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INTRODUCTION
A well-designed structure balances two key aspects 1) adequate strength to resist

the loads applied to it, and 2) an efficient design so as to not waste unnecessary resources
or time in construction. To meet these conditions, it is imperative to understand the flow
of loads through a particular structure so that locations that have the greatest load
concentrations can be strengthened. Light-frame wood structures are statically
indeterminate, and often contain very complex structural systems, the behavior of which
often cannot be captured by simple hand calculations or 2D modeling methods.

Due to their lightness, one particular concern with these structures is their
performance under high wind loading. Direct property damage from natural disasters in the
U.S. each year exceeds $35 billion, and between 1970 and 2012 approximately 70 percent
of insured losses were from wind damage (Holmes 2017). Hurricanes such as Harvey in
2017, and tornadoes such as the one in Joplin, Missouri in 2011, reveal that there are still
deficiencies in the design, construction, and inspection of light-frame wood structures, and
opportunities for building codes to be updated.

The failure of roof-to-wall connections, particularly on gable roofs, has been the
focus of much study, as well as wall-to-foundation connections that have failed under
extreme wind loading (van de Lindt et al. 2007). Sheathing loss in hip roofs, while less
common than in gable roofs, has been noted to occur not only via connection failures, but
also due to structural damage to framing members in the roof (Stevenson 2017). These
failures can occur in truss framed roofs, but are much more prevalent in stick-framed roofs
with long unsupported members and toe-nail connections at each end of the members.

Understanding the behavior of these complex light-frame wood structures can lead
to proper retrofitting of existing structures, as well as in the design of new structures, in
areas at risk to severe wind loads. The best method to gain understanding of load flow
requires physical testing of either full-scale or scale model structures. However, such
research can be both time consuming and expensive. Computer models have been
developed to reduce costs and permit study of a wide variety of structures and loadings.
Martin et al. (2011) used a SAP 2000 model based on research done at the University of
Florida, with physical tests on a 1/3™ scale rectangular structure, as well as wind tunnel

testing on a 1:50 scaled model. Pfretzschner et al. (2014) built upon the methods of Martin
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et al. (2011) and compared results to physical testing conducted by Paevere et al. (2003)
on an L-shaped building. Thus, these methods can now be used to investigate more
complex existing and new structures with reasonable confidence that the results will

accurately reflect the behavior of the actual structure.

OBJECTIVES
The primary objectives of this project were: (1) to apply the computer modeling

methods developed by Martin et al. (2011) and Pfretzschner et al. (2014) to analyze an
existing residential structure with a complex geometry; and (2) to investigate wind and
gravity load paths for that building and determine geometric features that cause load

concentrations.

RESEARCH APPROACH
The modeling methods used in this study were developed by Martin et al. (2011),

and further refined by Pfretzschner et al. (2014) using SAP2000 finite-element analysis
software. As with the previous two projects, an emphasis was put on practical modeling
procedures, modeling connections simply as either, pinned, rigid, or with a spring. Further,
all modeling and analysis was done within the elastic range, and thus, no non-linear
analysis was done. For all materials, industry standard properties were used, with the
exception of shear stiffness for the plywood sheathing; for this, results from Pfretzschner
et al. (2014) were adopted.
Using these previously developed methods, the model was subjected to:

1. Gravity Load Investigation: Dead, live, and snow loads, as well as combinations
thereof, were applied as uniform loads to the shell elements representing the
sheathing.

2. Wind uplift investigation: Wind loads, in accordance with the all-heights method
in the 2014 Oregon Structural Specialty Code (OSSC), were applied as uniform
loads orthogonal to all of the house’s external surfaces. Due to the building’s
geometric complexity, wind coming from all four orthogonal directions was

considered. Once modeled, uplifts at anchor and hold-down points were evaluated.



3

3. Wind base shear investigation: Wind loads were applied in the same manner as
in the uplift investigation, however, instead of examining the uplift forces, the shear
forces in the anchor bolts were evaluated. Additionally, a modified structure was
created by sheathing one of the interior walls, so as to investigate the influence of

adding an extra shear wall.

Results for these investigations are discussed in the manuscript, and detailed results can be
found in Appendixes G-I
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ABSTRACT: The objective of this study was to investigate load paths in an existing
light-frame wood structure with complex geometry, using previously established
computer modeling methods. The structural model is derived from an existing, multi-
level residence located in Corvallis, Oregon. For the purpose of this study, the existing
structure was simplified in some respects, then analyzed using a commercial finite-
element software. Modeling methods developed in previous research were used for both
gravity and wind loads in accordance with the 2014 Oregon Structural Specialty Code
(OSSC), and ASCE 7-10. The modeling and analysis were done using SAP 2000 for
behavior within the linear elastic range using frame and shell elements. Results from the
study showed gravity load paths and the governing load combinations for different parts
of the structure. Wind investigations revealed load concentrations at corners and openings
due to uplift pressure on the roof, as well as overturning forces from lateral wind loads on
the walls. Additionally, load concentrations are dependent on wind direction and the
loading type, as well as the amount of dead load present. Load path investigations show
that for this asymmetrical structure, the shear carried in each wall is dependent on the
wind direction, and the stiffness of the wall. By adding an additional shear wall to the
structure, the base shear redistributes with shear wall loads closest to the added shear wall
seeing the greatest reductions. Finally, stress concentrations in the roof sheathing under
wind loads revealed that a truss extending up the slope of the roof, perpendicular to the
other trusses, can cause high stress concentrations due to the stiffness it adds in

comparison to the rafters surrounding it.



INTRODUCTION
Every year in the U.S. direct property damage from natural disasters exceeds $35

billion, and between 1970 and 1999 approximately 70 percent of insured losses were from
wind damage (Holmes 2017). Wind storms such as hurricanes Katrina in 2005 and Harvey
in 2017, as well as tornadoes such as the one seen in 2011 in Joplin Missouri have shown
that wind damage is still a major issue, particularly for light-framed residential houses,
even ones built under more recent building codes. Due to their lightweight nature, these
residential structures are particularly susceptible to uplift forces, so it is important to
understand where failures tend to occur, and what can be done to help mitigate the damage.

A well-designed structure is both strong enough to resist the loads applied to it, as
well as efficiently designed, to reduce cost, materials, and construction time. To
accomplish this, one needs to understand how the loads flow through the structure so that
we can strengthen and properly design all of the structural elements and connections along
that path. Various aspects of the building’s overall geometry, as well as the stiffness and
orientations of individual elements, affect the building’s response to different types of
loadings. For wind loads, one needs to investigate how the house’s geometry affects the
uplift forces, to know which hold-downs must be strengthened. Similarly, the wind-
induced shear force distribution on the foundation is needed to ensure that the anchor bolts
are sufficient.

Analyzing the behavior of a structure can be done either using physical tests or
computer modeling methods. To develop good computer modeling methods, it is important
to calibrate the model with a (hopefully full-scale) physical test. This was done by Martin
et al. (2011) modeling a rectangular building that had previously undergone physical wind
tunnel testing, and also by Pfretzschner et al. (2014) with an L-shaped house that previously
experienced physical testing as well. Both models were linear-elastic in SAP2000 and
produced results similar to the physical tests.

A one-third scale physical model tested at the University of Florida served as the
basis for Martin et al. (2011). The material properties for the rectangular building were
based on industry standards and sheathing was modeled as solid shell elements with its
stiffness modified for different nail spacing. The computer analysis was consistent with the

physical tests for both lateral and uplift wind load cases.
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Pfretzschner et al. (2014) built upon the methods established by Martin et al. (2011)
to model an L-shaped house that had undergone full-scale physical model testing by
Paevere (2002). The house was one-story but included several doors and windows that
added to the geometric complexity. Pfretzschner et al. (2014) investigated the effects of
lateral as well as uplift wind loads similar to Martin et al. (2011), and showed that re-
entrant corners and wall openings cause load concentrations. Also, particularly due to the
asymmetrical nature of the building, load concentrations are affected by wind direction,
meaning, wind loads from all four directions must be investigated. The modeling methods
established by Pfretzschner et al. (2014) were the primary source for this current
investigation with a more complex geometry.

Malone (2013) furthered the research by comparing load paths in light-frame versus
timber frame structures. His model was not based upon any physically tests, rather it relied
upon the verified modeling methods of Martin et al. (2011) and Pfretzschner et al. (2014).
Malone (2013) investigated not only wind, but also gravity loads, something the previous
studies had not. Dead loads were incorporated into the member’s self-weight, while live
and snow loads were applied directly to shell elements, similar to how wind loads had been
applied in previous studies.

Aspects of all three studies will be applied in this current investigation. Modeling
methods are primarily based upon Martin et al. (2011), wind applications are similar to
Pfretzschner et al. (2014), and gravity loadings similar to that of Malone (2013).

OBJECTIVES
The two primary objectives of this project were: (1) to apply the computer modeling

methods with SAP2000, developed by Martin et al. (2011) for a rectangular building, and
Pfretzschner et al. (2014) for an L-shaped building, to an existing residential structure with
a complex geometry; and (2) to investigate the effects of wind and gravity loads on a light-
frame wood structure with a complex geometry to determine load paths and geometric

features that can cause concentrations of forces.



MODELING METHODS

The Modeled House
The modeled house in this study was based upon one actually located in Corvallis,

Oregon (Figure 1). The existing house has three stories, one of which is a daylight

basement, and was built using light-framed wood construction.

Figure 1: Top: Front (left) and back (right) views of the house.

Bottom: Front (left) and back (right) views of the computer model.

Several modifications were made during the process of converting the existing
structure to a computer model. These changes were made either to simplify the modeling,
or because the house plans were not entirely clear or complete. First, the original house is
three levels with a daylight basement. This daylight basement was removed because it
contained a concrete retaining wall. The primary focus of this research is on investigating
load paths in light-frame wood structures, so the concrete wall would introduce an
unnecessary complicating factor in several respects.

Other changes included reducing the height of the first story from 274 cm (9-feet)
to 244 cm (8-feet) so as to have more consistency in wall stiffness, removing the first floor
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bay windows located on the “north” face of the house to eliminate some complexity, and
several other minor dimensional changes to simplify the geometry of the structure and
make it more consistent for modeling purposes.

The structure has several interior walls, and with the exception of the garage walls,
most are not considered sheathed. The west-most interior wall was originally modeled as
not being sheathed. However, to study the influence of sheathing this wall had on load
paths, sheathing was added to the wall for a modified version of the structure that is

compared to the original structure later in this investigation.

- 208 - 130
125 11.6 ]
: I Measurements
—L in meters
| | I - |

= Sheathed, shear resisting wall.
— Interior wall. Not sheathed

Wall modeled as not sheathed in all cases, except where
noted otherwise

Figure 2: Left: First floor floorplan. Right: Second floor floorplan.

The house’s diaphragms are the 2nd floor, which consists of 13 mm (1/2 in)
plywood on top of BCI 90 I-joists, as well as the roofing systems. No sheathing was

assumed to be in the ceilings to create diaphragms.
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Figure 4: Plan view of roof framing.

P

Figure 5: Left: Truss 1 in Figure 4. Right: Truss 2 in Figure 2
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The roof system (Figure 4) is made up of various trusses, an example of which can
be seen in Figure 5 (for details on all trusses see Appendix B). The majority of the trusses
run north-to-south with the exception of: (1) over the protrusion and garage on the south
side of the building; and (2) a single truss running east to west up the slope of the eastern
second story roof (see Truss 2 in Figures 4 and 5). This truss will be important to the results.

The framing members for the structure, including all studs, top and bottom plates,
rafters, and floor I-joists, were modeled using SAP 2000 frame elements, with each
member being modeled through its centerline. In cases where multiple members were
nailed together (double studs, top plates, and trusses), they were modeled as one solid
member. All material properties are based on the National Design Specification (NDS)
(AWC 2015), with the exception of the I-joists used in the second floor with material
properties from Boise Cascade. All top and bottom plates, as well as the top and bottom
chords of all trusses were modeled as continuous members in accordance with both Martin
et al. (2011) and Pfretzschner et al. (2014).

BCI 90 Joist

2x4 Top Plate

4x12

Glulam Stairwell

TG1 Truss

Garage

Garage

Figure 6: Second floor framing plan showing I joists, as well as top plates and
supporting beams.
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Sheathing

Since few details were available on the sheathing used for the house that was
modeled in this study, the methods and material properties used by Pfretzschner et al.
(2014) were adopted. Wall and roof sheathing elements were modeled using the SAP 2000
layered shell feature, which allows for multiple materials and layers within one shell
element. All wind-resisting walls were modeled with both 9.7 mm (3/8™) plywood as well
as GWB (gypsum wall board) layers, while the roof was modeled using only one 12.5 mm
(1/2™) plywood layer. When modeled, each shell was not broken into 1.22 m x 2.44 m (4
ft x 8 ft) sheets as plywood on the typical house would be, but was modeled as if the
plywood were one continuous sheet, as done in both Martin et al. (2011) and Pfretzschner
et al. (2014). The shells were then meshed into smaller elements, as seen in Figure 8. It is
important when meshing that nodes intersect with frame members, and if there are shell
elements connecting to each other, that the nodes align, so that the stresses may be properly
transferred. As such, due to the unusual geometry of the house, unlike Pfretzschner et al.
(2014), a single shell could not be used to model each side of the house, but rather several
shells were assigned to each wall or roof area so that the above conditions could be met.

The material properties used for the sheathing and gypsum wall board (GWB) are
based off of properties calculated by Pfretzschner et al. (2014). Plywood properties were
calculated using OSULaminates (Nairn 2007) based on the thickness and orientation of
each layer and the total number of layers. These properties are used for each of the walls
within the house, with the exception of the G12 shear stiffness; this had to be calculated
separately. The G12 property varies approximately linearly, based on wall length as
discussed by Pfretzschner et al. (2014), and shown in Figure 7. See Appendix B for a
detailed discussion on determining G12.

Gypsum wallboard (GWB) properties were assigned based on values from the
Gypsum Association (2010), and G12 values for GWB were found in a similar manner as

for the plywood.
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Figure 7: (Left): G12 stiffness for plywood sheathing vs. wall length. (Right): G12
stiffness of GWB vs. wall length. (Pfretzschner et al. (2014))

Figure 8: Example of a meshed wall. Vertical lines as well as top and bottom lines
are frame elements, while the interior horizontal lines divide the shell into smaller
elements. The vertical springs at each end represent hold downs, while the
intermediate horizontal and vertical springs represent anchor bolts.

Frame connections
The connections between all framing members are modeled as either pinned or

rigid; no partially fixed or spring connections were used. Wall studs are modeled as pinned
in the “in-plane’ direction with the wall and rigid in the “out-of-plane” direction. This
allows for lateral load to be transmitted properly through the sheathing.

Truss web members have pinned connections, while the top and bottom chords are
continuous. The top members are pinned to each other, as well as to the bottom chord.

However, the bottom chord has a fixed connection with the wall’s top plate.
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Wall Anchorage
Anchor bolts and hold-downs were both modeled using linear springs located at
joints where studs meet the bottom plate. In an actual house these hold downs and anchor
bolts would be located slightly off the stud; however, for modeling purposes it is easier to
locate them beneath the studs, and the stiffness and load flow is not significantly affected.
Anchor bolts had three orthogonal springs to resist both base shear and vertical loads, while
hold downs only consisted of a single vertical spring. As with Martin et al. (2011), the
common Simpson Strong-Tie HUD2 hold down was used; the axial stiffness of which can
be found in Simpson Strong-Tie (2012). Also in accordance with Martin et al. (2011), the
shear stiffness of the anchor bolts was based upon a procedure recommended by the
American Wood Council, and the axial stiffness determined by testing done by Seaders
(2004). Hold-downs are located at each corner, while anchor bolts are spaced no more than
1.22 m (4 feet) apart, in accordance with the International Residential Code (IRC) Section
R403.1.6.

Table 1: Hold-down and anchor bolt stiffness (Martin et al. 2011)

Item X-Direction | Y-Direction | Z-Direction
- Shear - Shear - Axial Source
(kN/cm) (kKN/cm) (kN/cm)
Hold-Down 61.3 Simpson Strong Tie (2008)
Anchor Bolts 114 114 61.3 NDS (AWC 2015 and
Seaders 2004)

Material Properties:
All framing members, except for the I-joists used in the second floor diaphragm,

are considered to be either Douglas Fir #1 & Better, or Douglas Fir #2. The material
properties were taken from the NDS (AWC 2015) with incision, wet service, and

temperature factors applied (all of which were 1.0 in this case).



Table 2: Material properties of framing members
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Item Species — MOE (GPa) Poisson’s | Density | Poisson’s Ratio
Grade Ratio (kg/m?3) and Density
source
Truss top chords DF-#1 & 12.4 374 510
Btr Wood Handbook
Studs, top and bottom DF- #2 11.0 374 510 (USDA 1999)
plates, posts and beams, NDS
other truss members (AWC
Glulams Western 11.7 | 2015) 295 600
Species
24F-V5

Sheathing values for the plywood and GWB can be found below in Table 2, and in Figure

7 for G12 properties.

Table 3: Material Properties of sheathing elements

Ui, =0.011

G2 = 482 MPa (70 ksi)

(Flexural Properties)

Material Properties Source
Plywood Sheathing E1 = 8280 MPa (1201 ksi) Pfretzschner et al. (2014)
(Roof) E, = 2393 MPa (347 ksi) OSULaminates (Nairn 2007)

Plywood Sheathing
(Walls)

E; = 7017 MPa (1018 ksi)
E = 3657 MPa (530 ksi)

Up = 0.016

Pfretzschner et al. (2014)
OSULaminates (Nairn 2007)
(In-Plane Properties)

Gypsum Wallboard
(Walls)

E; = 1820 MPa (264 ksi)

Up = 0.3

Gypsum Association (2010)

Flooring

The second floor diaphragm consists of plywood sheathing over I-joists serving as

floor beams. Since no details were available, the properties of these I-joists were also used

to model the edges of the diaphragm between the first and second floors.

Loadings

The loadings considered in this study include: dead, live, snow, and wind. The ASD

load combinations used can be seen in Table 4.




16

Table 4: Loading combinations used in this study

ASD Gravity Load Combinations ASD Wind Load Combinations
D 0.6D + 0.6W
D+L 1.0D + 0.6W
D+S
D +0.75L + 0.75S

Building dead loads were incorporated into the SAP 2000 model of the structure in
the self-weight of the materials, as well as with uniform area loads applied to each shell as
extra weights for walls, roofs, windows and doors based on building weight estimates from
Boise Cascade.

Table 5: Additional uniform dead loads applied to shell elements (Boise Cascade).

ltem Walls Doors & Windows Floor Roof
Loading 239 Pa (5 psf) 143 Pa (3 psf) 192 Pa (4 psf) 192 Pa (4 psf)

Live loading was only considered for the 2nd story, and was applied as a uniform
1.92 kPa (40 psf) in accordance with the ASCE 7-10 Chapter 4 (ASCE 2010) . For snow
loading, a uniform minimum of 978 Pa (20 psf) was applied to the entire roof. This loading
was considered over a projected area. Sliding snow and unbalanced loading scenarios were
not considered for this study

Wind loading analysis was done in accordance with the 2014 OSSC, using the “All-
Heights Method” that can be found in section 1609.6. This method is similar to the
Directional Procedure in the ASCE 7-10 (ASCE 2010). The ASCE 7-10 wind speed for
this region is 120 mph, and the house is considered to be exposure category B on flat
terrain.

In this procedure, a uniform area wind pressure is applied perpendicularly to each
external surface of the house. The pressure on each surface is determined by equation 16-
35 in the 2014 OSSC, and using the Cret factor found on Table 1609.6.2. Both positive and
negative internal pressure cases were investigated, as well as conditions 1 and 2 for both
of these. Furthermore, due to the asymmetry of the structure, these wind loads had to be
applied from each direction. This results in there being a total of 16 different wind load
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applications. For the purposes of this study, the wind direction refers to the direction from

which the wind is coming and which will be considered the “windward wall”.

Table 6: Wind loads applied perpendicular to wall and roof elements. A positive

internal pressure is considered to be pushing outward from the interior of the
building, while a negative internal pressure is a suction.

Windward | Leeward | Side | Windward | Leeward | Parallel to
Wall Wall Wall Roof Roof Ridge
(kPa) (kPa) (kPa) (kPa) (kPa) (kPa)
Positive Internal | Condition 1 -0.49 0.58 0.75 0.53 0.75 1.23
Pressure Condition2 |  -0.49 058 | 075 | -0.07 0.75 1.23
Negative Condition 1 -0.82 0.24 0.40 0.18 0.40 0.89
Internal Pressure [ congition2 | -0.82 024 | 040 | -0.42 0.40 0.89
! v / ;
_trrrvarvror o - \“\“,’, >
= S T T T O R T R I 1 I i
r"s v r1r v
’ _ Positive Internal Positive Internal
Wind- North ‘ Wind- South Condition 1 Condition 2
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rrTrrrr v rfrTsrr2r v
Negative Internal Negative Internal
Wind- West Wind- East Condition 1 Condition 2

Figure 9: (Left): Wind load directions. (Right: Positive and negative internal load
cases, as well as conditions 1 and 2.

Model Verification

Verification of the modeling methods was done in previous studies by Martin et

al. (2011) and Pfretzschner et al. (2014). To ensure that the current model exhibited
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correct behavior, several wall elements were looked at independently to confirm their
behavior was consistent with walls in Pfretzschner et al. (2014). Additionally, several
lateral and horizontal loads were placed on the structure to confirm equilibrium of

reaction forces and applied loads.

RESULTS AND DISCUSSION

Gravity loads
The purpose of the gravity load investigation is to evaluate where gravity loads for

this structure concentrate, and which load combinations govern different reactions.
Additionally, the stresses on roof and floor shells are examined to evaluate stress

concentrations there as well.
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Figure 10: Plots of reactions for each individual gravity load type (dead, live, and
snow). Larger bubbles represent larger reactions at that location.

Gravity load reactions are seen in Figure 10. Dead loads are spread proportionally

throughout the structure with loads under the second story being greater, and
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concentrations near corners, with decreases under windows. Live load reactions are most
heavily concentrated at the interior walls and columns, while there is little to no loading
under the east- and west-most portions of the house that are not under the second story,
thus having no live loading on top of them. Snow load reactions are relatively evenly
distributed on the exterior walls, but there is little to no loading on the interior walls under

the second story, aside from the garage walls

These loadings then can be combined using the load combinations in Table 3 to
produce each of the plots in Figure 11. Figure 12 was then generated by comparing these
three plots and taking the maximum reaction. From this, the governing load combination
at each point can be seen. The east- and west-most portions of the house, which have no
second story, and thus no live loads on top of them, are governed by the D + S combination.
Interior walls and columns on the first floor are generally governed by the D + L
combination, while exterior walls surrounding the second floor are governed by the D +
0.75L + 0.75S combination. There are a few notable exceptions, however: (1) The eastern
half of the north garage wall (wall line B in Figure 3) supports a second story interior wall,
which in turn supports a truss going up the slope of the east-facing second story roof, and
as such carries a lot of snow load as well. (2) The west-most interior wall (wall line 2 in
Figure 3) has the two roofs meeting here, supplying additional snow load, and the wall is
not supporting much live load, as it runs parallel to the floor joist. (3) Probably the largest
oddity at first glance is that the D + 0.75L + 0.75S combination governs the reactions
between the two garage doors. This is due to a truss that spans north to south over the
garage and carries much of the second floor live loads that overhang the garage (see Figure
5).



20

To evaluate the stress concentrations in the roof and floor sheathing, Von Mises
stress maps were created. The roof stress map in Figure 13 is based upon the D + S loading
combination, while the floor stress map is based on the D + L combination. The largest
stresses on the roof are concentrated around the truss going up the slope of the eastern
upper roof (Truss 2 in Figures 4 and 5). For the second floor sheathing, the stresses tend to

concentrate around walls.

D+L D+S
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Figure 11: Plots of each gravity load combination. Larger bubbles represent larger
reactions at that location.
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Gravity Loads: Maximum Reactions
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Figure 12: Plot showing the maximum load and governing load combination at each

reaction. Larger bubbles indicate larger reactions. Colors indicate the governing

load combination.

Figure 13: Left: Plot of maximum stresses in the roof shell based on D + S loading
combination. Right: Plot of maximum stresses in the second story floor shell based
on D + L loading combination. Von Mises stresses are in kPa
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Wind Loads

Three primary aspects of wind load paths were investigated during this study: 1)
vertical uplift reactions; 2) horizontal base shear reactions; and 3) stress concentrations in
the sheathing on the roof. For all three, all 16 wind load cases were investigated using both
the 0.6D + 06W and 1.0D + 06W loading combinations.
Uplift

Table 7 displays the total uplift on the structure due to wind for each wind loading
case. Positive internal pressure with condition 1 (in bold) provides the largest total net
uplift, though this may not be true for each individual base reaction. Wind from the east
and west directions also result in greater uplift than wind from the north and south for this
particular structure. This is due to the fact that the greatest uplift loads are applied to roofs
parallel to the wind direction, and in this structure, which is wider in the E-W direction
than in the N-S direction, there is more roof surface area facing north and south than east
and west. Further, it can also be seen that wind from the north and the east produces greater
uplift than wind from the south and west, respectively. This is due to more roof surface
area, and less wall surface area, on the south and west sides of the building.

Table 7: Total uplift on entire structure for each wind loading case and wind

direction. A negative load indicates an uplift on the structure while a positive force
indicates a downward force.

Direction | Positive Internal | Positive Internal | Negative Internal | Negative Internal
—Cond. 1 (kN) | —Cond. 2 (kN) Cond. 1 (kN) Cond. 2 (kN)

North -144 -121 -90 -67

South -142 -115 -88 -61

West -148 -123 -95 -69

East -151 -134 -97 -80

To evaluate the uplift reactions on a more localized level, the plots below in Figures
14-16 display the uplift force at each reaction, with empty bubbles representing positive
uplift forces and solid bubbles downward forces, for both the north and east wind

directions.
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Figure 14: On the left is a plot of reactions from wind loads only applied on the
walls, and not on the roof. On the right is a plot of reactions from wind loads only
applied on the roof. Wind loading is using positive internal pressure and condition 1
and is from the north.

North - 0.6W Only - Positive Internal - Condition 1 North - 0.6W + 0.6D - Positive Internal - Condition 1

?@‘9—9—9‘%% . M@@% N
: C) D;
; O ’ 0 ’
3 o OO oo o c:) O O 8 6 o o
3 SR
b :
I Max:-4.§6kN 6 © Max=-169kN |
7 (-1.05 kips) . 00 (-375 Ibs)
O . °
D
= i@*@a@ ob

Figure 15: On the left is a plot of the reactions from both wall and roof wind loading
using the positive internal pressure, condition 1 loading scenario from the north. On
the right is the 0.6D + 0.6W case.
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Figure 16: On the left is a plot of the total reactions from both wall and roof wind
loading using the positive internal pressure, condition 1 loading scenario from the
east. On the right is the 0.6D + 0.6W case.

From the plots in Figures 14-16, certain general patterns can be seen, as well as
load concentrations specific to this structure. Also, when combined with dead loads, the

resulting uplifts look significantly different.
Looking at the wind load-only plots, it can be seen that:

1) For walls that are parallel to the wind direction, uplift tends to be higher on the
windward corners. This is due to overturning moments which result in uplift reactions
closest to the windward corner, and downward reactions closer to the leeward corner. This
is largely the result of overturning moments created by wind pressure on the walls as can
be seen in Figure 15. The uplift from roof pressure is generally less at the corners; however
to counterbalance the overturning moments from wind pressure on the walls, uplift is
produced at the windward corners, and downward forces at the leeward corner, with
reaction forces varying between them. Note that the wind pressures on the walls always

result in zero net uplift.

2) Uplift is reduced under windows, and increased around doorways. This can be

seen most prominently at the corners of the garage (Figure 16).

Due to the floor rafters running north and south, the incorporation of the dead load
in the 0.6W + 0.6D plots has the greatest influence on the north and south exterior walls

under the second story, as well as the north garage wall. The east- and west-most exterior
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walls carry less dead load resulting in higher net uplift. The western interior wall (wall line
2), which is under the second story and thus carries greater dead loads, also experiences
net uplift. This is due to this particular wall experiencing uplift both from the upper roof to

the east of it, as well as the lower roof to the west of it.

One particular reaction stands out in the wind load-only plots. This reaction located
in the southern part of the west garage wall (see the maximum uplift note for the wind load-
only plots in Figures 14 and 16), is the result of uplift forces from both the upper roof, as
well as the truss spanning east to west over the top of the garage, who’s loads
predominantly flow down to that reaction as well. This large tributary area results in both
high uplift from wind loads, but also greater dead loads, making the net uplift using the

0.6W + 0.6D load combination minimal.

The 0.6W + 0.6D and 0.6W + 1.0D load combinations can be applied using all four
wind load cases, with wind in all four directions to result in the maximum and minimum
plots shown in Figure 17. These plots show the absolute maximum downward force at each
reaction from all 32 possible cases, and the maximum uplift from all 32 cases (Note: not

all reactions have an uplift force for their minimum reaction).

Maximum Downward Force from All Wind Load Case Maximum Upward Force from All Wind Load Case
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Figure 17: Left: Absolute maximum downward force at each reaction considering
all 32 wind and dead loading cases. Right: Absolute maximum upward force at each
reaction considering all 32 loading cases and both wind load combinations (note: not

all reactions experience uplift). For both plots, solid bubbles indicate a downward

force, while empty bubbles indicate an uplift force
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As can be seen in Figure 17 above, corners and ends of walls tend to have the
highest uplift reactions, as well as around openings such as the garage door. This is
consistent with the findings of Pfretzschner et al. (2014). The maximum downward
reactions are concentrated around the exterior walls under the second story, and the garage
wall, due to the increased dead loads on these walls. Also note that the maximum
downward force is significantly less than the maximum downward force seen for the

gravity loads only in Figure 12, thus gravity loads control in downward forces.

Lateral Loads
The base shear created by wind loads is shown in Table 8. For lateral loading only,

the 0.6W + 0.6D load case was investigated. Conversely to uplift loads, the greatest total
base shear generally occurs for wind directions perpendicular to the longer side of the
building and under condition 2 loading. Additionally, the greatest base shear occurs when
the side of the house with the greater wall area compared to roof area is considered to be
the windward wall. This means for this model the wind from the north with negative

internal pressure and condition 2 loading results in the greatest base shear (see Table 8).

Table 8: Total base shear from 0.6W + 0.6D load case

Direction | Positive Internal | Positive Internal | Negative Internal | Negative Internal
—Cond. 1 (kN) | —Cond. 2 (kN) — Cond. 1 (kN) — Cond. 2 (kN)

North 50.4 61.9 51.7 63.2

South 46.3 60.0 45.0 58.7

West 32.2 44.4 32.6 44.8

East 39.3 48.0 38.9 47.3

Base shear is divided among up into six wall lines for the north and south wind load
cases, and 4 wall lines for east and west wind load cases, as seen in Figures 17 and 18.
Base shear for the negative internal pressure and condition 2 loading case for winds from
both the north and south can be seen in Figure 18. Shear along walls 1, 2, 4 and 6 remained
relatively constant between the north and south loadings, however, for the northern wind
wall 5 experiences greater base shear, and for the southern wind wall 3 carries more of the

base shear. This is because, for cases where negative internal pressure is used, and for walls
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that do not go extend through the entire building, such as walls 3 and 5, the shear will be
higher when the windward wall is on their side of the building. The effect for walls that go

from the windward wall to the leeward wall is significantly less.

North Wind Base Shear- Negative Internal Pressure- Condition 2 South Wind Base Shear- Negative Internal Pressure- Condition 2
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Figure 18: (Left): Base shear from northern wind. (Right): Base shear from
southern wind
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Figure 19: Comparison of base shear for an eastern vs. western wind. Positive loads
indicate a higher base shear from an eastern wind, while negative loads indicate a
higher base shear from a western wind.
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The east and the west wind-induced base shears show little difference A along any
of the four wall lines. The northern garage wall (wall line B) shows the largest difference
since the wall is not continuous through the building as are most of the other wall lines. In
addition, since positive internal pressure produced the controlling load, the wind loads are

more balanced on the windward and leeward walls, which balances the wind shear

distribution.
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Figure 20: Comparison of the base shear in the original structure vs. the modified

structure with an additional shear wall. The positive values indicate an increase in

base shear in the modified structure compared to the original structure, while the
negative values indicate a decrease in the base shear.

To investigate the changes in base shear flow, an additional shear wall was added at Wall
2 for just this portion of the study. Despite being an interior wall, this wall is now assumed
to have the same material properties as the other shear walls, as described in the Materials

and Methods section. Figure 20 shows a comparison of the base shear distribution for the



29

original model of the house without sheathing for Wall 2, and the modified model with
sheathing for Wall 2. Unsurprisingly, Wall 2 sees the greatest increase in the percentage of
the base shear it carries. The walls closest to Wall 2, particularly Walls 1 and 3, experience
as much as a 25% reduction in the base shear they are carrying. Walls 4, 5 and 6 experience
some reduction in their base shear as well, but the further from Wall 2, the less of a

reduction they receive.

Roof Shell Stresses
Von Mises stresses produced in the roof shell are shown in Figure 21. It must be

noted that due to the OSSC (2014) codified and simplified method being used to represent
wind loads in this study, with wind pressures uniform over each surface, the results will
not reflect the some of the roof stress concentrations actually found under severe wind
loading conditions, where wind pressure concentrations are seen at the edges and corners
of the roof. However, these stress plots do reveal behavior about the roof and the locations
where stresses concentrate even under more uniform loading. For both the northern wind
and eastern wind plots, positive internal pressure with condition 1 loading was used with
the 0.6 D + 0.6 W load combination. The northern wind plot reveals one very bright spot
on the eastern slope of the upper roof. This stress concentration is due to the sudden
increase in stiffness provided by Truss 2 in Figures 4 and 5 that extends up the slope there.
For the eastern wind, there is no single spot of intense stress concentration, however, there
are several locations that see large stresses. On the upper roof of the northern side of the
building, two areas of increased stress can be seen. These occur in an area where the trusses
are getting longer, but do not yet extend to the center ridge. But, why do these
concentrations not occur on the south side of the roof also? For the western stress
concentration, this is due to the asymmetry of the roof. A portion of the southwest part of
structure and roof protrudes, which changes the stress concentrations for the entire side of
the roof. For the eastern hotspot, on the east side of the roof, several of the trusses before
the center ridge do not span the full length of the roof, but rather are broken in half, with
each half resting on the wall that also supports the truss going up the eastern slope. This
along with the influence of the protrusion in the roof is what creates the asymmetry in stress

concentrations.
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Figure 21: Von Mises Stress contour maps for a northern wind (Left) and Eastern
wind (Right). For both, positive internal pressure and condition 1 were used.
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Conclusions:

Following the linear-elastic modeling methods developed using SAP 2000, and
verified with physical testing by Martin et al. (2011) and Pfretzschner et al. (2014) for
light-framed wood structures, an actual light-frame wood residential structure with
considerable geometric complexity was analyzed and load paths in the structure examined

for both gravity and wind loads.

Three different load path investigations were performed to observe the effects of
gravity loads and wind uplift and lateral loads. Conclusions drawn from these three load

path investigations are as follows:

1. Gravity load paths in the structure revealed some trends as to which load
combinations govern the design of different elements in the structure. The D +
0.75L + 0.75S load combination governs most of the reactions, while interior
reactions under the second floor tend to be governed by the D + L combination
(since no snow load is supported), and many of the reactions under the exterior

walls are governed by the D + S combinations. (See Figure 12)
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2. The uplift created by the wind loads varied both locally at each reaction, as well
as globally, for the net uplift on the structure, based on wind direction and
loading case. The greatest uplift is generally concentrated at the corners of the
structure, as well as around doorways and openings. Conversely, the least uplift
is seen under windows, and on interior walls that do not have a direct load path
from the roof.

3. The base shear created by wind loads is also influenced by wind direction and
load case. For walls that do not extend through the entire structure, the greatest
loadings occur when they are connected to the windward wall.

4. When an additional shear wall is added as an interior wall, the base shear
redistributes with the walls closest to the new shear wall seeing the greatest
reduction in load; however, walls further away do still see a reduction in their
base shear reactions.

5. Under both snow and wind loadings, the truss extending up the slope of the
eastern second floor roof creates the highest stress concentrations in the roof
sheathing, due to its stiffness compared to the rafters beside it. From this it can
be seen that anomalies in the structure, and particularly the roof structure, can
cause stress concentrations.

6. The model generally behaved in a similar manner to those simpler house models
created by Martin et al. (2011) and Pfretzschner et al. (2014), and the results
validate and further develop several conclusions from their research,

particularly in regards to stress concentrations around openings and at corners.

In future studies, more refined and accurate methods of modeling wind forces in
ASCE 7 can be used to further investigate load paths and the effects of geometric

irregularities and wind pressure concentrations.
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CONCLUSIONS AND RECOMMENDATIONS

Understanding load paths in light-framed wood houses and understanding the
impact of geometric features particularly in regards to wind loading is important in helping
to update existing building codes to be more effective and to guide the design of specific
buildings. In Martin et al. (2011) and Pfretzschner et al. (2014), linear-elastic modeling
methods for simple light-framed wood buildings were developed. In this study, those
methods were applied to investigate wind and gravity load paths in an existing residential
structure of greater geometric complexity.

The gravity load path investigation included comparisons of three main load
combinations: D + L, D + S, and D + 0.75L + 0.75S, then determined which controlled at
each anchor both in the foundation. The D + S load combination controlled at most anchor
bolts not located under the second story, and D + L controlled for several locations not
under an exterior wall. The remaining anchors were controlled by the D + 0.75L + 0.75S

combination.

Wind loadings were investigated using the all-heights method found in the 2014
Oregon Structural Specialty Code (OSSC). Due to the geometric complexity of the
structure, the wind loads were applied from all four orthogonal directions. The first part of
the investigation involved uplift load paths. The wind load combinations examined were:
0.6W only, to evaluate only the flow of wind loads in a structure, then 0.6W + 0.6D, and
0.6W + 1.0D as realistic load cases. It was seen that the wind direction and wind loading
case influenced both uplift at particular anchors and hold-downs, as well as the total global
uplift force. However, regardless of direction, some patterns as to where loads concentrated
emerged. When looking at the 0.6W only load case, higher uplift forces around corners,
doorways, and other large openings, as well as less uplift under windows were observed.
While many of these patterns remained when dead loads were introduced, anchor bolts
under the second story, particularly on the north and south sides of the structure saw less

uplift, due to the flow of the dead loads.
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The second part of the wind investigation involved examining the base shear
created by the wind loadings. In this case as well, both the base shear at individual anchor
bolts, as well as the global base shear were dependent on wind direction and load case. It
was discovered, however, that the wind load case that created the greatest base shear in
each direction was for negative internal pressure and load case 2 on the roof. In this loading
case, walls that do not extend fully through the structure in the direction of the wind tend
to see higher base shear if they are on the windward side of the house compared to being
on the leeward side. Additionally, to examine the effects of adding another shear wall,
sheathing was added to an interior wall, and the base shear from the modified structure was
compared to the original structure. The addition of a shear wall most impacted the base
shear of the wall lines closest to it, however, the addition also slightly decreased the base

shear of even wall lines further away.

Finally, an analysis of the roof was conducted to evaluate VVon Mises stress
concentration points. Under the simulated wind pressure conditions, stresses were largest
on the upper portion of the roof, particularly at the ridge. In addition, likely due to the
asymmetry of the roof, the northern side of the roof experienced higher stress
concentrations from E-W winds than did the south side. The greatest stress concentration
however was observed on the eastern slope of the roof near a truss that runs east to west.
This is the only truss in this part of the roof structure to run in this direction, and the
additional stiffness it provides compared to the surrounding rafters creates the stress

concentration.

There are still many aspects of both this structure, as well as with investigating load
paths in light-frame residential structures in general, that could be subject to future
research. For this model, wind loadings from different angles of attack, as well as using
more refined methods from ASCE 7, could be used. The use and development of more
comprehensive wind analysis procedures, particularly for buildings with irregular
geometry, is essential to more accurately model wind load paths. Additionally, the
investigation of seismic loads could be also be investigated with future models. Finally,
the development of modeling methods that allow for the investigation of structures using
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multiple structural materials, particularly concrete in addition to wood, could be useful in
evaluating residential structures with such as this one with a daylight basement under wind
and seismic loading.
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APPENDIX A:

EXTENDED LITERATURE REVIEW

Full Building Behavior

For evaluating the response of a given structure, the most accurate method of
evaluating and understanding its behavior under various loading conditions is to perform
physical testing on full-scale models, or to a lesser extent, scaled-down physical models.
However, since this can be time consuming and cost prohibitive, computer modeling of
these structures can provide an efficient alternative. First, due to the highly indeterminate
nature of light-framed wood structures, proper modeling methods must be established. This
requires the verification of the models and procedures against physical testing data. For
this study, the modeling methods were primarily established by Martin et al. (2011) and
Pfretzschner et al. (2014) whose models and loading scenarios were based upon wind
tunnel testing and physical testing of a 1/3™ scale model, conducted by the University of
Florida, and scale model testing conducted by Paevere et al. (2003). Malone (2013) then
applied the methods used in these previous studies to investigate an existing timber frame

house located in Vermont, and a theoretical light-frame version of the same structure.

Sub-assemblies

Members

As with all three previous studies noted above, the material properties for all
members were determined using industry standards. For places where the exact member
size and grade were not known, they had to be assumed. The joint connections, particularly

in roof trusses, in reality have some level of partial fixity, and several studies have been
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conducted considering them as such; however, Limkatanyoo (2003) offered the simplest
solution and that is to consider each joint either rigid or pinned, and led to good results.
Due to the simplicity and adequate accuracy, this was the method adopted by Martin et al.

(2011), Pfretzschner et al. (2014), and Malone (2013).

Shear walls

In light-frame wood structures, shear walls transfer lateral loads between
diaphragms and the ground. Typically, shear walls consist of either oriented strand board
(OSB) or plywood, and possibly with gypsum wall board as well. However, unlike for
frame members with widely available material properties, there is more complexity in
determining the stiffness of a shear wall.

Doudak (2005) conducted several physical tests on shear walls to determine the
effects of openings. Using SAP 2000, Doudak (2005) then modeled the walls using a
complex procedure to model each fastener. Since this is generally an impractical method
for modeling all the shear walls in an entire structure, Martin et al. (2011) examined an
equivalent energy method developed by Kasal and Leichti (1992), then did a corollary
study to determine the effects of nail spacing, comparing results to studies on physical
shear walls conducted by Sinha (2007), Langlois (2002), and Lebeda (2002). Finally, since
the study conducted by Martin (2010) only included plywood sheathing modeled as a thick
shell element, Pfrezschner et al. (2014) modeled shear walls using a layered shell element
that allows for both the sheathing and the GWB to be modeled as part of one element. A

similar technique was used in this study as well.
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Roof
Roof sub-systems have often in the past been modeled as a system rather than
having each member modeled. Kasal (1992), Collins (2005 a,b) and Doudak (2005) all
modeled their roofing systems as large elements, which neglects the individual stiffness of
each truss, and leads to inaccurate load distributions. This method becomes impossible with
increasingly complex roof systems, so would not be applicable for this current study.
However, Martin et al. (2011) and subsequent OSU studies modeled each individual truss
member, and while more time consuming, it has produced results with greater accuracy

while modeling complex roofing systems.

Modeling Methods Verification

Accurately modeling wind loads can be difficult, and there is no single method. The
three main approaches involve either using results from wind tunnel testing, physical

testing, or using codified methods.

Most codified wind load analysis base their wind pressures on three-second gust
wind speeds. However, due to their destructive nature, and the difficulty in measuring wind
speeds, research continues to refine our understanding of hurricanes and tornadoes, and the
design wind speeds and pressure distributions that should be used in design. Lombardo et
al. (2015) investigated the Joplin tornado and compared the wind speed estimates based on
tree fall patterns to the Enhanced Fujita (EF) scale, which estimates the intensity of the
tornado based on the severity of building damage, finding that the tree fall results showed

much higher wind speeds than previously predicted. For design purposes, most localities
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in hurricane regions use hurricane wind speeds produced by a Monte Carlo simulations

developed by Vickery et al (2009).

In 1997 the Florida Coastal Monitoring Program was started to gather wind
pressure data on full-scale, low-rise buildings mainly located in Florida, as well as a few
in the Carolinas. These houses allow pressure transducers to be mounted to the wall and
roofs immediately before a hurricane hits, and record real-time pressures on actual houses
with complex geometries. Liu et al. (2009) compared results from several of these
structures to wind tunnel testing and found that the ASCE 7-05 wind provisions

underestimate, sometimes dramatically, peak uplift pressures.

The research conducted by Martin et al. (2011) was based on wind tunnel and
physical testing at the University of Florida by Datin (2009). The wind load testing
involved simulated hurricane winds on a 1:50 scale model of the building, and from these
results Martin et al. (2011) was able to examine three critical loading scenarios: 1) the
maximum uplift at a corner, 2) the maximum uplift on the ridge, and 3) the global
maximum uplift at all points. The physical testing was done on a one-third scale model
that Martin et al. (2011) then modeled as a full-scale building. Datin (2009) used a grid of
pneumatic actuators to simulate wind loads on the roof and load cells to measure roof-to-
wall and wall-to-foundation loads. Martin et al. (2011) then compared these loads to results

from a SAP 2000 model to validate the overall behavior.

Pfretzschner et al. (2014) used similar modeling methods as Martin et al. (2011),
but based the model on physical testing done by Paevere et al. (2003). Paevere et al. (2003)

conducted static and cyclical physical testing on a relatively simple, full-scale, L-shaped
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structure which included interior walls, large openings and windows, increasing the
geometric complexity from the rectangular one modeled by Martin et al. (2011).
Pfretzschner et al. (2014) then took the basic L-shaped design and investigated the effects
of changing the length on one end of the wings of the “L”. Both physical and model results
showed that the effects of the re-entrant corner were dependent on the wind direction as

well as the locations of in-plane shear walls.

Wind Damage

In recent years in the U.S., the annual wind and surge damage has been
approximated to be $10 billion or more (Li et al. 2012), and as population increases, and
more people move towards the coasts, this number will rise. Recent hurricanes such as
Andrew in 1992, Katrina in 2005, and Harvey in 2016, and tornados such as the Bridge
Creek-Moore Tornado in 1999 and the one in Joplin in 2011, only serve to underscore the
need for more robust wind-related code provisions and construction details, and a better

understanding of wind load paths in structures.

Keeping roof sheathing from being torn off is vitally important. Loss of roof
sheathing can: 1) lead to interior property damage; 2) create greater internal pressures, as
the house becomes only a partially enclosed structure; and 3) weaken the roof diaphragm
for lateral load resistance. Various roof features can lead to more or less damaged roof
sheathing or even structural damage in other locations. According to a report by the U.S.
Department of Agriculture, upon inspecting damage caused by hurricane Camille (U.S.
Department of Agriculture), there was significantly less damage to hip roofs than gable

roofs, even for houses within the same neighborhood. Roof-to-wall connections are
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particularly a concern in houses with gable roofs, though are not as common of an issue in
houses with hip roofs. Stevenson (2012) found from damage in several tornadoes that hip
roofs, while seeing some damage from sheathing connections or roof-to-wall connections,
also can experience more failures from framing members, leading to sheathing failures.
Ahmad et al. (2002) investigated the impact of varying overhang ratios on hip roofs with a
30-degree pitch, finding that larger overhangs lead to higher overall pressure on the roof.

Additionally, increasing the elevation of the overhangs leads to increased pressure as well.

Wind Load Investigation

Accurately investigating wind load paths can be very complex, and because of the
strong impact geometry has on wind loadings, often requires wind tunnel testing to be truly
accurate. Building codes, as noted above, can often under-estimate wind speeds and
pressures, and do not offer much help with regards to structures with complex geometries.
A possible solution to the geometry problem would be a design-assisted database (DAD).
Proposed by Mensah (2010), this database would allow for a realistic and validated method
of simulating wind loads for various building components. However, while very likely
more accurate and conservative, there is still a significant amount of work to be done before

such a database could be used in design for an actual complex roof structure.

For this study, the all-heights method from the 2014 OSSC was used due to its
simplicity to apply to a complex structure. Using this method, a uniform wind pressure was
applied to each wall or roof without any edge or corner load concentrations. This is in
contrast to Pfretzchner et al. (2014) who used the ASCE 7-05 MFWRS method 1, and

Malone (2013) who used the ASCE 7-05 MFWRS envelope procedure. However, like
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Pfretzschner et al. (2014), to deal with the geometric complexity of the structure, this study
also used an example in Mehta and Coulbourn (2010) as a basis for wind load
investigations, and considered wind loading for all four orthogonal directions. Pfretzschner
et al. (2014) also investigated the effects of corner wind loads, particularly looking at wind
blowing into the building’s re-entrant corner. Jameel et al. (2015) concluded that maximum
wind pressures typically occur when wind comes from an angle of incidence between 15-
and 75-degrees with the corner of the structure, depending on the structure’s geometry.
However, while only wind loadings orthogonal to the structure were investigated in this

study, wind loadings from other angles could be investigated in future studies.

Gravity Loads

In addition to wind loading scenarios, Malone (2013) investigated several gravity
load cases. In addition to dead loads, which had been modeled using material weights in
each previous study at OSU, Malone (2013) investigated load paths including snow and
live loads. Like Malone (2013), in this current study snow and live loads were applied
directly to the roof and floor sheathing elements respectively. In addition, in this current
study, uniform dead loads were applied to the sheathing elements to account for additional

dead load from architectural elements, something that was not done in previous studies.



APPENDIX B:

ORIGINAL BUILDING PLANS

-Pages 49-77: Truss Details
-Pages 78-104: Building Floorplans and Details
-Page 105: Elevation View
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Eeor\d\ey Bolders, o 46 Arrowond

===<<<<ACES-32 Ver. l1l.l1>>>>==========[ 951528 ]===========<<<<RELCO>>>>=========
Customer : C-V-B Thu Apr 9 17:03:25 1998
Eroject #: 351 Truss, ID : A Family # : 3
S 34-6 Quantity : 2 Top Pitch : 6/12
=B1d(2/12/1998), v1 I=====s=c=-=socss=ss=Ss=SSSSSSSSSCSCSSESSSSSSSSSSSSESSSSsSs ======‘T§=======
. TOP CHORD BOTTOM CHORD WEBS REACTIONS - SllE
1-2= 2764 7-8= 3495 2-12=-4635 5-9=-587 APR 1998
2-3=-1595 8-9= 3540 2-11= 5841  6-9= 1901 7--2276
3-4=-4588 9-10= 5290 3-11=-2128 6-8= 161 1= 727
4-5=-4588 10-11= 1595 3-10= 3255
5-6=-5290 11-12=-3781 4-10=-817
6-7=-3930 12-1=-2481 5-10=-763

W
BRACE FLAT PART OF T/C AT 4¥IN 0.C. FROM JTS 2 TO b
NT SERVICE «
2=8 . 5-3-3 y 11-4-4 , 17-3 . 23-1-12 ., 29-2-13 , 34-6 2=8
. T 5-3-3 TB-1-2 T 5-10-12 7 5-10-12. = 6-1-2 T 5-3-3
8X10 8x8 3x4 4X5 8x10
2 3 4 5 6
PP =
3x5 \ | / axe -
1 : - — 7
12 n 10 ° 8
3%6 4X10 8X12 4X5 3x4
6-0-4 5-; 5-10-12 5-10-12 5-4 6-0-4
PROVIDE ANCHORAGE AT BRG JT. | _ FOR _@0PLBS. UPLIFT.
L. HL TO PK:5-10-10 TOPK :5-10-10
LEFT HEIGHT:0-4-3 SPAN:34-6 RISE:3-3-11 RIGHT HEIGHT:0-4-3
LOADING _ (BSF) MAX éiﬁﬁéééé """""""" MINIMUM GRADE OF LUMBER _
L D TOP 1-2= 363 TOP CHORD:2X4 No. 1&Btr GR DF-L
TOP 25 10 BOTT 9-10= O 46 OT CHORD:2X6 No.2 GR DF-L
BOTT 0 7 LL.DEFL.@9=0. 15 < L/240 EBS :2X4 STANDARD 91 HF -
STR.INC.: LUMB = 1.15 PLATE = 1.15 §1‘>z§éiﬁé'?'§4.6 in; 0: C.
REPETITIVE STRESSES NOT USED NO. OF MEMBERS = 2 =
LOADING STRESS INCREASE LOADING PANEL(PLF) / JOINTS(LBS) ;
LUMBER PLATE  TYPE i
1 1.15  1.15 UNIFORM 1-2=70 2-6=139 6-7=70 7-1=28 i APR
CONCENTRATED 2= 358 6= 358 y

CHORD: 2-3; 3-4; 4-5; 5-6 TO BE 2X6 No.2 GR DF-L | Gl

WEB: 2-11 TO BE 2X4 No.1&Btr GR DF-L | VI

2 MEMBERS NAILED TOG. W/1 ROW(S) OF .131x3 in. NAILS 11 in. o.c.(TOP CHS.),AND 1 ROW(S) OF .131x3 in. NAILS 12 in. 0.c(BOTT. CHS.)
For Webs use 1 ROW of NAILS 12 in. o.c.

DEFLECTION(IN.) L.L= 0.15,0.L=0.10,7.L=0.24

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-I1CBO,TPI-91

THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER

FHN‘-""-‘ -~

'\Hdn‘u m;ﬂﬁq/—/ I A

o1



===<<<<ACES-32 Ver. 1l.1>>>>==========[ 951531 ]===========<<<<RELCO>>>>=========
Customer : C-V-B Thu Apr 9 17 03 :42 1998
Pro;ect #: 351 Truss ID : B Family # :
Sp 34-6 Quantity : 1 Top Pitch 6/12
=B1d(2/12/1998), v1 I====s=ccssssssscoos oo oS S S S S S S S S S S S S S S S S S s EEESESS
. TOP CHORD  ~ BOTTOM CHORD WEBS
1-2= 547 7-8=-1912  8-9= 1692  14-1=-488 2-14=-1674  5-11=-371
9-10= 1692 2-13= 1282 6-11= 227
10-11= 1454 3-13=-818  6-10= 284
11-12= 1295 3-12= 1127 7-10=-327
12-13= 445 4-12=-667  7-9= 63
6-7=-1629 13-14=-488 4-11= 443

PLATE OFFSETS (X=LEFT,Y=TOP):[j3=4,2.5],[j6=4,2.5], [j11=4,2],(SYMMETRIC PLATING TURNED ON)

OREGON
v
<l v, 25, \‘?q

REpoNGYS
BRACE FLAT PART OF T/C AT 24-IN 0.C. FROMJTS 3 T0 G .

\2-8 , 6-0-4 9-3-3 , 14- 7 10, 19-10-6 , 25-2-13 28-5-12, 34-6 2-8
6-0-4 3-2-14 " 5-4 T 5-2-11 5-4-7 3-2-14 ° 6-0-4
6X8 3X4 1X4 6x8

4X6 N . ® “ 3%4

2 » 7
3X5 4X6 :
1 EC .2 8
/- 14 13 12 " 10 9

3x4  3x8 3%6 5X8 3X4  1X4

. 6-0-4 9-3-3 , 14-7-10 , 19-10-6 , 25-2-13 28-5-12 34-6 n
T 6-0-4 3-2-14 ' 5-4-7 T 5-2-11 ' 5-4-7 3-2-14 6-0-4 =
HL TO PK:10-4:5 HL TO :10-4-5
CEFT HEIGRT. 0423 SPAN:34-6 RISE:5-3-11 RicHT HEIGHT 0-4-3
LOADING (PSF) MAX STRESSES MINIMUM GRADE OF LUMBER
17 D TOP  1-2=0,44 TOP CHORD:2X4 No.l&Btr GR DF-L

TOP 25 10 BOTT 9-10= BOT CHORD:2X4 No.l&Btr GR DF-L
BOTT 0 7 LL.DEFL.@11 < L/240 WEBS :2X4 STANDARD 91 HF
STR.INC.: LUMB = 1.15 PLATE = 1.15 SPACING : 24.0 in. o. c.
REPRTITIVE STRESSES USED NO. OF MEMBERS = 1

DEFLECTION(IN.) L.L= 0.08,D.L=0.06,7.L=0.14

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-ICBO,TPI-91

THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER

52
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===<<<<ACES-32 Ver. 1l.1>>>>==========[ 951529 ]===========<<<<RELCO>>>>=========
Customer : C-V-B Thu Apr 9 17:03:32 1998
Project # 351 Truss ID : Al Family # 324
Span 34 Quantity 1 Top Pitch
=—Bld(2/12/1998),v1.1==
o TOP CHORD BOTTOM CHORD REACTIONS - SIZE
1-2= 1384 7-8= 1623 2-12=-2221 5-9=-316 12=-2212
2-3=-804 8-9= 1646 2-11= 2899  6-9= 1010 7=-1275
3-4=-2268 9-10= 2575 3-11=-1055  6-8= 81 1= 160
4-5=-2268 10-11= 804 3-10= 1593
5-6=-2576 11-12=-1865 4-10=-413
6-7=-1825 12-1=-1242 5-10=-334

BRACE FLAT PART OF T/C AT 24IN 0.C. FROMJTS 270 b .

(2-8  S5-3-3 i 11-4-4 o 17-3 . 23-1=-12 . 29-2-13 . J4-6 +2-8
: b 5-3-3 T6-1-2 T 5-10-12  5-10-12 = 6-1-2 © 5-3-3
8X10,
8X10 8x8 2X4 3X4

2 ﬁmden\\» 3 4 s 8
/N\ 4X6
S I

- 7
n 10 9 8
4X14 7X10 3X6 2X4
11-4-4  17-3 , 23-1-12 , 28-5-12 ., 34-6 i
5-4 T 5-10-12 = 5-10-12 = 5-4 " 6-0-4
PROVIDE ANCHORAGE AT BRG JT. | _ FOR21© LBS. UPLIFT.
L. HL TO PK:8-10-1 HL TO :5-10-10
LEFT HEIGHT:0-4-3 SPAN:34-6 RISE:4-3-11 RicHT HEIGRT 0-4°3
iéiﬁiﬁé"Tﬁéﬁf """" ﬁii'éiﬁﬁéééé ___________ MINIMUM GRADE OF LUMBER
L D TOP =0.487 TOP CHORD:2X4 ~No.1SBET GR DF-L
TOP 25 10 BOTT 5-3020-328 BOT CHORD:2X6 No.2 GR DF
BOTT 0 7 LL.DEFL.@10=0.14 < L/240 WEBS S ANDARD_?%_?E ______
STR.INC.: LUMB = 1.15 PLATE = 1.15 SPACING : 24.0 in. o. cC.
RESETITIVE STRESSES USED NO. OF MEMBERS = 1

CHORD: 2-3; 3-4; 4-5; 5-6 TO BE 2X6 No.2 GR DF-L

WEB: 2-11 TO BE 2X4 No.1&Btr GR DF-L

DEFLECTIONCIN.) L.L= 0.14,D.L=0.10,7.L=0.24

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-1CBO,TPI-91

THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER.
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===<<<<ACES-32 Ver. l.1l>>>>==========[ 951532 ]===========<<<<RELCO>>>>=========
Customer : C-V-B Thu Apr 9 17 03 50 1998
Project #: 351 Truss ID : Bl Family # :
Span : 34-6 Quantity : 1 Top Pitch : 6/12
= Bld(2/12/1993) v'|_1='========================================= NSRS
N TOP CHORD BOTTOM CHORD WEBS REACTIONS = SIZE
1-22 547 7-8=-1912  8-9= 1692 14-1=-488  2-14=-1674 5-11=-371 =739 5.50- APR 13 1998
2-32-499 9-10= 1692 2-13= 1282 6-11= 227
3-4=-1295 10-11= 1454 3-13=-818  6-10= 284
4-5=-1625 11-12= 1295 3-12= 1127 7-10=-327
5-6=-1625 12-13= 445 4-12=-667  7-9= 63
6-7=-1629 13-14=-488 4-11= 443

PLATE OFFSETS (X=LEFT,Y=TOP):(j3=4,2.51, [j6=4,2.5],[j11=4,2],(SYMMETRIC PLATING TURNED ON)

BRACE FLAT PART OF T/C AT 24 IN O.C. FROMJTS 2. T0 .

6X8 3X4 1X4 (M4p)

4X6 2 $ R e axe
7

-

3X5 4X6
1 = 8
/' 14 13 12 " 10 °
3X4 3X8 3X6 5X8 3X4 1X4
. 6-0-4 9-3-3 . 14-7-10 , 19-10-6 , 25-2-13 28-5-12 34-6 .
" 6-0-4 3-2-14 = 5-4-7 T 5-2-11  5-4-7 3-2-14 6-0-4
HL PK:10-4-5 R. HL TO_PK 1045
LEFT HEIGHT 0-4-3 SPAN:34-6 : RIGHT HEIGHT:0-4-3

LOADING (PSF])) o STRESSES MINIMUM GRADE OF LUMBER

TOP CHORD:2X4 No.1l&Btr GR DF-L
BOT CHORD:2X4 No.l&Btr GR DF-L
< L/240 WEBS :2X4 STANDARD 91 HF
STR.INC.: LUMB 15 PLATE = 1.15 SPACING : 24.0 in. 0. c.
REDETITIVE STRESSES USED NO. OF MEMBERS = i

DEFLECTION(CIN.) L.L= 0.08,D.L=0.06,T.L=0.14

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-1CBO,TPI-91

THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER
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===<<<<ACES-32 Ver. 1l.1>>>>==========[ 951540 ]===========<<<<RELCO> >=========
Customer : C-V-B Thu Apr 9 L7 04 32 1998
Project #- 351 Truss ID : K Family # : 3
pan 32- Quantity 2 Top Pitch
=Bld(2/12/1998), v'|,1============================ SRS EEEEEES
TOP CHORD B BOTTOM CHORD WEBS 3 2767 5 50 _l 3
1-22-5245 7-8= 4659 2-12= 146 5-9=-1197 =- .50
2-3=-7509 8-9= 4659 2-11= 3153 6-9= 3153 7=-2767  5.50 APR 1998
3-4=-8424 9-10= 7509 3-11=-1197  6-8= 146
4-5=-8424 10-11= 7509 3-10= 1017
5-6=-7509 11-12= 4659 4-10=-741 5
6-7=-5245 12-1= 4659 5-10= 1017

PLATE OFFSETS (X=LEFT,Y=TOP):[j2=4,2.5],[j3=3,3], [j6=4,2.5], [j10=4,2] ,(SYMMETRIC PLATING TURNED ON)

BRACE FLAT PART OF T/C AT 24IN 0.C. FROM JTs 2 70k,

1-4  5-3-3 \10-9-4 . 16-1-8 . 21-5-12 , 26-11-13 . 32-3 REY)
F=pTacs 5-6-2 g4 Seasg © -6-2 5-3-3
6X8 5X6 3%4 4X5 6x8
2 3 4 5 6

o AN~ =

12 n 10 9 8
3X4 4X6 7X8 4X6 3X4
o 5=3-3 ;. 10-9-4 4 16-1-8 . 21-5-12 . 26-11-13 ., J32-3 )
b 5-3-3 ' 5-6-2 T 5-4-4 " 5-4-4 ' 5-6-2 T 5-3-3
HL TO PK:8-10-10 HL TO PK :5-10-10
LEFT HEIGHT:0-403 SPAN:32-3 RISE:3-3-11 RIGHT HEIGHT:0-4-3
iéiﬁiﬁé'“?ﬁé?? """" MAX STRESSES __ MINIMUM GRADE OF LUMBER _
L D TOP TOP CHORD:2X4 No.l&Btr GR DF-L
TOP 25 10 BOTT 10-11=0.592 BOT CHORD:2X6 No.2 GR DF-L
BOTT 0 7 LD DEFL. 6102030 < L/240 WBBS :2X4 STANDARD 91 HF
STR.INC.: LUMB = 1.15 PLATE = 1.15 SPACING : 24.0 in. o. c.
REPETITIVE STRESSES NOT USED NO. OF MEMBERS = 2
LOADING STRESS INCREASE LOADING PANEL(PLF) / JOINTS(LBS)
LUMBER PLATE TYPE
1 1.15  1.15 UNIFORM 1- 2= 70 2- 6=139 6-7=70 7- 1= 28
CONCENTRATED 2= 358 6= 358

2 MEMBERS NAILED TOG. W/1 ROW(S) OF .131x3 in. NAILS 11 in. o.c.(TOP CHS.),AND 1 ROW(S) OF .131x3 in. NAILS 12 in. 0.c(BOTT. CHS.)
For Webs use 1 ROW of NAILS 12 in. o.c.

DEFLECTIONCIN.) L.L= 0.30,0.L=0.20,T.L=0.50 = ‘.,.pv-\

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC- 1c80, TP1-91

[H1S DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REGD)CONSULT BLDG ARCHITECT OR ENGINEER

rOR 9 9
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===<<<<ACES-32 Ver. 1.15>>>==========[ 951541 ]===========<<<<RELCO>>>>=========
Customer : C-V-B Thu Apr 9 17:04:40 1998
Project #: 351 Truss  ID K1 Family # : 4
Span 32-3 Quantity : § Top Pitch 6/12
=81d(2/12/1998), v1 P P T P T T e Y~ r r Y1 Yt T T T Tttty bttt
TOP CHORD BOTTOM CHORD REACTIONS - SIZE
1-2=-2446 7-8= 2173 2-12= 74 71:-::2; 5.50 1
2-3=-3613 8-9= 2173 2-11= 1593 - 5.50
3-4=-4075 9-10= 3613 3-11=-605  6-8= 74 APR_13 1998
4-52-4075 10-11= 3613 3-10= 514
5-6=-3613 11-12= 2173 4-10=-375
6-7=-2446 12-1= 2173 5-10= 514

PLATE OFFSETS (X=LEFT,Y=TOP):[j2=4,2.51,[j3=3,3], [j6=4,2.5),[j10=4,2] ,(SYMMETRIC PLATING TURNED ON)

BRACE FLAT PART OF T/C AT 24IN 0.C. FROMJTS 2 TO % .

(1-4 5-3-3 " 10-9-4 . 16-1-8 . 21-5-12 . 26-11-13 ., 32-3 +1-4
P85 " B2 T baa T 544 . T B-82 —i5-8-3
6X8
6X8 5X6 1X4 3X4
e g
2 ! «\1‘_’) 3 4 L] 6|
oy ‘\\\\\‘\\\\, (/////////' -
1 e Y 7
¢ 12 n 10 9 8 2
2X4 3X8 7X8 3X8 2X4
I 9=-3-3 . 10-9-4 . 16-1-8 y21-5-12 y 26-11-13 . 32-3 —
5-3-3 b 5-6-2 " 5-4-4 " 5-4-4 T 5-6-2 T 5-3-3
HL TO PK:5-10-10 TO PK :5-10-10
LEFT HEIGHT:0-4-3 SPAN:32-3 RISE:4-3-11 RIGHT HEIGHT:0-4-3
LOADING _ (PSF) MAX §'i‘§f:§§ﬁ§ ________________________________________________
L D TOP 3-4=0.741 TOP CHORD:2X4 No.l&Btr GR_DF-L
TOP 25 10 BOTT 10- 11-0.56 BOT CHORD:2X6 No.2 GR DF-L
BOTT 0 i g L.DEFL.@10=0.29 < L/240 WEBS :2X4 STANDARD 91 HF

.15 PLATE

.INC.: LUMB
REPETITIVE STRESSES USED

1.15

SPACING 24.

H in. o.
NO. OF MEMBERS

DEFLECTIONCIN.) L.L= 0.29,D.L=0.19,T.L=0.48

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-1CBO,TPI1-91

THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER.
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===<<<<ACES-32 Ver. l.l>>>>==========[ 951542 ]===========<<<<RELCO>>>>=========
Customer : C-V-B Thu Apr 9 17 04:47 1998
Project #: 351 Truss ID : L Family # :
Span 32-3 Quantity : 1 Top Pitch : 6 12
;_Bld(2/12/1998),v1 e T PP TPy T P PR P P P T R PP L R P P P P Y
TOP CHORD  ~ BOTTOM CHORD WEBS REACTIONS - SIZE
1 7-8= 2151 2-12= 63 5-9= 238 1=-1447  5.50- APR 13 1998
2 8-9= 2151 2-11=-347  6-9=-347 721447 5.50
3- 9-10= 1842 3-11= 238 6-8= 63
4- 10-11= 1842 3-10= 511
5 11-12= 2151 4-10=-480
6 12-1= 2151 5-10= 511

PLATE OFFSETS (X=LEFT,Y=TOP): [j3=4,2.5], [j5=4,2.5], [j10=4,2],(SYMMETRIC PLATING TURNED ON)

OREGON
0
4N, 25\

Rep NY
BRACE FLAT PART OF T/C AT 20IN 0.C. FROMJTS % T0 'S, ONO
1-4
g 4279 , 9-3-3 . 16-1-8 . 22-11-13 _, 27-7-7 , 32-3 4 1-4
g 4-7-9 T 4-7-9 : 6-10-5 | 6-10-5 T 4-7-9 4-7-9
6X8 1X4 6x8
3 4 5
3X4 3 3X4
2 6
4X8 4X8
1 i 7
c 12 n 10 1) 8 3
1X4 3X4 5X8 3X4 1X4
—4=7-9 , 9-3-3 ; 16-1-8 . 22-11-13 , 27-7-7 _, 32-3 .
4-7-9 " 4-7-9 ¥ 6-10-5 . 6-10-5 T 4-7-9 " 4-7-9
L. PK:10-4-5 HL TO PK :10-4-5
LEFT HEIGHT 0- 3 SPAN:32-3 RISE:5-3-11 RIGHT HEIGHT:0-4-3

LOADING (PSF%

STR.INC. 15 PLATE . SPACING : 24.0 . O
mEPETITIVE STRESSES USED NO. OF MEMBERS = 1

DEFLECTION(IN.) L.L= 0.13,D0.L=0.09,T.L=0.22

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-ICBO,TPI-91

THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER
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===<<<<ACES-32 Ver. 1l.1>>>>==========[ 951544 ]===========2<<<<RELCO>>>>=========
Customer : C-V-B Thu Apr 9 17:05:01 1998
Project #: 351 Truss, ID L2 Family # : 324
S 32-3 Quantity 2 Top Pitch 6/12

a.
8[%(2/12/1998) vi.1
TOP CHORD N BOTTOM CHORD WEBS REACTIONS - SIZE

7-8= 2151 2-12= 63 5-9= 238 1=-1447 5.56
8-9= 2151 2-11=-347 6-9=-347 T=-1447
9-10= 1842 3-11= 238 6-8= 63

4 10-11= 1842 3-10= 511

5 11-12= 2151 4-10=-480

6-7=-2440 12-1= 2151 5-10= 511

PLATE OFFSETS (X=LEFT,Y=TOP):[j3=4,2.5], [j5=4,2.5], [j10=4,2],(SYMMETRIC PLATING TURNED ON)

1-4
by d=7e9 Q.33 . 18-1-8 L 22-11-13 ., 27-7-7
%79 4=7-9 " 8-10-5 F——6-10:5 4739
BRACE FLAT PART OF T/C AT 2 20 INO.C. FROM JTS TO 2\
6X8 1X4 Vb TP
3 4
3X4 .2
2
4X8 4X8
1 A ;4
C 12 n 10 9 8 3
1X4 3X4 5%8 3X4 1X4
\4-7-9° | 9-3-3 . 16-1-8 L 22-11-13 . 27-7-7 . 32-3 )
4-7-9 4-7-9 6-10-5 ) 6-10-5 4-7- T 4-7-9
HL TO PK:10-4-5 R. HL TO PK :10-4-5
CEPT HEIGHT.0o4-3 SPAN:32-3 RISE:7-3-11 RiGHT ABIGHT.O0 4 3
LOADING _ (PSF) | MAX STRESSES MINIMUM GRADE OF LUMBER
L D TOD 2978 TOP CHORD:2X4 No.l&Btr GR DF-
TOP 25 10 BOTT 8-9-0.421 BOT CHORD:2X4 No.l&Btr GR DF-
BOTT 0 7 LL.DEFL.@10=0.13 < L/240 WEBS :2X4 STANDARD 91 HF
STR.INC,: LUMB = 1. 1.15 PLATE = 1.15 SPACING : 24.0 in. o. c¢.
REDETITIVE STRESSES USED NO. OF MEMBERS = 1

DEFLECTIONCIN.) L.L= 0.13,D.L=0.09,T.L=0.22

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-ICBO,TPI1-91

THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER



===<<<<ACES-32 Ver. 1l.1>>>>
Customer C-V-B
Project #: 351
Span 32 3

. =5ld(2/12/1998) V1. 1=============

TOP CHORD BOTTOH CHORD

1-22-2440 7-8= 2151
2-3=-2063 8-9= 2151
3-4=-2264 9-10= 1842
4-5=-2264 10-11= 1842
5-6=-2063 11-12= 2151
6-7=-2440 12-1= 2151

PLATE OFFSETS (X=LEFT,Y=TOP):[j3=4,2.5],(j5=4,2.5],(j10=4,2],(SYMMETRIC PLATING TURNED ON)

BRACE FLAT PART OF T/C AT 22 IN O.C. FROMJTS _2 70 S .
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s=========[ 951543 ]===========<<<<RELCO>>>>=========
u  Apr 17:04:54 1998
Truss ID L1 Family # 324
Quantity 2 Top Pitch 6/12
2-12= 63
2-11=-347  6-9=-347
3-11= 238 6-8= 63
3-10= 511
4-10=-480
5-10= 511

1-4
. 4-7-9 . 9-3-3 : 16-1-8 s 22-11-13  27-7=7 , 32-3 =4
T 4-7-9 T 4-7-9 ’ 6-10-5 ' 6-10-5 ' 4-7-9 T 4-7-9
6X8
6X8 1X4
s [eACTUp) . s
3X4 ¥ 3IX4
2 6
4X8 4X8
1 1 7
c 12 " 10 ° 8 1
1X4 3X4 5X8 3X4 1X4
; 4-7-9 s 9-3-3 ' 16-1-8 N 22-11-13 : 27 7-7 y 32-3 |
4-7-9 " 4-7-9 = 10-5 K 6-10-5 4-7-9 T 4-7-9
L, HL TO PK: 10- - TO_PK :10-4-5
LEFT HEIGHT:0-4- 3 SPAN:32-3 RISE:6-3-11 RIGHT HEIGHT:0-4-3
ﬂéiﬁiﬁé"_(ﬁéf‘)- ______ MAX §’I‘i§§§§§ """"""" MINIMUM GRADE OF LUMBER _
L D TOP 3-4= TOP CHORD:2X4 No.l&Btr GR DF-L
TOP 25 10 BOTT 8-9= BOT CHORD:2X4 No.l&Btr GR DF-L
BOTT 0 7 LL.DEFL.@1 3 < L/240 WEBS :2X4 STANDARD 91 HF

STR.

.15 PLATE =

INC.: LUMB
REPETITIVE STRESSES USED

DEFLECTION(CIN.) L.L= 0.13,D0.L=0.09,T.L=0,22

SPACING : 24.0 in. o. c.
NO. OF MEMBERS = i

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)
PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-1CBO,TPI-91
[HIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER
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===<<<<ACES-32 Ver. l.l>>>>==========[ 951545 ]J===========<<<<RELCO>>>>=========
Customer : C-V-B Thu Apr 9 17:05:07 1998
Project #: 351 Truss ID : H Family # : 1}
pan 32-3 Quantity : 6 Top Pitch : 6/12
=B1d(2/12/1998), V‘I.1=====================— SRR e s S s e s s TSRS ES RS S
TOP CHORD - BOTTOM CHORD WEBS
7-8= 2112 2-12=73 5-9= 267
8-9= 2112 2-11=-417  6-9=-417
9-10= 1741 3-11= 267 6-8= T3
10-11= 1741 3-10=-607
1-12= 2112 4-10= 929
6-7=-2390 12-1= 2112 5-10=-607

PLATE OFFSETS (X=LEFT,Y=TOP):[j10=4,2],(SYMMETRIC PLATING TURNED ON)

(-4  5-4-12 . 10-8-4 . 16-1-8 . 21-6-12 ., 26-10-4 , 32-3 =4
T 5-4-12 ' 5-3-8 " 5-5-4 ' 5-5-4 " 5-3-8 " 5-4-12
4X4
. '
3x4 3X4
3 5
3X4 3X4
2 6
4X6 4X6
1 7
12 12 n 10 9 8
1X4 3X4 5%X8 3X4 1X4
—Ss4-12 . 10-8-4 , 16-1-8 . 21-6-12 , 26-10-4 , 32-3 .
5-4-12 " 5-3-8 " 5-5-4 T 5-5-4 ' 5-3-8 T 5-4-12
L. HL TO PK: 18 0-5 L TO PK :18-0-5
LEFT HEIGHT:0-4-3 SPAN:32-3 RISE:8-4-15 RIGHT HEIGHT:0-4-3
LOADING _ (PSF) - | MAX §iﬁ§§§ﬁ§ ‘‘‘‘‘‘‘‘‘‘‘‘ NIMUM GRADE OF LUMBER
L D TOP -3=0.3 TOP CHORD : 2x4 No.l&Btr GR DF-L
TOP 25 10 BOTT 11 12=0 BOT CHORD:2X4 No.l&Btr GR DF-L
BOTT 0 i LL.DEFL.@10= < L/240 WEBS X4 STANDARD 91_§§ ______
STR.INC.: LUMB = 1.15 PLATE = 1.15 SPACING : 24.0 in. o. c.
REPETITIVE STRESSES USED NO. OF MEMBERS = 1

DEFLECTIONCIN.) L.L= 0.11,D.L=0.07,7.L=0.18

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-1CBO,TPI-91

THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER
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===<<<<ACES-32 Ver. l1l.1>>>>==========[ 951551 ]===========<<<<RELCO>>>>=========
Customer : -B Thu Apr, 9 17:05:33 1998
PrOJect: # 351 Truss ID : V2 Family # : 3
Span 17-6-4 Quantity : 1 Top Pltch : 6/12
::Bld(2/12/1998)‘v1 e s s s s s S S S S S S S S S S S S S e e SRR EEERREE RS
T0P CHORD BOTTOM CHORD WEBS REACTIONS - SIZE APPROVED FOR MITEK INDUSTRIES INC.
T1-2=-1120 5-6= 0 2-7= 78 1=-835 5.50 E
2-1=-1128 &-7= 997 2-6= 142 5=-723  1.59 APR 13 1998
3-4=-1128 7-1= 997 3-6=-439
4-5=-681 4-6= 1221

PLATE OFFSETS (X=LEFT,Y=TOP):[j2=5,2.5],(SYMMETRIC PLATING TURNED ON)

11-4-11
) : 5-3-3 6-1-9

1
IS
o

1
|

1
I

BRACE FLAT PART OF T/C AT 43IN 0.C. FROMJTS _2T0 4 .

(vt c™D)
8X10 2X4
" 4X5
| on
-
-~
3X4 |
1 =T ——
7 1]
2X4 3X10 s
3X4
i 5-3-3 : 11-4-11 ; 17-6-4 __
’ 5-3-3 o 6-1-9 ' 6-1-9
HL TO :5- 10 10
LLFT HEIGHT 0-4-3 SPAN:17-6-4 RISE:5-3-11 RIGHT HEIGHT:2-11-12
iéziﬁfﬁé"fﬁéf“g _____ MAX STRESSES MINIMUM GRADE OF LUMBER __
L TOP 1-2=0.352 TOP CHORD:2X4 No.l&Btr GR DF-L
25 10 BOTT -7=0.206 BOT CHORD: 2X6 No.2 GR DF-L
0 LL.DEFL.@6=0.03 < L/240 WEBS : STANDARD 9%_?5 ______
R.INC.: LUMB = 1,15 P PLATE = 1.15 éﬁiéiﬁé'?'EZ—B_IE"S"E"
QnPETITIVE STRESSES USED NO. OF MEMBERS = 1

,HORD 2-3; 3-4 TO BE 2X6 No.2 GR DF-L

4-6 TO BE 2X4 No.1&Btr GR DF-L

UEFLECTIONCIN.) L.L= 0.03,D.L=0.02,T.L=0.05

LATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

“LATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-1CBO,TPI-91

TH1S DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER.
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===<<<<ACES-32 Ver. 1l.l1l>>>>==========[ 951550 ]===========<<<<RELCO>>>>=========

Customer : C-V-B Thu Apr 9 17:05:29 1998
Project #: 351 Truss ,ID : V1 ‘Family # : 3
Span : 17-6-4 Quantity : 1 Top Pitch : 6/12
==8ld(2/12/1998),vl.1==============sco=sc-ss=S=s=ssSsSSSSSSSSSSSSSSSSSSSSS=S=S=SSSEsSSSS======
TOP CHORD BOTTOM CHORD WEBS REACTIONS - SI
T 1-2=-1120 5-6=0 2-7= 78 1=-835 5.50
2-3=-1128 6-7= 997 2-6= 142 - 5=-723 1.59
3-4=-1128 7-1= 997 3-6=-439
4-5=-681 4-6= 1221

PLATE OFFSETS (X=LEFT,Y=TOP):[j2=5,2.5],(SYMMETRIC PLATING TURNED ON)

. 5-3-3 : 11-4-11 : 17-6-% \__ OREGON L
5-3-3 6-1-9 6-1-9 AN, 2515
N

: REponGY
BRACE FLAT PART OF T/C AT 44 IN 0.C. FROM JTS ﬁ-'ro_‘\;. ON
) b 2x4
3 4X5
e
-
]
3%10 5
3X4
' 5-3-3 . 11-4-11 : 17-6-4 »
5-3-3 ¢ 6-1-9 ' 6-1-9
L. HL TO PK:5-10-10
LEFT HEIGHT:0-4-3 SPAN:17-6-4 RISE:4-3-11 RIGHT HEIGHT:2-11-12
LOADING _(PSF) MAX STRESSES MINIMUM GRADE OF LUMBER __
L D TOP  1-2=0.352 TOP CHORD:2X4 No.l&Btr GR_DF-L
TOP 25 10 BO 6-7=0.206 BOT CHORD:2X6 No.2 GR DF-L
BOTT 0 7 LL.DEFL.@6=0.03 < L/240 WEBS :2X4 STANDARD 91 HF
STR.INC.: LUMB = 1.15 PLATE = 1.15 SPACING : 24.0 in, o. c.
REPETITIVE STRESSES USED NO. OF MEMBERS = 1

CHORD: 2-3; 3-4 TO BE 2X6 No.2 GR DF-L

WEB: 4-6 TO BE 2X4 No.1&Btr GR DF-L

UEFLECTIONCIN.) L.L= 0.03,0.L=0.02,7.L=0.05

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-1CBO,TPI1-91

THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER
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===<<<<ACES-32 Ver. 1l.1>>>>==========[ 951549 ]===========<<<<RELCO>>>>=========

Customer : C-V-B Thu Apr, 9 17:05:25 1998
broject #: 351 Truss ID : V Family # : 33

Span 7-6-4 Quantity 1 Top Plt:ch : 6/12
=81d(2/12/1998), v1 1========================== _______________________________________
TOP CHORD BOTTOM CHORD WEBS REACTIONS - SIZE

© T 1-2=-2504 5-6=0 2-7= 155 1=-1502 5.50 s

2-3=-2362 6-7= 2227 2-6= 146 “5=-1486  1.59

3-4=-2362 7-1= 2227 3-6=-870

4-5=-1402 4-6= 2558

PLATE OFFSETS (X=LEFT,Y=TOP):[j2=5,2.5], [j4=4.5,2],(SYMMETRIC PLATING TURNED ON)

BRACE FLAT PART OF T/C AT g\;IN O.C. FROMJTS _2 TO4}-, , OREGON&
an C)
. 25, )
)

T 5-3-3 ' 11-4-11 : 17-6-4 FEponcy
5-3-3 ' 6-1-9 ’ 6-1-9
8X10 . 2x4
2 3 4X7
-]
1
3X4+4X4
1 —J
J 7 [
2X4 4X16 s
3X4
' 5-3-3 i 11-4-11 A 17-6-4 4
5-3-3 2 6-1-9 = 6-1-9
HL TO 10 10
LEFT HEIGHT o SPAN:17-6-4 RISE:3-3-11 RIGHT HEIGHT:2-11-12

MINIMUM GRADE OF LUMBER

LOADING _ (PSF)
, L D =0.740 TOP CHORD:2X4 ~No.lsBtr GR DF-L
TOP 25 10 BOTT & BOT CHORD:2X6 No.2 R DF-L
BOTT 0 7 LL.DEFL.@6=0.07 < L/240 WEBS :2X4 STANDARD 91 HF
STR.INC.: LUMB = 1.15 PLATE = 1.15 éﬁiéiﬁé'T'EZ'G'iﬁf'Sf'ET_ o
REPETITIVE STRESSES NOT USED NO. OF MEMBERS = i
LOADING STRESS INCREASE LOADING PANEL(PLF) / JOINTS(LBS)

LUMBER PLATE TYPE

1 1.15  1.15 UNITFORM 1- 2= 70 2- 4= 139 5- 1= 28
CONCENTRATED 2= 358

CHORD: 2-3; 3-4 TO BE 2X6 No.2 GR DF-L
WEB: 4-6 TO BE 2X4 No.1&Btr GR DF-L
JEFLECTIONCIN.) L.L= 0.07,D.L=0.05,T.L=0.11
LATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)
PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-1CBO,TPI-91
HIS DESIGN IS FOR TRUSS FABRICATION ONLY. FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER
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===<<<<ACES-32 Ver. 1.1>>>>==========[ 951552 ]===========<<<<RELCO>>>>=========
Customer : C-V- Thu Apr 9 17:05:37 1998
Project # 351 Truss ID : MG Family # : 201
11-6 Quantity : 2 Top Pitch : 6/12
=B81d(2/12/1998), V‘ T S T T T Ty T T T P T
TOP CHORD BOTTOM CHORD WEBS REACTIONS - SIZE APPROVED FOR MITEK INDUSTRIES INC.
" 1-2=-5506 4-5= 4926 2-5= 4703 1=-2814  5.50 5

~

o 5-1= 4926 2-4=-5586 4e-k937  2.64 APR 13 1998

4=

-

PLATE OFFSETS (X=LEFT,Y=TOP):[j5=6,1.5],(SYMMETRIC PLATING TURNED ON)

S
3X9 4

L. HL TO PK 12~ 10 5

SPAN:11-6

LOADING _(PSF) MAX" STRESSES MINIMUM GRADE OF LUMBER

L TOP " 1-2-0.495 TOP CHORD:2X4 No.18Btr GR DE-L
rop 25 10 BOTT 4-5207523 BOT CHORD:2X8 No.l&Btr GR DF-
BOTT 0 7 TL DEFL. 2520 08 < L/240_ WEBS X4 STANDARD 91 HF
STR. INC. PLATE = 1.15 SPACING : 24.0 in. o. cC.
SEDETITIVE STRESSES ROT DSED NO. OF MEMBERS = 2
LOADING STRESS INCREASE LOADING PANEL(PLF) / JOINTS(LBS)

LUMBER PLATE TYPE
1 1.15 1.15 UNIFORM 1- 3=70 4= 5= 691 5- 1= 14

CONCENTRATED 5= 2800

WEB: 2-5 TO BE 2X4 No.1&Btr GR DF-L

2 [eMBERS NAILED TOG. W/1 ROW(S) OF .131x3 in. NAILS 12 in. o.c.(TOP CHS.),AND 2 ROW(S) OF .131x3 in. NAILS 4 in. 0.c(BOTT. CHS.)

For Webs use 1 ROW of NAILS 12 in. o.c.

DEFLECTIONCIN.) L.L= 0.05,0.L=0.04,T.L=0.09

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-ICBO,TPI-91 |

[H1S DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQGD)CONSULT BLDG ARCHITECT OR ENGINEER.
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APR-21-'98 @7:36 ID:RELCO ROOF/FLOOR INC  TEL NO:583 995-£311

o <<<1&AGES—32 Veg. l.1>>»>>==a== =¢_--[ 933391 ]z sz=as=az=cc<<RELCO>>

ShmEmEssmn
:06:17 199
P omer .: C_V- sun Apr 5 13:06:1
rg ect #: 351 Truss ID : TG Familx : 3}3
: 20-11~8 Quantity : 3 Top Pitech : 6/12
.ld(2,12/19”) R o e L e et Dt L Ll b bt b et
BOTTOM CHORD WEBS REACTIONS - SIZE
. A-2=-25738 7-8= 0 2-11= 2239  5-8=-1710 1=-11580  5.50
2-%=-24359 8-9= 18890 2-10=-2653  6-8= 12529 7=-4016 5.50..
~4=-18891 9-10= 21787 3-10= 11508
4-5=-11433 10-11= 23231 3-9=-3176
5-6=-11433 11-1= 23231 4-9= 1372

6-7=-5979 4-8=-8171

~

PLATE OFFSETS (X=LEFT,Y=TOP):[j3=8,51,[j6=9,2],(j10=8,8), (1125 ,1.5],(SYMMETRIC PLATING TURNED ON)

1CES:8-9=10X10;
BOTT CHORD SPLICE ( : .)0-98 i \
Aan, 25 \Q

L 420 $22 10=5-12 s 15-72-12 e 20-1
40 1-2 5-3-12 i 5-2 i 5-3-12
7%X16 4X5 3x4
4xs 3 4 s 4X12
2

= -
5X8+10X1 \ /
1 P

i ¢ —————Djﬂ
= " 10 L] L] ﬁ
3X8 4X5 LxA 7
1oxia
3x8
- -5-1 o -1~
4-0 1-2 5-3-12 5-2 5-3-12
L. HL TO PK:5-9-5
LEFT HEIGHT:0-4-3 SPAN:20-11-8 RISE:2-11-3 RIGHT HEIGHT:2-11-3
EE T Pl R L B e Y e e et Lt e E E T T by it St :-:-s--s--:-:--:a-
LOADING (PSF& MAX STRESSES MINIMUM GRAD 0 UMBER
L 1-2=0.780 TOR C 8 12X4 No l&Btr GR_DF-L
TQP 25 10 B 10-11=0.862 BQOT CH RD 2X10 N% GR DF-L .
BOTT 4 LL.DEFL.@%=0.19 < L/240 WEBS STANDARD 21 HF
=-=‘.=_== —mEmme ‘—---===--“-==.-==!==E_=!_=-—ﬂ-:ﬁ!:--ﬂi!ﬂ‘-s-s--E=-===‘-=‘—=-=I
STR.INC.: LUMB PLATE = 1.15 SPACING : 24.0 in, o. cC.
REPETITIVE S'I'RESSES NOT USED NO. OF MEMBERS - 3
LOADING STRESS INCREASE LOADING PANEL(PLF) / JOINTS(LBS)
LUMBER PLATE TYPE
1 1.15  1.15 UNIFORM 1= 3= 70 3- 6= 331  T7-10= 16 10- 1= 195

CONCENTRATED 10= 9131 11= 1758

CHORD: 3-4; 4-5; 5-6 TO BE 2X6 No.2 GR DF-(

WEB: 3-10 TO BE 2X8 No,2 GR DF-L

WEB: 68 TO BE'2X4 No.1&Btr GR DF-L

3 MEMBERS NAILED TOG. W/2 ROM(S) OF .131x3 in. NAILS 7 in, o.c.(TOP CHS.),AND 1 ROM(S) OF .131x3 in. NAILS 6 in. 0.c(BOTT. CHS.)
For Webs use 1 ROW of NAILS 12 in. o.c.

=W*RNOTE:Special hanger is reqd. to dist. bottom chord concentrated load(s) to all plies.*»*+

DEFLECTIONCIN.) L.L= 0.19,0.L=0.13,7.L=0.32

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED OI EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWNIDESIGN CONFORMS W/NDS DESIGN SPECS, UBC-iCBO,TPI-9
THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACINGCHHICH 1S ALWAYS REQD)CONSULT BLDG ARGHITECT OR ENGI!
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===<<<<ACES-32 Ver. 1l.1l>>>>==========[ 951535 ]===========<<<<RELCO>>>>=========
Customer : C-V-B Thu Apr 9 17: 04 09 1998
Project #: 351 Truss ID = C2 73
Span : 20-11-8 Quantity : 1
==B8ld(2/12/1998) ,vl.|=sssnsssssssssssssssss====
. TOP CHORD BOTTOM CHORD WEBS ONS - SIZE
1-2=-1421 5-6= 1264 2-8= 72 E:'ou 5.50
2-3=-1751 6-7= 1264 2-7= 543 ‘ 5=-1085 5.50
3-4=-1751 7-8= 1264 3-7=-409
4-5=-1421 8-1= 1264 4-7= 543
4-6= T2

PLATE OFFSETS (X=LEFT,Y=TOP): [j2=5,2.5], [j4=5,2.5], [j7=4,2], (SYMMETRIC PLATING TURNED ON)

2=8 : 5-3-3 i 10-5-12 . 15-8-5 :
5-3-3 i 5-2-9 . 5-2-9

BRACE FLAT PART OF T/C AT 42 IN 0.C. FROM JTS 2- TO j:

Ivderuy

\— 5-3-3 , 10-5-12 — 15-8-5 . 20-11-8 .
5-3-3 T 5-2-9 -2-9 5-3-
L. HD TO PK:5-10-10 L TO PK :5-10-10
LEFT HEIGHT:0-4-3 SPAN:20-11-8 RISE:5-3-11 RIGHT HBIGHT:0-4-3

MINIMUM GRADE OF LUMBE
TOP CHORD:2X4 No. l&Btr GR DF-L
BOT CHORD:2X6 No.2 GR =1

< L/240 WEBS :2X4 TANDARD 91 HF

LOADING

(PSFI))

STR. IN LUMB 1.15 PLATE = 1. PACING : 24.0 . (O
REPETITIVE STRESSES USED NO. OF MEMBERS = 1
CHORD: 2-3; 3-4 TO BE 2X6 No.2 GR DF-L

DEFLECTIONCIN.) L.L= 0.06,D.L=0.04,T.L=0.09

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-1CBO,TPI-91
THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER
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===<<<<ACES-32 Ver. 1l.1>>>>==========[ 951534 ]===========<<<<RELCO>>>>=========
Customer : C-V-B Thu Apr 9 17:04:04 1998
PrOJect #: 351 Truss ID : C1 Family # : 324
Span : 20-11-8 Quantity : Top Pitch : 6/12
==B1d(2/12/1998), v1,1===================_—:=-..-.===.—..================...=:====..=================
. TOP CHORD BOTTOM CHORD WEBS REACTIONS - SIZE APPROVED FOR MITEK INDUSTRIES INC.
1-2=-1421 5-6= 1264 2-8= 72 1=-1085 5.50 "
2-3=-1751 6-7= 1264 2-7= 543 5=-1085 5.50
3-4=-1751 7-8= 1264 3-7=-409
4-5=-1421 8-1= 1264 4-7= 543
4-6= 72

PLATE OFFSETS (X=LEFT,Y=TOP):[j2=5,2.5], [j4=5,2.51, [j7=4,2],(SYMMETRIC PLATING TURNED ON)

OREGON

v
4N, 2515
ReponGYS
2-8  ,  5-3-3  10-5-12 . 15-8-5 \ 20-11-8 2.8
5-3-3 335 —%-3-9 833

BRACE FLAT PART OF T/C AT 4XIN 0.C. FROMJTS 2 T0 <.

8X10 M+ 2x4
2 3

3X5
5
. 5-3-3 ; 10-5-12 F 15-8-5 20-11-8
2 5-3-3 : 5-2-9 7 5-2-9 : 5-3-3 i
L. HL TO PK:5-10-10 TO PK :5-10-10
LEFT HEIGHT:0-4-3 SPAN:20-11-8 RISE:4-3-11 RIGHT HEIGHT:0-4-3
ﬁBXﬁiﬁé"YEéﬁg """"" ﬁi'éﬁééééé """""""""" NIMUM GRADE OF LUMBER __ _
L TO -2-0 376 TOP CHORD:2X4 No.l&Btr GR DF-L
TOP 25 10 BOTT 7-8=0.229 BOT CHORD:2X6 No.2 GR DF-L
BOTT 0 7 LL.DEFL. @7 0.06 < L/240 WEBS :2X4 STANDARD 91 HF
STR.INC.: LUMB = 1.15 PLATE = 1.15 SPACING : 24.0 in. o. c.
REPETITIVE STRESSES USED NO. OF MEMBERS = 1

CHORD: 2-3; 3-4 TO BE 2X6 No.2 GR DF-L

DEFLECTIONCIN.) L.L= 0.06,D.L=0.04,T.L=0.09

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-1CBO,TPI-91

THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER
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===<<<<ACES-32 Ver. l.1>>>>==========[ 951533 ]===========<<<<RELCO>>> =========
Customer : C-V-B Thu Apr, 9 17: 03 58 1998
Project #: 351 Truss ID : C Family # : 3
Sp 20-11-8 Quantity : 1 Top Pitch : 6 12
Bld(2/12/1998) v1 e Y L L T Tt T e T T T PP P P P P P PP P P P L
TOP CHORD BOTTOM CHORD WEBS REACTIONS - SIZE
1-2=-3218 5-6= 2863 2-8= 142 1=-1941 5.50
2-3=-3835 6-7= 2863 2-7= 1085 - 5=-1941 5.50
3-4=-3835 7-8= 2863 3-7=-820
4-5=-3218 8-1= 2863 4-7= 1085
4-6= 142

PLATE OFFSETS (X=LEFT,Y=TOP):[j2=5,2.5), [j4=5,2.5], [j7=4,2], (SYMMETRIC PLATING TURNED ON)

BRACE FLAT PART OF T/C AT 24IN 0.C. FROMJTS 2. T0 4 .

12-8 ; 5-3-3 i 10-5-12 % 15-8-5 ) 20-11-8 +2-8 "
: . 5-3-3 ' 5-2-9 ' 5-2-9 ' 5-3-3
8X10 2X4 BX10
2 3 4

3X5+4X3 g frt g 4X5+3%5
2%4 748 2%4

. 5-3-3 : 10-5-12 " 15-8-5 N 20-11-8 4
: 5-3-3 ' 5-2-9 ' 5-2-9 ' 5-3-3
L. HL TO PK:5-10-10 HL TQ PK :5-10-10
LEFT HEIGHT:0-4-3 SPAN:20-11-8 RISE:3-3-11 RiGHT HBIGHT 3
iéiﬁiﬁé"'iﬁéig ______ MAX STRESSES MINIMUM GRADE OF LUMBER
1 TOB "'1-2200669 TOP CHORD:2X4 No.l&Btr GR_DF-L
TOP 25 10 BOTT 7-8=0.518 BOT CHORD:2Xe No.2 R DE-L
0 7 LL.DEFL.@7=0.12 < L/240 :2X4 STANDARD 91 HF
STR.INC,: LUMB = 1.1 15 PLATE = 1.15 §§iéiﬁé'7'52'6 n.
REDETITIVE STRESSES NOT USED NO. OF MEMBERS = 1
LOADING STRESS INCREASE LOADING PANEL(PLF) / JOINTS(LBS)
LUMBER PLATE TYPE
1 1.15 1.15 UNIFORM 1-2=70 2- 4= 139 4- 5=70 5- 1= 28
CONCENTRATED 2= 358 4= 358

CHORD: 2-3; 3-4 TO BE 2X6 No.2 GR DF-L

DEFLECTION(IN.) L.L= 0.12,0.L=0.08,T.L=0.21

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-ICBO,TPI-91

THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEEF
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A . \.'—‘ APR-21-'98 B7:37 ID:RELCO ROOF-FLOOR INC TEL NO:583 995-6311 H156 P@3
: o
é=-<<<<ACES 32 ver. 1. 1>>>>===-=—s---[ 933390 ]--::-====-==<<<<REL§O> >yss=xz=on=
Customer ; C-V- Sun gr 13:06:10 1998
Project #: 351 Truss ID : TGl Famil : 3
20-0 Quantity : 3 Top P:.r.ch : 6/12
szgld(2/12/1998),v1 e E L 2 1 4 L P e I T T T P L S P P P TIP3 2 P BT Dt i 3 ]
TOP CHORD BOTTOM CHORD WEBS REACTIONS - SIZE
-+ §-2=-23234 7-8= 17982 2-12= 3371  5-9= 5152 1=-11905 5.50
2-3=-19191 8-9= 17982 2-11=-4536  6-9=-2622 7=-9131 3.23
3-4=-17387 9-10= 14311 3-11= 6770  é-8= 1402 ~
by et 1 L
5-6=-17629 “12= 1 -10=-241
6-7=-19773 12-1= 21015 5-10= 4135 ' APR 06 1998
PLATE OFFSETS (X=LEFT,YsTOP):([j3=7,2.5]1,[)5%7,2.5],[j12=6,1,5],(SYMMETRIC PLATING TURNED ON)
< A

BOTT CHORD SPLICES:9-10=10X10;

BRACE FLAT PART OF T/C AT 241N 0.C. FROMJTS 3 70 5,

3-3-5 6-6-11

3=3-5 3-3-5

4X6
2
5X8+10X1 1 7X8+4X7
1 ?
gﬁl U b b T N 'ﬂg
12 n 10 L] 8
3X9 Jox0 7o/ o210 3X6
=3 = -0 - -B=11 -
3-3°5 2-4-11 -4 4-4 2-4-11 3-3-5
:7-3-15 HL TO :7-3-15
LEFT HEIGHT -3-3 SPAN:20-0 RISE:3-11-7 nzcn'r HEIGHT 0333
E -+ 3 A1 2 2= 1 3 12 ==’-====--==-=ﬂ===-=====-====-!===.-==—=-==-===--'—.----==-====-==
LOADING (PSFZ,’ MAX STRESSES MINIMUM GRADE OF LUMBER
B, 25 10 5% 1%-3200632 cuogmg 23(&0 Na: 1&85:: o
Tg'r'r 0 LL.DEFL.810=0.18 < L/240 wgss TANDARD 91 HF
REDETITIVE gmsssns NOT USE NO. OF MEMEBE RS =3 "7
LOADING STRESS INCREASE LOADING PANEL(PLF) / JOINTS(LBS)
LUMBER PLATE TYPE
1 115 1.18 UNIFORM 1- 7= 70 7- 9= 507 9-10= 807 10- 1= 1240

CONCENTRATED 9= 1245

CHORD: 10-11; 11-12; 12-9 1O BE 2X10 No.1&Btr GR DF-L

WEB: 3-11 TO BE 2X4 No.1&Btr GR DF-L

3 MEMBERS NAILED TOG. W/1 ROW(S) OF ,131x3 n. NAILS 12 in. 0.c(TOP CKS.),AND 16d NAILS 12 in. ©.c.(BOTT. CHORD)

For Webs use 1 ROW of NAILS 12 in. o.c.

whiNOYE:Special hoanger/connection is reqd. to dist. bottom chord uniform load(s) to all plies *aew

DEFLECTIONCIN.) L.L= 0.18,D.L=0.12,T.1=0.30

PLATES ARE MITEK M20-165,142 MNUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS$ SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-1C80,TPI-91

THIS DESIGN 1S FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER
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===<<<<ACES-32 Ver. 1.1>>>>==========[ 951546 ] =====s=z==2=<<<<RELCO>>>>=========
Customer : C-V- Thu Apr 9 17:05:14 1998
Pro;ect # 351 Truss ID : T Family # : 3
Sp 14-5-4 Quantity : 1 Top Pitch : 6/12
=81d(2/12/1998), v‘l.‘I===_.=================~============================— REs======
. TOP CHORD BOTTOM CHORD WEBS REACTIONS - SIZE APPROVED~EQH LEK- FMALSTRIES INC.
1- 5-6= 0 2-7= 133 1=-1235 5.50 .
2 6-7= 1695 2-6=-220 © 5=-1242 1.50
3 7-1= 1695 3-6=-631
4 4-6= 1735

'LATE OFFSETS (X=LEFT,Y=TOP):([j2=4,2.5],[j4=4,1.5],(SYMMETRIC PLATING TURNED ON)

BRACE FLAT PART OF T/C AT 24 IN O.C. FROM JTS 2. TO ,4‘_

Y S 5-3-3 : 9-10-3 .
' ' 5-3-3 ¥ 4-7-1
6X8 1X4
4X6
2 * 3
4
n
U J
3X4+4X4
J | S— |
7 L] B
L]
2X4 4x12
3X4
, 5-3-3 i 9-10-3 i 14-5-4 A
' 5-3-3 3 4-7-1 ' 4-7-1
L. HL TO PK:5-10-10
LEFT HEIGHT:0-4-3 SPAN:14-5-4 RISE:3-3-11 RIGHT HEIGHT:2-11-12

LOADING _ (PSF) MAX STRESSES MINIMUM GRADE OF LUMBER
L D TOP =0.676 TOP CHORD:2X4 No.l&Btr GR DF-L
TOP 25 10 BOTT 6-720:334 BOT CHORD:2X6 No.2 GR DF-L
BOTT 0 7 LL.DEFL.@6=0.04 < L/240 WEBS :2X4 STANDARD 91 HF
STR.INC.: LUMB = 1.15 P PLATE = 1.15 SPACING : 24.0 in, 0. c.
REPETITIVE STRESSES NOT USED NO. OF MEMBERS = i
LOADING STRESS INCREASE LOADING PANEL(PLF) / JOINTS(LBS)
LUMBER PLATE TYPE
1 115 1.15 UNIFORM 1- 2= 70 2- 4=139 5-1=28

CONCENTRATED 2= 358

UEFLECTION(CIN.) L.L= 0.04,D0.L=0.03,T7.L=0.07

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-1CBO,TPI-91

THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER
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===<<<<ACES-32 Ver. 1.1>>>>==========[ 951547 ]===========<<<<RELCO>>>>=========
Customer : C-V-B Thu Apr 9 17:05:18 1998
Pro;ect: #: 351 Truss ID : Tl Family # : 323
Span 1l4-5-4 Quantity : Top Pitch : 6/12
==81d(2/12/1998), v1 1============================================== EEss=sS=s=s=sS==========
TOP CHORD BOTTOM CHORD WEBS REACTIONS - SIZE APPROVED FOR HlTEﬁ gDU§§bES INC.
" 1-2=-833 5-6= 0 2-7= 67 1=-706 5.50 APR
2-3=-702 6-7= 740 2-6=-43 - 5=-594 1.50
3-4=-702 7-1= 740 3-6=-319
4-5=-562 4-6= 810

PLATE OFFSETS (X=LEFT,Y=TOP):(j2=4,2.5],(SYMMETRIC PLATING TURNED ON)

\ OREGON/
e T 5-3-3 : 9-10-3 . 14-6-4 PR
5-3-3

" ’ ’ 4-7-1 " 4-7-%,
R EDONG“\)

BRACE FLAT PART OF T/C AT 43 IN 0.C. FROM JTS 2- TO .1'_

6X8 1X4
et
otp , 3X4
I 4
L) n
U -y
-~
3X4
1
1 g
=Y R p B
2%4 3%8 ¢
3X4
; 5-3-3 ) 9-10-3 " 14-5-4 =
5-3-3 ' 4-7-1 ' 4-7-1
L. HL TO PK:5-10-10
LEFT HEIGHT: 0 4-3 SPAN:14-5-4 RISE:4-3-11 RIGHT HEIGHT:2-11-12
LOADING _ (PSF) MAX éi‘nﬁééﬁé """"""""" MINIMUM GRADE OF LUMBER __ __
L D TOP -2=0.333 TOP CHORD:2X4 No.l&Btr GR_DF-L
TOP 25 10 BOTT 6—7 0.146 BOT CHORD:2X6 No.2 GR DF-L
BOTT 0 7 LL.DEFL.@6=0.02 < L/240 WEBS :2X4 STANDARD 91 HF P
STR.INC.: LUMB = 1.15 PLATE = 1.15 SPACING : 24.0 in. o. c.
REPETITIVE STRESSES USED NO. OF MEMBERS = 1

DEFLECTIONCIN.) L.L= 0.02,D0.L=0.01,7.L=0.03

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-1CBO,TPI-91

THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER
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===<<<<ACES-32 Ver l.1>>>>==zs=s=s===| 951548 ]===========2<<<<RELCO>>>>=========
Customer : C-V- Thu Apr 9 17:05:22 1998
PrOJect # 351 Truss ID : T2 Family # :
Sp 14-5-4 Quantity : 1 Top Pitch : 6/12
=81d(2/12/1998), v1.1========== (T T T T Tttt i1 13 PPt P ¥ 1 TP 31 3t 3 2+ 3+ 8 3 8 ¢ 3 1 &£ 3 ¢ F 3 ¢
TOP CHORD BOTTOM CHORD WEBS REACTIONS - SIZE APPROVED FOR MITEK INDUSTRIES INC.
T 1-2=-833 5-6= 0 2-7= 67 1=-706 5.50 *
2-3=-702 6-7= 740 2-6=-43 - 5=-594 1.50
3-4=-702 7-1= 740 3-6=-319
4-5=-562 4-6= 810

PLATE OFFSETS (X=LEFT,Y=TOP):[j2=4,2.5],(SYMMETRIC PLATING TURNED ON)

(¥ [CL S 5-3-3

+
o
1
-
=1
1
o
|-
N
o
1
&

3X4

]

3X4
. 5-3-3 . 9-10-3 X 14-5-4 .
‘ 5-3-3 ' 4-7-1 ' 4-7-1
HL TO PK:5-10—10
T HEIGHT:0-4-3 SPAN:14-5-4 RISE:5-3-11 RIGHT HEIGHT:2-11-12
Junmiﬁé"?ﬁéﬁi """" MAX STRESSES MINIMUM GRADE OF LUMBER __
L D TOP 1-2=0.333 TOP CHORD:2X4 No.l&Btr GR_DF-L
TOP 25 10 BOTT 6-7=0.146 BOT CHORD: 2X6 No.2 GR DF-L
BOTT 0 7 LL.DEFL.@6=0.02 < L/240 WEBS STANDARD 91 HF
STR.INC.: LUMB = 1.15 PLATE = 1.15 éiiéiﬁé'?'zz'o'IE‘“é' c.
REPETITIVE STRESSES USED NO. OF MEMBERS = 1
DEFLECTION(CIN.) L.L= 0.02,D.L=0.01,T.L=0.03
PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN) APR 1 3

PL ME MUST BE INSTALLED DN EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS UBC-1CBO, TPI-91
[S DESIGN IS FOR TRUSS FABRICATION ONLY. FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CON: BE ARCHITECT OR ENGINEER.




===<<<<ACES-32 Ver. 1l.1>>>>==========[ 951536 ]===========<<<<RELCO>>>>=========

Customer : C-V-B Thu Apr, 9 17:04:15 1998
Project #: 351 Truss ID : D Family # : 4
Span 20-0 Quantity : 1 Top Pitch : 6/12
g(d(2/12/1995) v1,1==================================================================
. TOP CHORD BOTTOM CHORD WEBS REACTIONS - SIZE
1-2=-3073 5-6= 2781 2-8= 135 1=-1650 5.50
2-3=-3569 6-7= 2781 2-7= 952 5==1639 1.75
3-4=-3569 7-8= 2733 3-7=-756
4-5=-3107 8-1= 2733 4-7= 898
4-6= 138

PLATE OFFSETS (X=LEFT,Y=TOP): [j2=5,2.5], [j4=5,2.5), [j7=4,2],(SYMMETRIC PLATING TURNED ON)

BRACE FLAT PART OF T/ AT 24 IN 0.C. FROMJTS 2 T0 4.

: 5-3-3 : 10-0 : 14-8-13 .
. 5-3-3 " 4-8-13 : 4-8-13
: 8X10
8X10 2X4
2 3 4
LA N
3X5+4X5 4X5+3X5
1 5
e 8 7 6 4
2X4 7X8 2X4
. 5-3-3 " 10-0 " 14-8-13 : 20-0
g 5-3-3 ' 4-8-13 ' 4-8-13 5-3-3
L. HL TO PK:5-10-10 HL TO PK :5-10-10
LEFT HEIGHT RISE:3-3-11 RIGHT HEIGHT:0-4-3

MAX

STRESSES MINIMUM GRADE OF LUMBER

L TOP " 4-5=0.649 TOP CHORD:2X4 No.1&Btr GR DF-L
TOP 25 BOTT 6-7=0.491 BOT CHORD:2Xe No.2 CR D
BOTT 0 LD DEFL.@720.11 < L/240 WEBS STANDARD 91 HF
STR.INC.: LUMB = 1'i§'§iﬁié';'ifi§ """""""""" 51356351&'7'52'6 in,
REPETITIVE STRESSES NOT USE NO. OF MEMBERS = 1
LOADING STRESS INCREASE LOADING PANEL(PLF) / JOINTS(LBS)
LUMBER PLATE TYPE
1 1.15  1.15 UNTFORM 1- 2= 70 2- 4= 139 4- 5=70 5- 1= 28

CONCENTRATED 2= 358 4= 358

CHORD: 2-3; 3-4 TO BE 2X6 No.2 GR DF-L

DEFLECTIONCIN.) L.L= 0.11,0.L=0.07,7.L=0.18

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-1CBO,TP1-91

THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER
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===<<<<ACES-32 Ver. 1l.1>>>>==========[ 951538 ]===========<<<<RELCO>>>>=========

Customer : C-V-B Thu Apr 9 17:04:22 1998

Pro:]ect # 351 Truss ID : E Family # :

Span 14-7-8 Quantity : 1 Top Pitch : 6/12
::B(d(2/|2/1998),v1 e L e e P T T e
. TOP CHORD BOTTOM CHORD WEBS REACTIONS - SIZE APPROVED F E D ES INC.

12eimor e 1505 2-be 73 ferioir 5.50 W “I SR

2-3=-2143 6-7= 1509 2-7= 683 5=-1047 5.50

3-4=-2143 7-8= 1509 3-7=-419
4-5=-1707 8-1= 1509 4-7= 683
4-6= T3

PLATE OFFSETS (X=LEFT,Y=TOP):[j2=4,2.5], [j4=4,2.5],(SYMMETRIC PLATING TURNED ON)

BRACE FLAT PART OF T/C AT 24 IN 0.C. FROMJTS 2 TO 4.

S S 3-3-3 7=3-12 11-4-5 14-7-8 A 7 -
! - 3-3-3 ’ 4-0- ' 4-0-9 3-3-3
' 6X8
6X8 1X4
2 3 4
1 ™~
3X6 3%6
' =1 S— B s
=4 s = P 4]
2X4 3x8 2X4
" 3-3-3 R 7-3-12 i 11-4-5 3 14-7-8 .
3-3-3 % 4-0-9 d 4-0-9 ¥ 3-3-3
7 13 :3 7 13

MAX STRESSES

R. TO s
RISE:2-3-11 RIGHT HEIGHT 0-4-3

MINIMUM GRADE OF LUMBER

L TOP 2-3=0.438 TOP CHORD:2X4 No. l&Btr GR DF-L
TOP 25 10 BOTT 6-7=0.264 BOT CHORD:2X6 No.2 GR DF-L
BOTT 0 7 LL.DEFL.@7=0.06 < L/240 WEBS :2X4 STANDARD 91 HF

STR.INC.: LUMB 15 PLATE
REPETITIVE STRESSES NOT USED

LOADING STRESS INCREASE LOADING
LUMBER PLATE TYPE

1 1.15  1.15 UNITFORM 1- 2= 70

DEFLECTION(IN.) L.L= 0.06,D.L=0.04,T.L=0.10

PANEL(PLF) / JOINTS(LBS)

2- 4= 104
CONCENTRATED 2= 157 = 157

4- 5= 70

SPACING : 24.0 in. o. c.
NO. OF MEMBERS o

5- 1= 21

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)
PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-1CBO,TPI-91
THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER
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===<<<<ACES-32 Ver. 1l.1>>>>==========[ 951539 ]===========<<<<RELCO>>>>== mEm===
Customer : C-V-B Thu Apr 9 17: 04 127 1998
Project #: 351 Truss ID : G Family # : 3
Span 14-7-8 Quantity : 2 Top Pltch : 6 12
B[d(2/12/1998) v1,‘|================ EE ST E T E T b Y
. TOP CHORD BOTTOM CHORD  WEBS REACTIONS - SIZE
1-2=-7774 5-6= 6945 2-8= 2299 125095  5.50
2-3=-8057 6-7= 6945 2-7= 1460 - 5225095  5.50
3-4=-8057 7-8= 6945 3-7=-184
4-5=-7774 8-1= 6945 4-7= 1460
4-6= 2299

BRACE FLAT PART OF T/C AT24(IN O.C. FROM JTS 2 T10:%

OREGON
0
an, 551
N

PEponGY
; 4-8-3 L 7-3-12 . 9-11-5 . 14-7-8 -
4-8-3 T 2-7-9 T 2-7-9 ! 4-8-3
6X8
6X8 3X4 .
2 3 4
L1 N
3X5+6X6 6X6+3X5
1 s
M 8 7 6
3%8 10X10 3X8
' 4-8-3 . 7-3-12 . 9-11-5 : 14-7-8 .
4-8-3 T 2-7-9 b 2-7-9 ' 4-8-3

R. HL TO PK
RIGHT HEIGHT:

MINIMUM GRADE OF LUMBE

TOP CHORD:2X4 No. I&Btr GR_DF-L
BOT CHORD: 2X8 No.2 GR D
< L/240 WEBS :2X STANDARD 91 HF

STR.INC.: LUMB = 1.15 PLATE = 1. SPACING 24.0 . O
REPETITIVE STRESSES NOT USED NO. OF MEMBERS = 2
LOADING STRESS INCREASE LOADING PANEL(PLF) / JOINTS(LBS)
LUMBER PLATE  TYPE
1 1.15 1.5 UNIFORM 1- 5270 5- 1= 649

2 MEMBERS NAILED TOG. W/1 ROW(S) OF .131x3 in. NAILS 12 in. o.c.(TOP CHS.),AND 2 ROM(S) OF .131x3 in. NAILS 5 in. 0.c(BOTT. CHS.)
for Webs use 1 ROW of NAILS 12 in. o.c.

DEFLECTIONCIN.) L.L= 0.08,D.L=0.06,7T.L=0.14

PLATES ARE MITEK M20-165,142 HANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-1CBO,TPI1-91

THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER
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===<<<<ACES-32 Ver. 1l.1>>>>==========[ 951537 ]===========<<<<RELCO>>>>=========

Customer : C-V-B Thu Apr 9 17:04:20 1998

Project #: 351 Truss ID : 2 Fami ly #

Span 3-10-8 Quantity Top Pitch : 6/12
==B1d(2/12/1998), v1_1===================== T PPt 0 gt bttt
. TOP CHORD BOTTOM CHORD WEBS REACTIONS - SIZE APPROVED FOR MITEK INDUSTRIES INC.
1-2= 0 3-1=0 1=-375 5.50 a
2-3=0 © 3=-25 1.50

2=-125 1.50
APR 13 1998

(SYMMETRIC PLATING TURNED ON)

|2-8 ; 3-10-8 :
> 3-10-8
OREGON
v
4N, 25\
2 REpoNGYS
2X4 =T EJ
X
: 3
) 3-10-8 ,
! 3-10-8
L. HL TO PK:4-4
LEFT HEIGHT:0-4-3 SPAN:3-10-8 RISE:2-3-7 RIGHT HEIGHT:2-3-7
LOADING _(PSF) MAX STRESSES ﬁiﬁ ' IMUM GRADE OF LUMBER
L D TOP ~ 1-2=0.189 P CHORD:2X4 No.l&Btr GR DF-
25 10 3-1-0.038 RDio%d No:ISBEF GR DL
0 7 :2X4 STANDARD 91 HF

STR.INC. .15 PLATE = 1. SPACING 24.0 in.
REPETITIVE STRESSES USED NO. OF MEMBERS = 1

DEFLECTIONCIN.) L.L= 0.00,0.L=0.00,T.L=0.00

PLATES ARE MITEK M20-165,142 MANUFACTURED FROM ASTM A 446 GRD A GALVANIZED STEEL(EXCEPT AS SHOWN)

PLATE MUST BE INSTALLED ON EA. FACE OF JOINT,SYMMETRICALLY(EXCEPT AS SHOWN)DESIGN CONFORMS W/NDS DESIGN SPECS, UBC-1CBO,TPI-91

THIS DESIGN IS FOR TRUSS FABRICATION ONLY.FOR PERMANENT AND TEMPORARY BRACING(WHICH IS ALWAYS REQD)CONSULT BLDG ARCHITECT OR ENGINEER
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Appendix C: Building Model Details
Building Layout:
The house that was modeled for this study was modified from the original plans
found in Appendix B. The modified building dimensions can be found below in Figures C-

1 and C-2. The biggest change is the removal of the daylight basement.

] /
5.41
]
' 11.58
-——3.15—
4.50
)
|
1.68
i 1
—-—2.36 = 4.39 —| 6.43
— 13.19 -

Figure C 1. Second floor layout. (dimensions in meters)
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Framing Members

Members used in this study include those found in Table C-1, as well as all member
sizes and grades found in the truss details Appendix B. The BCI joists used for the second
floor are assumed to be 11-7/8” BCI 90, the property values of which can be found in BCI’s

Western Species Guide.

Table C 1. Member usage and sizes. Does not include roof truss members, or BCI

joists.
Member Size | Material
Member Usage W x H (mm)
Wall Stud 38 x 140 DF #2
Double Wall Stud (used at corners and next to windows | 76 x 140 DF #2
Roof Rafters 38 x 184 DF #2
Angle Rafter on Roof 38 x 235 DF #2
Window and door headers + Window sills 76 x 184 DF #2
First floor Bottom plate 140 x 38 DF #2
Top plate (not used between 1st and 2nd floors) 140 x 76 DF #2
Glulams spanning over garage doors 171 x 254 24F-V5

Figure C 3. Example of wall. (First floor, eastern side of north wall. View from
exterior.).
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APPENDIX D

SHELL MODELING

Modeling shells

The shell modeling procedure used for this study is based upon the methods used
by and the results of Pfretzchner et al. (2014). Pfretzchner et al. (2014) used a similar
process to Martin et al. (2011), while incorporating a layered shell element that allows for

both the plywood and gypsum wall board stiffnesses to be taken into account.

Both Martin et al. (2011) and Pfetzchner et al. (2014) used a single shell element
for each wall and roof section, but due to geometric complexity, in this study walls and

roofs are modeled using multiple shell elements.

L
. -0 T ; - e T - - - - -

r . - I e I L I T = e "=

T T T r -

| i [ | | | |

1 U U 4 U 1 I 1

| i [ | | | - !

| i ] |

I i [ [ 1 | | -

| i ] | | |

| i [ | | | ' l

| i ] | - -l

| i [ | | |

1 i I 1 v ';

1 i [ I} 1 1 I

1 Ui U U i 1 i I U U 1 i .

Lol JAL AL L LRl AL ) [ Sl iy ' iy ~
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- L - L L L - - T - = :E

Figure D 1. Top: wall with single shell element. Bottom: Wall with several shell
elements. Both walls have the same deflection when subjected to similar loading.
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Wall Stiffness

Due to limited information for plywood sheathing, for sake of consistency and ease,
the material properties for shell elements used in this study were taken from Pfretzschner
et al. (2014). All properties aside from the Gio stiffness in the walls are consistent

throughout.

Table D 1. Material properties of plywood and gypsum wall board.

Material Properties Source
Plywood Sheathing | E1 = 8280 MPa (1201 Pfretzschner et al. (2014)
(Roof) ksi) OSULaminates (Nairn 2007)
E, = 2393 MPa (347 ksi) (Flexural Properties
U =0.011
G12 = 482 MPa (70 ksi)
Plywood Sheathing | E1 =7017 MPa (1018 Pfretzschner et al. (2014)
(Walls) ksi) OSULaminates (Nairn 2007)
E2 = 3657 MPa (530 Ksi) (In-Plane Properties)
U2 =0.016
Gypsum Wallboard | E1 = 1820 MPa (264 ksi) Gypsum Association (2010)
(Walls) U12=0.3

The Gy stiffness for walls varies relatively linearly with the wall’s length and is
modeled based on a calibration procedure outlined in Pfretzchner et al. (2014). Figure D1
shows the results of this procedure for 9.5 mm plywood with 152 mm nail spacing from
Pfretzschner et al. (2014), which is used for all walls in this study. Figure D2 simillarly
gives the Gy stiffness for the wallboard relative to the wall length, again from Pfretzschner

etal. (2014).
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Figure D 2. Wall stiffness and required Gi2 for 9.5mm plywood with 15.2 cm nail
spacing (Source: Pfretzchner et al. 2014)
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Pfretzchner et al. 2014)
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APPENDIX E

SNOW LOAD INVESTIGATION

Snow loading for this study was based on Section 1608 of the 2014 OSSC, in
accordance with Chapter 7 of ASCE 7-10 and the Snow Load Analysis for Oregon (2011).
The ground snow load based on the location of the house being modeled is 19.0 psf. The
“Use of Map” Part I lays out adjustments that may be used for sites in steep terrain, as well
as for site-specific case studies, neither of which apply here. Part Il defines the minimum
roof snow load as 20 psf, which will govern (see notes on ASCE 7-10 section 7.3 below).

The criteria for applying a 5 psf rain-on-snow surcharge are defined in Part 111:

1) All roofs with a slope less than 1:12.
2) Roofs of any slope that constrain runoff.
Since the all roof slopes are greater than 1:12, and the house has a continuous gutter system,

which is not considered to constrain runoff, the 5 psf rain-on-snow surcharge does not
apply.

Section 7.3 of ASCE 7-10 defines the flat roof snow load for a building, and Section
7.4 defines the Sloped Roof Snow Load. Since both are less than the minimum 20 psf, the
20 psf minimum will govern. Section 7.5 is not applicable as the roof of this structure does
not contain continuous beam systems. Sections 7.6-7.9 contain several loading cases that
may be applicable to this structure, but will not be investigated in this study. Section 7.6
provides provisions for unbalanced snow loadings. These provisions apply for hip roofs
with a slope of less than 7:12, so they would be applicable in a complete design. Since

there are lower roofs on this structure, Drifts onto Lower Roofs as detailed in Section 7.7



113
and Sliding Snow Loads could also be investigated, but will not be for this study. The rain-
on-snow surcharge load in Section 7.10 is addressed above in the 2014 OSSC, and Sections

7.11 and 7.12 are not applicable. Thus, 20 psf was used as the roof snow load.
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APPENDIX F

WIND LOAD INVESTIGATION

The wind loading procedure used in this study is the all-heights method found in
section 1609.6 of the 2014 OSSC. For this method, a uniform pressure is applied over each
surface based on Equation F-1 below. While wind tunnel testing shows that wind loads
concentrate towards the corners, this method was selected because it is both simple and

should produce reasonable results for the overall load flow through the structure.

The structure must meet the following conditions specified in section 1609.1 to use this

method:

1) The structure is
a. Less than 22.9 m in height. (This structure is approximately 7.5 m tall, so
this condition is met. OK)
b. Has a height-to-least-width ratio of 4 or less. (No height-to-width ratio
exceeds 1 for this structure. OK)
2) The structure is not sensitive to dynamic effects. (OK)
3) The structure is not located on a site with channeling effect. (No channeling effects
at the site of this structure. OK)
4) The building must be a simple diaphragm building. (The code definition of a simple
diaphragm building is somewhat unclear, but assumed to be true. OK)

5) Only applies for roofs with a slope less than 45 degrees. (OK)
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Similar to Pfretzschner et al. (2014), due to the asymmetry of the house, wind

loading must be considered from all four directions. Only orthogonal loadings

perpendicular to the major axes of the building are investigated in this study with corner

wind loads are not considered. The loading on each surface is defined by Equation F-1

below (Equation 16-35 in the 2014 OSSC).

Table F 1. Coefficient definitions.

Pnet == 0'00256V2KZC1’letKZt

(Equation F-1)

Coefficients Value Source

Risk Category 1 ASCE 7-10

Site B ASCE 7-10

V (wind speed) 52.8 m/s (120 mph) | Figure 1609A in the 2014 OSSC
K: 0.64 ASCE 7.10 Table 27.3-1

Kzt 1.0 ASCE 7.10 Section 26.8

Table F 2. Cret coefficients and resultant pressures for each wind loading case. Cret
coefficients from Table 1609.6.2 in the 2014 OSSC.

Windward | Leeward Side | Windward | Leeward | Parallel

Wall Wall Wall Roof Roof to Ridge

o Condition | Cnet 0.43 -0.51 -0.66 -0.47 -0.66 -1.09

Positive 1 P (kPa) 0.49 -0.58 | -0.74 -0.53 -0.74 -1.23
Internal

Pressure | Condition | Cnet 0.43 -0.51 -0.66 0.06 -0.66 -1.09

2 P (kPa) 0.49 -0.58 -0.74 0.07 -0.74 -1.23

) Condition | Cnet 0.73 -0.21 -0.35 -0.16 -0.35 -0.79

Negative 1 P (kPa) 0.82 -0.24 | -0.39 -0.18 -0.39 -0.89
Internal

Pressure | Condition | Cnet 0.73 -0.21 -0.35 0.37 -0.35 -0.79

2 P (kPa) 0.82 -0.24 -0.39 0.42 -0.39 -0.89
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APPENDIX G:
WIND UPLIFT

Maximum UPLIFT force displayed on each chart.
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Figure G 1: North Wind Only. Positive internal pressure, Condition 1
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Figure G 2: North Wind Only. Positive Internal Pressure, Condition 2
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Figure G 3: North Wind Only. Negative internal pressure, Condition 1
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117



North - 0.6W + 0.6D - Positive Internal - Condition 1

- Z

e e e NS
Max=-1.69 kN | 1
(-375 Ibs)
()]

Figure G 5: North 0.6W + 0.6D. Positive internal pressure, Condition 1
North - 0.6W + 0.6D - Positive Internal - Condition 2

|

1]

q
P N W o W . L
== =i

Do+
Max=-1.86 kN | |
(-419 Ibs)

Gé)‘@.

Figure G 6: North 0.6W + 0.6D. Positive internal pressure, Condition 2

118
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Figure G 7: North 0.6W + 0.6D. Negative internal pressure, Condition 1
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Figure G 9: North 0.6W + 1.0D. Positive internal pressure, Condition 1

North - 0.6W + 1.0D - Posative Internal - Condition 2
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Figure G 10: North 0.6W + 1.0D. Positive internal pressure, Condition 2
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North - 0.6W + 1.0D - Negative Internal - Condition 1
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Figure G 11: North 0.6W + 1.0D. Negative internal pressure, Condition 1

North - 0.6W + 1.0D - Negative Internal - Condition 2
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Figure G 12: North 0.6W + 1.0D. Negative internal pressure, Condition 2
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South - 0.6W Only - Positive Internal - Condition 1
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Figure G 13: South Wind Only. Positive internal pressure, Condition 1

South - 0.6W Only - Positive Internal - Condition 2
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Figure G 14: South Wind Only. Positive internal pressure, Condition 2



South - 0.6W Only - Negative Internal - Condition 1
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Figure G 15: South Wind Only. Negative internal pressure, Condition 1

South - 0.6W Only - Negative Internal - Condition 2
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Figure G 16: South Wind Only. Negative internal pressure, Condition 2
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South - 0.6W + 0.6D - Positive Internal - Condition 2
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Figure G 17 : South 0.6W + 0.6D. Positive internal pressure, Condition 1
South - 0.6W + 0.6D - Positive Internal - Condition 2
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Figure G 18: South 0.6W + 0.6D. Positive internal pressure, Condition 2
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South - 0.6W + 0.6D - Negative Internal - Condition 1
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Figure G 19: South 0.6W + 0.6D. Negative internal pressure, Condition 1
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Figure G 20: South 0.6W + 0.6D. Negative internal pressure, Condition 2

125



South - 0.6W + 1.0D - Positive Internal - Condition 1
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Figure G 21: South 0.6W + 1.0D. Positive internal pressure, Condition 1

South - 0.6W + 1.0D - Positive Internal - Condition 2
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Figure G 22: South 0.6W + 1.0D. Positive internal pressure, Condition 2

126



South - 0.6W + 1.0D - Negative Internal - Condition 1
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Figure G 23: South 0.6W + 1.0D. Negative internal pressure, Condition 1

South - 0.6W + 1.0D - Negative Internal - Condition 2
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Figure G 24: South 0.6W + 1.0D. Negative internal pressure, Condition 1
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East - 0.6W Only - Positive Internal - Condition 1
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Figure G 25 : East Wind Only. Positive internal pressure, Condition 1

East - 0.6W Only - Positive Internal - Condition 2
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Figure G 26: East Wind Only. Positive internal pressure, Condition 2




East - 0.6W Only - Negative Internal - Condition 1
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Figure G 27: East Wind Only. Negative internal pressure, Condition 1

East - 0.6W Only - Negative Internal - Condition 2
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Figure G 28: East Wind Only. Negative internal pressure, Condition 2
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East - 0.6W + 0.6D - Positive Internal - Condition 1
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Figure G 29: East 0.6W + 0.6D. Positive internal pressure, Condition 1

East - 0.6W + 0.6D - Positive Internal - Condition 2
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Figure G 30: East 0.6W + 0.6D. Positive internal pressure, Condition 2
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East - 0.6W + 0.6D - Negative Internal - Condition 1
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Figure G 31: East 0.6W + 0.6D. Negative internal pressure, Condition 1

East - 0.6W + 0.6D - Negative Internal - Condition 2
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Figure G 32: East 0.6W + 0.6D. Negative internal pressure, Condition 2
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East - 0.6W + 1.0D - Positive Internal - Condition 1
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Figure G 33: East 0.6W + 1.0D. Positive internal pressure, Condition 1

East - 0.6W + 1.0D - Positive Internal - Condition 2
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Figure G 34: East 0.6W + 1.0D. Positive internal pressure, Condition 2




East - 0.6W + 1.0D - Negative Internal - Condition 1
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Figure G 35: East 0.6W + 1.0D. Negative internal pressure, Condition 1

East - 0.6W + 1.0D - Negative Internal - Condition 2
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Figure G 36: East 0.6W + 1.0D. Negative internal pressure, Condition 2
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West - 0.6W Only - Positive Internal - Condition 1

. P W W i .
gu LA NI W
i W Fi)
T =

o} ? N
3 6 ¢
o o) 0
' Grmee o : P
, ¢ g—o—0-0-bo-o
o
b i q
N ) Max=-536kN| §
PR 3 (-1.20 kips)

Figure G 37: West Wind Only. Positive internal pressure, Condition 1

West - 0.6W Oanly - Positive Internal - Condition 2
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Figure G 38: West Wind Only. Positive internal pressure, Condition 2
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West - 0.6W Only - Negative Internal - Condition 1
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Figure G 39: West Wind Only. Negative internal pressure, Condition 1
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Figure G 40: West Wind Only. Negative internal pressure, Condition 2

P N W W Y )
o— 1 uuu%
F
T

SRS
-

------ : O
g—o0-60-cbe—-

MaX= '380 kN )]
(-855 1bs)

135



136

West - 0.6W + 0.6D - Positive Internal - Condition 1
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Figure G 41: West 0.6W + 0.6D. Positive internal pressure, Condition 1

West - 0.6W + 0.6D - Positive Internal - Condition 2
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Figure G 42: West 0.6W + 0.6D. Positive internal pressure, Condition 2
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West - 0.6W + 0.6D - Negative Internal - Condition 1
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Figure G 43; West 0.6W + 0.6D. Negative internal pressure, Condition 1

West - 0.6W + 0.6D - Negative Internal - Condition 2
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Figure G 44: West 0.6W + 0.6D. Negative internal pressure, Condition 2
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West - 0.6W + 1.0D - Positive Internal - Condition 1
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Figure G 45: West 0.6W + 1.0D. Positive internal pressure, Condition 1
West - 0.6W + 1.0D - Positive Internal - Condition 2
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Figure G 46: West 0.6W + 1.0D. Positive internal pressure, Condition 1




West - 0.6W + 1.0D - Negative Internal - Condition 1
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Figure G 47: West 0.6W + 1.0D. Negative internal pressure, Condition 1
West - 0.6W + 1.0D - Negative Internal - Condition 2
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Figure G 48: West 0.6W + 1.0D. Negative internal pressure, Condition 1
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APPENDIX H

WIND BASE SHEAR
North Wind Base Shear- Positive Internal Pressure- Condition 1

Max=243kN |~
(546 Ibs)

-
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Distribution of Wind loads on Walls
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Figure H 1: North, 0.6W Base shear. Positive internal pressure, condition 1

North Wind Base Shear- Positive Internal Pressure- Condition 2

Max = 3.05 kN
(685 Ibs)
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Distribution of Wind loads on Walls
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Wall 1 Wall 2 Wall 3 Wall 4 Wall 5 Wall 6
Figure H 2: North, 0.6W Base shear. Positive internal pressure, condition 2
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North Wind Base Shear- Negative Internal Pressure- Condition 1
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Figure H 3: North, 0.6W Base shear. Negative internal pressure, condition 1
North Wind Base Shear- Negative Internal Pressure- Condition 2
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Figure H 4: North, 0.6W Base shear. Negative internal pressure, condition 2
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South Wind Base Shear- Positive Internal Pressure- Condition 1
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Distribution of Wind loads on Walls
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Figure H 5: South, 0.6W Base shear. Positive internal pressure, condition 1

South Wind Base Shear- Positive Internal Pressure- Condition 2
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Figure H 6: South, 0.6W Base shear. Positive internal pressure, condition 2
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South Wind Base Shear- Negative Internal Pressure- Condition 1
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Figure H 7: South, 0.6W Base shear. Negative internal pressure, condition 1

South Wind Base Shear- Negative Internal Pressure- Condition 2
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Figure H 8: South, 0.6W Base shear. Negative internal pressure, condition 2
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East Wind Base Shear- Positive Internal Pressure- Condition 1 Distribution of Wind loads on Walls
b
A
5 I
B
o
C
> I
D

0% 5% 10% 15% 20% 25% 30%
Figure H 9: East, 0.6W Base shear. Positive internal pressure, condition 1
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East Wind Base Shear- Positive Internal Pressure- Condition 2 Distribution of Wind loads on Walls
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Figure H 10: East, 0.6W Base shear. Positive internal pressure, condition 2
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East Wind Base Shear- Negative Internal Pressure- Condition 1 Distribution of Wind loads on Walls
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Figure H 11: East, 0.6W Base shear, Negative internal pressure, condition 1

East Wind Base Shear- Negative Internal Pressure- Condition 2 Distribution of Wind loads on Walls
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Figure H 12: East, 0.6W Base shear. Negative internal pressure, condition 2
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West Wind Base Shear - Positive Internal Pressure- Condition 1 Distribution of Wind loads on Walls
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Figure H 13: West, 0.6W Base shear. Positive internal pressure, condition 1

West Wind Base Shear - Positive Internal Pressure- Condition 2 Distribution of Wind loads on Walls
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Figure H 14: West, 0.6W Base shear. Positive internal pressure, condition 2
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‘West Wind Base Shear - Negative Internal Pressure- Condition 1 Distribution of Wind loads on Walls
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Figure H 15: West, 0.6W Base shear. Negative internal pressure, condition

‘West Wind Base Shear - Negative Internal Pressure- Condition 2 Distribution of Wind loads on Walls
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Figure H 16: West, 0.6W Base shear. Negative internal pressure, condition 2



148

Modified Structure with a shear wall added to “Wall 2”

North Wind Base Shear- Positive Internal Pressure- Condition 1

Max= 2.30 kN
(517 Ibs)

Distribution of Wind loads on Walls
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Figure H 17: Modified structure base shear. North 0.6W, positive internal pressure,
condition 1.

North Wind Base Shear- Positive Internal Pressure- Condition 2
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(647 lbs)
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Distribution of Wind loads on Walls
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Figure H 18: Modified structure base shear. North 0.6W, positive internal pressure,
condition 2.
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North Wind Base Shear- Negative Internal Pressure- Condition 1

Max~=2.35 KN
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.....

Distribution of Wind loads on Walls
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Figure H 19: Modified structure base shear. North 0.6W, negative internal pressure,
condition 1.

North Wind Base Shear- Negative Internal Pressure- Condition 2
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Figure H 20: Modified structure base shear. North 0.6W, negative internal pressure,
condition 2.
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South Wind Base Shear- Positive Internal Pressure- Condition 1
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Figure H 21: Modified structure base shear. South 0.6W, positive internal pressure,
condition 1.

South Wind Base Shear- Positive Internal Pressure- Condition 2

Max=2.46 kN
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Distribution of Wind loads on Walls
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Figure H 22: Modified structure base shear. South 0.6W, positive internal pressure,
condition 2.
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South Wind Base Shear- Negative Internal Pressure- Condition 1
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Figure H 23: Modified structure base shear. South 0.6W, negative internal pressure,
condition 1.
South Wind Base Shear- Negative Internal Pressure- Condition 2
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Figure H 24: Modified structure base shear. South 0.6W, negative internal pressure,
condition 2.



APPENDIX |

ROOF SHELL STRESSES

Figure I 1: 0.6W from North. Positive internal pressure, condition 1. Max Von
Mises shell Stress.

Figure I 2: 0.6W from North. Positive internal pressure, condition 2. Max Von

Mises shell Stress.
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MPa

1.25

Figure I 3: 0.6W from North. Negative internal pressure, condition 1. Max Von
Mises shell Stress.
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Figure I 4: 0.6W from North. Negative internal pressure, condition 2. Max Von
Mises shell Stress.
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South:
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Figure 1 5: 0.6W from South. Positive internal pressure, condltlon 1. Max Von Mises

shell Stress.
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Figure 1 6: 0.6W from South. Positive mternal pressure, condltlon 2. Max Von Mises
shell Stress.
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Figure I 7: 0. 6W from South. Negative mternal pressure, condltlon 1. Max Von

Mises shell Stress.

[

1.25
1.04
0.83
062
(.42
0.21

27
2.49
228
208
1.87
1.66
1.45

Figure 1 8: 0.6W from South. Negative internal pressure, condltlon 2. Max Von

Mises shell Stress.
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East:
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Figure 1 9: 0.6W from East. Positive internal pressure, condition 1. Max Von Mises
N shell Stress.
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Figure 1 10: 0.6W from East. Positive internal pressure, condition 2. Max Von Mises
shell Stress.
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Figure I 11: 0.6W from East. Negative internal pressure, condition 1. Max Von

0.42
Mises shell Stress.
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Figure I 12: 0.6W from East. Negative internal pressure, condition 2. Max Von
Mises shell Stress.
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Figure 1 13: 0.6W from West. Positive internal pressure, condition 1. Max Von

Mises shell Stress.
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Mises shell Stress.
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Figure I 14: 0.6W from West. Positive internal pressure, condition 2. Max Von
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MPa

Figure I 15: 0.6W from West. Negative internal pressure, condition 1. Max Von
Mises shell Stress.
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Figure 1 16: 0.6W from West. Negative internal pressure, condition 2. Max Von
Mises shell Stress.



