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Abstract.  The design wind pressure for low-rise buildings in the ASCE 7-10 is defined by procedures that are categorized into the Main
Wind Force-Resisting System (MWFRS) and the Components and Cladding (C&C). Some of these procedures were originally developed
based on steel portal frames of industrial buildings, while the residential structures are a completely different structural system, most of
which are designed as low-rise light-frame wood constructions. The purpose of this study is to discuss the rationality (or irrationality) of the
extension of the wind loads calculated by the ASCE 7-10 to the light-frame wood residential buildings that represent the most vulnerable
structures under extreme wind conditions. To serve this purpose, the same approach as used in the development of Chapter 28 of the ASCE
7-10 that envelops peak responses is adopted in the present study. Database-assisted design (DAD) methodology is used by applying the
dynamic wind loads from Louisiana State University (LSU) database on a typical residential building model to assess the applicability of the
standard by comparing the induced responses. Rather than the postulated critical member demands on the industrial building such as the
bending moments at the knee, the maximum values at the critical points for wood frame buildings under wind loads are used as indicators
for the comparison. Then, the critical members are identified through these indicators in terms of the displacement or the uplift force at
connections and roof envelope. As a result, some situations for each of the ASCE 7 procedures yielding unconservative wind loads on the

typical low-rise residential building are identified.
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1. Introduction

In North America, above 90% of residential buildings
are designed as light-frame wood constructions (van de
Lindt and Dao 2009). As reported by Pielke and Landsea
(1998), the United States has at least a one-in-six chance of
suffering hurricane-induced damage of at least $10 billion
(in normalized 1996 dollars) each year. The vast majority of
these damages are the result of the failure of wood-frame
residential houses (Sparks 1991). Specifically, in 1992,
Hurricane Andrew resulted in $26.5 billion economic loss,
which marked the largest loss caused by a natural disaster
that the United States had ever experienced at that time. The
inadequate performance of houses during Hurricane
Andrew prompted improvements in detection capability for
storms and the upgrade of building codes and standards
(Cook and Soltani 1994). Although the buildings
constructed with the upgraded code had a “clearly superior
performance” as indicated by Reinhold (2005), the code of
practice is still insufficient as observed in 2005 Hurricane
Katrina that resulted in $108 billion of damage partly
caused by the wind hazard, though mainly due to storm
surge, and broke the most destructive and costliest storm
record in the history of the United States. Substantial
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improvements and strengthening are to be made on the
basis for and the process of the codification of wind loads.
However, for serving as a design standard that must be
practical for engineers and construction workers,
simplifications that would induce the overestimation and/or
underestimation of the wind effects are inevitable to avoid
bulky documents with overly complex provisions. Thus,
this study takes another perspective to reinvestigate the
adequacy of the ASCE 7-10 in the structural response
prediction on light-frame wood houses, which requires an
appreciation of the methodologies that lead to the current
provisions.

The ASCE 7 allows for the design wind loads on
different components of a low-rise building that are
categorized into the Main Wind Force-Resisting System
(MWEFRS) and the components and cladding (C&C). The
wind loads for MWFRS can be determined by using either
the Envelope Procedure or the Directional Procedure on the
basis of the ASCE 7, also referred to as low-rise procedure
and all heights procedure, respectively. The pressure
coefficients developed within the framework of the
Envelope Procedure are the “pseudo” loading conditions
that envelop the desired critical wind effects, i.e., the peak
bending moment at the knee of the two-hinged frame and
three-hinged frame, bending moment at the ridge of the
two-hinged frame, the total uplift, and the total horizontal
shear, based on the work at the University of Western
Ontario (UWO) by Davenport et al. (1978).
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Fig. 1 Typical structural system for (a) steel frame (Coffman et al. 2010) and (b) light-frame low-rise wood building

As opposed to the Envelope Procedure, a more general
envelope approach is adopted in the Directional Procedure,
where the pressure coefficients reflect the actual peak
loading on each surface of the building as a function of the
wind direction. As such, it can be expected that the
Envelope Procedure that is derived directly from the
structural actions would predict more accurate reactions at
the postulated critical members than the Directional
Procedure when the configuration considered is consistent
with what the provisions are developed upon. Isyumov and
Case (1995) extended the application of the pseudo-
pressure coefficient to another structural system, i.e., a
single-story shear wall structure with a truss roof by
comparing the reponse of it to that of a moment frames
structure as used in the development of ASCE 7. Five more
postulated critical structural actions are considered in
accordance with the new structure type. They are the
maximum shear in the north-south walls, the maximum
shear in the east-west walls, the maximum uplift at truss
reaction, the maximum positive member force for truss, and
the maximum negative member force for the the truss. It is
noted that for other structures, especially for other different
types of structural systems, as suggested by Trautner and
Ojdrovic (2013), there is no guarantee that the structural
actions selected for the development of wind loads under
the Envelope Procedure will also be critical for the design,
as the structural behaviors are governed by building
configurations.

The C&C consists of components (i.e., fasteners, studs,
and roof trusses) and cladding (i.e., wall coverings, roof
coverings, exterior windows, and door) that receive wind
loads directly or from each other. The pressure coefficients
for the C&C, with an attempt to address the “worst case”
loading scenario on a particular member during the wind
event (Douglas and Weeks 2003), are developed by using
an approach that is different from the method followed by
the Directional Procedure. It involves spatial and temporal
averaging of point pressures over an effective area through
360° wind angles to account for the small effective area of a
particular component. As such, for the pressure coefficients
given in the C&C chapter, the directionality of wind has
been removed, and the surfaces of the building have been
“zoned” to reflect the envelope of the peak pressures in the

(b)

horizontal direction besides the vertical direction considered
in the directional method of the MWFRS. The influence of
exposure has also been removed since the design wind
pressures for the C&C are intended to be based on the
exposure category resulting in the highest wind loads for
any wind direction at the site. The larger wind effects of the
C&C than the MWFRS wind loads on the structural system
are found by Martin et al. (2011) by applying both of them
on a numerical model. This result is not surprising in that
the spatial coherence of the pressures is greater between
pressures acting over small than over large surfaces. From
wind engineering perspective, the larger area that covers the
MWEFRS contains more vortices, each of which can be
considered by its resultant force, and some of the vortices
would cancel out each other, resulting in a limited resultant
force. In contrast, for the C&C typically dealing with small
areas, some vortices would cover the entire element, leading
to the resultant forces larger than the “canceled out” values
of the MWFRS.

Studies on the ASCE 7 evaluation is numerous in the
literature and can be categorized into two levels by the code
performance indicator: peak pressure coefficient or peak
structural response that is consistent with the methodology
of the Directional Procedure and the Envelope Procedure of
the MWFRS, respectively. The significant underestimations
based on the code procedures have repeatedly been pointed
out on the pressure level, and the degree of discrepancy in
the temporal and spatial averaged pressure coefficients
depends on factors such as roof zone, building shape, size
of the effective area, etc. (e.g., Kopp et al. 2005, Tieleman
et al. 2006, Gavanski et al. 2013). For a safer building
design, database-assisted design (DAD) is initiated to
increase the accuracy of wind loads by replacing the
application of the tabular pressure coefficients specified in
the ASCE 7 with the direct use of pressure time histories
obtained from comprehensive wind tunnel tests. Taking
advantage of the development of the DAD technique, the
response level approach is adopted more in recent years,
and the highly non-conservative wind effects of the ASCE 7
are also recognized in the Envelope Procedure. Such risk-
inconsistency is found to increase with the building height
by St. Pierre et al. (2005) and Coffman et al. (2010) with
the National Institute of Standards and Technology (NIST)
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database, and it also increases with the increase of the roof
angle as stated by Kwon et al. (2016) with the Tokyo
Polytechnic University (TPU) database implemented by the
database-enabled design module for low-rise buildings
(DEDM-LR). To be consistent with the ASCE 7 Envelope
Procedure, these evaluations only compare the reactions of
the MWFRS and are based on industrial pre-engineered
metal buildings with single-story moment resisting steel
frames as shown in Fig. 1(a). The selected structural
reactions in terms of influence coefficients at postulated
critical members are also consistent with the critical
demands in the development of the ASCE 7 as code
performance indicators. However, in the case of residential
structures of which over 95% are light-frame wood
buildings in the U.S. (Fischer et al. 2009), such indicators
are no more rational.

For the light wood construction (Fig. 1(b)), the
predominant damage is not a structural failure, but a failure
of the building envelope, such as doors, windows, and the
roof systems (FEMA 2005). Once the envelope is breached,
the rains accompanying a hurricane can intrude to the
building resulting in major interior damage. Meanwhile, the
internal pressure increases rapidly leading to a significant
overloading on both the MWFRS and C&C that are
probably not designed to handle. Thus, except for the
strength of each structural component, the integrity of the
entire building relies heavily on the adequacy of the
connections between components to properly transfer the
forces. The critical demands in the configuration of wood
buildings under wind loads are the uplift forces along
vertical load paths, particularly at roof-to-wall connection
(RTWC) and the sheathing-to-truss connection (STTC)
(FEMA 1993, Shanmugam et al. 2009, Jacklin et al. 2014),
rather than the bending moment at the knee and ridge, etc.,
as considered in the development process of the ASCE 7.
As such, the design of residential buildings using the ASCE
7 provisions which fail to incorporate the critical structural
responses of this type of configuration would cause the
wrong estimation of wind loads and result in the unexpected
vulnerability of the structure during extreme wind events.
To the authors’ knowledge, the evaluation of the
applicability of the ASCE7-10 on the wood frame
residential building in terms of responses is still missing.
The reason behind is partly due to the lack of having a
significantly detailed and validated finite-element (FE)
model. This model should be able to reflect the actual
performance of wood houses under wind loads by modeling
all the connections which determine the load paths and even
the initial collapse, as summarized by He et al. (2017).
According to the discussions made above, a few notes are
ready for the present study:

1. The purpose of this study is to evaluate the adequacy of
the ASCE 7 code-specified procedures for wind design of
the residential structures that typically consist of the light-
frame wood building. The wind load effect in terms of the
peak pressures that are dependent on the building exterior
geometry is not discussed here since they are not influenced
by the load paths and therefore, cannot reflect the adequacy
of the ASCE 7 to a different type of structures. Instead, a

validated numerical model with detailed component
simulation such as nails is used to evaluate the ASCE 7 in
the response level, i.e. the peak response.

2. Both the MWFRS (including two procedures) and the
C&C methods in the ASCE 7 are applied to compare the
wind effects of DAD methodology based on the pressure
time histories from Louisiana State University (LSU)
aerodynamic database, simply called DAD approach in
some cases later on.

3. The critical demands such as the displacement /uplift
force at connections and roof for the light-frame wood
structure are considered as code performance indicators,
rather than the bending moments for industrial buildings.

4. Some situations are identified that each of the ASCE 7
procedures yields unconservative wind loads on a typical
low-rise residential building.

2. LSU aerodynamic database
2.1 Building model

A 1:50 scale building model is selected from the LSU
database with the prototype being a one-story 5:12 pitched
gable roof residential house with timber construction and a
rectangular plan of 18.3 m by 13.4 m (60 ft by 44 ft) and
overhang height of 3.0 m (9.8 ft). This configuration is
designed in accordance with the South/Key CBG type that
is defined in the Florida Public Hurricane Loss Model
(FPHLM) and intends to be the representative of the United
States residential buildings. This typical building model
mainly consists of four parts: lumber frames, roof and wall
sheathings, connections between sheathing and frame,
frame and frame, and foundation hold-downs as they act as
the critical load bearing components. Especially, unlike the
past models used to evaluate the ASCE 7 standard, openings
along with the induced internal pressures measured from
wind tunnel tests are incorporated for the comparison of the
wind effect between the ASCE 7 standard estimate and the
time-history wind loading design. There are 17 openings in
total, i.e., windows and doors, distributed on the walls to
capture the behavior of the building subjected to internal
fluctuations that lead to the over-pressurization along with
the failure of the structure. More information pertaining to
the opening layout and the geometric configuration can be
obtained from Pan et al. (2013). This scaled model is
mounted with 192 pressure taps (188 external taps and 3
internal taps) and connected to Scanivalve DSA3217/16Px
(Serial#2100), a pressure acquisition system at a sampling
rate of 500 H for 1 hour in full scale as shown in Fig. 2(a).

In the current study, a nonlinear numerical model is
developed by using a modeling methodology for a light-
frame wood structure that is validated by He et al. (2018).
In this model, sheathing panels are represented by shell
elements which are 8-noded quadrilateral with six DOF at
each node to involve system effects and are built to the
realistic arrangement, i.e., roof panels are staggered, and the
discontinuity between the panels are taken into
consideration. Frame members are modeled by 3D linear
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Fig. 2 Building model: (a) the experiment model tested in LSU wind tunnel and (b) the sketch of the model with the

definition of wind angles investigated. (from Pan et al. 2013)

isotropic beam elements that are 2-noded with six DOF on
each node, of which the trusses are assumed to be pinned,
and the rest are considered rigid connected. The
arrangement of these frame members is illustrated in Fig.
1(b). Both the sheathing and beam members are assumed to
have elastic material properties. For the most critical
member that usually initiates the failure of a low-rise
building under wind events, the nonlinear behavior of
sheathing nails is considered in this model and used as
“code performance indicators” to determine how applicable
of the ASCE 7 pseudo pressure coefficients to this kind of
building. Each sheathing nail on the wall is modeled by
three nonlinear spring elements with the force-displacement
relationship in each direction to reflect the translational
capacities. The rotational capacities are considered for
STTCs and each of these nails is represented by six
nonlinear spring elements. In this study, the roof and the
sole plate are rigidly connected to the wall and the
foundation, respectively. This is because the different
RTWC models have negligible effect on the performance
before failure (He et al. 2018). Since the failure stage is not
discussed here, such an assumption is made to simplify the
modeling. As such, continuous load paths are formed to
transfer all the wind loads from the roof and wall to the
foundation. More modeling details related to the element
selection and connection refer to He et al. (2018). Totally,
the model is created by 12,901 beam elements, 39,505 shell
elements, and 50,664 nonlinear spring elements.

2.2 Wind loading

The Boundary Layer Wind Tunnel at LSU is an open
return wind tunnel with a test section of 2.44 m (8 ft) in
length, 1.32 m (4.3 ft) in width, and 0.99 m (3.2ft) in height
and it is powered by a 2.4 m (7.9 ft) diameter fan that is
capable of producing a free stream velocity of up to 12 m/s
(Gregg 2006). An open terrain atmospheric boundary layer
with a roughness length z0 of 0.0142 m is simulated by
setting roughness elements such as carpet on the floor,

spires at the entrance, and saw tooth trip in the downstream
from spires. The external pressure datasets for the LSU
aerodynamic database are collected under three angles,
namely 0° 45° and 90° which roughly covers the entire
angle range due to the symmetric building geometry. For
the internal pressure measurements, the volume scaling is
considered by adding an internal volume chamber to the
building model. More details about the scaling as well as
the internal volume chamber can be found in Pan et al.
(2013). These internal pressure datasets are tested under
eight wind angles over a 360° range at 45° increments with
different opening cases, some of which have been published
by Pan et al. (2013).

For the comparison of wind effects with the ASCE 7
provisions, four loading cases based on the DAD
methodology were carried out in the current study that
employs the pressure datasets from the LSU aerodynamic
database, as illustrated in Table 1. All these cases apply the
external dynamic pressures from LSU database with a
duration of 2s of stable records to reduce the computation
effort. The internal pressure datasets from LSU are used for
the first case subjected to a wind angle of 90° to evaluate
the internal pressure effects as opposed to the previous
ASCE 7 evaluation research with the DAD method that
focused only on comparing the external pressure effects and
used the standard defined internal pressures such as
Coffman et al. (2010). The ASCE 7 defined internal
pressure coefficients are used for the rest cases covering all
three angle cases of external pressure in the LSU database
for consistency. Finally, the DAD responses used for the
comparisons with the ASCE 7 are the peak values, positive
and negative, of all the three DAD cases using the ASCE 7
internal pressure (DAD2 to DADA4). The comparisons
among these four DAD cases (DAD1 to DAD4) are also
discussed and detailed later to investigate the wind
directional effects and code-based internal pressure
coefficients effects. It is noted that in this study, we focus
on the difference of DAD and ASCE 7 based on the
external pressure. Therefore, we use the peak value of
DAD2-DAD4, (LSU wind tunnel external pressure time-
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histories but ASCE-7 internal pressure) to compare with the
ASCE 7 predicted value. Then, we compare DAD1 (90°)
and DAD2 to DAD4 loading cases to demonstrate that if
LSU wind internal pressure is used, the difference between
DAD and ASCE 7 can be even more significant. The DAD1
(90°) is chosen to compare with its counterpart loading case
DAD4 and the other cases because this 90° angle loading
case produces the largest internal pressure (Pan et al. 2013).

In order to compare with the wind effect of the ASCE 7-
10 provisions, the pressure coefficient measures from the
LSU wind tunnel referenced to the mean roof height
pressure are re-normalized to the storm condition specified
in the ASCE 7-10 of a 3-s gust wind speed at 33 ft (10 m) in
an open terrain (roughness length z0=0.03 m, Table C26.7-
2, ASCE 7-10).

qref
Cp,35,10m,zo=0.03m = Cpref X (
q3s,10m, zg=0.03m
v 2 (1)
_ ref
- Cp,ref X V.
35,10m,z¢=0.03m
where
p bi — Do
Coref =——=—"— (2
qref Qref

2
( Vref )
V3s,10m,zo=0.03m

2
_ ( Vier )
Vlh,lOm,zo =0.0142m

2
% (Vlh,lom,20:0.0142m> (3)

V3s,10m,20:0.0142m
V. 2
x ( 35,10m,zo=0.0142m>
V3s,10m,20:0.03m

In Eq. (1), Cp3s10mze=0.03m IS the normalized wind
pressure coefficient; C, .. is the pressure coefficient at the
reference height, testing terrain, and testing wind speed;
grer 1S the dynamic pressure at the upper level reference
height in the wind tunnel measured by the pitot tube; and
q3s10m, zp=0.03m 1S the dynamic pressure at the storm
condition (i.e., 3-s gust wind, 10 m reference height and
terrain roughness length z, of 0.03 m) that is consistent
with that defined in the ASCE 7-10. In Eq. (2), p
represents the net tap pressure and is expressed by the
difference between the model surface pressure measured by
the pressure taps p; and the reference level static pressure
po Simultaneously derived from the Pitot tube. The first
term in Eq. (3) represents the adjustment for height and is
obtained from the velocity profile measured by Pan et al.
(2013); the second term adjusts for the average time taken
from the “Durst Curve” in Fig. C26.5-1, ASCE 7-10; and
the last ratio adjusting for terrain is obtained from the
Engineering Science Data Unit (ESDU 1990) model.

Table 1 DAD Loading Cases

Wind External Internal
Case No.
Angle Pressure Pressure
DAD1 90° LSU LSU
DAD2 0° LSU ASCE 7-10
DAD3 45° LSU ASCE 7-10
DADA4 90° LSU ASCE 7-10

The pressure coefficients measured on the pressure taps
are then discretized to be applied to their tributary area on
the refined finite-element (FE) model, and the applied wind
pressures is calculated by Eq. (4) for a 44.7 m/s (115 mph)
basic wind speed used in the ASCE 7. Pressures in the form
of time histories from the LSU database are used here as a
DAD method to evaluate the ASCE 7 provision.

_ 2
pP= 2 PV35,10m,29=0.03m [Cpe,3s,10m,zo=0.03m @)

- Cpi,35,10m,20:0.03m]

3. Comparison with ASCE 7-10 Provisions

The critical members of a low-rise building subjected to
wind loads can be classified into either the MWFRS or the
C&C based on the definitions given in the standard.
Therefore, the critical demands corresponding to the ASCE
7-10 are calculated following the analytical methods for the
two systems. It states that components can be part of the
MWEFRS when they act as shear walls or roof diaphragms
that transfer wind loads to the ground. For the roof truss
system, the long-span trusses should be designed based on
the MWFRS method, and the individual member of trusses
should be designed by the C&C method (Mehta and
Marshall 1998). Morrison (2010) suggested the toe-nail
RTWCs in building models should be treated in both ways
as it is unclear which category they should be classified to.
Mensah et al. (2011) and Roueche et al. (2015) also applied
both methods to the design of the RTWCs and wall-to-
foundation connections (WTFCs) in an entire building, and
compared the wind effects between the ASCE 7-10 and
DAD directly. It is noteworthy that the loads specified in
the C&C method are not intended to be used when
considering the effects of loads from multiple surfaces, not
to mention to be applied to an entire building. As such, if do
so, one can expect larger structural response on the
component or cladding by following the C&C procedure.
However, in the present analysis, both types of procedures,
MWFRS (ASCE7-10 sect.27.4.1 and ASCE7-10 sect.
28.4.1) and C&C (ASCET7-10 sect.30.4.1) are applied. The
results of them would provide a range of the ASCE7-10
predictions and a more direct comparison to quantify the
differences.

According to the ASCE 7, the current building model is
regarded as enclosed by its opening arrangement, and the
internal pressure coefficient, (GCy), is +0.18 for this
enclosure classification. The basic parameters such as wind
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directionality factor (Ky) and the topographic factor (K)
are 0.85 and 1.0, respectively. All the possible loading
scenarios of the three procedures in ASCE 7, namely the
Directional Procedure, the Envelope Procedure, and the
C&C method are listed in Table 2 considering the symmetry
of the building.

4. Discussion
4.1 Critical demands comparison

Table 3 lists the positive and negative peak responses
obtained through various ASCE 7 procedures and wind
tunnel loadings for the low-rise wood frame building stated
under the 44.7 m/s (115 mph) ASCE 7 basic wind speed.
The responses include the peak sheathing displacement, a
representative indicator of the failure of wood houses on the
roof, and the peak uplift forces at all the critical connections
including the STTCs, RTWCs, and WTFCs. The positive

Table 2 ASCE 7 Load Case Applied

Condition
Cc

Internal

Wind Direction
a Pressure

Combination

Directional
D1
D2
D3
D4
D5
D6

Envelope
El
E2
E3
E4

C&C
C1
Cc2
C3
C4
C5
C6

N P N B

+ +

N/A

v UovUZzz2z2z2

- N/A

ww > >
+

- N/A

T TUvTOO0ZZ

®N = normal to roof ridge and P = parallel to roof ridge for
Directional Procedure (Fig. 27.4-1 in ASCE 7-10); Aand B
for Envelope Procedure refer to Load Case A (452909 and
Load Case B (02459 (Fig. 28.4-1 in ASCE 7-10); P, O, and
N denotes parallel, oblique, and normal to roof ridge for
C&C procedure.

® Internal pressure corresponds to the enclosed enclosure
classification with pressure coefficient (GCp,;) = + 0.18,
where the plus and minus signs signify pressures acting
toward and away from the surfaces, respectively.

¢ Conditions 1 and 2 refer to the two values of external
pressure coefficient for the windward roof in ASCE 7-10
(Fig. 27.4-1).

and negative peak values of the sheathing displacement
represent the displacement perpendicular to the roof surface
out of and into the building, respectively. The positive uplift
force at all the connections represents the vertical forces to
stretch the connections that would cause failure. The
negative value means the forces to push the sheathing to the
truss, the roof assemblies to the wall, and the entire building
to the foundation for the STTCs, RTWCs, and WTFCs,
respectively. Thus, the negative value is not our primary
concern. These selected structural responses are taken as the
code performance indicators to explore how applicable of
the ASCE 7 procedures to the light-frame wood house, a
different structural system from industrial buildings. The
peak values of these code indicators calculated with the
DAD methodology under loading cases DAD2-DAD4 are
compared to the predictions based on all the procedures
provided in the ASCE 7.

As it is shown in the table, the design based on the
ASCE 7 wind loads are not always conservative based on
the positive values of the results under the wind speeds
discussed. The maximum uplift forces on the RTWCs based
on the DAD method are lower than the Envelope Procedure
and C&C method induced values, with the ratio being 0.9
and 0.8, respectively. For the uplift force on the WTFCs, the
DAD prediction is lower than the maximum result of the
C&C method with their ratio being 0.8. However, for all the
other code performance indicators, the DAD predicted
maximum reactions are higher including the uplift force on
the STTCs and the displacement on the sheathing, which
are more influenced by the local pressures. Of the three
critical connections, the ratio in the STTCs between the
DAD and ASCE 7 maximum predictions of all cases (i.e.,
D, E, and C&C) varies from 1.1 to 2.8 that are larger than
the differences in the RTWCs and WTFCs, with the ratios
both being 0.8-1.6. Since the DAD prediction employs the
actual measured wind loading, this large discrepancy on the
responses of the STTCs between the ASCE 7 design and the
DAD predictions indicates the insufficiency of the ASCE 7
design, especially on the roof envelope. Such design
procedure makes the roof sheathing nail the most vulnerable
component for the winds encountered. This vulnerability is
consistent with most common damage being the roof
sheathing blown off reported by the past reconnaissance
such as the Mitigation Assessment Team deployed by the
Federal Emergency Management Agency’s (FEMA’s)
Mitigation Division (e.g., FEMA 2005). In looking at Table
3, for a wind direction that results in the peak uplift force at
the STTCs, all peak responses were observed in the range
of 45°~90°, i.e., 90° for the directional procedure, Load
Case A (45°~90°) for the envelope procedure, and 45° for
DAD method. This emphasizes the importance of the wind
directional effects on the roof where the pressure
distribution is greatly determined by the separation of flow
at the windward edges and the secondary flow separation at
the ridge in accordance with the wind direction.

For the negative peak values, ASCE 7 predictions are
larger than the DAD results and are conservative for most
critical demands only except the STTC uplift force.
However, in every case, these negative peak values are of
considerably less magnitude than their positive
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Table 3 Peak Response in Critical Members discussed under Cat. 2 SSHWS: 115 mph ASCE 7 Wind Speed
Case Peak Sheathing Displacement (m) STTC Uplift (N) RTWC Uplift (N) WTFC Uplift (N)
Type DAD ASCE Ratio DAD ASCE Ratio DAD ASCE Ratio DAD ASCE Ratio
- + 4.0E-02 8.6E-03 4.7 1041.3 218.0 4.8 4555.6 13153 35 8693.8 3484.0 25
-7.9E-03 -2.4E-03 34 608.1 -126.3 48 N/A N/A N/A 44166 -3014.0 15
+ 8.9E-03 45 366.1 2.8 1017.4 45 5047.3 17
vz -8.6E-03 0.9 2209 28 NIA NIA
03 + 1.6E-02 25 435.4 24 2827.6 16 5574.1 16
-2.4E-03 33 -215.0 2.8 N/A N/A -2629.1 17
+ 1.6E-02 25 4287 24 2488.3 18 5503.6 16
. -4.0E-03 2.0 -209.2 2.9 N/A N/A
05 + 2.3E-03 17.7 163.6 6.4 536.8 85 2654.5 33
-1.3E-03 6.2 -145.1 42 N/A N/A -17945 25
+ 7.3E-03 55 180.9 5.8 1539.0 3.0 3318.2 26
pe -2.0E-03 39 -1485 41 N/A N/A -1997.1 22
Mean + 6.2 41 38 22
Value - 33 36 N/A 16
£ + 1.1E-02 37 288.9 36 2439.3 19 3701.4 23
-3.5E-04 226 -140.8 43 N/A N/A N/A N/A
- + 1.8E-02 22 506.4 21 4184.3 11 6522.8 13
-3.5E-04 226 -249.1 24 N/A N/A N/A N/A
£ + 1.7E-02 23 256.5 41 3555.7 13 5818.4 15
-2.5E-03 3.2 -315.6 1.9 N/A N/A -2530.1 17
+ 24E-02 16 473.9 22 8304.5 1.0
B4 -2.5E-03 3.2 -369.1 16 N/A N/A -2367.1 19
Mean + 25 3.0 13 16
Value - 129 26 N/A 1.8
o + 2.8E-02 14 709.2 15 4190.2 11 8385.7 1.0
N/A N/A -424.5 14 N/A N/A N/A N/A
e -6.2E-05 1273 -489.5 12 N/A N/A N/A N/A
+ 2.9E-02 14 635.6 16 3798.3 1.2 8660.7 1.0
e -1.0E-02 08 -420.2 14 N/A N/A -5067.9 0.9
c + 3.4E-02 12 853.7 12 4708.5 1.0 11011.0 0.8
-3.8E-03 21 -476.3 13 N/A N/A -4488.4 1.0
. + 2.9E-02 1.4 462.4 23 3198.7 14 8157.8 11
11E-02 0.7 -474.9 13 N/A N/A
o + 3.4E-02 12 670.5 16 45235 1.0 9020.9 1.0
-6.6E-03 12 -534.2 11 N/A N/A -6528.7 07
Mean + 13 15 11 0.9
Value - 22.0 1.3 N/A 0.8
Note:

The highlighted values are the positive and negative peak values for each ASCE 7 procedure, i.e., D, E, and C.
Ratio= DAD/ASCE. The Ratios less than 1 are highlighted by squares and represent the ASCE 7 design is conservative.

counterparts. Therefore, the efficient capacities and
schedules of sheathing nails and frame connections that are
sufficient for the positive peak responses should also be
sufficient for these smaller negative peak values.

The peak values (positive and negative) of all the cases
for each ASCE 7 procedure are compared with the
corresponding DAD results in Fig. 3. Generally speaking,
the absolute maximum responses based on Envelope
Procedure are larger than the Directional Procedure results
and closer to the results based on the DAD methodology.
The Envelope Procedure developed by enveloping the
critical demands such as the moments is also better at
predicting the critical structural actions such as the uplift
force at connections with closer results to the DAD
predictions than the Directional Procedure for the light
frame wood buildings. For the critical structural actions

mainly subjected to local pressures such as the peak uplift
force on the STTCs, the two MWFRS procedures
(directional and envelope) predict similar values. The
results based on the C&C method is larger than the
MWFRS methods at all the critical demands as expected.
However, even though conceptually using the C&C method
should have overestimated the system effect of the
structure, the responses such as the STTC uplift force
induced by this method is still smaller than the DAD results
indicating the nonconservatism aspect of the design
provision.

4.2 Critical location/ Critical member comparison

Fig. 4 demonstrates the locations of the critical members
that are determined by the load distribution for all the peak
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Fig. 3 Critical demands for residential structures based on ASCE 7 and DAD procedures at sheathing panels, STTCs,
RTWCs, and WFTCs (115mph)
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Fig. 4 Locations of the critical demands for residential structures (115mph): (a) sheathing panels; (b) STTCs; (c) RTWCs;
and (d) WTFCs. (DP: Directional Procedure; EP: Envelope Procedure; C&C: C&C method; LSU: DAD method based on
the LSU database)
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Fig. 5 Critical demands predicted by DAD loading cases (115 mph)

actions discussed here. For the sheathing displacement as
shown in Fig. 4(a), the DP makes a same prediction on the
critical member as the DAD (LSU) prediction with the
location being near the middle of the ridge on the leeward
roof. The C&C method prediction is around the similar
area, but on the opposite side of the roof; the EP predicts the
largest sheathing displacement happening on the same side
as the DAD prediction while close to the head of the ridge.
For the critical location of sheathing panel where the largest
sheathing displacement is, both the predictions made by the
ASCE 7 procedures and DAD method are around the roof
ridge.

Besides the critical envelope components, the critical
connections are discussed. Fig. 4(b) shows that for the
sheathing nail experiencing the largest uplift force, all the
three procedures of the ASCE 7 point to the same critical
member that is on the leading edge near the ridge. In
comparison, the LSU critical point is on the other end edge
that is symmetric about the center line of the building in the
gable wall direction. Both the critical STTCs predicted by
ASCE 7 and DAD method are located on the edge of roof
by the gable wall while on the opposite side. In Fig. 4(c),
the critical RTWCs under the ASCE7 procedures are on the
same truss but different ends: the members based on the EP
and C&C method are on the wind ward end and the DP
prediction is on the other end. The DAD prediction of the
critical RTWC is on the leeward side but closer to the gable
end, which makes the DP a closer prediction on the same
side of the roof. Being the last structural member along the
load path, the critical WTFC predicted by all the methods

are on the wall studs by the large openings as shown in Fig.
4(d), i.e., front and back door, which is partly accounted for
by the fact that there are WTFCs right under every stud in
this current model. Overall, the Directional Procedure is
found to yield closer predictions on the critical members to
the DAD predictions, indicating the load distribution
defined in the Directional Procedure is closer to the actual
one.

4.3 Wind directional effects and code-based internal
pressure coefficients

The structural responses under all the four DAD loading
cases detailed in Table 1 are shown in Fig. 5. The DAD1
predictions using wind tunnel measured internal pressures
under 90° winds are plotted in the same figure as the rest
DAD predictions that employ the ASCE 7 internal pressure
values to illustrate the discrepancy induced by using
different internal pressure coefficients. This item also serves
as a reference to deduce the peak realistic structural
responses under other wind directions. The peak responses
predicted by DAD1 loading cases have increased, compared
with their counterparts based on DAD4, by 120%, 122%,
11%, and 91% for the STTC uplift force, RTWC uplift
force, WTFC uplift force, and sheathing displacement,
respectively. These larger discrepancies are induced by the
larger internal pressures measured in wind tunnel. This
indicates that the underprediction of the ASCE 7 illustrated
earlier can be even more significant based on realist internal
wind loads.
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Among the loading cases using the ASCE 7 internal
pressures, i.e., DAD2-DAD4 as shown in Figs. 5(a)-5(d),
the peak values of all the demands for residential houses
considered here are obtained under oblique incident winds,
i.e., 45°. As such, in terms of the critical wind direction, the
ASCE 7 provision is not applicable to the residential house
design.

5. Conclusions

This study evaluated the adequacy of wind design by
using the ASCE 7-10 wind provisions on residential
buildings. A review of the methodologies behind the ASCE
7-10 procedures showed a great gap between the industrial
building type which the code is developed upon and the
residential constructions with different configurations,
namely material property and inter-connections. Based on
the discussions of the present study, the following can be
concluded and recommended.

) The adequacy of the ASCE 7 methods, including the
Directional Procedure and Envelope Procedure for MWFRS
and the C&C method, to the design of low-rise wood
buildings in terms of matching critical structural actions
calculated from the actual wind tunnel loading is not a clear
cut. The Directional Procedure is found to be consistently
unconservative; the Envelope Procedure may over predict
or predict close critical actions at the RTWCs and WTFCs
while not sufficient for the responses governed by local
pressures such as the uplift force on the STTCs. The C&C
method that has incorporated the system effects is
conservative for most actions as expected except the STTC
uplift indicating the even larger underestimations of the
ASCE 7 on these demands. As stated above, the design of
ASCE 7 is unconservative especially on the vulnerable
STTCs. Therefore, for the structural actions determined
more by local wind pressures, the design that follows the
ASCE 7 provisions has a great chance of being
unconservative.

. Between the two procedures for the MWFRS, the
Directional Procedure represents envelopes of the real wind
loads acting on the building as opposed to the Envelope
Procedure that uses the fictitious load fitted from the values
of postulated critical reactions. Therefore, the wind effect
followed by the Directional Procedure will not be
influenced by the load paths and sharing of a specific
configuration, and less difference is expected from that of
DAD. However, the Envelope Procedure is found to result
in higher response and be generally better at predicting the
critical demands for wood houses compared with the DAD
approach than the Directional Procedure in the sense of
magnitude. Regarding the location of the critical member,
the Directional Procedure does a better job.

. For the loading scenarios considered, the critical
wind angle that may trigger the first failure of wood framed
buildings on the vulnerable members including the
sheathing panels, the STTCs, the RTWCs and the WTFCs is
found to be oblique, i.e., 45°

o To allow the ASCE 7 provisions to be confidently
used on wood residential houses, research should be
undertaken for a more comprehensive set of comparisons in
the future for buildings with various geometries and wider
potential critical actions. The methodology to envelop the
critical reactions is superior in targeting directly at the
structural response, but it is limited in exhausting all the
constantly evolving structural configurations. A new
methodology is expected to revise the ASCE 7 wind loads
code that can inherit the merits of both the current
procedures to eliminate the underestimation of wind effects
and reflect the critical member under wind loads.
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