysis, detailing, construction documents, and verifiable
design assumptions. That integrated perspective matters here because an adequate member design
does not cure a weak load narrative. The wind basis must be defensible before the material design
can be relied upon with confidence.
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6.7 Software Verification

Within software-assisted workflows, defensibility depends on verification rather than automation.
ETABS and similar platforms can accelerate wind load generation, structural analysis, and force
distribution, but they do not relieve the engineer of responsibility for procedure alignment. A
review-ready workflow should therefore include a deliberate verification stage between software-
generated loading and final structural design. At that stage, the engineer should confirm that the
generated directional cases correspond to the intended building axes, that the topographic factor
has not been introduced without project basis, that internal pressure assumptions remain consistent
with the enclosure condition adopted in the design basis, and that the governing directional cases
capture torsional sensitivity as well as translational shear. For buildings with plan irregularity,
offset cores, or unequal perimeter stiffness, this distinction is critical because the direction that
produces the largest base shear is not always the direction that produces the most critical torsional
redistribution.

A practical verification protocol begins by extracting one governing directional wind case from
the software-generated load set and comparing it against a reduced manual check at the coefficient
and tributary-area level. The comparison should include the selected wind direction, the effective
loaded area, the pressure zone used, the sign and magnitude of internal pressure, the resulting line
of action, and the relationship of that line of action to the center of resistance of the modeled
system. Where multiple orthogonal or near-orthogonal directions are considered, the engineer
should verify not only the case producing the maximum translational demand, but also the case
that produces the most severe torsional imbalance. In practice, some of the most consequential
software-related design errors are not computational errors at all. They are orientation errors, sign
convention errors, hidden default assumptions, or mismatches between the code logic intended by
the engineer and the load-generation logic actually embedded in the model.

This is why software output should never be treated as final authority merely because it is code-
labeled. It should be treated as a calculated proposal that must be checked against code intent,
structural behavior, and documented engineering judgment. In a defensible workflow, the software
serves the engineer’s reasoning. It does not replace it. That distinction becomes decisive in review.
Once the software model is treated as a checked analytical instrument rather than an assumed
authority, the resulting wind design becomes far easier to justify, revise, and defend. Verification
therefore serves not only numerical reliability, but also professional credibility.
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6.8 Review-Ready Design Judgment

The final stage of defensible wind design is not simply the completion of calculations. It is
engineering closure. Before the package is issued, the engineer should be able to examine the
analysis as a reviewer would. The question is no longer whether the file contains enough numbers.
The question is whether the engineering reasoning is visible enough to withstand scrutiny without
explanation outside the record.

A review-ready design package is not defined by volume of documentation, but by the visibility
of engineering reasoning. The issue is not how many pages the calculation file contains. The issue
is whether another qualified engineer can follow the logic of the design from method selection to
final action without relying on unstated assumptions.

In a review-ready package, the procedure selection is stated early and justified in relation to the
actual building geometry. The exposure and enclosure assumptions are documented in terms that
another engineer can verify independently. The principal wind directions are aligned clearly with
the structural system and with the model axes. Velocity pressure, pressure application, force
development, and final distribution are shown with enough transparency that a competent reviewer
can reproduce the governing cases. Torsional effects are treated as part of the force path rather
than as a detached annotation at the end of the analysis. Software outputs are accepted only after
their assumptions have been compared with the intended code logic. Final design actions are
summarized in a way that allows the reviewer to see not only what governs, but why it governs.

This is the point at which engineering judgment becomes visible. Judgment is not a subjective
supplement added to the end of a code calculation. It is the disciplined process by which the
engineer decides which building behavior must be captured, which simplifications remain valid,
which outputs deserve trust, and which assumptions must be made explicit so that the design
remains technically credible. For irregular and multi-level buildings, that standard should be
regarded as essential. The very features that make such structures architecturally valuable also
make them analytically sensitive. A defensible wind design is therefore one in which the analysis,
the documentation, and the engineering judgment all point in the same direction.

When that condition is met, peer review becomes more efficient, internal coordination improves,
risk is reduced, and the final design record becomes substantially more resilient under later
scrutiny. When it is not met, even a formally complete package may remain professionally fragile.
The engineer’s task is not merely to finish the load calculations. It is to leave behind a record that
another licensed professional can examine, understand, and trust. NIST’s emphasis on
transparency and documentation captures that obligation precisely, and the broader U.S. code
environment represented by ASCE/SEI 7-22, ACI 318, and FEMA'’s performance-based
protective guidance all point in the same professional direction: calculations matter, but defensible
engineering depends on reasoning that remains visible in the record.
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By this stage, the engineer should be able to do more than execute the ASCE 7-22 Directional
Procedure correctly. The engineer should be able to determine when that procedure is necessary,
verify how it has been implemented, trace how its resulting forces move through the structure, and
document the entire design basis in a form that remains technically credible under independent
review. That is the difference between completing a wind calculation and delivering a professional
wind design.

Design Office Note:

For higher-importance structures, the design record should state clearly why the selected ASCE 7-
22 wind procedure is applicable to the actual building configuration and expected response. Where
serviceability concerns, peer review scrutiny, or later technical investigation may arise, explicit
documentation of methodology selection and force-path reasoning materially strengthens the
defensibility of the final design package.

With that standard in view, the Directional Procedure is no longer just a method for calculating
wind loads on irregular buildings. It becomes a disciplined professional framework for selecting
the right analytical approach, identifying hidden risk, interpreting structural behavior, and issuing
a design record that can withstand scrutiny long after the calculations themselves are complete.
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