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Abstract

Cold-formed steel has become a preferred building material for wall framing in many
different types of structures. One of its main uses has been as non-structural members in
curtain wall assemblies of structural steel framed buildings. In an exterior wall application, the
main purpose of the curtain wall is to transfer out of plane loads to the steel frame while not
supporting any superimposed gravity loads. Therefore, when the curtain wall is in the plane of
the structural steel frame, the vertical deflection of the spandrel beam directly above the wall
must be known to provide the appropriate deflection gap between the beam and the curtain
wall so that gravity loads are not transferred to the wall.

Common practice is to size the gap for the deflection from 100% of the live load. In
some cases, the deflection gap may be significant, and since this gap must also be provided in
the exterior cladding of the wall, it creates a design issue for the architect. This report presents
the results of an investigation into the feasibility of reducing the size of the deflection gap when
the wall is located directly under the spandrel beam.

In this study, analytical models were developed for common design situations of curtain
walls constructed of cold-formed steel studs in structural steel framed buildings. This study
investigates two common stud heights combined with different floor live loads. Taking into
account that wall studs have some available axial compressive strength, a procedure was
developed to determine an appropriate reduction for the gap. Using an iterative process a
relationship is made between the axial compressive strength of the stud and the amount of
axial load the stud can support to establish a factor which gives the percentage the live load gap

for 100% live load can be safely reduced by.
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1 INTRODUCTION

Structural steel building frame systems present some unique challenges to a designer.
Unlike many common materials used in construction, metal buildings are integrated assemblies
of many structural members and related accessories, all of which are custom configured by the
engineer as required by the situation specific to the project (AISC, 2003). These integrated

assemblies can vary from wall systems, floor systems and even connections of members.

As dead and live loads are applied to roof and floor framing systems an unavoidable
vertical deformation will occur. Structural steel building framed systems typically do not have
load bearing walls used to resist vertical deformations of the floor since the frame is design to
resist all the forces applied to the building. In the case of building frame systems non-load
bearing walls must be designed to accommodate vertical movement of the frame. A non-load
bearing wall can also be said to be a non-structural member since it is independent from the
primary building frame system. The 2006 International Building Code (ICC 2006) defines a non-
load bearing wall as “Any wall that is not a load-bearing wall”, and its definition for a load-
bearing wall is “Any metal or wood stud wall that supports more than 100 pounds per linear
foot of vertical load in addition to its own weight”. In other words, a non-load bearing wall is
expected to support very minimal axial loads. Also, the North American Standard for Cold-
formed Steel Framing- General Provisions (AlSI S200-07), defines a non-structural member as “A
member in a steel framed system which is limited to a transverse (out-of-plane) load not more
than 100 Ib/ft?, a superimposed axial load, exclusive of sheathing materials, of no more than
100 Ib/ft, or a superimposed axial load of not more than 200 lbs”. This definition simply
paraphrases the definition from the IBC2006. In fact, the IBC 2006 refers to the AlSI Standards
when designing with cold-formed steel. The inherit deflections from the roof or floors above
these walls then must be carefully determined to design the non-bearing walls so that

essentially no axial loading is applied to them.

Non-load bearing walls are commonly used on the exterior of structural steel building

frame systems. As part of the building envelope, the exterior walls, known as curtain walls,



become a significant aspect of the building design. Since they are exposed to external
conditions, they must be design to resist any lateral forces applied to them such as wind and
seismic loads. Curtain walls are also limited in the amount of axial load it can support since they
are a non-load bearing system. Typical bay spans in building frame systems can sometimes be
significantly long and thus produce large vertical deflections grater then 1 inch. These
deflections must be accounted for in the curtain wall system, and must be considered in design.
To support this, the AISI S200-07 defines a curtain wall as “a wall that transfers transverse (out-
of-plane) loads and in limited to a superimposed vertical load, exclusive of sheathing materials,
of not more than 100 Ib/ft, or a superimposed vertical load of not more than 200 Ibs”. This

definition states that a curtain wall assembly is considered to be a non-load bearing wall.

This report concentrates on the vertical deflections a cold-formed steel curtain wall
system has to accommodate after it is installed in the building frame system. This vertical
deformation is reflected as a deflection gap at the top of the curtain wall. The main goal of the
study is to determine if a smaller deflection gap can be use for the curtain wall system in order

to possibly reduce the vertical gap in the architectural exterior finishes of a building.

1.1 Background

Since the early 1900’s, curtain walls have become more and more popular in
architectural design for modern buildings. Two common types of curtain wall assemblies are
used: glass system and cold-formed steel studs. The glass system provides for an appealing
building as well as providing additional benefits such as day-lighting and climate control due to
temperature transfers through the glass. The cold-formed steel stud system may have various
exterior finishes such as stone and brick veneer, metal panels, louvers, etc (LGSEA, 2001)

applied. Figures 1.1 and 1.2 show some examples of exterior curtain walls.



Figure 1.1: Glass curtain wall system




This report studies curtain walls with cold-formed steel studs. When considering cold-
formed steel (CFS) framing, many possibilities in the assemblies and applications of the walls
exist. Curtain walls are usually attached to the primary building frame of a buildings structure
and therefore must be designed to accommodate any movement of the primary frame (LGSEA,

2001).

1.1.1 Curtain Walls

The purpose of a curtain wall is to resist air and water infiltration, transfer wind forces
acting normal to the plane of the wall, seismic shear forces, and its own weight. For this report
only; wind forces will be considered and it is assumed that the wall system is adequate for
water and air infiltration and that seismic forces are treated similar to wind forces. Curtain walls
require a vertical slip connection to accommodate the roof or floor deflections from the levels
above so that axial are not transferred to the studs. Many components of a CFS curtain wall
system must be considered to resist out-of-plane forces and building frame deflections. One
component is the structural stud itself. C-shaped sections are most commonly used for studs in
a curtain wall assembly for it geometric configurations and strength. They typically range from

33 mil to 68 mil in thickness and have a minimum yield strength of 33 ksi (LGSEA, 2001).

Another important component is bridging. Bridging in CFS design is needed to prevent
in-plane buckling and twisting of the member when subjected to out-of-plane lateral forces
such as wind. Wind forces normally control the design on a curtain wall system either for
strength, bending, or serviceability, deflection. Bridging is used to reduce lateral torsional
buckling either permanently or until sheathing is applied. Bridging in a CFS wall is usually
provided by horizontal U-shaped channels that run through pre-punched wed holes of the studs
and usually placed at third point along the CFS studs vertical height (LGSEA, 2001). Figure 1.3

illustrates the use of bridging.



2

e«—— Metal stud

Bridging

Figure 1.3: Bridging detail in a CFS stud system (Rahman, 2003)

[With permission from Nabil Rahman]

The use of bridging helps reduces the unbraced length of the studs for lateral torsional-
flexural bucking. For the purposes of this study, the CFS suds analyzed will have bridging
spaced out at third points but not greater then 4’-0”. This study considers axial compressive
forces transmitted from the building frame therefore bridging also braces the weak axis for

overall buckling in compression (LGSEA, 2001).

1.2 Objectives

There does not seem to be a consensus on the method to determine the actual
magnitude of the floor or roof deflection that should be considered for the design of the slip
track connection detail for the curtain wall. Most commonly, a deflection gap between the top
of the wall and steel frame is sized for the full live load deflection of the floor or roof system.
This may be overly conservative (AISC, 2003). The dead load supported by a beam has to be
accounted for, however since most of it will be present prior to constructing the curtain wall;
therefore, the gap due to dead load will be ignored in this study. Live load on the other hand,
will produce deflection after the curtain wall is in place and must be considered. The purpose of
this report is to demonstrate the feasibility of reducing the deflection gap due to the live load

applied on the building. By reducing the deflection gap it allows for a similar reduction in the



vertical gap for the architectural finishes for the wall. With the anticipated reduction in the

deflection gap other benefits can arise.

One of the main benefits of reducing the deflection gap would be a decrease in the steel
cost. Designing for the full 100% of the live load deflection needed may require a thicker CFS
stud than if designing for a reduced defection; thus the cost of steel is minimized. A second
benefit is having the studs delivered to the site already pre-cut to the required length and thus
eliminates the need to cut any studs on the field; which allows for the potential of having a
faster construction time. A final benefit in the reduction of the deflection gap is the possibility
of also having a reduction in the size of the control joints in the architectural finishes. It would

seem that less magnitude of movement in the joint will increase the durability of the joint.

In this study the deflection gap is obtained by developing common design situations for
curtain walls constructed of cold-formed steel studs in structural steel framed buildings. This
study investigates two common wall heights for buildings; ten foot and twelve foot, with
different live loads applied to the spandrel beam, such as 50 psf and 80 psf. Taking into account
the wall studs have some available axial compressive strength, a procedure was developed to in
the study to determine an appropriate reduction for the gap. Using an iterative process a
relationship is made between the axial compressive strength of the stud and the amount of
axial load the stud can support to establish a factor that when applied gives the percentage the

live load gap for 100% live load can be safely reduced by.



2 SPANDREL BEAM DESIGN

In a structural steel building frame system, the exterior beam that spans from column to
column at each level is known as the spandrel beam. It usually supports the floor or roof
framing onto the beam and the exterior wall panel. The spandrel beam plays an important role
in the support of the exterior cladding of a structure. Figure 2.1 & 2.2 show locations of a
spandrel beam in a typical building frame system and a typical section through the spandrel

beam.

Spandrel
beam

A

Figure 2.1: Metal Building Frame



L. -
l"“‘ Spandrel Beam

Wall Panel
—

'

Figure 2.2: Spandrel Beam Detail

For a spandrel beam the probability of the having the full live load applied to it should
be considered. The chance that even 75% of the live load is accumulated in the perimeter of the
building is small (AISC,2003). Noting that in any type of building, the areas close to the walls,
especially if windows are located in the walls, will typically not have a lot of activity by people
around them. With this, the feasibility of reducing the deflection gap due to live load is even

more plausible (AISC, 2003).

Considering that the spandrel beam will resist gravity loads and lateral loads it must be
braced to prevent rotation due to lateral loads applied to the bottom flange. Also, if the
bottom flange of the beam is braced at discrete points along its length, then the beam must

also be checked for bending and torsion between the support points.

2.1 Analysis
The spandrel beam is part of the floor or roof system that must be of sufficient size to

support the self weight and superimposed load with a limited deflection. Deflection limits are



provided in the IBC 2006 Table 1604.3. Live load deflection of the spandrel beam must be
accounted for in the design of the deflection gap at the top of the wall. For this report, wall
openings are ignored and the spandrel beam live load deflection is accommodated in the slip

connection of the curtain walls (AISC, 1997).

Two ways the curtain wall can be attachmented to the primary frame of the structure
are typically used. One is the head-of-wall condition shown in Figure 2.3. This is when the wall
studs extend from the top of the floor slab to the bottom of the spandrel beam. The other way
is when the wall is attached using the bypass condition. This is when the wall studs pass outside
the primary building frame and are connected by a vertical clip attached to the edge of the slab

or beam (AISC, 1997). Figure 2.4 shows the bypass condition.

InPlane |

— Spandrel Beam

+——— Head of Wall

/ Metal Studs

Figure 2.3: Head-of-Wall Condition

[With permission from Nabil Rahman and The Steel Network
<www.steelnetwork.com/steel_framing_products>]



In-Plane View :%: 1\

Spandrel
Beam

Top of slab 1

Pour Stop

Metal Studs \

Figure 2.4: Bypass Condition

[With permission from Nabil Rahman and The Steel Network
<www.steelnetwork.com/steel_framing_products>]

These two common conditions are appropriate for curtain walls in the building frame
systems and each brings different approaches to the design of the spandrel beam. The bypass
condition bears eccentrically on the spandrel beam since the reaction is not at the beam
centerline, causing torsion that must be resisted by the beam. Figures 2.5 shows a free body

diagram of the forces applied to the spandrel beam under the bypass condition (MSC, 2007).
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FI
l {gravity loads)

*+ Floor Diaphragm

ul'l Spandrel Beam

Figure 2.5: Free Body Diagram with Bypass Condition

The head-to-wall condition is where the wall studs are located closer to the beam
centerline and does not introduce significant torsion. The head-of-wall attachment is at the
bottom of the spandrel beam; whereas the bypass condition is more flexible in its attached
location. The bypass attachment can be made at the bottom of the spandrel beam or to the top

of the floor supported by the spandrel beam.

2.2 Design Standards for Spandrel Beams

Regardless of the connection type, when analyzing a spandrel beam many factors must
be considered since different load and detailing conditions all have an impact on the design.
Strength design, serviceability, and constructability have to be considered for any situation. The

following is a list of design considerations (MSC, 2007).

Strength Design:
e Superimposed gravity floor of roof loads (dead, live, snow, rain).
e Lateral loads (wind, seismic) for weak-axis bending and torsion.

e Eccentric fagcade load that produce torsion.

11



Serviceability:
e Deflection due to gravity loads (dead, live)
e Rotation of beam from eccentric loads
e Longterm creep of composite floor systems

e Lateral displacement of the structural frame

Constructability:
e Depth limits of beam from plenum spaces
e Interferences from walls openings
e Interferences from mechanical and electrical equipment

e Flange width limitations for edge distances

2.3 Bracing Conditions for Curtain Wall Attachment

The manner in which the curtain wall assembly is connected to the spandrel beam, in a
larger part also determines the bracing system required for the beam. For instance, the head-
of-wall condition can be designed to transfer lateral forces directly into the floor diaphragms. In
this case no additional bracing system is required since there is no significant eccentricity at the
connection as shown in Figure 2.6. But, since wall panels are not always attached as a head-of-
wall condition a bracing system could be introduced to provide a load path lateral forces into
the floor diaphragm from the of the wall panel; this bracing is known as a kicker and is shown in
Figure 2.7. In either case, the bracing system eliminates torsional loading of the spandrel beam.
Also, “torsional bracing may be provided at eccentric load points to reduce or eliminate the
torsional effect” (AISC, 1997). This simply means that if there is a point load placed along the
floor system, a distance away from the spandrel beam that significantly influences torsion, a
diagonal brace (kicker) must be provided. This is true regardless of the attachment condition of

the curtain wall system.

12
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Figure 2.6: Bracing for Head-of —Wall Condition

[With permission from Nabil Rahman and The Steel Network
<www.steelnetwork.com/steel_framing_products>]
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SCREW
ATTACHMENT

Figure 2.7: Bracing Detail (SSMA)
[With permission from Steel Stud Mfrs. Assn. (SSMA), Glen Ellyn, IL]
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Another consideration for the design of the spandrel beam is applying a camber to the
beam; “the pre-deforming of a member so that, in a loaded state, it more nearly approximates
its theoretical presumed shape” (Ricker, 1989). A camber is applied to accommodate dead and
live load deflections and is placed at the mid-span of the member; where the maximum
deflection will occur. Cambering a steel member can significantly change the stress properties
of the member, if the camber is large enough. Due to a possible change in steel properties and
the torsional loads present on a spandrel beam; it is common practice not to camber them
(Ricker, 1989). The conditions where it is reasonable to have camber at a spandrel beam is
when it has a large span (greater than 20 feet) with a large the vertical deflection due to dead
and live loads and a substantially large dead load applied to the beam (MSC, 2007 &
Ricker,1989). In a typical metal frame building system, since it is not common to have camber

in the spandrel beam and will be ignored for the purposes of this report.

This report is limited to the head-to-wall condition since the curtain wall is attached
directly under the spandrel beam. The deflection of the spandrel beam due to gravity loads is
what the deflection gap connection at the top of the curtain wall must accommodate.
Therefore, looking at the head-of wall attachment system to the spandrel beam may allow for a

more precise analysis results.

14



3 COLD-FORMED STEEL STUD WALLS

Cold-formed steel studs are often used in an integrated system with a structural steel
building frame as part of non-load bearing walls systems. Typically used for curtain wall systems
in structures that have a very symmetrical configuration, such as office buildings and
warehouses, where repetition is desired (LGSEA, 2001). Repetition in a structure allows for
faster construction and gives less room for errors. Cold-formed steel studs are a lightweight
material and considered to be relatively thin, which brings about some distinct design
limitations. Generally cold-formed sections are shaped and formed from flat sheets, and when
formed at room temperature, changes the original properties of the steel. The thickness of the
CFS studs are usually less than 1/8 inch (3 mm) thick, which means they generally have a
predominate failure mode of buckling. Since CFS wall studs can be relatively tall, limitations for

slenderness, bracing and serviceability must be checked (AISC, 2003).

Although, there are often many factors that must to be checked, designing a wall with
lightweight material like cold-formed steel have certain advantages. The advantages of using
cold-formed steel stud wall systems are numerous: the recyclable nature of the material, low
weight, ease of erection for installment, high strength, custom shapes, post buckling strength,

and element stiffening characteristics (AISC, 2003).

3.1 Design Standards

Cold-formed steel wall stud design standards have been developed by the American
Iron and Steel Institute (AISI) Committee on Framing Standards (COFS). These Standards have
been written based on the North American Specifications for the Design of Cold-Formed Steel
Structural Members (AISI S100-07). The standards that covers wall stud design is the North
American Standard of Cold-Formed Steel Framing - Wall Stud Design (AISI S211-07); which
provides technical information and requirements for the design of wall studs made from cold-
formed steel. It applies the relevant sections of AlISI S100-07, including load combinations
specific to wall studs, bracing requirements and connection requirements. The International

Building Code (IBC) has since adopted these standards and thus has become a requirement.
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3.1.1 Load Combinations
The load combinations used in AISI S211-07 comply with the Minimum Design Loads for
Buildings and Other Structures (ASCE 7-05). For this study the strength design factored load
combinations (LRFD) are used. From the list of the LRFD basic load combinations, the governing

ones for wall studs in this study are (2) and (4):

(2) 1.2(D+F+T) + 1.6(L+H) + 0.5(L; or S or R)

(4) 1.2D+1.6W+f;L+0.5(L,orSorR)

ASCE 7 allows f; to be 0.5 when the live load is less than 100 psf. In load combination
(4) this f; factor can be applied if the design loads due to the building occupancy are less than
100 psf. For this study the 0.5 factor is used since the live load to be applied is for an office
building, which is less than 100 psf (ASCE 7-05). With the elimination of the notations for the

loads that are not present, the load combinations simplify to:

(2) 1.2D+1.6L

(4) 1.2D +1.6W +0.5L

Load combination (2) is used when analyzing the stud due to axial loads only and load
combination (4) is used when analyzing the stud due to combined axial compression and
bending. In equation (4) the wind load is applied according to AISI S211-07. CFS wall stud are
sized due to bending alone, and the more critical wind loading must be used. Components and
Cladding (C&C) wind loads, out-of-plane with the wall stud, are the most critical and is used to
size the CFS stud. On the other hand, The Main Wind Force Resisting System (MWFRS) wind
loads are used when examining the studs due to combined axial compression and bending. This
is because the studs are already sized for the worst case wind load. Also because, when
checking combine loads it considers the whole framing system instead of individual

components (AlSI, 2007d).
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3.1.2 Member Design
In AISI S211-07, either an all steel design or a sheathing braced design can be used for
the design of the studs. If considering a sheathing braced design, it must be assumed that the
same sheathing is used on both sides of the wall. The sheathing must also be connected to the
top and bottom horizontal tracks to prevent lateral and torsional buckling of the studs. In the
case of an all steel design the contribution from any structural bracing due to sheathing is
ignored. For this study an all steel design was used with bridging used at discrete locations to

brace the studs and provide lateral and torsional support (AISI S211-07).

Axially loaded wall studs are required to be supported at the top and bottom horizontal
tracks for support against rotation and horizontal displacements. In the all steel system the
design must comply with AISI S100-07 Sections C4.2 and D4 (a). When designing for combined
bending and axial loads the interaction equations in Section C5 of AISI S100-07 must be

satisfied. These equations are:

? + Cmﬁx 4 Cmyﬁ}’
0cPn OpMnpxtx  ¢pMpyay
— — H .
F + My . ¥
Pro  dpMpy ¢'an}r

P My My 1o (Eq. €5.2.2-3)
P dpMpny ¢|:JMI1}’

<10 (Egq C5.2.2-1)

<1.0 (Eq. C5.2.2-2)

These are the two design criteria that were used for this study. Other design
considerations not considered in this study, for simplifications purposes, include shear design
and web crippling; all which must comply with the AISI S100-07 specifications (AISI S211-07).

This report assumes that these criteria’s are satisfied.

3.1.3 Connection Requirements

In CFS wall stud design, two main connection locations must be designed properly to

have an adequate system. One location is the stud-to-track connection at the base of the stud.
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For this connection two conditions are evaluated: (1) wall studs that are not adjacent to wall
openings and (2) wall studs that are adjacent to wall openings. The first connection condition is
the one which this study is concerned with. The next section of this report takes a closer look

into the deflection track connection and covers current design considerations both structurally

and architecturally.
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4 DEFECTION GAP

The main purpose of the deflection connections is to allow for the deflection of the
primary buildings structure to occur without transferring any axial loads to the wall studs. The
deflection gap provides a separation between the curtain wall system and the primary metal
frame system in a head-of-wall condition. Figure 4.1 shows a typical detail of this connection
using a single track connection. For the single track configuration, bridging must be located a
distance that is at least “...twice the distance between sheathing connectors” (AISI S211-07).
And it must be within 12 inches of the defection track (CFSEI, 2009). These constraints are due
to the attachments condition of the deflection gap. The top track of the wall and the wall studs
are not attached to each other. The track overlaps the wall studs and flanges from the track
support the wall studs. Figure 4.1 also shows the how the track overlaps the wall stud. Bridging
at the top provides additional support to keep the system in place as well providing lateral

support. Therefore, the bridging location cannot be too far from the top.
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Figure 4.1: Deflection gap detail (CFSEI, 2009)

[With permission from Cold-Formed Steel Engineers Institute (CFSEI), Don Allen]
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4.1 Current Deflection Gap Design Methods

There are four common types of vertical deflection connections used to accommodate
the live load deflection of the spandrel beam above the wall studs. The first is the slotted clip
angle connected to the stud and the head-of-wall track shown in Figure 4.2 (a). The second is a
slotted track connected to the stud shown in Figure 4.2 (b). The third connection is a single
deep leg track with no attachment to the stud shown in Figure 4.2 (c). Finally, the fourth
connection is a double track assembly with no attachment between the interior and exterior

tracks shown in Figure 4.2 (d) (Rahman, 2005).

Figure 4.2: Deflection Gap Connections (Rahman, 2005)

[With permission from Nabil Rahman and The Steel Network
<www.steelnetwork.com/steel_framing_products>]

The most commonly used connections of these are the single deep leg track connection
and the double track assembly. The connection that is assumed in this study is the single deep
leg slip track connection (Rahman, 2005). When using a single deep leg slip track, it is preferred
that the thickness of the track and the wall studs are the same. When the track and stud
thicknesses are equal an increase in strength due to a synergistic condition that is present (AlSI,
2007. This is required for any of the deflection gap connection shown. Considering that the

track and the stud are not attached to each other, the flange of the track should be long
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enough to contain the wall studs in place and to transfer any forces caused by lateral loads to
the building frame through the spandrel beam. In Figure 4.3 a more detailed connection of the

single slip track is shown (SSMA, Jan. 2000).

Figure 4.3: Single Deep Leg Slip Track Connection for Deflection Gap (SSMA, 2000a)
[With permission from Steel Stud Mfrs. Assn. (SSMA), Glen Ellyn, IL]

The Steel Stud Manufacturers Association (SSMA) has established recommendations for
determining the proper length of the flanges of the track. For a one story building application,
the length of the track flanges should be, at a minimum, equal to 1 inch plus the designed gap
of the deflection. For all other building applications the track flanges should be, at minimum,
equal to 1 inch plus twice the design gap of the deflection (SSMA, 2000). Even though the track
and the wall studs are not connected, the track is connected to the primary building steel frame

system; in this case to the bottom of the spandrel beam. Thus the track will deflect with the
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beam and the calculated designed deflection gap must be enough to accommodate the vertical

movement of the beam without bearing on the wall studs (Gerloff; Huttetmaier; Ford, 2004).

4.2 Deflection Gap Effect on Architectural Wall Finishes

The exterior finishes do not always impact the performance of the curtain wall. But, the
behavior of the curtain wall does impact the exterior wall finishes. The affect of wall finish
materials such as gypsum wallboard, exterior stucco or siding, brick veneer, etc. on the out-of-
plane behavior varies with the magnitude of the force applied, but will behave similar to the
curtain wall it is attached to. This behavior must be taken into account by the architect. It can
be assumed that the exterior finishes add stiffness to the curtain wall and therefore reduces
drift limits to the structure, but this is not necessarily the case and is never considered design
engineer. Influences of the curtain wall stud behavior can cause cracking in the architectural
finish to the point of failure if not taken into account. Typically the architect assigned to the

specified project provides this coordination for the curtain wall design.

The deflection gap in the curtain wall system is accommodated in the exterior finishes of
the wall by movement joints. A movement joint plays several roles for the purpose of the
facade requirement. The primary intent of the movement joint is to control any stresses
induced into the facade by the building such as deflections. Having a reduction in the deflection
gap may help reduce the movement joint in the exterior wall finish. Since this report
investigates the feasibility of reducing the gap, it may be of use to the architect in their design
coordination. By doing so, it may prevent cracking in the wall finish and maintain integrity of
the wall system. But, the movement joint serves as other purposes for the architect that are
take into account. The joint also acts as a water sealant joint to prevent any water from
penetrating into the wall cavity. Another role is it acting as an expansion joint for any thermal

expansion the wall facade may undergo (Goldberg, 1998).
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5 PROBLEM STATEMENT

5.1 Objective

The purpose of this study is to demonstrate the feasibility of reducing the deflection gap
required due to live load applied to the spandrel beam at the top of the curtain wall system. A
typical office building that has a metal building frame as its system is analyses with different
loading situation on the spandrel beam. Varying wall heights are also considered for the
analysis. The critical location of the studs, are the ones at the spandrel beam mid-span. At this
point along the wall the greatest deflection on the spandrel beam will occur and where the first

loading, if any, will be transferred to studs.

Considering the wall stud is able to support some axial load due to its axial compression
strength, calculations can be made to determine exactly how much the deflection gap can be
reduced. The stud can be analyzed for combined axial and bending and a relationship made to
its capacity due to axial load only. The goal is to obtain a gap reduction for the stud size and

thickness that would normally be selected as a curtain wall.

5.2 Scope

To study the defection gap for a head-of-wall condition, a structural steel building frame
system was chosen. An office building occupancy was selected since multistory steel frame
buildings are many time constructed for office spaces. A 90 MPH wind speed was chosen
because most of the United States is in the 90 MPH zone. The building is assumed to be at least

four stories high which is typical for many office buildings.

The floor plan of the study building was divided into six different bay sizes with different
framing options; all which were analyzed. The bay sizes are shown in Figure 5.1: (a) 25’X30" with
two joists equally spaced, (b) 30°X30’ with two joists equally spaced, (c) 30°X30’ with three
joists equally spaced, (d) 40°X30’ with three joists equally spaced and (e) a 40’X30’ with a one
way concrete slab as the floor system. The total height of the building was chosen at 44-ft high.

The bottom two floors are 12-ft high and the top two floors are 10-ft high. This allows for a 10-
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ft and a 12-ft minus the depth of the spandrel beam and the depth of the floor system, stud to
be evaluated. To simplify the analysis the full floor to floor height was used. The walls analyzed
are the exterior curtain walls at the second and third levels of the building. Figures 5.1 and 5.2
show the plan of the analyzed building and a typical bay elevation. In the analysis two common
live load conditions for office buildings were studied; a 50psf and an 80psf live load. These loads
were obtained from the IBC 2006 Table 1607.1 for Minimum Uniformly Distributed Live Loads
and Minimum Concentrated Live Load. The occupancy for office buildings was chosen. The wall
studs will be analyzed when only 50% of the live load is applied to see if the stud is adequate
and then when 100% of the live load is applied to see how much it fails by. Knowing that the
wall studs will not be able to carry the full load, adjustments in the percentage of live load
applied were made to determine the exact percentage of the load the stud can support before
it fails. This was obtained by dividing the adjusted live load the stud is able to support before it

fails by the nominal capacity of the stud.
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Figure 5.1 — Proposed Building Plan
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Figure 5.2 — Typical Bay Elevation Plan

Other design considerations for this study are:

e Building exposure category B for wind

e No roof overhangs on the building

e No parapets above the roof

e The building is classified as enclosed for wind design
e Seismic forces are less than the wind forces

e The building is rigid

e P-Delta Effects are ignored
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e Live load reduction is not used

e Self weight of the wall stud is ignored

e The studs are braced by bridging at third points

e Spacing of the wall studs is 16”o.c.

e CFS Studs are concentrically loaded

e Serviceability of the CFS stud is accounted for in the selection of the stud as a

curtain wall

5.3 Analysis Description

To begin the study, wall studs were initially sized for a uniform wind load with no axial
compressive load. The wind load used for the selecting the stud size is for components and
cladding (C&C) in accordance with AISI S211-07. Thus to size the stud the C&C wind load on the
wall was calculated (See appendix A for wind load calculation). With the initial assumptions and
the building configuration assumed, the C&C wind force was calculated to be 16.23 pounds per
square foot (psf). With the wind load established and the heights of the walls known the stud
size was selected. For this study wall studs were chosen from the SSMA standard catalog
literature. Once the size was determined for the wall stud, the commercial software program
CFS version 6.0.2 was used to establish the nominal strengths for bending and axial

compression (See appendix B for CFS program calculations) (RGS, 2009).

With a stud selected for the curtain wall system, the maximum axial compression loads
on the studs was then determined due to the applied loads on the spandrel beam. Knowing
that the studs located at the mid-span of the spandrel beam are going to support the most axial
compression load, the reaction at the mid-span of the beam must be obtained. The beam was
modeled as a two span continuous beam, pined at the ends. Depending on the particular bay
configuration the reaction at the mid-span was calculated and used as the axial compressive
load applied on the stud. With this 100% of the factored live load is applied to the spandrel
beam to obtain the axial compression load of the CFS wall stud. This compressive force was
compared to the nominal compressive force of the CFS stud obtained from the CFS Program;

which always came out to be greater than it. Therefore the nominal axial compressive force
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was used to determine the required reaction at the mid-span of the beam by simply

rearranging the equation used. This required reaction is the maximum axial compressive force
the CFS stud can support. This force is the divided by 100% of the applied load on the spandrel
beam to obtain the live load percentage the CFS wall stud can carry due to axial load alone. At

this point the wall stud is only checked for the axial compressive force.

Next, the stud is checked for combined axial loading and bending. AISI S211-07 states
that a wall stud subjected to combined bending and axial loads should be analyzed using the
Main Wind Force Resisting System (MWFRS) wind loads as noted in section 3.1.1. Thus, with the
proposed buildings parameters and assumptions the MWFRS wind load was calculated to be
7.97 psf (See appendix A). Following AISI S100-07, section C5.2.2 for combined compressive
axial loads and bending, interaction checks are computed (See appendix C for calculation on
each bay configuration). The checks are made 100% of the live load. In all cases the studs were
not adequate for the load applied, so an iterative process was used to determine the maximum
axial live load percentage that could be carried by the stud due to combined bending and axial
compression. Once this percentage was obtained it was compared to the percentage due to
axial load alone, and a correlation was observed between them. This relationship helped
establish ratios, know as reduction factors, between the two percentages, which can determine

the reduced deflection gap.

The building sections analyzed in the report are divided in to two main cases: the second
level studs of the building that are 12-ft high and the third level of the building that are 10-ft
high. For each case the different bay conditions are analyzed twice. One for a 50 psf live load
applied at the floor system supported by the spandrel beam and the other live load condition is

with 80 psf. Table 5.1 summarizes the cases with the different bay systems.
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Tabkle 5.1: Case Studies
Case 1: Bay Size:| 25" X 30" | 30" X 30" | 30" X 30" | 40" X 30 40" ¥ 30

Wall Height:| 12 ft 12 fi 12 fi 12 fi 12 fi
Floor system:| 2 joists | 2 joists | 3 joists | 3 joists |Concrete slab
Load Case 1:| 50 psf 50 psf 50 psf 50 psf 50 psf
Load Case 2:| 80 psf 80 psf 80 psf 80 psf 80 psf

Case 2: Bay Size:| 25" X 30" | 30" X 30" | 30" X 30" | 40" X 30" 40" X 30'

Wall Height:| 10 ft 10 ft 10 ft 10 ft 10 ft
Floor system:| 2 joists | 2 joists | 3 joists | 3 joists |Concrete slab
Load Case 1:| 50 psf 50 psf 50 psf 50 psf 50 psf
Load Case 2:| 80 psf B0 psf B0 psf B0 psf B0 psf

5.4 Case1l-12" Wall

Case one considers studs at the second level of the building and is analyzing the exterior
studs at all five bays in question. For the 12ft high stud with an out of plane wind load of
16.23psf the stud selected from the SSMA specification catalogs in the curtain wall tables was a

600S162-33. See in appendix C for the analysis calculations.

5.4.1 25’ X 30’ Bay - 2 floor joists
In bay (a) at the second floor the spandrel beam is supporting two equally spaced floor
joist that carry a 50psf live load and a 80psf live load. For both loads the reactions at the mid-
span of the beam are calculated and the live load percentage capacity from just axial load and

combined axial load and bending that the stud can carry are obtained.

5.4.1.1 Case with Live load equal to 50 psf
For the 50psf live load, the percentage due to just the axial load capacity is 25.16% and
48.35% for the axial capacity when looking at combined axial compression load and bending.

The relationship between the two percentages is seen below:

Yopue oo sombine lavding _ 4825
Ypus to axial load 2516

= 192
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5.4.1.2 Case with Live load equal to 80 psf
For the 80psf live load, the percentage due to just the axial load capacity is 15.73% and
30.22% for the axial capacity when looking at combined axial compression load and bending.
The relationship between the two percentages is seen below:

Yopue oo sombine lavding _ 23
Ypus to axial load 1573

= 192

5.4.2 30’ X 30’ Bay - 2 floor joists
In bay (b) at the second floor the spandrel beam is supporting two equally spaced floor
joist that carry a 50psf live load and a 80psf live load. For both loads the reactions at the mid-
span of the beam are calculated and the live load percentage capacity from just axial load and

combined axial load and bending that the stud can carry are obtained.

5.4.2.1 Case with Live load equal to 50 psf
For the 50psf live load, the percentage due to just the axial load capacity is 20.97% and
40.29% for the axial capacity when looking at combined axial compression load and bending.
The relationship between the two percentages is seen below:

Yopwe ro combine lapding _ 4§29 _
Yz tv asial oad 2097

1.92

5.4.2.2 Case with Live load equal to 80 psf
For the 80psf live load, the percentage due to just the axial load capacity is 13.10% and
25.18% for the axial capacity when looking at combined axial compression load and bending.
The relationship between the two percentages is seen below:

Yopuwe re sembine lavding _ 2518
Yopue to axtal load 13.10

=192

5.4.3 30’ X 30’ Bay - 3 floor joists
In bay (c) at the second floor the spandrel beam is supporting two equally spaced floor

joist that carry a 50psf live load and a 80psf live load. For both loads the reactions at the mid-

29



span of the beam are calculated and the live load percentage capacity from just axial load and

combined axial load and bending that the stud can carry are obtained.

5.4.3.1 Case with Live load equal to 50 psf
For the 50psf live load, the percentage due to just the axial load capacity is 20.05% and
38.54% for the axial capacity when looking at combined axial compression load and bending.
The relationship between the two percentages is seen below:

Yoo to combine lavding _ 7804
Wpus 1o axtal lead 29.05

= 192

5.4.3.2 Case with Live load equal to 80 psf
For the 80psf live load, the percentage due to just the axial load capacity is 12.53% and
24.09% for the axial capacity when looking at combined axial compression load and bending.
The relationship between the two percentages is seen below:

Yoowe o combine lavdiag _ 2409
Yoo oo axtal loas 12.53

192

5.4.4 40’ X 30’ Bay - 3 floor joists
In bay (d) at the second floor the spandrel beam is supporting two equally spaced floor
joist that carry a 50psf live load and a 80psf live load. For both loads the reactions at the mid-
span of the beam are calculated and the live load percentage capacity from just axial load and

combined axial load and bending that the stud can carry are obtained.

5.4.4.1 Case with Live load equal to 50 psf
For the 50psf live load, the percentage due to just the axial load capacity is 15.04% and
28.90% for the axial capacity when looking at combined axial compression load and bending.
The relationship between the two percentages is seen below:

oo oo sombine lasding _ 3.0
Wnas to axtat load 15.04

=192
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5.4.4.2 Case with Live load equal to 80 psf
For the 80psf live load, the percentage due to just the axial load capacity is 9.40% and
18.07% for the axial capacity when looking at combined axial compression load and bending.
The relationship between the two percentages is seen below:

Yeoue to combine lavding _ 18407

= =122
Ypus to axial load 9.40

5.4.5 40’ X 30’ Bay — Concrete Slab Floor System
In bay (e) at the second floor the spandrel beam is supporting two equally spaced floor
joist that carry a 50psf live load and a 80psf live load. For both loads the reactions at the mid-
span of the beam are calculated and the live load percentage capacity from just axial load and

combined axial load and bending that the stud can carry are obtained.

5.4.5.1 Case with Live load equal to 50 psf
For the 50psf live load, the percentage due to just the axial load capacity is 14.29% and
27.46% for the axial capacity when looking at combined axial compression load and bending.
The relationship between the two percentages is seen below:

I}‘E’Bﬂm te eembine lavding 2746

= =192
U05we ro axcat toad 14,29

5.4.5.2 Case with Live load equal to 80 psf
For the 80psf live load, the percentage due to just the axial load capacity is 8.93% and
17.16% for the axial capacity when looking at combined axial compression load and bending.
The relationship between the two percentages is seen below:

Yrue oo combing lavding _TEI6

= =192
Yopue o axial load 8.93

5.5 Case 2 -10’ Wall

Case one considers at the second level of the building and is analyzing the exterior studs

at all five bays in question. For the 10 ft high stud with an out of plane wind load of 16.23psf
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the stud selected from the SSMA specification catalogs in the curtain wall tables; which was a

600S162-33. See in appendix C for the analysis calculations.

5.5.1 25’ X 30’ Bay — 2 floor joists
In bay (a) at the second floor the spandrel beam is supporting two equally spaced floor
joist that carry a 50psf live load and a 80psf live load. For both loads the reactions at the mid-
span of the beam are calculated and the live load percentage capacity from just axial load and

combined axial load and bending that the stud can carry are obtained.

5.5.1.1 Case with Live load equal to 50 psf
For the 50psf live load, the percentage due to just the axial load capacity is 21.70% and
26.73% for the axial capacity when looking at combined axial compression load and bending.
The relationship between the two percentages is seen below:

Wpwe to combine lapding _ 26.73 _

= =123
Wrrs ro avia? 2ansd ZL70

5.5.1.2 Case with Live load equal to 80 psf
For the 80psf live load, the percentage due to just the axial load capacity is 13.56% and
16.71% for the axial capacity when looking at combined axial compression load and bending.

The relationship between the two percentages is seen below:

nue ro combime tocding _ 1671 -

= =123
%m o axlat load 13.56

5.5.2 30’ X 30’ Bay — 2 floor joists
In bay (b) at the second floor the spandrel beam is supporting two equally spaced floor
joist that carry a 50psf live load and a 80psf live load. For both loads the reactions at the mid-
span of the beam are calculated and the live load percentage capacity from just axial load and

combined axial load and bending that the stud can carry are obtained.
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5.5.2.1 Case with Live load equal to 50 psf
For the 50psf live load, the percentage due to just the axial load capacity is 18.08% and
22.28% for the axial capacity when looking at combined axial compression load and bending.
The relationship between the two percentages is seen below:

Hooue o combine lading _ 2228 _
Wpus 1o axtal lead 18.08

1.23

5.5.2.2 Case with Live load equal to 80 psf
For the 80psf live load, the percentage due to just the axial load capacity is 11.30% and
13.92% for the axial capacity when looking at combined axial compression load and bending.
The relationship between the two percentages is seen below:

Wpwe to combine lapding _ 13.93 _
Yowe to axtal load 1130

123

5.5.3 30’ X 30’ Bay — 3 floor joists
In bay (c) at the second floor the spandrel beam is supporting two equally spaced floor
joist that carry a 50psf live load and a 80psf live load. For both loads the reactions at the mid-
span of the beam are calculated and the live load percentage capacity from just axial load and

combined axial load and bending that the stud can carry are obtained.

5.5.3.1 Case with Live load equal to 50 psf
For the 50psf live load, the percentage due to just the axial load capacity is 17.30% and
21.31% for the axial capacity when looking at combined axial compression load and bending.
The relationship between the two percentages is seen below:

W co sombins Lawding _ =151 _
Y00 1o antal load 17.30

1.23

5.5.3.2 Case with Live load equal to 80 psf
For the 80psf live load, the percentage due to just the axial load capacity is 10.81% and
13.32% for the axial capacity when looking at combined axial compression load and bending.

The relationship between the two percentages is seen below:
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I}‘E’Bﬂm e eembine lapding _ 1332 _
%m o axlat load 10.81

123

5.5.4 40’ X 30’ Bay — 3 floor joists

In bay (d) at the second floor the spandrel beam is supporting two equally spaced floor
joist that carry a 50psf live load and a 80psf live load. For both loads the reactions at the mid-
span of the beam are calculated and the live load percentage capacity from just axial load and

combined axial load and bending that the stud can carry are obtained.

5.5.4.1 Case with Live load equal to 50 psf
For the 50psf live load, the percentage due to just the axial load capacity is 12.97% and
15.98% for the axial capacity when looking at combined axial compression load and bending.
The relationship between the two percentages is seen below:

Yoowe o combine lavdiag _ 1588
Yoo oo axtal loas 12.97

123

5.5.4.2 Case with Live load equal to 80 psf
For the 80psf live load, the percentage due to just the axial load capacity is 8.11% and
9.99% for the axial capacity when looking at combined axial compression load and bending. The
relationship between the two percentages is seen below:

Yore to sombine la veing _ 899 _
U0pee oo axial loasd g8.11

123

5.5.5 40’ X 30’ Bay — Concrete Slab Floor System
In bay (e) at the second floor the spandrel beam is supporting two equally spaced floor
joist that carry a 50psf live load and a 80psf live load. For both loads the reactions at the mid-
span of the beam are calculated and the live load percentage capacity from just axial load and

combined axial load and bending that the stud can carry are obtained.

34



5.5.5.1 Case with Live load equal to 50 psf
For the 50psf live load, the percentage due to just the axial load capacity is 12.32% and
15.18% for the axial capacity when looking at combined axial compression load and bending.
The relationship between the two percentages is seen below:

Yopue oo sombine lavding _ 1518 _
Ypus to axial load 12.32

1.23

5.5.5.2 Case with Live load equal to 80 psf
For the 80psf live load, the percentage due to just the axial load capacity is 7.70% and
9.49% for the axial capacity when looking at combined axial compression load and bending. The
relationship between the two percentages is seen below:

Ug 2
e to eombine laoding = 949 =123

UWpese to axtal loas 770
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6 RESULTS

Examining the correlation between the axial loading and the combined axial load and
bending presented in Part 5, a common factor can be established for each stud size. The live
load percentage due to axial load alone; which is the maximum load possible on the stud if
there were no deflection gap (based on the nominal axial strength of the stud), is divided by the
maximum allowable applied load on the spandrel beam. This is directly proportional to the
combined axial load and bending percentages. The live load percent due to combined axial and
bending is the maximum axial load allowed on the stud when bending forces are applied due to
wind load on the stud if there were no deflection gap. This percentage in then divided by the

percentage due to axial load alone allowable by the nominal compressive strength of the stud.

All of this established a common factor between the two percentages that is referred to
at the reduction factor. The reduction factor, or multiplier, is used to determine the deflection
gap reduction percentage. The factor came out to be the same each stud regardless of the
loading condition and bay sizes. This relationship was then used as a set guideline for

determining the percentage the deflection gap between the stud and the track can be reduced.

6.1 Casel-12’' Wall
For the 600S162-33 12’ tall wall stud at the second level of the building the available
strengths are summarized in the following tables. Table 6.1 is for the 50 psf floor live load and

the Table 6.2 is for the 80 psf floor live load.
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Table 6.1: Results for 6005162-33 with 50psf LL

37

Stud: 6005162-33 LL: 50 pfs
2E'N30 -2 130°X30°-2]30" %30 -3
Cases: Joists Joists Joists
=| Applied load @ 100% LL| 6.25K 7.50 K 563 K
G | Max allow. load on Stud|  1.57 K 1.57 K 1.13 K
= % of P 25% 21% 20%
£ Factored force(P)] 2.52 K 2.52 K 1.80 K
R, @ 100% L] 10.65 K 1278 K 13.36 K
u Max allow. Ryon stud| 5,15 K 515 K 515 K
E % of Ry 48% 40% 39%
< P 258K 2.58 K 2.58 K
[ dP,| 429K 429K 429K
< M| 306.05 Ib-ft | 306.05 Ib-ft | 306.05 lb-ft
¢M,| 855.57 Ib-ft | 855.57 Ib-ft | 855.57 lb-ft
1.92 1.92 1.92
Cases: A0" ¥ 30'-3 | 40" X 30 -
Joists Uniform
=| Applied load @ 100% LL| 7.50 K 0.75 KIf  |unfactored
5 Max allow. load on Stud| 1.13 K 0.11 Kif  Junfactored
= % of P 15% 14%
£ Factored force(P)] 1.80K 0.17 KIf  |factored
R, @ 100% LL] 17.81 K 18.75 K unfactored
w| Max allow. Ryon stud]  5.15 K 5.15 K unfactored
E %of Ro|  29% 27%
% Pl 258K 258 K factored
® op.| 429k 4.29 K
< M,| 306.05 Ib-ft | 306.05 Ib-ft
$M,| 855.57 Ib-ft | 855.57 Ib-ft
1.92 1.92

unfactored
unfactored

factored

unfactored

unfactored

factored



Table 6.2: Results for 6005162-33 with 80psf LL

As shown in these tables, the constant ratios between the axial capacity percentage and

the axial capacity percentage for compression plus bending for this stud size at 12" height is

Stud: 6005162-33 LL: 80 pfs
Casec: 2EN30 -2 130°X30°-2]30" K30 -3
Joists Joists Joists
=| Applied load @ 100% LL| 10.00 K 12.00 K 9.00 K
G | Max allow. load on Stud|  1.57 K 1.57 K 1.13 K
= % of P 16% 13% 13%
£ Factored force(P)] 2.52 K 252 K 1.80 K
R, @ 100% L] 17.04 K 20044 K 2138 K
u Max allow. Ryon stud| 5,15 K 5.15 K .15 K
E % of Ry 30% 25% 24%
< P 257K 2.57 K 257 K
m dP,| 429K 429K 429K
< M| 306.05 Ib-ft | 306.05 Ib-ft | 306.05 Ib-ft
$M,| 855.57 Ib-ft | 855.57 Ib-ft | 855.57 Ib-ft
1.92 1.92 1.92
Cases: A0" ¥ 30'-3 | 40" X 30 -
loists Uniform
=| Applied load @ 100% LL| 12.00 K 1.20 Kif  |unfactored
G | Max allow. load on Stud|  1.13 K 0.11 Kif  Junfactored
= % of P 9% 9%
£ Factored force(P)] 1.80K 0.17 KIf  |factored
R, @ 100% LL| 28.50 K 30.00 K unfactored
w| Max allow. Ryon stud]  5.15 K 5.15 K unfactored
E %of Ro|  18% 17%
% P| 257K 257K factored
© op.| 429K 429K
< M,| 306.05 Ib-ft | 306.05 Ib-ft
$M,| 855.57 Ib-ft | 855.57 Ib-ft
1.92 1.92

unfactored

unfactored

factored

unfactored

unfactored

factored

1.92. This ratio is a reduction factor that can be multiplied by the “% of P” value for axial

loading to arrive at the reduced percentage of the deflection gap. In other words, the “% of R,”
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value from the combined axial compressive force and bending is the percentage the defection
gap can be reduced. Since the process of actually determining the deflection gap percentage
was an iterative process the reduction factors make it possible to eliminate the iteration by
multiplying the reduction factor by the live load percentage due to the axial capacity assuming
that is the governing load case for the stud. For each case analyzed a summarization can be

made for each bay condition to compare the correlation of the analysis at hand.

6.2 Case 2-10’ Wall

For the 3625162-33 10’ tall wall stud at the third level of the building the capacities can
be collaborated in to the following tables. The first table is for the 50psf floor live load applied

and the second table is for the 80psf floor live load applied.
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Table 6.3: Results for 3625162-33 50psf LL
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Stud: 3625162-33 LL: 50 pfs
Cases: 25" M30°-2 130" %30°-2]30"%30 -3
Joists Joists Joists
=| Applied load @ 100% LL| 6.25K 750 K 5.63 K
5 Max allow. load on Stud] 1.36 K 1.36 K 0.97 K
= % of P 22% 18% 17%
£ Factored force(P)|] 2.17 K 217 K 1.56 K
R, @ 100% LL] 10.65 K 12.78 K 13.36 K
u Max allow. Ryon stud] 2.85 k 2.85 K 2.85 K
E % of Ry 27% 22% 21%
- Pyl 142K 1.42 K 1.42 K
m ¢P, 370 K 370 K 370 K
< M| 212.53 Ib-ft | 212.53 lb-ft | 212.53 |b-ft
$M,| 396.77 |b-ft | 396.77 Ib-ft | 396.77 Ib-ft
1.23 1.23 1.23
Cases: A0° % 30" -3 | 40" X 30" -
loists Uniform
=| Applied load @ 100% LL| 7.50K 0.75 KIf  |unfactored
5 Max allow. load on Stud] 0.97 K 0.09 KIf  |unfactored
= % of P 13% 12%
£ Factored force(P)] 1.56 K 0.15 KIf  |factored
R; @ 100% LL] 17.81 K 18.75 K unfactored
w|  Max allow. Ryon stud]  2.85 K 2.85 K unfactored
2 %of Ro|  16% 15%
':‘_E Pl 142K 1.42 K factored
w op| 370K 3.70 K
< M| 212.53 Ib-ft | 212.53 lb-ft
oM, | 396.77 Ib-ft | 396.77 Ib-ft
1.23 1.23

unfactored

unfactored

factored

unfactored

unfactored

factored



Table 6.4: Results for 3625162-33 80psf LL

For this case, the reduction factor is 1.23 and is constant for this stud size at this height.

Stud: 3625162-33 LL: 80 pfs
Caces: 25X 30'-2130°K30°-2]30"¥30°-3
Joists Joists Joists
=| Applied load @ 100% LL| 10.00 K 12.00 K 9.00 K
G | Max allow. load on Stud|  1.36 K 1.36 K 0.97 K
B % of P 14% 11% 11%
£ Factored force(P)] 2.17K 217 K 156 K
R, @ 100% L] 17.04 K 2044 K 2138 K
u Max allow. Ryon stud| 2.85 K 2.85 K 2.85 K
E % of Ry 17% 14% 13%
< P 142K 1.42 K 1.42 K
m P, 3.70 K 370 K 3.70 K
< M| 212.53 Ib-ft | 212.53 |b-ft | 212.53 Ib-ft
&M, 396.77 Ib-ft | 396.77 Ib-ft | 396.77 Ib-ft
1.23 1.23 1.23
Caces: A0" ¥ 30'-3 | 40" X 30" -
loists Uniform
=| Applied load @ 100% LL| 12.00 K 1.20 Kif  Junfactored
G | Max allow. load on Stud|  0.97 K 0.09 KIf Junfactored
= % of P 8% 8%
£ Factored force(P)] 1.56 K 0.15 Kif  |factored
R, @ 100% L] 28.50K 30.00 K unfactored
w| Max allow. Rzon stud]  2.85 K 2.85 K unfactored
2 %of Ro|  10% 9%
% P,| 142K 1.42 K factored
T op.| 3.70K 3.70 K
< M| 212.53 Ib-ft | 212.53 Ib-fi
M) 396.77 Ib-ft | 396.77 Ib-ft
1.23 1.23

The same observations made in the previous case apply also to this case.
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unfactored

unfactored

factored

unfactored

unfactored

factored



6.3 Analysis of Results

An analysis of the results shows that the percentage of the total axial load that can be
supported by the stud due to combine axial compression and bending is the actual percentage
the deflection gap can be reduced. From the above tables, a direct correlation between the
axial capacity of the stud and the combined axial and bending capacity of the stud can be seen.
It can also be seen that the manner in which the load is applied and the amount of load applied
has no direct impact in the reduction factors. It should also be noted that if the height of the
stud or thickness of the steel changes the reduction factor will also change. This was obtained
by changing the wall stud heights for each condition. Table 8.1 shows this correlation. The taller
the stud is, the smaller the reduction factor and thus the smaller the percentage of the

reduction to the deflection gap.
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7 CONCLUSION

It has been shown that curtain wall studs originally sized only for out of plane wind loads
have an available axial strength that can be taken into account to reduce the size of the
deflection gap below a spandrel beam that would normally be required. It has also been shown
that for the load case of axial compression only, the percentage of the total axial load the stud
can support provides the percentage reduction for the deflection gap for this load case.
Additionally, for the load case of bending and axial compression, the percentage of the total
axial load the stud can support when combined with bending can also be determined. The
latter percentage represents the governing percent reduction for the deflection gap. The
relationship of the percentage of the total load the stud can support between the two load
cases is a constant and thus eliminating the need to determine the available axial strength of
the stud for combined axial compression and bending and merely apply the reduction factor to
the percentage of the total axial load the stud can support for axial compression only to
determine the final percent reduction of the deflection gap. This eliminates the need for an

iterative approach to determine the reduction in the deflection gap.

This study shows that the manner in which the live load is applied to the spandrel beam
does not affect the correlation between the two load cases nor does the magnitude of the live
load applied. The reason for this is because the capacity of the stud is the same no matter what
the load is or how it is applied. The material and member properties of the stud are the

governing elements of the analysis.

Apart from the study and the analysis conducted, the probability of the having the full
live load applied near the exterior of the building should be considered. As stated in section 2,
the probability that even 75% of the live load is accumulated in the perimeter of the building is
small (AISC, 2003). Noting that in any type of building, the areas close to the walls, especially if
there are window, will not have a lot of activity around them. With this the feasibility of

reducing the deflection gap due to live load is even more possible.
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8 RECOMMENDATIONS

This study shows that a prescriptive method to determine a reduced deflection gap can
be established. Tables can be generated that list the reduction factors for a particular stud at a
particular height. In this study since the type of building considered is an office building a Table
8.1 has be created that lists common stud sizes used and their corresponding reduction factors
for the deflection gap due to live loads for an office building. Limitations are also listed for the
use of the table. The table shown is for uniform wind loads of 5, 10, 15, 20, 25 and 30 psf. The
wind forces are based on MWFRS wind loads since the combined axial load and bending load
case governs the overall analysis. Additional tables can be derived for different wind loads and
stud sizes that may be applied to a structure. To make the tables easy to follow they are
provided in increments of 5psf for the varying wind loads similar to the load and span tables
typically provided by manufacturers for CFS curtain wall studs. Interpolation between tables
can then be done to determine the exact reduction factor that is desired for a wind force; since

there is a semi-linear relationship between the two percentages.

Section 8.1 provides a step by step procedure to determine the reduced deflection gap
on an exterior wall. Table 8.1 is used to obtain the reduction factors needed to design the
reduced gap. The method is intended for office buildings and that support live loads of 100 psf
or less. Modifications can also be made to the procedure as long as all assumptions are stated

clearly and the tables are recreated for the situation specific to the structure.
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Table 8.1: Reduction Factors

Reduction Factor
Stud Max Height|  Wall Wind Force (MWFRS)
@(L/360) | Height (ft)

5 psf 10 psf 15 psf 20 psf 25 psf 30 psf
3625162-33 11'-11" 10 1.86 0.85 - - - -
3625200-33 12" - 7" 10 1497 1.01 0.2 - - -
12 1.47 0.28 - - - -
3675169-43 i 10 217 1.37 0.68 0.07 = =
12 174 073 = = = =
3625200-43 15 -g" 10 2.29 156 D94 0.38 - -
12 1.539 0.96 0.2 - - -
625163-54 | 13°-11° 10 234 1.65 1.07 0.55 0.08 =
12 196 1.09 0.38 = = =

10 2.46 1.86 1.34 0.87 0.45 0.05
3625200-54 14 -9" 12 2.12 134 0.7 0.14 - -
14 1738 0.84 0.09 - - -

10 2.64 211 1.6 1.11 0.64 0.18
6005162-33 17'-11" 12 2.37 162 D93 028 = =
14 2.07 1.09 0.22 - - -
16 1.73 0.54 - - - -

10 2 68 218 171 1.25 0.8 0.38
12 2.43 173 1.08 0.46 - -
6005200-33 i8'-7" 14 2.14 122 0.4 - - -
16 181 0.69 - - - -
15 1.46 0.15 - - - -

10 281 243 2.07 172 138 105

12 2.62 2.08 1.58 1.1 0.65 0.21
6005162-43 19'- 4" 14 2.39 1638 1.03 0.44 = =
16 214 125 0.47 - - -
15 1.86 0.81 - - - -

10 282 245 21 176 1435 111
12 2.63 211 1.62 1.16 071 0.3
6005200-43 20' - 3" 14 2.41 171 1.09 0.51 - -
16 2.15 125 0.54 - - -
15 1.88 0.86 - - - -
20 1.6 0.43 - - - -

10 2.89 258 2.29 201 173 146

12 273 2.29 1.88 1.49 111 0.76

6005162-54 20' - 8" 14 254 185 142 043 0.46 003
16 2.32 1.59 094 0.35 - -
18 2.09 121 0.46 = = =
20 1.85 0.83 - - - -

10 292 2.65 2.39 2.14 1.59 1.65

12 278 2359 202 1.67 133 101

6005200-54 21 -g" 14 261 2.08 16 1.15 073 0.34
16 2.41 174 1.16 0.62 0.13 -
13 215 135 0.71 01 - -
20 197 1.04 0.27 - - -

**Table is based on 90 MPH Wind and Exposure B for both C&C and MWFRS
**Table lists the most common used studs for steel frame infill studs
**Spacing of stud is 16" o.c. And stays constatnt
** Governing stud defection Deflection is L/360

** Max Height is hased on the use of C&C wind force
** Floor and roof liveloads whould not exceed 100 psf
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8.1 Step by Step Procedure

With the results and analysis of this report; it is recommend to use the following
procedure and assumptions to determine the percentage the deflection gap can be reduced

due to the live load induced on the spandrel beam:

Assumptions:
e Only the stud at the mid-span of the spandrel beam is loaded
e The wall stud is loaded concentrically
e P-Delta Effects are neglected
¢ Axial load governs initially
e Wind force is uniform throughout the length of the CFS stud
e Worst case scenario is at the mid-span of the beam
e Use LRFD for design
e Dead load gap is assumed to stay constant and will not be reduced
e Height of the wall is constant
e Spacing of studs is constant throughout the span of the beam
e The live load applied is to be less than 100psf
e The analysis only looks at only a single long leg track construction assembly with

bridging at third points on the stud

Procedure:

Step 1: Preliminary stud selection

e Size the CFS stud for only the out of plane wind load (Components & Cladding)
O From section A3.1 of AlSI $211-07
e Use the standard SSMA catalogs

e Obtain the design axial compressive strength of the selected stud (¢P,)

Step 2: Determine Allowable Load on Beam
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Depending on the static loading condition of the spandrel beam, obtain the interior
beam reaction on the stud at the mid-span of the beam (worst case)

Substitute the available axial strength from step 1 in compression for the reaction.
Rearrange equation to find the allowable load that the beam can carry.

Note that the load obtained is factored.

Step 3: Determine Percentage of available strength to the applied load

Calculate the factored design live load supported by the beam (1.6L)
Divide the available strength by the design load and multiply by 100 to get

percentage.

Step 4: Look up Factor from Table 8.1

Look up factor

Factor is based on the material properties of the stud and the height of the wall

Step 5: Obtain percentage the live load gap can be reduced by

Multiply factor by the percentage calculated in step 3

Step 6: Check Combine Axial and Bending load

Obtain governing load combination (1.2D + 1.6W + L)
For the bending load on the stud use the in-plane wind load (MWFRS)
0 See Section A3.1 of AlSI 5211-07
Use the percentage that the live load can be reduced by in step 5 to obtain the axial
factored load for the load combination.
Follow the procedure in AlSI S100-07 for Combined Axial and Bending
O Section €5.2.2
Check interaction equation result to be less than or equal to 1.0
0 Equations C5.2.2-1, C5.2.2-2, C5.2.2-3

If check is met proceed to step 7
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0 If not, change stud thickness

Step 7: Determine reduced deflection gap

e Calculate the 100% live load deflection gap for the beam (L/240, L/360, etc.)

e  Multiply it by 1 minus the reduction amount obtained in step 5
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APPENDIX A - WIND LOAD CALCULATIONS

Wind Load

IBC 2006 code & ASCE7-05 manual are used for the design

6.5 METHOD 2- ANALYTICAL PROCEDURE
Basic wind speed (3 sec gust)= 90 MPH
Length of Building= 95 ft
Width of Building= 60 ft

Exposure = B
Roof Pitch= 0.00 :12
Mean Roof Height h= 44  ft
Importance factor I, = 1.00 T-6-1

6.5.12.2.2 Low-Rise Building

Velocity pressure g,= .00256 Kz Kzt Kd V2 (6-15)

K.= 1.00 Kd= 0285 V=90 lw = 1.00
at mean roof highh= 44
K,= 0.78 Exp= B T-6-3
Roof angle 8= 0.0
p = gh[(GCpf) - (GCpi)] (6-18)
g, = 13.75
Internal Pressure Coef (GC) = +0.18 Enclosed Building Figure 6-5
2a= 12 ft
Figure 6-10 MWFRS Method 2
Load . Building Surface
Direction| —1“21°" [Ty 2 3 4 5 6 1E 26 | 3E aE
Trans GCp 0.40 -0.69 -0.37 -0.29 -0.45 -0.45 0.61 -1.07 -0.53 -0.43
Long GCy 0.40 -0.69 -0.37 -0.29 -0.45 -0.45 0.61 -1.07 -0.53 -0.43
an(GCp + Gey)| 797 | -7.01 | -261 | -1.51 | -3.71 | -3.71 | 10.86 |-12.24 | -4.81 | -3.44
Trans Gn(GCph- Gey) | 3.02 | -11.96 | -7.56 | -6.46 | -8.66 | -8.66 | 591 |-17.18 | -9.76 | -8.39
n(GCy + Gey)| 7.97 | -7.01 | -261 | -1.51 | -3.71 | -3.71 | 10.86 |-12.24 | -4.81 | -3.44
one an(GCyr- Gep) | 3.02 | -11.96 | -7.56 | -6.46 | -8.66 | -8.66 | 5.91 |-17.18 | -9.76 | -8.39
6.5.12.4 COMPONENTS AND CLADDING
6.5.12.4.1 Low-rise building and building with h £ 60ft
Velocity pressure g,= .00256 Kz Kzt Kd V2 lw (6-15)
K.= 1.00 Kd = 0.85 V=190 lw = 1.00
g.= 17.63 Kz
at mean roof highh= 440 ft 0K
Ky, = 0.78 Exp=B
velocity at mean roof height, q,= 13.75
p = gh{GCp - GCpi) (6-22)
External pressure, + GC,= 0.9 -GCp=-1 Figure 6.11 through 6-16

Internal pressure, Gp; = + 0.18

p = 13.75[0.9 - (+0.18)] psf

p= 14.85 psf

Enclosed Building
13.75[-1 - (+0.18)] psf
-16.23 psf

Figure 6-5
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APPENDIX B — CFS PROGRAM CALCULATIONS

Section Inputs G005162-33

Matcerial: R653 55 Grade 33
Mo strength increase from cold work of forming.
Modnlu=s of Elasticity, E 29500 k=i
¥ield Strength, Fvy 33 k=i
Tensile Strength, Fua 45 k=i
Warping Constant Override, Cw O in"™e
Torsion Constant COverride, J 0 inm™4
Sciffened Chanmnel, Thickness=s 0.0346 in (20 Gage)
Placement of Part from Crigimn:
X to center of grawvity 0 im
¥ to center of grawvicwy 0 im
Cut=side dimensions, COpen shape
Length Angle Radius ek k Hole Size Distance
({im) {deo) (im) Coef. ({im) ({im)
1 0.5000 270.000 0.07&6&500 None 0.000 0.0000 0.2500
2 1.6250 180.000 D.07T&500 Single 0.000 0.0000 0.8125
3 6.0000 S0.000 0.076500 Cee 0.000 0.0000 3.0000
4 1.6250 O.000 D.07T&500 Single 0.000 0.0000 0.8125
5 0.5000 —90.000 D.07T&6&500 None 0.000 0.0000 0.2500

Member Check - 2007 Morth American Specification - US (LRFD)

Material Type: AB53 535 Grade 33,
De=sign Parameters:

Fy=33 k=i

L= 12.000 fc Ly 4,000 fc
K= 1.0000 oy 1.0000
Clh= 1.0000 Chwy 1.0000
Cros 1.0000 Crocy 1.0000
Braced Flange: None FEed. Factor, ER: 0O
Loads: FE M= Wy
(k) (k—im} (k)
Entered 2.5700 0.000 0.0000
Applied 2.5700 0.000 0.0000
Scrength 4.2866 14.239 0.9697

Effectiwve section properties at applied loads:

he 0.24158 in™2 Ixe
Sxe (L)
Sxe ()
Interaction Egquations
HAS Eg. C5.2.2-1 (P, M=, My) o
HAS Eg. CS5.2.2-2 (P, M=, IMwy) o)
HAS Eg. C3.3.2-1 (M=, V)
HNAS Eg. C3.3.2-1 (M, =)

.600 + O.000
462 + 0.000

1.7175
0.57249
0.57249

in™4
in™3
in™3

Sgrt (0.000
Sgrec(0.014

F o4+ o+

Lt 4.000 fc
o vl 1.0000
=4 Q.0000 imn
=y Q.0000 imn
Sciffnes=s, kp: 0O k
My W
(kE—imn) (X}
0.000 0.0000
—-0.305 0.0000
2.590 1.8260
Tye 0.0933 in™4
Swe (1) 0.1&6061 in™3
Sve (r) 0.08941 in"™3
0.143 = 0.742 <= 1.0
0.11% = 0.580 <= 1.0
0.000)y= 0.000 <= 1.0
0.000)= 0.118 <= 1.0

Fully Braced Strength - 2007 Morth American Specification - US (LRFD)

Material Type: AB53 535 Grade 33,

Compression Positiwve
$Pno 5.561 k Mmoo
he D.198249 in™2 Ixe
Sxe (L)
Tension Sxe ()
$Tm 10.225 k
Negative
pHn=o
Shear Ixe
VI 0.970 k Sxe (t)
VI 1.826 k Sxe ()

Fy=33 k=i

Moment
18.115 k-in
1.7553 in™4
Q.57784 in"™3
0.59252 in™3
Moment
18.115 k-in
1.7553 in™4
0.59252 in™3
0.57784 in"™3
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Positiwve Moment

dHn o 2.849 k-in
Iye 0.1163 in™4
Swe (1) 0D.28154 in™3
Sve (r) 0.09581 in"™3
MNegatiwve Moment

Mo 2.590 k-in
Iye 0.0870 in™4
Swe (1) 0.13851 in™3
Sve (1) Q.08722 in™3



Section Inputs  3625162-33

Material: 653 55 Grade 33
Mo strength increase from cold work of forming.
Modnlu=s of Elasticity, E 29500 k=i
¥ield Strength, Fy 323 k=i
Tensile Strength, Fua 45 k=i
Warping Constant Override, Cw O in"™e
Torsion Constant COverride, J O in™4g
Stiffened Channel, Thickness 0.0346 in (20 Gage)
FPFlacement of Part from Crigin:
X to center of grawvitwy 0 im
¥ to center of grawvity 0 im
Cut=side dimensions, Open shape
Length Angle Radinus Welk k Hole S5ize Di=stance
({im) [deg) (Aim) Coef. [im) ({im)
1 0.5000 270.000 0.076500 None 0.000 0.0000 0.2500
2 1.6250 180.000 D.07T&500 Single 0.000 0.0000 0.8125
3 3.6250 SQO.000 0.076500 Cee 0.000 0.0000 1.8125
4 1.68250 Q.000 0.076500 Single 0.000 0.0000 0.8125
5 0.5000 —90.000 0.07T&500 None 0.000 0.0000 0.2500
Member Check - 2007 Morth American Specification - US (LRFD)
Material Type: A653 535 Grade 33, Fy=33 k=i
De=sign Parameters:
L= 10.0000 £t Ly 3.3300 f£c Lt 3.3300 f£c
Ex 1.0000 Ev 1.0000 Ht 1.0000
Chx 1.0000 Chy 1.0000 = 0.0000 4dimn
Croz 1.0000 Crocy 1.0000 2y 0.0000 4im
Braced Flange: None FEed. Factor, ER: 0O Stiffnes=s, kp: O k
Loads: B M= Wy My RT3
(k) (k—im]} (k) (kE—imn) (X}
Entered 1.4200 0.0000 0.0000 0.0000 0.0000
Applied 1.4200 0.0000 O.0000 —0.007T1 0.0000
Scrength 3.6969 8.1781 1.5558 2.5590 1.8260
FEffective section properties at applied loads:
he 0.25904 in"™2 Ixe 0.55122 in™4 Tye 0.09851 in"™4g
Sxe (L) 0.30412 in™3 Swe (1) 0.18138 in™3
Sxe () 0.30412 in™3 Sve (r) 0.09106 in™3
Interaction Eguations
HAS Eg. C5.2.2-1 (P, M=, My) 0.384 4+ 0.000 4+ 0.003 = 0.387 <= 1.0
HAS Eg. CS5.2.2-2 (P, M=x, IMy) 0.260 + 0.000 4+ 0.003 = 0.263 <= 1.0
HNAS Eg. C3.3.2-1 (M=, ") Sgrc(0.000 + 0.000)= 0.000 <= 1.0
MHAS Eg. C3.3.2-1 (M, =) Sgrc(0.000 + 0.000)= 0.003 <= 1.0

Fully Braced Strength - 2007 Morth American Specification - US (LRFD)

Material Type: RE53 55 Grade 33, Fy=33 k=i

Compression Positive Moment Positiwve Moment
$Pno 5.4607 k pHm=o 9.1647 k-in o 2.7120 k—-im
he D.19468 in™2 Ixe 0.53825 in™4 Tye 0.09935 in™4g

Sxe (L) 0.29233 in™3 Swe (1) 0.18503 in™3
Tension Sxe () 0.30175 in™3 Sve () 0.091371 in"™3
$Tn T.7848 k

Negative Moment MHegative Moment

pHn=o 2.1647 kK-in Mo 2.5590 k-in
Shear I=e 0.53825 in™4 Iye 0.08411 in™4
$Vny 1.5558 k Sme (1) 0.30175 in"™3 Swe (1) 0.12963 in™3
V= 1.8260 k Sxe (Iz) 0.29233 in"™3 Swe (x) 0.08616 in™3
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APPENDIX C — EXCEL SPREADSHEETS

For case 1, the 12’ height wall stud at the second level is analyzed and the following are

the calculations made in determining the size and capacities of the stud for both load

conditions.

CFS Stud Sizing Due to Wind Load Only:

Pu Mote:|From section A3.1 of the 2007 NASCFSF for wall studs, Component and
cladding wind loads are to be used when sizing a wall stud due only to
.
P Stud Spacing: 16 in o.c. Bridging Spacing
Y
L,: 12 ft L: 4.00 ft
Wind Load: 16.23 psf (C&C) L: 4.00 ft
Load Factor: 1.6
Moment in Stud:
@ F
g M, = wiL
L, ™ 8
2 = 623.23 Ib*ft —> 7.8 k¥in
= Desess ——
Stud Selection:
From General Specification Catalogs: 6005162-33
At 15psf Lateral load & L/360 horizontal
deflection limit the max span: 17.34 ft
=Lx Good!
**See attached specification sheet for the studs properties
Track Selection:
a From General Specification Catalogs: 600T200-33
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Stud Capacity: (25" X 30" Bay)

Due to 50 psf live load only

p P
L3 L L3 L3
4 T b
Ry 3
a
L2 L2
L
Given: L= 25 ft LL= 50 psf E= 29500 ksi
W= 30 ft Load Factor = 1.6 Iy = 1.793 in®
a= 8.33 ft L= 12 ft K, = 1
b= 417 ft Stud spacing: 16 in K. L. = 144 in
I=L/2= 12.5 ft
Live Load: P @ 50% = 3125 lb ----- = 5 Kips factored
P @ 100% = 6250 Ib ----- = 10 Kips factored
Reactions: P, *a 2
R, @ 50% = T [271° + b¥(1+a)] =2
27 R: @50% =3Mp. =__ 0.741 kips Ry =R, =
P,*a 2
R, @ 100% = 5 [2*1F +b*(1+a)]*2
2%l Ry @100% =3Mg; = 5.741 kips Ry =R, =
Kips

Stud Capacity for Axial Load Only:

Stud:
&P, =

6005162-33
4.2866 K
Mote:

P,

5.741 Kips

Note: R Is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.

<

P, @ 50% LL

**stud is not adequate to

From CFS program calculation (See attached sheets)

take 50% of the LL

Rearranging the equation for R; and substituting §P, with R; the axial load is obtained to get a percentage of load the stud can take

$P.*(2F)
2(217 + b(l+a))a

[ 2.52]kips

Percentages:

=}

u

P, @ 100%

= 40.26%

of LL For one stud

Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD
Load combination:

1.6W + 0.5LL

of 1.6LL for one stud

Note: |The wind load used is MWFRS since it is a combination of axial load and bending. See
ection A3.1 of the 2007 NASCFSF for wall studs.

of LeLL

Loads on stud: 50% LL 100% LL 48.35% LL
W= 7.97 psf W= 7.97 psf W= 7.97 psf **MWFRS See wind load Calculations
LL {(Unfactored R;) = 5.32 K LL= 10.65 K LL= 315K
P, (Factored R;) = P,= P,= **check with MathCAD calculations
M, = M, = M, = 05 lb-ft **check with MathCAD calculations
o, = 0.394 o, = o, = 0.893 **check with MathCAD calculations
Stud strength properties:
¢P,= 4.28660 K **From CFS program Calculations Pe, = 25.1754 Kips =*check with MathCAD calculations
$M, =  855.57 Ib-ft **From MathCAD Calculation Cn= 1 **From MathCAD Calculation
GP,, = 5.561 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 48.35% |Controlling %
P
- S>> 1.2420 0.6210 0.6005
&P,
_______________________________________ >0.15 (check2&3) _ _ _ =0.15 (check2&3) >0.15 (check2&3)
1 M, Py
+ 1.600 0.979 0.958
5.2.2-3 M, &P,
e 2&3GOVERN_ 2 & 3GOVERN 2&3GOVERN _
2 M, Py
+ 1.315 0.836 0.821
5222 om, PPr
3 Py Crn*M,
+ 1.696 1.021 0.999
€5.2.2-1 $P, PM,a, >1.0-->N.G. >1.0--=N.G. <1.0 Ok Calculate

Stud is NOT adequate
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Stud is NOT adequate

1 L |
L) r
—— -
Floor bedms @ Third spgments
Spandrel
Beam
= —
___0.781 Kips

Stud IS adequate



Stud Capacity: (30' X 30' Bay)

Due to 50 psf live load only

o P
| L |
I I
/3 TE] L/3 — L}
T M
a b Ry 3 Floor begms @ Third spgments
I w
/2 L2
L
Given: L= 30 ft L= 50 psf E= 29500 ksi
w= 30 ft Load Factor = 16 l,= 1793 iIn" Spandre
Beam
a= 10.00 ft L= 12 ft K, = 1 /
i : . — —
= 5.00 ft Stud spacing: 16 in K L, = 144 in
I=L/2= 15 ft
Live Load: P @50%= 3750 b ----- > 6 Kips factored
P @ 100% = 7500 b ----- > 12 Kips factored
Reactions: o 2
R, @ 50% = T [271° +b*(l+a)]*2
271 Ry @ 50% =3 Mg, = 0.889 kips 0.889 Kips
ips
[2+1° + b*(1+a)]*2
Ry @ 100% = TMg, = 6.889 kips Ry =Ry = 6.889 Kips
Kips
Note: R, isconsidered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.
Stud Capacity for Axial Load Only:
Stud : 6005162-33
$P, = 4.2866 K From CFS program calculation (See attached sheets)
Note: PP, < P, @50% LL **Stud is not adequate to take 50% of the LL
Rearranging the equation for R, and substituting P, with R, the axial load is obtained to get a percentage of load the stud can take
P21 Percentages: P
P, = q)z () ges__ % L 33.55%
2(21° + b(l+a))a P, @ 100% of LL For one stud
s 252)kps
= of 1.6LL for one stud Two studs: of 1.6 LL
Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD
Load combination:
L6W+0.5LL Naote: |The wind load used is MWFRS since it is a combination of axial load and bending. See
Section A3.1 of the 2007 NASCFSF for wall studs.
Loads on stud: 50% LL 100% LL 40.29% LL
W= 7.97 psf W= 7.97 psf = 7.97 psf **MWFRS See wind load Calculations
LL (Unfactored R;) = 6.39 K LL= 12.78 K LL= 515 K
P, (Factored R;) = P,= 6.33 K P,= **check with MathCAD calculations
My = My = 306.05 Ib-ft My = =*check with MathCAD calculations
a, = a, = 0.746 o, = **check with MathCAD calculations
Stud strength properties:
PP, = 4.2866 K **From CFS program Calculations Pg, = 25.17544 Kips **check with MathCAD calculations
dM, = 855.57 Ib-ft **From MathCAD Calculation Cn= 1 **From MathCAD Calculation
GP,, = 5.561 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 40.29% [Controlling %
e 1.4904 0.7452 0.6005
__________________________________________ »0.15 [check2&3) 0.5 (check2&3)  ~  »015 (check2&3)
! M, + >3 1.848 1.103 0.958
€52.2-3 M, . ) )
L - 2&3GOVERN _ 2%3GOVERN 28 3GOVERN
2 M, P,
+ >3 1.507 0.932 0.821
5222 oM, PPre
3 P, Co™M,
+ <2 1.970 1.155 0.999
€5.2.2-1 P, DM, *a, 1.0 -->N.G. =1.0--> N.G. <1.0 0K Calculate

Stud is NOT adequate
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Stud Capacity: (30" X 30" Bay)

Due to 50 psf live load only

P p P | L |
I r
—_— —
N
A 4
R, s L Floor jeams @ qpartersegihents
L4 L4 Lf4 L4 N -
2 2 w
L
Given: L= 30 ft LL= 50 psf E= 29500 ksi
L4 Spandrel
W= 30 ft Load Factor = 1.6 Iy = 1.793 In
Beam
Lfa= 7.50 ft L= 12 ft K, = 1 u./
I=1/2= 15 ft Stud spacing: 16 in KL, = 144 in - —
Live Load: P @ 50% = 2812.5 b -—--- = 4.5 Kips factored
P @ 100% = 5625 b ----- = 9 Kips factored
Reactions: 5P
R, @ 50% =
16 Ry =Ry=__ 1.406 Kips R, @50%= (P-R1)2+P
= 1.41 Kips
R, @ 100% =l
* T 16 Ry =R;=  2.813 Kips
= 2.81 Kips
Note: R, is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.
Stud Capacity for | Load Only:
Stud : 6005162-33
P, = 4.2866 K From CFS program calculation {See attached sheets)
Note: PP, < P,@50%LL **Stud is not adequate to take 50% of the LL
Rearranging the equation for R; and substituting $P, with R; the axial load is obtained to get a percentage of load the stud can take
P Percentages: P
P, B 8 - = 32.09%
2.375 P, @ 100% of LL For one stud
= veofups
= 20.05% |of 1.6LL for one stud of L6LL
Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD
Load combination:
L6W +0.5LL MNote: |The wind load used is MWFRS since it is a combination of axial load and bending. See
ection A3.1 of the 2007 NASCFSF for wall studs.
Loads on stud: 50% LL 100% LL 38.54% LL
W= 7.97 psf W= 7.97 psf W= 7.97 psf FFMWFRS See wind load Caleulations
LL (Unfactored R;) = 6.68 K LL= 13.36 K LL= 515K
P,(Factored R;) = P,= P,= **check with MathCAD calculations
M, = M= M, = **check with MathCAD calculations
o, = o, = 0.735 a, = **check with MathCAD calculations
Stud strength properties:
GP = 4.2866 K **From CFS program Calculations Pe, =  25.17544 Kips **check with MathCAD calculations
M, = 855.57 Ib-ft **From MathCAD Calculation Cn= 1 **From MathCAD Calculation
PP = 5.561 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 38.54% |Controlling %
P
- i s 1.5583 0.7791 0.6005
P,
_________________________________________ >0.15 (check2&3) __ _ =0.15 (check2&3) =015 (check2&3)
1 M, Py
+ i s 1.916 1.137 0.958
C52.2-3 M, =
_________________________________________ 2&3GOVERN 2&3GOVERN 2&3CGOVERN
2 M, Py
+ i s 1.559 0.958 0.821
€222 oM, SPro
3 Py Crn ™M,
+ e i s 2.045 1.192 0.999
€5.2.2-1 = M, *a, > 1.0 --> N.G. > 1.0-->MN.G. <1.0 0K  Calculate

Stud is NOT adequate Stud is NOT adequate Stud IS adequate
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Stud Capacity: (40" X 30" Bay)

Due to 50 psf live load only

P P P 1 L |
T T
— —
3
T A
Rs . - Floorfjeams @ qpartersegments .
7] 4 L/4 /4
w
L2 L2
L
Given: L= 40 ft LL= 50 psf E= 29500 ksi
. Spandrel
W= 30 ft Load Factor = 1.6 Iy = 1.793 in Beam
Lfa= 10.00 ft L= 12 ft K, = 1 /
—t —
I=L/2= 20 ft Stud spacing: 16 in K, L, = 144 in
LiveLoad: P@50%= 3750 b —-- > 6 Kips factored
P @ 100% = 7500 b -—--- = 12 Kips factored
Reactions: SP
R, @ 50% =
16 Ry =Ry= 875 Kips R, @ 50% = (P-R1)2+P
= 1.88 Kips
R, @ 100% P
' T 16 Ry =R, = 3.750 Kips R, @ 100%
= 3.75 Kips
Note: R, is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.
Stud Capacity for Axial Load Only:
Stud : 600S162-33
P, = 4.2866 K From CFS program calculation (See attached sheets)
Note: P, < P, @ 50% LL **Stud is not adequate to take 50% of the LL
Rearranging the equation for R; and substituting P, with R; the axial load is obtained to get a percentage of load the stud can take
P Percentages: P
&P, =L BES v = 24.07%
2.375 P, @ 100% of LL For one stud
s 1solkips
= of L.6LL for one stud Two studs of 1.6 LL
Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD
Load combination:
LD+ 1.6W+IL Mote: |The wind load used is MWEFRS since it is a combination of axial load and bending. See
Section A3.1 of the 2007 NASCFSF for wall studs.
Loads on stud: 50% LL 100% LL 28.90% LL
W= 7.97 psf = 7.97 psf = 7.97 psf **MWFRS See wind load Calculations
LL {Unfactored R;) = L= 17.81 K LL= 5.15 K
P,(Factored R;) = P,= 8.91 K P,= 2.57 K **check with MathCAD calculations
M, = M, = 306.05 lb-ft My = 306.05 lb-ft *=*check with MathCAD calculations
a,= o, = 0.646 o, = 0.898 **check with MathCAD calculations
Stud strength properties:
&GP, = 4.2866 K **From CFS program Calculations Pe, =  25.17544 Kips **check with MathCAD calculations
M, = 855.57 lb-ft **From MathCAD Calculation Cm= 1 **From MathCAD Caleulation
P, = 5.561 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 28.90% |Controlling %
P
- >3 2.0777 1.0388 0.6005
&P,
_________________________________________ >0.15 (check2&3) =015 (check2&3)  _ >0.15 (check2&3) =
1 My Py
+ 2.435 1.397 0.958
€5.2.2-3 M, $P,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2&3GOVERN 2&3GOVERN 2&3GOVERN
2 M, P,
+ 1.959 1.158 0.821
5222 gm, PP
3 P, Co* M,
+ 2.631 1.473 0.999
€5.2.2-1 dP, dM, *a, >1.0 —>N.G. >1.0 > N.G. <1.0 oK Calculate

Stud is NOT adequate
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Stud Capacity: (40" X 30' Bay)

Due to 50 psf live load only

Stud is NOT adequate

Stud is NOT adequate
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w 1 L J
I L)
HEEEEEEEEENE NN - T
4 A
Ry R, Ry
2 J L2
§ W Concrete Slab
L
Given: L= 40 ft LL= 50 psf E= 29500 ksi
B Spandrel
= 30 ft Load Factor = 1.6 = 1.793 in’ pandre
Beam
I=1/2= 20 ft L= 12 ft K, = 1 d
Stud spacing: 16 in KL, = 144 in —= —
Live Load: w @ 50% = 375 plf ----- > w, @ 50% = 0.6 kif factored
w @ 100% = 750 plf ----- > oW, @ 100% = 1.2 kif factored
Reactions: 3wl
R, @ 50% =
R; =R, = 4.500 Kips
= 4.50 Kips
3wl 10wl
R, @ 100% = R, @ 100% =
= 9.000 Kips 8
- soowips - [ s0m0]ies
Note: R; is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.
Stud Capacity for Axial Load Only:
Stud : 6005162-33
&P, = 4.2866 K From CFS program calculation (See attached sheets)
Note: P, < R, @50% LL **Stud is not adequate to take 50% of the LL
Rearranging the eguation for R; and substituting &P, with R; the axial load is obtained to get a percentage of load the stud can take
3* QP Percentages: W
. L . = 22.86%
10%I w, @ 100% of LL For one stud
[ ot
= of L.6LL for one stud
Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD
Load combination:
L.6W +0.5LL Note: |The wind load used is MWFRS since it is a combination of axial load and bending. See
Section A3.1 of the 2007 NASCFSF for wall studs.
Loads on stud: 50% LL 100% LL 27.46% LL
Wind = 7.97 psf Wind = 7.97 psf Wind = 7.97 psf FEWFRS See wind load Caleulations
LL (Unfactored R;) = 9.38 K LL= 18.75 K LL= 5.15 K
P, (Factored R;) = 4,69 K Py= 9.38 K P,= **check with MathCAD calculations
M, = 306.05 Ib-ft M, = 306.05 lb-ft M, = **check with MathCAD calculations
o, = 0.814 o, = 0.628 o, = **check with MathCAD caleulations
Stud strength properties:
P, = 4.2366 K **From CFS program Calculations Pg, =  25.17544 Kips **check with MathCAD calculations
M, = 855.57 lb-ft **From MathCAD Calculation Cn= 1 **From MathCAD Calculation
GP = 5.561 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 27.46% [Controlling %
[
. > 2.1870 1.0935 0.6005
P,
_________________________________________ »0.15 (check2&3) = 0.15 (check2&3) =0.15 (check2&3)
1 M, Py
+ 2.545 1.451 0.958
€5.2.2-3 oM, ¢P,
_________________________________________ 2&3COVERN 2&3GOVERN 2&3CGOVERN
2 M, Py
+ 2.044 1.201 0.821
5222 gm, P
3 Py Cr ™M,
+ 2,757 1.533 0.999
€5.2.2-1 &P, M, *a, >1.0-->N.G. >1.0 > N.G. <1.0 OK Calculate

Stud IS adequate



Stud Capacity: (25" X 30" Bay)

Due to 80 psf live load only

p P
L3 L L3 L/3
A T b
R,
a b 2 S
I
L2 L2
L
Given: L= 25 ft LL= 80 psf E= 29500 ksi
= 30 ft Load Factor = 1.6 by = 1.793 in*
a= 8.33 ft L= 12 ft K, = 1
= 417 ft Stud spacing: 16 in KL, = 144 in
I=1/2= 12.5 ft
Live Load: P @ 50%= 5000 b ---—-- = 8 Kips factored
P @ 100% = 10000 lb ----- e 16 Kips factored
Reactions: P,*a 2
R, @ 50% = T [2%1° + b¥(l+a)]=2
Eal R: @50% =3Mp:=__ 1.185 kips R; =R, =
Kips
P,*a 2
R, @ 100% = 5 [2*1° + b*{l+a)]*2
2%1 Ry @ 100% = 3 Mg, = 9.185 kips Ry =Ry =

Stud : 6005162-33
4.2866 K
Note:

Kips

From CFS program calculation (See attached sheets)

&P, < P, @ 50% LL

**stud is not adequate to take 50% of the LL

1 L |
L) r
— -
Floor bedms @ Third spgments
w
Spandrel
Beam
—— —

- Kips

9.185 Kips

Note: R, is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.

Rearranging the equation for R; and substituting P, with R; the axial load is obtained to get a percentage of load the stud can take

$P.*(2F)

Percentages:

2(217 + b(l+a))a

s 2.52]kips

=}

u

P, @ 100%

25.16%

of LL For one stud

Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD

Load combination:
1.6W+0.5LL

of 1.6LL for one stud

of LeLL

Note: |The wind load used is MWFRS since it is a combination of axial load and bending. See
ection A3.1 of the 2007 NASCFSF for wall studs.

Loads on stud: 50% LL 100% LL 30.22% LL
W= 7.97 psf W= 7.97 psf W= 7.97 psf
LL (Unfactored R;) = 8.52 K LL= 17.04 K LL= 315K
P,(Factored R;) = Py= 52 K
M, = M, = 05 Ib-ft
o, = o= 0.662

Stud strength properties:

FEFMWFRS See wind load Calculations

**check with MathCAD calculations
**check with MathCAD calculations
**check with MathCAD calculations

¢P,= 4.2866 K **From CFS program Calculations **check with MathCAD calculations
dM, = 855.57 Ib-ft **From MathCAD Calculation Cn= 1 **From MathCAD Calculation
GP, = 5.561 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 30.22% |Controlling %
P
- > 1.9872 0.9936 0.6005
&P,
_______________________________________ >0.15 (check2&3) _ _  _ =0.15 (check2&3) >0.15 (check2&3)
1 M, Py
+ 2.345 1.351 0.958
5.2.2-2 M, &P,
_______________________________________ 2 & 3GOVERN 2&3GOVERN 2&3GOVERN
2 M, Py
+ 1.850 1.124 0.821
5222 gm, PPrs
3 P, Cr ™M,
+ 2.528 1.424 0.999
€5.2.2-1 P, dM *a, =1.0-->N.G. = 1.0 --> N.G. <1.0 oKk Calculate

Stud is NOT adequate
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Stud IS adequate



Stud Capacity: (30' X 30" Bay)

Due to 80 psf live load only

p P
] L J
F I
/3 L/3 L3 —FH H
A T h
a b Ry o Floor bedms @ Third spgments
w
L2 L2
L
Given: L= 30 ft LL= 80 psf E= 29500 ksi
W= 30 ft Load Factor = 1.6 = 1793in’ Spandrel
Beam
a= 10.00 ft L= 12 ft K, = 1 /
- B : — —
b= 5.00 ft Stud spacing: 16 in K L, = 144 in
1=L/2= 15 ft
Liveload: P@50%= 6000 b ----- > 9.6 Kips factored
P @ 100% = 12000 b ----- > 19.2 Kips factored
Reactions: P *a .
R; @ 50% =———— [2*I" + b*(Ha)]*2
2# Ry @ 50% =3Mg, = 1.422 kips R; =R, = 1.422 Kips
= 16.36]xips
P,*a .
R; @ 100% =————[2*I" + b*(l+a)]*2
2% Ry @ 100% =3M,, = 11.022 kips R; =R, = 11.022 Kips
= Kips
Note: R, is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.
Stud Capacity for Axial Load Only:
Stud : 6005162-33
P, = 4.2866 K From CFS program calculation {See attached sheets)
MNote: &P, < P, @50% LL **stud is not adequate to take 50% of the LL
Rearranging the equation for R; and substituting &P, with R, the axial load is obtained to get a percentage of load the stud can take
p*(2I° Percentages: P
, =% ges: Pw 20.97%
2(21° + b(l+a))a P, @ 100% of LL For one stud
L 252kps
= 13.10% |of 1L.6LL for one stud Two studs: of LeLL
Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD
Load combination:
LBW +0.5LL Mﬁe wind load used is MWFRS since it is a combination of axial load and bending. See
Section A3.1 of the 2007 NASCFSF for wall studs.
Loads on stud: 50% LL 100% LL 25.18% LL
W= 7.97 psf W= 7.97 psf W= 7.97 psf TEMWFRS See wind load Calculations
LL (Unfactored R,} = 10.22 K LL= 20.44 K LL= 5.15 K
P, (Factored R;) = P,= 0.22 K P,= **check with MathCAD calculations
M, = M, = 306.05 lb-ft M, = **check with MathCAD calculations
a, = o, = 0.594 o, = **check with MathCAD calculations
Stud strength properties:
PP, = 4.2866 K **From CFS program Calculations Pg, = 25.17544 Kips **check with MathCAD calculations
M = 855.57 lb-ft **From MathCAD Calculation Cp = 1 **From MathCAD Calculation
GP,, = 5.561 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 25.18% |Controlling %
P
- > 2.3847 1.1923 0.6005
P,
__________________________________________ »0.15 (check2&3) =015 (check2&3) _ _ _ _ >0.15 (check2&3)
1 M, P,
+ 2.742 1.550 0.958
€5.2.2-3 M, P,
e — 2&3GOVERN _ 2%3GOVERN _ 283GOVERN _
2 M, Py
+ 2.196 1.277 0.821
€5.2.22 oM, ¥
3 P, Cr*M,,
+ 2.987 1.641 0.999
€5.2.2-1 &P, DM, *a, >1.0 > N.G. >1.0-—>N.G. <1.0 0K Calculate

Stud is NOT adequate

Stud is NOT adequate
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Stud Capacity: (30" X 30" Bay)

Due to 80 psf live load only

P P P 1 L |
T r
—_— —
4 4
£ T A
R, a Floor jeams @ gparter segipents
La U4 L4 L/a
' .
Lz L2 w
L
Given: L= 30 ft LL= 80 psf E= 29500 ksi
oa Spandrel
= 30 ft Load Factor = 1.6 Ly = 1.793 In
Beam
L= 7.50 ft L= 12 ft K, = 1 J
I=L/2= 15 ft Stud spacing: 16 in K.*L, = 144 in N =
Live Load: P @ 50% = 4500 Ib --—-- > 7.2 Kips factored
P @ 100% = 9000 Ib --—-—- > 14.4 Kips factored
Reactions: 5P
R, @ 50% =
16 Rs =Ry =__ 2.250 Kips R, @ 50% = (P-R1)2+P
= 2.25 Kips
R; @ 100% 3P
: T 16 Ry =R:=  4.500 Kips R, @100% = (P-R1)2+P
= 4.50 Kips :kips
Note: R, is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.
Stud Capacity for Axial Load Only:
Stud : 6005162-33
P, = 4.2866 K From CFS program calculation (See attached sheets)
MNote: &P, < P,@50%LL *=Stud is not adequate to take 50% of the LL
Rearranging the equation for R; and substituting ¢P, with R; the axial load is obtained to get a percentage of load the stud can take
P Percentages: P
&P, L 8 - = 20.05%
2.375 P, @ 100% of LL For one stud
= of 1.6LL for one stud Two studs: of 1.6 LL
Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD
Load combination:
L6W+0.5LL Note: |The wind load used is MWEFRS since it is a combination of axial load and bending. See
Section A3.1 of the 2007 NASCFSF for wall studs.
Loads on stud: 50% LL 100% LL 24.09% LL
W= 7.97 psf W= 7.97 psf W= 7.97 psf *=MWFRS See wind load Calculations
LL (Unfactored R;) = 10.69 K LL= 2138 K LL= 515 K
P,(Factored R;) = 5.34 K = 10.69 K P,= **check with MathCAD calculations
My= 3206.05 Ib-ft w=  306.05 lb-ft M, = **check with MathCAD calculations
o, = 0.788 o, = 0.575 o, = =*check with MathCAD calculotions
Stud strength properties:
P, = 4.2866 K **From CFS program Calculations Pe, = 25.17544 Kips =*check with MathCAD calculotions
M, = 855.57 Ib-ft **From MathCAD Calculation Cn= 1 **From MathCAD Calculation
dP, = 5.561 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 24.09% |Controlling %
[+]
- >3 2.4932 1.2466 0.6005
PPy
_________________________________________ >0.15 (check2&3) _ *»0.15 (check2&3) ~  =0.15 (check2&3)
1 M, Py
+ >3 2.851 1.604 0.958
C5.2.2-3 M, &P,
_________________________________________ — 28 3GOVERN 283GOVERN 2&3CGOVERN
2 M, Py
+ >3 2.280 1.319 0.821
5222 g, PP
3 Py Crn*M,,
+ >3 3.115 1.701 0.999
€5.2.2-1 &P, oM, *a, >1.0-->N.G. >1.0 > N.G. <1.0 oK Calculate

Stud is NOT adeguate
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Stud IS adegquate



Stud Capacity: (40° X 30" Bay)

Due to 80 psf live load only

P P P J L ]
I T
—— —
I
T A
Ry . Floor jeams @ gparter seghents
L4 L/a L/a L4 h -
T .
L2 L2 w
L
Given: L= 140 ft LL= 80 psf E= 29500 ksi
Tl Spandrel
W= 30 ft Load Factor = 1.6 = 1.793 in Beam
Lfa= 10.00 ft L= 12 ft K, = 1 /
—_— —
I=L/2= 20 ft Stud spacing: 16 in K, *L, = 144 in
Live Load: P @350% = 6000 Ib - > 9.6 Kips factored
P @ 100% = 12000 Ib - > 19.2 Kips factored
Reactions: 5P
R, @ 50% =
16 Ry =R;= 3.000 Kips
= 3.00 Kips
R, @ 100% 5
: B 16 Ry =Ry=__ 6.000 Kips R, @100% = (P-R1)2+P
= 6.00 Kips

Note: R, is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.

Stud Capacity for Axial Load Only:

Stud : 6005162-33
&, = 4.2856 K

Note:

From CFS program calculation (See attached sheets)

dP, < P, @50% LL **Stud is not adequate to take 50% of the LL

Rearranging the equation for R; and substituting ¢P,, with R, the axial load is obtained to get a percentage of load the stud can take

9P
2375

P, =

<[ 180fkips

Percentages: P,
P, @ 100%

= 15.04%
of LL For one stud

= of 1.6LL for one stud

Two studs: of LeLL

Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD

Load combination:

1.2D+1.6W+LL

Note: |The wind load used is MWFRS since it is a combination of axial load and bending. See
ection A3.1 of the 2007 NASCFSF for wall studs.

Loads on stud: 50% LL 100% LL 18.07% LL
W= 7.97 psf W= 7.97 psf W= 7.97 psf **MWFRS See wind load Calculations
LL (Unfactored R;) = 14.25 K LL= 28.50 K LL= 515 K
P, (Factored R;) = 7.13 K P,= P,= **check with MathCAD calculations
M, = M, = M, = **check with MathCAD calculations
o, = o, = o, = **check with MathCAD calculations
Stud strength properties:
¢P, = 4.2866 K **From CFS program Calculations Pe, = 25.17544 Kips **check with MathCAD calculations
b, = 855.57 lb-ft **From MathCAD Calculation Cn= 1 **From MathCAD Calculation
dP = 5.561 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 18.07% |Controlling %
P
- >3 3.3243 1.6622 0.6005
P,
_________________________________________ »>0.15 (check2&3) ~_  _  >015 (check2&3) =015 (check2&3)
1 My Py
+ 3.682 2.020 0.958
€5.2.2-3 DM, $P,
_________________________________________ 2&3GOVERN 2&3GOVERN 2&3GOVERN
2 My Py
+ 2.920 1.639 0.821
5222 oM, DPrs
3 Py Crn* M,
+ 4.149 2.161 0.999
€5.2.2-1 $e, oM, *a, > 1.0 --> N.G. > 1.0 --> N.G. <1.0 0K Calculate

Stud is NOT adequate Stud is NOT adequate Stud IS adequate
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Stud Capacity: (40' X 30' Bay)

Due to 80 psf live load only

EEEEEEEEEEN

LIl

Ry Ry Rs
/2 J Lz
L
Given: L= 40 ft LL= 80 psf E= 29500 ksi
= 30 ft Load Factor = 1.6 by= 1.793 in*
1=1/2= 20 ft L= 12 ft K, = 1
Stud spacing: 16 in K L, = 144 in
Live Load: w @ 50% = 600 plf ----- S w, @ 50% = 0.96 kIf factored
w @ 100% = 1200 plf ----- > w, @ 100% = 1.92 kiIf factored
Reactions: 3wl
R, @ 50% =
8 Ry =Ry = 7.200 Kips
= 7.20 Kips
R, @ 100% 2wl
: - Ry=R;=  14.400 Kips
= 14.40 Kips

Stud Capacity for Axial Load Only:
Stud : 6005162-33

P, 4.2866 K

Mote:

] L |
I T
—— [ |
W Concrete Slab
Spandrel
Beam
L AR

Note: R, is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.

From CFS program calculation (See attached sheets)

P,

<

R, @ 50% LL

**Stud is not adequate to take 50% of the LL

Rearranging the equation for R; and substituting ¢P,, with R; the axial load is obtained to get a percentage of load the stud can take

8*P,
10%1

s oa7luies

u

Percentages:

WL

w, @ 100%

14.29%

Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD

Load combination:
1.6W + 0.5LL

of LLFor one stud

8.93% |of L.6LL for one stud

Two studs:| 17.86% |of 1.61LL

Note: |The wind load used is MWFRS since it is a combination of axial load and bending. See ‘
Section A3.1 of the 2007 NASCFSF for wall studs.

Loads on stud: 50% LL 100% LL 17.16% LL
Wind = 7.97 psf Wind = 7.97 psf Wind = 7.97 psf *=MWFRS See wind load Calculations
LL (Unfactored R;) = 15.00 K LL= 30.00 K LL= 515 K
P, (Factored R;} = P,= 15.00 K P.= 2.5T K **check with MathCAD calculations
M, = My = 306.05 Ib-ft M, = 306.05 lb-ft **check with MathCAD calculations
o, = o, = 0.404 o, = 0.893 **check with MathCAD calculations
Stud strength properties:
P, = 4.2866 K **From CFS program Calculations Pe, = 25.17544 Kips **check with MathCAD calculations
M, = 855.57 Ib-ft **From MathCAD Calculation Cp = 1 **From MathCAD Calculation
P, = 5.561 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 17.16% |Controlling %
P
- > 3.4993 1.7496 0.6005
P,
77777777777777777777777777777777777777777 >0.15 (check2&3) ~ ~ >0.15 (check2&3) ~ >0.15 (check2&3)
1 M, Py
+ 3.857 2.107 0.958
C5.2.2-3 M, $P,
_________________________________________ 2&3GOVERN 2&3GOVERN 2&3GOVERN
2 M, P,
+ 3.055 1.706 0.821
€5222  gMm, ®Pr
3 P, Cm*M,,
+ 4.384 2.259 0.999
C5.2.2-1 DP, M, *a, »1.0--> N.G. »1.0--> N.G. <1.0 Ok  Calculate

Stud is NOT adeguate
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Stud is NOT adeguate

Stud IS adequate



For case 1, the 12’ height wall stud at the second level is analyzed and the following are

the calculations made in determining the size and capacities of the stud for both load

conditions.

CFS Stud Sizing Due to Wind Load Only:

Pu From section A3.1 of the 2007 NASCFSF for wall studs, Component and

MNote:
cladding wind loads are to be used when sizing a wall stud due only to
[~ [
P Stud Spacing: 16 in o.c. Bridging Spacing
=
L,: 10 ft Ly 3.33 ft
Wind Load: 16.23 psf (C&C) L,: 3.33 ft
Load Factor: 1.6
Moment in Stud:
LN 2
g M, = wl
L, 2 g
.E = 432.80 Ib*ft > 5.19 k*in
= _ meeor —
Stud Selection:
From General Specification Catalogs: 3625162-33
At 15psf Lateral load & L/360 horizontal
deflection limit the max span:  11.9167 ft
=% Good!
**See ottached specification sheet for the studs properties
Track Selection:
A From General Specification Catalogs: 362T200-33
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Stud Capacity: (25' X 30° Bay)

Due to 50 psf live load only

Stud is NOT adeguate

66

Stud is NOT adequate

p P
] |
) r
/3 /3 /3 F i
4 T h
R . Floorbedms @ Third spgments
a : w
I
Li2 L2
L
Given: L= 25 ft LL= 50 psf E= 29500 ksi ;’Da"dre'
eam
= 30 ft Load Factor = 1.6 I,= 0.5512 in®
——— —
a= 8.33 ft L= 10 ft K, = 1
b= 4.17 ft Stud spacing: 16 in K* L, = 120 in
1=L/2= 12.5 ft
Live Load: P @ 50% = 3125 b --—-- = 5 Kips factored
P @ 100% = 6250 b - > 10 Kips factored
Reactions: P *a 2
R, @ 50% = - [2%17 + b¥{1+a}]*2
2% Ry @50% =3Mp. = 0.741 kips 0.741 Kips
= Kips
P *a 2
R; @ 100% = T [2%1° + b*(l+a)]*2
2% Ry @100% =3Mpg = 5.741 kips Ry =Ry = 5.741 Kips
= Kips
Note: R, is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.
Stud Capacity for Axial Load Only:
Stud : 3625162-33
&P, = 3.6969 K From CFS program calculation (See atioched sheets)
Mote: dP, < P, @50% LL **Stud is not adequate to take 50% of the LL
Rearranging the equation for R; and substituting ¢P, with R; the axial load is obtained to get a percentage of load the stud can take
P *(21° Percentages: P
= q)z 221 & = = 34.72%
2(2I" + b(l+a))a P, @ 100% of LL For one stud
s[____217]wips
= of 1.6LL for one stud Two studs: of L. LL
Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD
Load combination:
L6W +0.5LL MNote: |The wind load used is MWFRS since it is a combination of axial load and bending. See
ection A3.1 of the 2007 NASCFSF for wall studs.
Loads on stud: 50% LL 100% LL 26.73% LL
W= 7.97 psf W= 7.96 psf W= 7.97 psf *FMWFRS See wind load Calculations
LL (Unfactored R;) = 5.32 K LL= 10.65 K LL= 285 K
P,(Factored R;) = 2.66 K P,= 5.32 P,= 142 K **check with MathCAD calculations
My= 21253 Ib-ft M, = 212.27 Ib-ft My= 21253 lb-ft **check with MathCAD calculations
o, = 0.761 o, = 0.522 a,= 0.872 **check with MathCAD calculations
Stud strength properties:
GP,= 3.6969 K **From CF5 program Calculations Pe, = 11.1447 Kips **check with MathCAD calculations
bM, = 396.77 lb-ft **From MathCAD Calculation Cp= 1 **From MathCAD Calculation
¢P,,= 54061 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 26.73% |Controlling %
P
- e 1.4401 0.7201 0.3850
&e,
_______________________________________ >0.15 (check2&3) ~  =0.15 (check2&3) >0.15 [check2&3)
1 My Py
+ 1.975 1.256 0.921
C5.2.2-3 oM, =
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2&3GOVERN 2 &3 GOVERN 2&3GOVERN
2 M, Py
+ 1.520 1.028 0.799
5222 om, PPrs
3 Py Cor ™M,
+ 2.464 1.424 0.999
€5.2.2-1 = dM, *a, > 1.0--> N.G. > 1.0 --> N.G. <1.0 Ok Calculate

Stud 15 adequate



Stud Capacity: (30" X 30' Bay)

Due to 50 psf live load only

P P
| L ]
i I
L/3 TE L/3 — Lo
A T A
a b Ry 3 Floor bedms @ Third spgments
| | w
L2 L2
L
Given: L= 30 ft LL= 50 psf E= 29500 ksi
w= 30 ft Load Factor = 16 .= 05512 in” Spandrel
Beam
a= 10.00 ft L= 10 ft K= 1 Vi
: : . —l— —
= 5.00 ft Stud spacing: 16 in K.*L, = 120 in
I=1/2= 15 ft
Live Load: P @ 50% = 3750 Ib ----- > 6 Kips factored
P @ 100% = 7500 b ----- > 12 Kips factored
Reactions: ] N
R, @ 50% =————[2*I" + b*(l+a)]*2
2* Ry @ 50% =3Mg, = 0.889 kips R; =R, = 0.889 Kips
Kips
=
R, @ 100% =—————[2** + b*(I+a)]*2
27 Ry @ 100% =3M;, = 6.889 kips Ry =Ry = 6.889 Kips
- 204afxips
Note: R, is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.
Stud Capacity for Axial Load Only:
Stud : 3625162-33
PP, = 3.6969 K From CFS program calculation (See attached sheets)
Note: P, < P, @50% LL **Stud is not adequate to take 50% of the LL
Rearranging the equation for R; and substituting ¢P, with R; the axial load is obtained to get a percentage of load the stud can take
P, *(2 Percentages: P
. $e:*(2F) g . I S
2(21" + b(l+a))a P, @ 100% of LL For one stud
[ 2a7fuips
= 18.08% |of 1.6LL for one stud Two studs: of L6 LL

Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD

Load combination:
1.6W +0.5LL

Note: [The wind load used is MWFRS since it is a combination of axial Ioad and bending. See
Section A3.1 of the 2007 NASCFSF for wall studs.

Loads on stud: 50% LL 100% LL 22.28% LL
W= 7.97 psf W= 7.96 psf W= 7.97 psf **MWFRS See wind load Calculations
LL {Unfactored Ry} = L= 12.78 K L= 2.85 K
P, (Factored R;) = P,= 6.39 K P,= 142 K *Fcheck with MathCAD calculations
M, = My = 212.27 Ib-ft My= 212.53 Ib-ft **check with MathCAD calculations
o, = o, = 0.427 o, = 0.872 *Fcheck with MathCAD calculations
Stud strength properties:
$P, = 3.6969 K **From CFS program Calculations P, = 11.1447 Kips **check with MathCAD calculations
M, = 396.77 Ib-ft **From MathCAD Calculation Cp = 1 **From MathCAD Calculation
P = 5.4061 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 22.28% [Controlling %
P
- e d 1.7282 0.8641 0.3850
P,
777777777777777777777777777777777777777777 >0.15 (check2&3) ~~ ~ >0.15 (check2&3) ~  >015 (check2&3)
1 M, P,
+ 2.263 1.400 0.921
€5.2.2-3 M, &P,
e _ 2&3GOVERN 2&3GOVERN 2&3GOVERN
2 M, P
+ 1.717 1.127 0.799
€222 oM, &P
3 P, C*M,
+ 2.982 1.615 0.999
€5.2.2-1 PP, DM, *a, > 1.0-->N.G. >1.0-->N.G. <1.0 Ok Calculate

Stud is NOT adeguate
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Stud is NOT adeguate

Stud IS adequate



Stud Capacity: (30" X 30" Bay)

Due to 50 psf live load anly

P P P 1 L J
T r
—_— —
4 a
4 T A
Ry " _ Floorfjeams @ qparterseghents
L4 L4 Lf4 L/4 N =
Lz L2 w
L
Given: = 30 ft LL= 50 psf E= 29500 ksi
P S Spandrel
W= 30 ft Load Factor = 1.6 Iy = 0.5512 In
Beam
Lfa= 7.50 ft L= 10 ft K, = 1 ‘/
I=1/2= 15 ft Stud spacing: 16 in KL, = 120 in - —
LiveLoad: P @ 50% = 28125 b -——- > 4.5 Kips factored
P @ 100% = 5625 b ----- > 9 Kips factored
Reactions: B
R, @ 50% =
16 Ry =Ry=__ 1.406 Kips
= 1.41 Kips
R, @ 100% P
: T 16 R;=R:=  2.813 Kips
= 2.81 Kips
Note: R; is considered to be the worst case scenario and s assumed to be the axial load induced on the metal stud.
Stud Capacity for Axial Load Only:
Stud : 3625162-33
P, = 3.6969 K From CFS program calculation (See attached sheets)
Mote: P, < P,@50% LL **Studis not adequate to take 50% of the LL
Rearranging the equation for R; and substituting ¢P, with R; the axial load is obtained to get a percentage of load the stud can take
P Percentages: P
P, = i & £ = 27.67%
2.375 P, @ 100% of LL For one stud
[ isdlups
= ofl.SLLfor one stud of 1.6 LL
Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD
Load combination:
L6W +0.5LL Note: |The wind load used is MWEFRS since it is a combination of axial load and bending. See
ection A3.1 of the 2007 NASCFSF for wall studs.
Loads on stud: 50% LL 100% LL 21.31%  LL
W= 7.97 psf W= 7.96 psf W= 7.97 psf *=MWFRS See wind load Calculations
LL (Unfactored R;) = 6.68 K LL= 13.36 K LL= 2.85 K
P,(Factored R;) = 3.34 K P,= 6.68 K = **check with MathCAD calculations
M= My = My = **check with MathCAD calculations
o, = o, = 0.401 o, = **check with MathCAD calculations
Stud strength properties:
dP, = 3.8909 K **From CFS program Calculations Pe, = 11.144702 Kips **check with MathCAD calculations
GM, = 396.77 lb-ft **From MathCAD Calculation Cn= 1 **From MathCAD Calculation
$P,= 54061 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 21.31% |Controlling %
=]
- i 1.8068 0.5034 0.3850
P,
_________________________________________ >0.15 (check2&3) =015 (check2&3) ~ _  =0.15 |check2&3)
N M, + S>3 2.342 1.439 0.921
€5.2.2-3 oM, ) ) .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2&3GOVERN 2&3GOVERN 2&3GOVERN
2 M, P,
+ s 1.771 1.153 0.799
€222 oM, GPrs
3 Py Crn*M,
+ S>> 3.142 1.668 0.999
€5.2.2-1 &P, dM, *a, >1.0-->N.G. > 1.0 --> N.G. <1.0 oKk Calculate

Stud is NOT adequate

Stud is NOT adequate
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Stud IS adeguate



Stud Capacity: (40" X 30" Bay) Due to 50 psf live load only

[ P P 1 L |
r t
—— —
4 v
1: 3 Floor jeams @ gpartersegipents
L4 L/a L a4
T -
L2 L2 w
L
Given: L= 40 ft LL= 50 psf E= 29500 ksi
. Spandrel
W= 30 ft Load Factor = 1.6 Iy = 0.5512 in Beam
Lfa= 10.00 ft L= 10 ft K, = 1 /
— —
I=1/2= 20 ft Stud spacing: 16 in K,*L,= 120 in
Live Load: P @350%= 3750 Ib ----- = 6 Kips factored
P @ 100% = 7500 Ib ----- = 12 Kips factored
Reactions: SP
R, @ 50% =—————
16 Ry =Ry=__ 1.875 Kips R, @ 50% = (P- R1)2 +P
= 1.88 Kips
R, @ 100% =l
* T 18 Ry =R, = 3.750 Kips
= 3.75 Kips
Note: R is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.
Stud Capacity for Axial Load Only:
Stud : 3625162-33
P, = 3.6969 K From CFS program calculation {See attached sheets)
Note: $P, < P, @ 50% LL **Stud is not adequate to take 50% of the LL
Rearranging the equation for R; and substituting ¢P, with R; the axial load is obtained to get a percentage of load the stud can take
P Percentages: P
P, =L BES v = 20.75%
2.375 P, @ 100% of LL For one stud
s wss]ups
= of 1.6LL for one stud Two studs:
Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD
Load combination:
120+ 1.6W 1L Note: |The wind load used is MWFRS since it is a combination of axial load and bending. See
ection A3.1 of the 2007 NASCFSF for wall studs.
Loads on stud: 50% LL 100% LL 15.98% LL
W= 7.97 psf W= 7.96 psf W= 7.97 psf FEMWFRS See wind load Calculations
LL (Unfactored R;) = 8.91 K LL= 17.81 K LL= 285K
P, (FactoredR;) = 45 K P,= P,= 142 K **check with MathCAD calculations
M, = M, = My = lb-ft **check with MathCAD calculations
o, = o, = o, = 0.872 **check with MathCAD calculations
Stud strength properties:
P, = 3.6969 K **From CFS program Calculations P, =  11.1447 Kips **check with MathCAD calculations
GM, = 396.77 Ib-ft **From MathCAD Calculation Cyn= 1 **From MathCAD Caleulation
GP, = 5.4061 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 15.98% |Controlling %
P
- e 2.4091 1.2046 0.3850
$P,
_________________________________________ >0.15 (check2&3) =015 (check2&3) =015 (check2&3)
1 My Py
+ 2.944 1.740 0.921
C52.2-3 M, &P,
_________________________________________ 2&3GOVERN 2&3GOVERN 28&3GOVERN
2 My Py
+ 2,182 1.359 0.799
5222 g, IPrs
3 Py Cr*M,
+ 5.073 2.097 0.999
€5.2.2-1 = dM, *a, > 1.0 > M.G. > 1.0 --> N.G. <1.0 Ok Caleculate
Stud is NOT adequate Stud is NOT adequate Stud IS adequate
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Stud Capacity: (40' X 30" Bay)

Due to 50 psf live load only

w
NN -
A A
Ry R, Rs
/2 J L2
|'“ W
L
Given: L= 40 ft LL= 50 psf E= 29500 ksi
W= 30 ft Load Factor = 1.6 Iy = 0.5512 in*
I=1/2= 20 ft L= 10 ft K, = 1
Stud spacing: 16 in KL, = 120 in -
Live Load: w@50% = 375 plf -———- > w, @ 50% = 0.6 kiIf factored
w @ 100% = 750 plf ----- > w, @ 100% = 1.2 kif factored
Reactions: 3wl
R, @ 50% =
Ry =R, = 4.500 Kips
= 4.50 Kips
3wl 10w
R, @ 100% = R, @ 100% =
Ry =R, = 9.000 Kips 8
= 9.00 Kips :Kips

L |
§ T
—
Concrete Slab
Spandrel
Beam
"Z —

Note: R, is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.

Stud Capacity for Axial Load Only:
Stud : 3625162-33

&P, = 3.6969 K

Note:

o,

<

R, @ 50% LL

From CFS program calculation (See attached sheets)

**Stud is not adequate to take 50% of the LL

Rearranging the equation for R; and substituting ¢P, with R; the axial load is obtained to get a percentage of load the stud can take

_ s%%p,
101

L
L oas|ps

Percentages:

l"\‘IL

_ = 19.72%
w, @ 100%

of LL For one stud

of 1.6LL for one stud

Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD

Load combination:
1.6W + 0.5LL

of L6 LL

Note: [The wind load used is MWFRS since it is a combination of axial load and bending. See
Section A3.1 of the 2007 NASCFSF for wall studs.

Loads on stud: 50% LL 100% LL 15.18% LL
Wind = 7.97 psf Wind = 7.96 psf Wind = 7.97 psf FEMWFRS See wind load Calculations
LL (Unfactored R,) = 9.38 K LL= 18.75 K LL= 285K
P, (Factored R;} = 4.69 K P,= 9.38 K Py= **check with MathCAD calculations
M, = 212.53 Ib-ft My = 212.27 Ib-ft My = **check with MathCAD calculations
o, = 0.579 o, = 0.159 o, = **check with MathCAD calculations
Stud strength properties:
&P, = 3.6969 K **From CFS program Calculations Peo= 11.1447 Kips **check with MathCAD calculations
GM, = 396.77 Ib-ft **From MathCAD Calculation Cp= 1 **From MathCAD Calculation
PP = 5.4061 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 15.18% |Controlling %
P
. e 2.5359 1.2680 0.3850
&P,
_________________________________________ >0.15 (check2&3) ~ _  >0.15 (check2&3) _ _ _  =0.15 (check2&3)
1 M, P,
+ 3.071 1.804 0.921
€5.2.2-2 DM, >P,
_________________________________________ 2&3GOVERN 2&3GOVERN 2&3GOVERN
2 My Py
+ 2.269 1.403 0.799
5222 oM, PP
3 Py Crn ™M,
+ 5.905 2,192 0.999
C€5.2.2-1 $P, OM,*a, >1.0 > N.G. >1.0 —>N.G. <1.0 OK Calculate

Stud is NOT adegquate

Stud is NOT adeguate
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Stud Capacity: (25" X 30" Bay)

Due to 80 psf live load only

P L
] L |
) r
i —
L3 L3 [¥E]
4 T h
R . Floor bedms @ Third spgments
a 2
I
L2 L2
L
Given: L= 25 ft L= 20 psf E= 29500 ksi ;F’a"‘"e'
. eam
W= 30 ft Load Factor = 1.6 Il,= 0.5512 in* /
L — —
a= 8.33 ft L= 10 ft K, = 1
= 4.17 ft Stud spacing: 16 in K7L, = 120 in
I=L/2= 12.5 ft
Live Load: P @ 50% = 5000 b ----- = 8 Kips factored
P @ 100% = 10000 b ----- > 16 Kips factored
Reactions: P, *a 2
R, @ 50% = T [271° + b¥(1+a)] =2
2% Ry @50% =3Mg, = 1,185 kips R; =R, = 1.185 Kips
Kips
P.*a N
R; @ 100% = T [271° + b¥(l+a)]*2
241 R, @100% =3Mg, = 9.185 kips R; =R, = 9.185 Kips

Kips

Note: R, Is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.

Stud: 3625162-33
3.6969 K

Mote:

P, <

P, @ 50% LL

From CFS program calculation (See attached sheets)

**stud is not adequate to take 50% of the LL

Rearranging the equation for R; and substituting $P,, with R, the axial load is obtained to get a percentage of load the stud can take

P, *(21%)

p, =

2(217 + b(l+a))a

L 217us

Percentages: P,

P, @ 100%

21.70%

of LL For one stud

of 1.6LL for one stud

of 1L.6LL

Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD

Load combination:
1.6W+0.5LL

ection A3.1 of the 2007 NASCFSF for wall studs.

Mote: |The wind load used is MWFRS since it is a combination of axial load and bending. See

Loads on stud: 50% LL 100% LL 16.71% LL
W= 7.97 psf W= 7.97 psf W= 7.97 psf **MWFRS See wind load Calculations
LL (Unfactored R;) = 8.52 K LL= 17.04 K LL= 285K
P,(Factored R;) = 4.26 K P,= 8.52 K P,= 1.42 K **check with MathCAD calculations
My=  212.53 Ib-ft M, = 212.53 Ib-ft My=  212.53 Ib-ft =*check with MathCAD caolculations
a, = 0.618 o, = 0.236 a, = 0.872 **check with MathCAD calculations
Stud strength properties:
$P,=  3.6969 K **From CFS program Calculations Pe, = 11.1447 Kips **check with MathCAD calculations
$M, = 396.77 Ib-ft **From MathCAD Calculation Cn= 1 **From MathCAD Calculation
$P,,= 5.4061 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 16.71% |Controlling %
P
- >3 2.3042 1.1521 0.3850
&P,
_______________________________________ >0.15 (check2&3) ~~ >0.15 (check2&3)  >0.15 (check2&3)
1 M, Py
+ 2.840 1.688 0.921
C5.2.2-3 M, $P,
el 2&3GOVERN 2&3GOVERN 2&3GOVERN _
2 M, Py
+ 2,111 1.324 0.799
5222 om, PPr
3 P, Co*M,
+ 4.577 2.019 0.999
€5.2.2-1 = M, *a, > 1.0 --> N.G. > 1.0 --> N.G. <1.0 0K Calculate

Stud is NOT adequate

Stud is NOT adequate
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Stud Capacity: (30" X 30' Bay)

Due to 80 psf live load only

P P
] L |
T Ly
L3 L/3 W3 —r L
4 h
a b R o Floor bedms @ Third spgments
- T w
L2 L2
L
Given: L= 30 ft LL= 80 psf E= 29500 ksi
w= 30 ft Load Factor = 16 = 05512in’ Spandrel
Beam
a= 10.00 ft L= 10 ft K, = 1 /
; : . —— —
b= 5.00 ft Stud spacing: 16 in KFL = 120 in
I=L/2= 15 ft
Liveload: P@50%= 6000 b ----- > 9.6 Kips factored
P @ 100% = 12000 Ib ----- = 19.2 Kips factored
Reactions: P *a 2
R, @50% =—— ———[2*IF +b*({l+a}]*2
271 Ry @ 50% = 3 Mg, = 1.422 kips Ry =Ry = 1.422 Kips
- 1s.36]xips
P,*a N
R, @ 100% = T [2°F +b*(l+a)]*2
2%l R, @100% =M, = 11.022 Kips Ry = 11.022 Kips
ips
Note: R; is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.
Stud Capacity for Axial Load Only:
Stud : 3625162-33
P, = 3.6969 K From CFS program calculation {See attached sheets)
MNote: $P, < P, @50%LL **Stud is not adequate to take 50% of the LL
Rearranging the equation for R, and substituting &P, with R; the axial load is obtained to get a percentage of load the stud can take
P2 Percentages: P
= ¢Z (ME) gest P 18.08%
2(21° + b{l+a))a P, @ 100% of LL For one stud
= 217]ups
= 11.30% |of 1.6LL for one stud Two studs: of 1.6LL
Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD
Load combination:
1.6W +0.5LL Note: | The wind load used is MWFRS since it is a combination of axial load and bending. See
Section A3.1 of the 2007 NASCFSF for wall studs.
Loads on stud: 50% LL 100% LL 13.92% LL
W= 7.97 psf W= 7.97 psf W= 7.97 psf *=MWFRS See wind load Calculations
LL (Unfactored R;) = 10.22 K LL= 2044 K LL= 2.85 K
P, (Factored R;) = 5.11 K P,= 10.22 K P,= 1.42 K **check with MathCAD calculations
My= 21253 Ib-ft M, = 212.53 lb-ft My= 21253 Ib-ft **check with MathCAD calculations
o= 0.541 o, = 0.083 o, = 0.872 **check with MathCAD calculations
Stud strength properties:
P, = 3.6969 K **From CFS program Calculations P, = 11.1447 Kips **check with MathCAD calculations
M, = 396.77 lb-ft **From MathCAD Calculation Cm= 1 **From MathCAD Calculation
DP = 5.4061 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 13.92% |Controlling %
P
. >33 2.7651 1.3825 0.3850
P,
__________________________________________ >0.15 (check2&3) ~ ~ »0.15 (check2&3) =015 (check2&3)
1 M, Py
+ 3.301 1.918 0.921
52.2-3 M, =
L — 2&3GOVERN 2&3GOVERN _ _ 2&3GOVERN _
2 M, Py
+ 2427 1.481 0.799
€5.2.2:2 oM, WP
3 Py Crn*M,
+ 9.237 2.372 0.999
€5.2.2-1 bR, M, *a, >1.0--> N.G. > 1.0--> N.G. <1.0 0Ok Calculate

Stud is NOT adequate

72

Stud is NOT adequate

Stud IS adequate



Stud Capacity: (30' X 30" Bay)

Due to 80 psf live load only

[ P P Al L |
T L
— —
Rs 5 L Flooreams @ gparterseginents
L4 L/4 L/a L/a - =
T t S
2 v2 w
L
Given: = 30 ft LL= 80 psf E= 29500 ksi
L4 Spandrel
= 30 ft Load Factor = 1.6 Iy = 0.5512 In
Beam
Lfa= 7.50 ft L= 10 ft K, = 1 ;Z
I=1/2= 15 ft Stud spacing: 16 in KL= 120 in - —
Live Load: P @ 50% = 4500 b ----- = 7.2 Kips factored
P @ 100% = 9000 b ----- = 14.4 Kips factored
Reactions: SP
R, @ 50% =
16 Ry =Ry=__ 2.250 Kips R; @50% = (P-R1)2+P
= 2.25 Kips
R, @ 100% =le
: T 16 Ry =R;=  4.500 Kips
= 4.50 Kips

Stud Capacity for Axial Load Only:
Stud: 3625162-33

$P, = 3.6969 K

Note:

Note: R, is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.

From CFS program calculation (See attached sheets)

&P, <

P, @ 50% LL

**Stud is not adequate to take 50% of the LL

Rearranging the equation for R; and substituting &P, with R; the axial load is obtained to get a percentage of load the stud can take

%P
2.375

e, =

Percentages:

=L 1s6fups

Load combination:
1.6W +0.5LL

Loads on stud:
W=
LL (Unfactored R;) =
P, (Factored R;) =

M, =
a, =
Stud strength properties:
&P, =
oM, =
DPp =
Interaction Check:
1 M,
€5.2.2-3 oM,
2 My
€5.2.2-2 oM,
3
C5.2.2-1

Py
P, @ 100%

= 17.30%

of LL For one stud

= 10.81% |of 1.6LL for one stud

Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD

Two studs:

Note: |The wind load used is MWFRS since it is a combination of axial load and bending. See

50% LL

7.97 psf
10.69 K
5.34 K

3.6969 K
396.77 Ib-ft
5.4061 K

ection A3.1 of the 2007 MASCFSE

for wall studs.

100% LL 13.32% LL
W= 7.97 psf W= 7.97 psf
LL= 21.38 K LL= 285K
P,= 10.69 K P, =
My=  212.53 Ib-ft M, =
a,=  0.041 a,=
**From CFS program Calculations Pp,= 11.144702 Kips
**From MathCAD Calculation Cm= 1

**From CFS program Calculations

F*MWFRS See wind load Calculations

**check with MathCAD calculations
**check with MathCAD calculations
**check with MathCAD calculations

**check with MathCAD calculations
**From MathCAD Calculation

Ends of beam are pinned-pinned

100% LL 50% LL 13.32% |Controlling %
=2 2.8509 1.4455 0.3850
>0.15 (check2&3) __»015 (check2&3) >0.15 (check2&3)
=2 3.427 1.981 0.921
2&3GOVERN 2&3GOVERN 2&3GOVERN
=2 2.513 1.524 0.799
=2 15.948 2475 0.999
=1.0-->N.G. =10 --=N.G. = 1.0 QK Calculate

Stud is NOT adequate

Stud is NOT adequate
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Stud Capacity: (40° X 30° Bay)

Due to 80 psf live load only

p P P | L |
IF Ly
— —
v 4
T A
Ry . Floor jeams @ gparter seghents
L4 L4 L4 L4 N v
T .
Lz L2 W
L
Given: L= 40 ft LL= 80 psf E= 29500 ksi
T Spandrel
W= 30 ft Load Factor = 1.6 Iy = 0.5512 in Beam
L/a= 10.00 ft L= 10 ft Ky = 1 /
] —
I=L/2= 20 ft Stud spacing: 16 in K, L, = 120 in
Live Load: P @ 50% = 6000 lb ----- e 9.6 Kips factored
P @ 100% = 12000 lb ----- e 19.2 Kips factored
Reactions: 5P
R, @ 50% =
16 R;=Ry=__ 3.000 Kips R, @ 50% = (P-R1)2+P
= 3.00 Kips
R; @ 100% 5F
: B 16 Rs=Ry=__ 6.000 Kips R, @ 100%
= 6.00 Kips

Stud Capacity for Axial Load Only:
Stud : 3625162-33

&P, = 3.6969 K

MNote:

Note: R, is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.

From CFS program calculation (See attached sheets)

P, <

P, @ 50% LL

**stud is not adequate to take 50% of the LL

Rearranging the equation for R; and substituting ¢P, with R; the axial load is obtained to get a percentage of load the stud can take

P
&P, :L
2.375

Percentages:

Py
P, @ 100%

= 12.97%

of LL For one stud

of 1L.6LL for one stud

Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD

Load combination:
1.2D+1.6W+LL

of LELL

Note: |The wind load used is MWFRS since it is a combination of axial load and bending. See
ection A3.1 of the 2007 MASCFSF for wall studs.

Loads on stud: 50% LL 100% LL 9.99% LL
W= 7.97 psf W= 7.97 psf W= 7.97 psf FFMWFRS See wind load Calculations
LL (Unfactored R;) = 14.25 K LL= 28.50 K LL= 285K
P,(Factored R;) = P,= 14.25 K P,= 142 K **check with MathCAD caleulations
M, = My = 212.53 lb-ft M, = 212.53 lb-ft **check with MathCAD calculations
o, = o, = -0.279 o, = 0.872 **check with MathCAD calculations
Stud strength properties:
¢P, = 3.6969 K **From CFS program Calculations Pe,= 11.1447 Kips **check with MathCAD calculations
b, = 396.77 Ib-ft **From MathCAD Calculation Cn= 1 **From MathCAD Calculation
GP,, = 5.4061 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 9.99% |Controlling %
P
. e ard 3.8546 1.9273 0.3850
PP, ] ] L
77777777777777777777777777777777777777777 »0.15 (check2&3) ~ >015 (check2&3) =015 (check2&3)
1 M, Py
+ 4.390 2.463 0.921
€5.2.2-3 M, P,
_________________________________________ 2&3GOVERN 2&3GOVERN 2&3GOVERN
2 M, Py
+ 3.172 1.854 0.799
5222 gm, PPrs
3 Py Crn* M,
+ 1.932 3.412 0.999
€5.2.2-1 &P, M, *a, >1.0 > N.G. >1.0 > N.G. <1.0 Ok Calculate

Stud is NOT adequate
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Stud Capacity: (40' X 30" Bay) Due to 80 psf live load only
w 1 L J
3 Ly
NN T T
A 4
Ry Ry Ry
L2 2
‘l[\ Y W Concrete Slab
L
Given: L= 40 ft LL= 80 psf E= 29500 ksi drel
. Spandre
= 30 ft Load Factor = 1.6 I = 0.5512 in* P
Beam
I=1/2= 20 ft L= 10 ft K, = 1 LZ
Stud spacing: 16 in K*L.= 120 in = =
Live Load: w@50% = 600 plf --—-- > w, @ 50% = 0.96 kiIf factored
w @ 100% = 1200 plf ----- > w, @ 100% = 1.92 kif factored
Reactions: 3wl
R, @ 50% =
Ry =R, = 7.200 Kips
= 7.20 Kips
o 3wl
R, @ 100% =
1 Rz =R; = 14.400 Kips
= 14.40 Kips

Stud Capacity for Axial Load Only:
Stud : 3625162-33

P, 3.6969 K

MNote:

Note: R, is considered to be the worst case scenario and is assumed to be the axial load induced on the metal stud.

From CFS program calculation (See attached sheets)

<

e,

R, @50% LL **Stud is not adequate to

take 50% of the LL

Rearranging the equation for R; and substituting &P, with R; the axial load is obtained to get a percentage of load the stud can take

8*9P,
1071

WI.

Percentages:

WL

w, @ 100%

12.32%

of 1.6LL for one stud

of LL For one stud

Checking Axial Compressive load + bending on stud: see attached calculations form MathCAD

Load combination:
1.6W + 0.5LL

of L6 LL

Note: [The wind load used is MWFRS since it is a combination of axial load and bending. See
Section A3.1 of the 2007 NASCFSF for wall studs.

Loads on stud: 50% LL 100% LL 9.49% LL
wind = 7.97 psf wind = 7.97 psf wWind = 7.97 psf FFMWFRS See wind load Calculations
LL (Unfactored R;) = 15.00 K LL= 30.00 K LL= 2.85 K
P, (Factored R;) = 7.50 K Py= 15.00 K Py= K **check with MathCAD calculations
M, = 212,53 lb-ft My = 212.53 lb-ft My = 212.53 lb-ft **check with MathCAD calculations
o, = 0.327 o, = -0.346 o, = 0.872 **check with MathCAD calculations
Stud strength properties:
P, = 3.6969 K **From CFS program Calculations P.,=  11.1447 Kips **check with MathCAD calculations
dM, = 396.77 Ib-ft **From MathCAD Calculation m= 1 **From MathCAD Calculation
PP = 5.4061 K **From CFS program Calculations Ends of beam are pinned-pinned
Interaction Check: 100% LL 50% LL 9.45% [Controlling %
P
. e 4.0575 2.0287 0.3850
&P,
_________________________________________ >0.15 (check2&3) _  >0.15 (check2&3)  _ _  =0.15 (check2&3) =
1 M, Py
+ 4.593 2.564 0.921
C5.2.2-3 M, DP,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2&3GOVERN 2&3GOVERN 2&3GOVERN
2 M, P,
+ 3.310 1.923 0.799
5222 oM, SPro
3 Py M,
+ 2.509 3.667 0.999
€5.2.2-1 $P, M, *ax, 1.0 --> N.G. =1.0 --> N.G. <1.0 OK Calculate

Stud is NOT adeguate
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APPENDIX D — COPYRIGHT RELEASE AUTHORISATIONS

Subject: RE: Copyright Release
* Sent By "Nabil Rahman™ <nabil @steelnetwork. com> On: December 16, 2009 1:55 PM

To: bmonroy@k-state.edu
Cc: sstephen@ksu, edu

Hi Barbara,

You have my permission to use the derails in your research report. There is no special
form to £ill out. Only request is to cite TSN technical note and web site as the source
of the details.

I appreciate if you send me a copy of your report once complete.
Eegards,
Nabil

Hakil A. Rahman, Ph.D.,P.E.
The Steel Network, Inc.
Office: (919) 845-1025 ext.llée
nabil@steelnetwork.com
WWW.steelnetwork. com

From: Barbara Monroy [mailto:bmonrovik-state.edu]
Sent: Tuesday, December 15, 2009 11:05 BM

To: MNabil Rahman

Subject: Copyright Release

Mr. Rahman,

My name i=, Barbara Monroy, I am a graduate student at Kansas State University in the
Architectural Engineering Department. I am 2 writing a master report on The Deflection
Gap for a Cold-Formed S5teel Curtain Wall System. I have attained a copy of "Design of
gingle Deep Leg Track to Accomodate WVertical Deflection™ that you wrote in 2003; which T
reference in my report. I would also like to use some of the details from the report in
my report and would like your permission to do so. There are also other images I attained
from The S5teel Network that I would like to use in my report.

I was referred to you by my graduate professor Dr. Sutton Stephens. If it i=s alright with
vou I would like to submit a2 formal reguest for the use of the images. Please let me know
if there is a copyright release form I would need to fill out or any other type of
documentation I might need. I will be more than glad to send you a copy of the report
once it iz complete.

I have attached a document that shows the images I would like to use.
Thank you for your time,

Barbara L. Monroy

Structural Engineering Student
Architectural Engineering Program
Kan=sas S5tate University
bmonroy@ksu.edu
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Subject: RE: Copyright Release
w Sent By "Don Alen” <steeldon@earthlink.net> On: December 17, 2003 6:42 AM
To: bmonroy @k-state. edu

Dear Ms. Monray,

Thank you for your request. As Technical Director for the Cold-Formed Steel Engineers Institute (CFSEI), | authorize
you to use the image in your report under the following conditions:

=« The Cold-Formed Steel Engineers Institute is given appropriate credit for the image
= Any Jjournals or other publications where the report is summarized or published. and the image is used, gives
the Cold-Formed Steel Engineers Institute appropriate credit for the image.

Thank you for considering Cold-Formed Steel as a topic for your graduate report.

Sincerely,

Don Allen, P. E. (dallen@cfsei.org)

Technical Director, Cold-Formed Steel Engineers Institute

DC Cfice: 202-T85-2022 x14/ 1201 157 Strest NW Suiie 320, Washingion, DC 20005-2842
GA Ofice: 70G-587-8076 / 1480 Cobbham Foad, Thomson, GA 30824-4141

Cell: 202-497-9375 www.steefiraming.org / www.clsei.org
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