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Bullet-Resistant Wall Assemblies
Using Sure-Board7 Sheathing

Allan Swartz PE.
Principle Partner
Swartz and Kulpa Engineering Inc.

ecent tests in Nevada have shown
R promising results for ballistic resistance
of steel framed walls when filled with granu-
lar materials and sheathed with a composite
gypsum board and sheet steel product. The
sheathing, known by its trade name as Sure-
Board7, is a patented product that is a com-
posite composed of a sheet of galvanized steel
bonded to a sheet of ce-

ment board, drywall or EXTERIOR

MDEF board. The primary 'F WALL PANEL

use of this

or stone tile.

The design philosophy behind the func-
tion of the wall was inspired by the results of
wind blown projectile testing in Florida where
wall samples were subjected to ballistic im-
pact from a piece of 2x4 lumber fired into the
wall at high speeds. Sure-Board7 with 27 mil
sheet steel passed all tests with no penetra-
tion, even when the test equipment was oper-
ated at its maximum possible settings. Clearly
the wall assembly’s resistance to penetration
from alarge blunt object was very high;

SURE—BOARD®

3 1/2”

material has

been as shear J,
. =
resistant

sheathing on

both wood
and metal
framed walls. The board has
been extensively tested for this ap-
plication and has both ICC-ES and
LA City approvals. Originally con-
ceived by Allan Swartz PE. and Greg
Kulpa P.E. the product has been very suc-
cessful in its role as shear resistant sheath-
ing, and has been used extensively on low-
and mid-rise projects across North America.
Carl Elliot and Kelly Holcomb have contrib-
uted extensively to development of related
board products, installation techniques and
testing of wall assemblies. Recently the prod-
uct development team has been actively in-
volved in testing wall assemblies for resistance
to ballistic penetrations. The results have
ranged from encouraging to excellent depend-
ing on the assembly used. All of the samples
tested to date have been constructed using an
exterior sheet of the cement board version of
Sure-Board7 composed of cement board and
27 mil galvanized steel and an interior sheet
of “Series 200" Sure-Board7 composed of 5/
8" gypsum board and various thicknesses of
galvanized steel sheet. Some of the assemblies
have included exterior finishes such as ceramic

\—BAI_I_ISTIC FILL

INTERIOR SERIES 200
SURE—BOARD® WALL PANEL

METAL STUD FRAMING

however resisting bullet penetration would be
a more difficult proposition. If a bullet were
fired directly into the board, penetration of the
wall occurred with a 9mm handgun (the low-
est penetration projectile tested). Bullet pen-
etration is difficult to resist because the force
from the projectile is focused on a very small
area. The solution appeared to lie in the devel-
opment of a system that would spread the load
over a larger area, causing the load from the
bullet to behave more like a large blunt object.
The project team decided to pursue a com-
pletely different approach from that used by
the currently available ballistic resistant rigid
panels. These systems (often composed of
Kevlar7 laminates) tend to be very expensive,
and provide resistance to penetration by stop-

Continued on page 6
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Hawaii Chapter Installs New Directors and President

@ n February 10, the Hawaii Chapter
of the Light Gauge Steel Engineers
Association installed Their officers and
directors for 2006. Tim Waite, who
helped found the organization over 10
years ago, will be serving his second term
as president of the organization. Tim was
the first president of the LGSEA Coun-
cil Hawaii Chapter, and in Tim’s words
“has been recycled” back into the lead
position again. Assisting Tim will be
newly installed Vice-President Brian
Enomoto, Secretary Adrian Lee, and
Treasurer Marvin Mestanza. Other mem-
bers of the Board of Directors are Akira
Usami, Will Wong, and Shane Arnold.
This was the 10" annual officer installa-
tion banquet, and was held at the Oahu
Country Club in Honolulu, HI. Outgo-
ing president Jeffrey Hanyu of Allison-
Ide Structural Engineers thanked the at-
tendees as well as his outgoing directors
(Howard Lau, Glen Isidro, Darin Okuda,
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Brent Uechi, Jim Walfish &
Mike Kasamoto) for supporting
him during his term. Don Allen,
P.E. director for engineering of
Steel Framing Alliance and na-
tional Secretary of the LGSEA
presided over the installation cer-
emony.

Director Howard Lau pre-
sented the LGSEA-Hawaii
Chapter donation to Mr. Greg
Chiu for the Dr. Chiu Scholarship
grant. After the installation, Glen
Furuya of LeadershipWorks made

Don Allen, PE. director for engineering of Steel
an outstanding presentation on the Framing Alliance and national Secretary of the
huge potentials of island leaders. LGSEA (lefi), swears in the new directors.

Technical Review at LGSEA Council

by B.W. Schafer, Ph.D., Chair
LGSEA Technical Review Committee

D esigners of cold-formed steel struc-
tures take pride in their designs, not
just because they provide a safe and an effi-
cient structure, but also because design in
cold-formed steel of-

Who serves on the Technical Review
Committee? Currently the technical review
committee consists of Ben Schafer (Johns
Hopkins University), Rob Madsen (Devco
Engineering), John Matsen (Matsen-Ford
Design), and Shahab Khatami (Structural
Design, Inc.). At the discretion of the Chair,

the commiittee also in-

ten asks a little bit

cludes ad hoc mem-

more out of the struc-
tural engineer’s bag of
tricks. The technical
information provided
by the LGSEA is dedi-
cated to easing the bur-
den on the structural
engineer who is de-
signing in cold-
formed steel, and also
to adding a few toys to
that trusty bag of
tricks. LGSEA’s Tech-

Charge of the Committee: To ensure
that Structural Engineers only re-
ceive information from the LGSEA
that is of the highest caliber of tech-
nical content. To ensure that a com-
plete technical review of the work
product has been performed before
its release. To provide official reso-
lution of any technical conflicts that
may arise in the process of generat-
ing a work product. To perform these
duties in a timely manner so that the
Structural Engineering community
may have the most up to date infor-

bers. Ad hoc members
are brought on to the
committee to help in
the critique of any ma-
terial outside of the
expertise of the stand-
ing committee. All of
the members of the
committee are dedi-
cated to ensuring that
LGSEA’s materials
are reviewed with high
standards, without

nical Review Com-
mittee is dedicated to

mation available.

bias, and with an aim
to providing structural

insuring that the infor-
mation LGSEA provides is something that
the structural engineer can count on.

The Technical Review Committee is a
new wrinkle at LGSEA, and was formed
when LGSEA voted to become the engi-
neering council of the Steel Framing Alli-
ance. The Technical Review Committee
reports directly to the LGSEA Board and
the committee evaluates all technical con-
tent put out by LGSEA before it is distrib-
uted to the members and made available to
the public.

engineers with state-
of-the-art knowledge and guidance.

Can I really count on LGSEA material
to be without bias? As Chair of the Techni-
cal Review Committee I take particularly
seriously the notion that information pro-
vided by LGSEA should be without bias.
LGSEA is not an advocacy group; it is an
association of structural engineers that are
designing a sometimes difficult, but always
interesting, product. I am particularly sen-

Continued on page 7
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News Briefs

LGSEA Council Hiring
in DC Office

To facilitate and expedite the de-
velopment of technical notes, semi-
nars, online content, and other work
products helpful for the structural en-
gineer designing with cold-formed
steel framing, the LGSEA Council and
the Steel Framing Alliance are seek-
ing qualified candidates for a full-time
position in the Washington, DC head-
quarters office. Qualified candidates
should have minimum two years ex-
perience in structural engineering or
construction, hold a bachelors degree
from a 4-year accredited college, and
be skilled in technical writing and ed-
iting. Applicants should...

LGSEA Council Mem-
bers to Present at ASCE
Structural Engineering
Institute (SEI) Structures

Conference in May

The ASCE SEI will hold their an-
nual Structures Conference May 18-20
at the Adams Mark Hotel in St. Louis,
Missouri. This year, the theme of the
conference is “Structural Engineering
and Public Safety.” Special tracks on
“Extreme Event Loading,” “Special
Structures,” and “Infrastructure Engi-
neering” focus on this theme and ap-
plications for modern practice. There
will be a Friday morning session, from
10:30 am to 12:00 pm, entitled,
“Loadbearing, Mid-Rise, Cold-Formed
Steel Building Design,” that will in-
clude papers from three members of
the LGSEA Council. Nabil Rahman
of The Steel Network will present in-
formation on “Cold-Formed Steel
Stud-Planks™ System for Mid-Rise
Construction.” Former LGSEA Presi-
dent Dr. Reynaud Serrette of Santa
Clara University will present a paper
on “Estimating Drift in Cold-Formed
Steel Frame Structures.” LGSEA
Council Secretary Don Allen will

present a paper on “Mid-Rise Con-
struction Detailing issues with Cold-
Formed Steel and Compatible Con-
struction Materials.” Additional infor-
mation on the conference is available
at http://content.asce.org/conferences/
structures2006/.

Dr. Tom Sputo Appointed
as new Chairman of

ASCE SEI Cold-Formed

Steel Committee

Dr. Tom Sputo, Ph.D., P.E. has been
named the Chairman of the American
Society of Civil Engineers - Structural
Engineering Institute (ASCE SEI) Cold-
Formed Steel Committee. The retiring
chairman of this committee is Dr. Ben-
jamin Schafer, who currently sits on the
Board of Directors of the LGSEA Coun-
cil. Sputo has extensive experience in the
design of cold-formed steel framing, and
has been a member of the AISI Commit-
tee on Specifications (COS) for many
years. The ASCE SEI CFS committee
meets semi-annually in conjunction with
AISI COS meetings; under Sputo, addi-
tional meetings are projected for indus-
try events such as the CCFSS Specialty
Conference, to get more involvement
and interaction with a broader range of
the framing community. The Commit-

tee is largely responsible for the current
presentations at the ASCE SEI confer-
ence, the Bracing Design Guide, and the
current issue of the ASCE Journal of
Structural Engineering, focusing on cold-
formed steel framing.

Software issue coming in
September: Submittals
being accepted in May

The September/October issue of the
LGSEA Newsletter will contain our bi-
annual listing of software for cold-formed
steel framing structural design. Next
month the newly updated LGSEA Coun-
cil website will include a form for soft-
ware developers, vendors, and users to
include information on their favorite soft-
ware for cold-formed steel design. Pre-
viously, issues of the newsletter from
2002 and 2004 contained this informa-
tion. With the 2006 issue, the informa-
tion will be compiled into a technical note
for ease of use and reference by mem-
bers. Note that information presented in
the software survey is merely based on
information supplied by software manu-
facturers and users; LGSEA does not en-
dorse the use of any design software or
products. For additional information, see
the LGSEA Council website in May, or
contact us at info@lgsea.com.

Welcome to the Steel Framing Alliance Family!

The team at SFA welcomes LGSEA members and staff.
Thank you for supporting the steel framing effort and community!

As members of the steel framing commu-
nity, you understand the need for good,
experienced designers, and having the re-
sources you need to get the job done. The
SFA is committed to supporting the engi-
neers that make up the LGSEA, as well
as providing products and services that
support the goals and mission of the
LGSEA. Welcome aboard!

LGSEA

A Council of the
Steel Framing Alliance

@ Steel Framing Alliance”

Steel The Better Builder:

LGSEA Mission: To enable and encourage the efficient design of
safe and cost effective cold-formed steel (CFS) framed structures.
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TECHNICAIL,
EXCIFIANGIE,

The Light Gauge Steel Engineers Association needs you and your experience. Please
email or fax your opinions, questions, and design details that are relevant to the cold-
Jformed steel industry. Upon editorial review, your submission may be printed in the Tech-
nical Exchange Section of this Newsletter.

Shallow Joist or Ceiling Rafter Support against a Vertical Surface

Most floor framing is platform framing: the joist bears di-
rectly over a wall, ledger, or other surface. However, in
some instances, the bearing is difficult, or heavy loads from above
require the use of web stiffeners. In many cases, it is easier to
frame the floor or ceiling members into the side of the wall or
other support. This is commonly referred to as “balloon fram-
ing.” The question arises, “What is the capacity of the joist in the
track when this is the configuration?” A series of tests were per-
formed at Cornell University in the early 90s, which led to a
simplified equation based on the thickness of the track and track
leg length. However, the scope of the testing was limited, and
the designer had little information permitting extrapolation to
joist sizes. Section C4.2 of the “Standard for Cold-Formed Steel
Framing — Wall Stud Design” (AISI © 2004) is based on later
research at the University of Waterloo (Fox and Schuster, 2000)
and the University of Missouri-Rolla (Bolte, 2003). This section
gives two equations: C4.2-1 and C4.2-2, for calculating the nomi-
nal strength of the stud- or joist-to-track connection. C4.2-1 can
be used under the following conditions:

*  Studs (joists) do not carry superimposed axial load.

*  Both flanges are connected to track flanges.

e Track thickness is greater than or equal to the stud (joist)
thickness.

Equation C4.2-1:

(Eq. C4.2-1)

Technical Exchange Correction

In the July, 2005 edition of the LGSEA Council Newslet-
ter, the Technical Exchange article gave an example of
shearwall design using the Standard for Cold-Formed Steel
Framing — Lateral Design. In section D of this example,
the statement was made:

MAX. SYSTEM CAN DELIVER = LRFD OT/
phi=7873/0.60 = 13,122 Ibs

Rather than the shear wall maximum LRFD overturning
capacity divided by phi, the example took the LRFD de-
sign overturning force divided by phi. Therefore, the last
line of part D should read:

MAX. SYSTEM CAN DELIVER =MAX LRFD
OT CAPACITY / phi =

(1200 plf x 16ft wide x 9ft tall / 15.6ft) / 0.60 =
18,462 lbs

Please make this correction in your Newsletter library.

<]
a

nominal crippling strength

web crippling coefficient = 3.7
yield point of stud material (ksi)
inside bend radius coefficient=0.19
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stud design thickness

bearing length coefficient = 0.74

stud bearing length (track flange length minus gap be-
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depth of flat portion of stud web measured along plane
of web

1.70

0.90

™=
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Iftrack thickness is less than the stud thickness, the capacity of
the assembly is the lesser of the two equations, C4.2-1 and C4.2-2.

Equation C4.2-2:

P =06tQ @ (Eq. C4.2-2)
Where:
. = nominal strength for the stud-to-track connection when

subjected

t = design track thickness

Q = 20t+0.560

a = coefficient for conversion of units

= 1.0 whent isininches

25.4 when t, is in mm

® = tensile strength of the track

to transverse loads

Q = 170

d = 090

Both equations are valid within the following range of parameters:

Screw Size: No. 8 minimum
Stud Section

Design Thickness: 0.0346 inch to 0.0770 inch
Design Yield Strength: 33 ksi to 50 ksi

Nominal Depth: 3.50 inch to 6.0 inch
Track Section

Design Thickness: 0.0346 inch to 0.0770 inch

Continued on page 5
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Shallow Joist or Ceiling Rafter Support against a Vertical Surface

Continued from page 4

Design Yield Strength: 33 ksi to 50 ksi
Nominal Depth: 3.50 inch to 6.0 inch
Nominal Flange Width: 1.25 inch to 2.375 inch

Note that there is a 6” maximum member depth for the studs or
joists when these equations are used. A designer should use caution
if considering using these equations for deeper members, such as 8”
or 107 joists.

Design example:

New offices are being added in a 12° wide strip along the
edge of an existing warchouse. The warehouse roof/ceiling is at
25-30 feet above finish floor (AFF). The new offices are to have
a ceiling at 9” AFF, but due to mechanical systems above that
level, cannot easily be supported from the roof above. Also, the
owner wants the ceiling designed so that future offices can be
built above the first floor level. Design the floor system to be
supported off of the existing CMU exterior wall, and supported
at the other end by full-height 362S162-54 (50 ksi) studs at 16”
on center. What floor/ceiling joists could you use?

LRFD Solution:
From load/span tables, you select a 600S250-54 at 16 on cen-
ter, to span 12°-0”, with one row of bottom flange bracing at midspan.

End reaction calculation: 12°-0” x 1.33” on center x (10 psf dead
load x 1.2 + 50 psf future live load x 1.6) x =736 pounds factored
load.

Calculate resistance of assembly, using same thickness of track as
floor joists:

Floor joists: 600S250-54, 16” on center

Rim track: using same thickness as joists, use 600T125-54

Because track and joists are same thickness, use equation C4.2-1:

P, = Ct:’F_\. 1 —CR‘/E (1 A+ CN\/EJ(I o C,\\/E)
t t t
C = web crippling coefficient = 3.7
C, = inside bend radius coefficient=0.19
C, = bearing length coefficient = 0.74
C, = webslenderness coefficient = 0.019
R = studinside bend radius
N = stud bearing length (use 1.0” for 1- ” track leg
length)
h = depthofflat portion of stud web measured along
plane
of web
t = stud design thickness
Q = 170
d = 090

Note that the R and t values may be found on page 5 of
the Steel Stud Manufacturers Association (SSMA) Product

Technical Information Catalog, for a specific mil thickness. First,
calculate h, based on R =0.0849” and t = 0.0566

h = 6" web nominal depth —2 (0.0849” + 0.0566") = 5.717”

Plugging all values into C4.2-1,
P, = 1.41 kips, resulting in a design strength:

®P  =09x P =1.27kips.

This is greater than the factored load of 736 pounds (0.736 kips);
therefore the connection is adequate for the design load.

One other very important item to consider: what happens at the
end of the track section? Shipping and field conditions restrict the
length of track which can economically be provided on the jobsite.
Therefore, track segments will most likely be in 10°-0” long lengths,
meaning that a joist can possibly fall very close to the end or splice
point of the track. The Wall Stud Standard covers this in section
C4.2 (c), which states, “when both stud [or joist] flanges are con-
nected to the track flanges and the track terminates at the opening
[similar condition: stud bearing near the end of the track] the nomi-
nal capacity shall be taken as 0.5 P using €2 and ®, as determined
above.”

With this statement, one would need to check the situation at
the end of the track, where the design strength would be:
0.5QP . =0.5x0.9x 141 kips = 0.634 kips.

This is less than the required 0.736 kips; therefore some sort of
stiffener or load transfer device would be required. A possible solu-
tion for the structural engineer would be to include a note on the
detail requiring a clip angle (or other stiffener/support clip) at joists
within a certain distance of track ends or splices.

Track Connection to Supports

Two different connections are required: at the CMU exterior
wall, some type of concrete anchors must be used. For light loads,
threaded anchors such as Tapcon® or Titen® may be used; for heavier
loads, expansion anchors or chemical adhesive anchors may be used.

Continued on page 9
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Bullet-Resistant Wall Assemblies Using Sure-Board7 Sheathing

Continued from page 1

ping the bullet in a relatively short distance
(i.e. the thickness of the panel). This appeared
to be unnecessary since the entire thickness of
the wall could be used to slow the bullet, ab-
sorb its energy, and blunt its impact on the
interior Sure-Board7 panel.

In order to achieve this objective, several
types of “ballistic panels” and “ballistic fills”
composed of dry granular materials were
tested. Preliminary informal testing has been
completed with promising results. The best
outcomes thus far were achieved using the
granular ballistic fill approach. Three and one-
halfinch thick wall assemblies tested with bal-
listic fill have completely stopped penetration
from all handgun and rifle calibers tested.
Handgun calibers tested included 9mm
Parabellum, 357 Remington Magnum and 44
Remington Magnum. Rifle calibers included
243 Winchester with 100 grain Nosler7 parti-
tion bullets (muzzle velocity =3060 fps), 3006
Springfield with 150 grain full metal jacketed
(FMJ) bullets (muzzle velocity = 2900 fps)
and 7mm Remington Magnum with 140 grain
ballistic tip bullets (muzzle velocity = 3370

SSMA

WWW.SSMA.COM

STEEL STUD
MANUFACTURERS

ASSOCIATION
Standardizing the Cold-Formed
Steel Industry

Headquarters Office & Literature:
8 S. Michigan Avenue, Suite 1000
Chicago. IL 60603
312-456-5590
ssmaagss.net

Technical Office:
1201 15™ StNW Ste 320
Washington, DC 20005

202-785-2022 (DC)
706-397-8076 (GA)
ssma‘@ steclframing.org

1ps). All shots were fired from a dis-
tance of 10 to 15 feet. All the rifle am-
munition tested has much greater ve-
locities and penetrating power than the
7.62x39mm (AK47).

The handgun bullets that were re-
covered from the granular fill test
samples were heavily deformed and
flattened. None of the handguns man-
aged to dent the Sure-Board7 on the
interior face. No damage to the dry-
wall was observed.

The high velocity rifle bullets were
utterly destroyed. The 243 and 7mm
bullets were fragmented into small
pieces. The cooper jackets of the 3006
FMJ bullets were turned literally in-
side out. The lead core fragmented and
completely separated from the metal
jacket.

None of the bullets succeeded in
penetrating the wall. The drywall on
the inside face was broken by the force
of the rifle bullet impact, but no pen-
etration occurred. The 22 gage metal
was bulged out slightly and exhibited only
minor denting from bullet impact.

The researchers were very surprised by
these results. The bullets fired from the 243
and the 7mm Magnum are designed for con-
trolled expansion on impact. We found that
these types of bullets tended to be easier to
stop because, once deformed, they presented
a larger frontal area for the ballistic fill to act
upon. The 3006 full metal jacket bullets, how-
ever, are designed not to expand thereby pro-
viding maximum penetration. According to
Carl Elliot, “We fully expected the 3006 FMJ
to penetrate the 3 wall. It did not. To date,
we have yet to find any projectile that is ca-
pable of penetrating this wall assembly, but
we will keep trying.” If the inner board is
breached, the researchers feel that they can
easily enhance the assembly’s ballistic resis-
tance by thickening the wall and/or using
heavier sheet steel in the manufacture of the
interior Sure-Board7 panel.

After completing preliminary testing, data
will be used to construct test samples for for-
mal evaluation at a certified laboratory per UL
752 Ballistic Standards. Based upon prelimi-
nary testing, the researchers feel confident that
level 8 ballistic performance can be achieved
with no difficulty.

The wall assemblies using the prototype
configuration could be easily constructed (ei-

¢ %
g

Left: Recovered 30 caliber FMJ bullets. Right:
Recovered 357 Magnum bullets.

Left: Damaged drywall, but no bullet penetration.
Right: Metal was only slightly dented on interior.

ther on site or prefabricated), would be rela-
tively inexpensive, and show a great deal of
promise for use in military or other facilities
where reliable resistance to bullet penetration
is desirable. Inquiries in the marketplace, as
wellas callsto the LGSEA Council and SSMA
technical office, have shown a marked increase
in the interest in blast and ballistic resistance
in structures.

The next round of ballistic testing will in-
clude various thickness configurations with a
50 caliber heavy machine gun round fired at
close range, as well as a flexible ballistic mat.
With increasing demand in the marketplace
for ballistic-resistant walls and structures
framed with non-combustible steel framing,
several products are expected to be available
to structural engineers and specifiers, includ-
ing “Ballistic Sure-Board7” panels specially
configured for both interior and exterior use.
Wall assemblies constructed with this mate-
rial will provide superior resistance to shear
from lateral wind and seismic loads along with
highly bullet resistant performance. As these
products are developed, design shear values
will be available from the manufacturer, and
as always, all manufacturers instructions and
code provisions must be followed when de-
tailing the product’s anchorage to steel fram-
ing and addition of the granular fill. Specific
inquiries about the current testing may be ad-

dressed to Support@Sureboard.com
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Technical Review at LGSEA Council

Continued from page 2

sitive about author’s making casual com-
ments that attempt to dissuade structural
engineers from viable non cold-formed steel
solutions, particularly when those com-
ments do not pass technical muster. It is my
goal that the technical content always be
rigorous, and that when design needs are
beyond the known state-of-the-art that
writer’s communicate this fact clearly. [f we
are truly vigilant in keeping bias out of
LGSEA materials, the worth of LGSEA
membership to the structural engineering
community will be greatly increased.
How is the peer review conducted? No
peer review process is perfect, but we aim
to provide a thorough and open review. The
basic method being employed by LGSEA
is similar to that used by ASCE for their
technical journals, such as the Journal of
Structural Engineering. Each Technical
Note, article, etc., is individually examined
by the members of the committee and a cri-
tique is written. The Chair also provides a
critique and synthesizes the individual re-
views. The Technical Review Committee
then examines the group critique and pro-

vides input on what the final action should
be: (a) accept as final draft, (b) accept, but
modifications are recommended, (c) re-re-
view by Chair required before acceptance,
(d) full re-review of the committee required
before acceptance, or () outright rejection
(the material is found to be inappropriate
for LGSEA). This critique and the decision
are provided to the author.

What about technical review of items
other than the Technical Notes? For instance,
what about this newsletter? LGSEA mem-
bers should know that in general the news-
letter is not peer reviewed through the Tech-
nical Review Committee. Individual articles,
or design examples may go through the com-
mittee at the discretion of the Newsletter
Editor. It is intended that the newsletter pro-
vide timely practical information to LGSEA
members, as such, a Technical Review cycle
would, in general, slow the process down too
much. So, a clear distinction is made between
the Newsletter and the Notes.

What about LGSEA seminars, presen-
tations, and other materials? The long term
goal of the LGSEA is that all products ex-
clusively bearing the LGSEA logo, and thus
no personal author designation, will have a

formal peer review for technical content. At
this stage, it is fair to say that neither the
LGSEA Board, nor the Technical Review
Committee have a clear solution of how to
make this goal an immediate reality. It is
our goal to make a distinction between an
LGSEA presentation, and a presentation that
may be provided by an LGSEA member or
staff. For now, the Technical Review Com-
mittee is focused on providing a review of
all new Technical Notes and all existing
Notes which are currently in the process of
being revised and re-issued.

How do I'write a Technical Note? Any
LGSEA member interested in writing a
Technical Note on a topic of their expertise
should contact LGSEA Council Secretary
Don Allen (dallen@steelframing.org.)
Once the Note is developed we will take a
look at it, you can count on that.

How do I make the process better, or
report errors or bias in LGSEA materials?
If you have an opinion about how we should
be performing the technical review process,
or any other opinions related to this article
or other LGSEA materials please feel free
to share them with committee chair Ben
Schafer: schafer@jhu.edu.
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Cold-Formed Steel Bracing Design Guide published by ASCE

he American Society of Civil Engi-

neers (ASCE) recently published
“Bracing Cold-Formed Steel Structures —
A Design Guide” edited by Tom Sputo and
Jennifer Turner. Tom Sputo, Ph.D., P. E.,
is a Senior Lecturer of Structural Engineer-
ing at the Department of Civil and Coastal
Engineering, University of Florida. Jen-
nifer L. Turner is a recent graduate and
Research Assistant at the University of
Florida. The Design Guide documents the
current practices related to bracing cold-
formed steel structure elements and sys-
tems. Content ranges from recent research,
including some performed by Sputo and
Turner, to a historic paper by George Win-
ter from 1958. Heavy on applications and
examples, this book contains design ex-
amples illustrating bracing design for vari-
ous types of cold-formed steel structures,
as well as an extensive list of primary ref-
erence sources. This report is presented as
a design guide and will assist the practic-
ing engineer in designing cold-formed

steel structures with greater levels of reli-
ability, safety, and economy. Individual
chapters were written by experts in the in-
dustry, and edited by members of the
ASCE Structural Engineering Institute’s
Committee on Cold-Formed Steel. Over
45 pages of the Guide are devoted to de-
sign examples. Topics Include:

* Introduction to Bracing Design

* Cold-Formed Framing, including
sheathing-braced design, wall systems,
and floor systems

*  Cold-formed steel truss system and
component bracing

e Shearwalls and roof diaphragms

*  Cold-Formed Steel in Metal Build-
ing Systems

*  Miscellaneous Cold-Formed Steel
Elements and Systems

The 144-page softcover Design Guide is
available from ASCE ($44.25 members;
$59 non-members) or from the LGSEA/
SFA store at http://

<SEL

ASCE

store.steelframingalliancestore.com/
breoststdegu.html ($42.00 members; $59
non-members).

Shallow Joist or Ceiling Rafter Support against a Vertical Surface

Continued from page 5

The connection to the CMU is beyond the scope of this article, but
the bolt bearing equations in section E3.3.1 of the “North American
Specification for the Design of Cold-Formed Steel Structural Mem-
bers” (NASPEC) can be checked for the bearing on the track.

For the connection to the stud wall, consider using #10 self-
drilling screws. Section E4 of the NASPEC may be used. Attach-
ing 54 mil track to 54 mil wall studs, equations E4.3.1-1 through
E4.3.1-3 must be checked. Since the two sheets are the same thick-
ness and yield strength, the last two equations are the same. There-
fore, the strength is the lesser of the following:

P =42(td) F, ;or (Eq. E43.1-1)

P =27tdF, (Eq. EA3.1-2 & Eq. EA.3.1-3)
Where:

P nominal shear strength of screw connection

d = nominal screw diameter (= 0.19” for #10 screw)

-+
Il

stud design thickness (= 0.0566” for 54 mil)
tensile strength of sheet steel (= 65 ksi for 50 ksi material)

1
|

P is also limited by section E4.3.3, which limits the value to
no more than 80% of the nominal shear strength of the screw as
reported by the manufacturer or determined by independent labora-
tory testing.

Based on the two equations above, P = the lesser of 1.602 kips or
1.887 kips. With @ = 0.5, the design strength =® P_ = 0.801 kips.

Since the joist may not be fully seated in the track, there is
a slight offset of the load, causing some degree of pullout on
the screw. However, if (2) screws are used at each stud, one
near the top of the track and one near the bottom, the strength
of the connection should be adequate to resist the 0.736 kips
required. Note that the maximum allowable stud-to-track gap
is 1/4” (section D1 of the wall stud standard.)

Note that since the track is being supported againsta CMU
wall or screwed to one flange of a series of wall studs, analysis
of the track itself may need to be considered in the area be-
tween the load from the joist and the support from the studs or
CMU. Since multiple fasteners will be used at each stud, web
crippling at that support location will not likely be a failure
mode. The wall studs themselves, however, will experience
eccentric loading and should be checked for axial loading at
one flange.

In high-seismic areas, the designer should consider the lat-
eral loads being imposed on this connection. In some cases,
this could lead to a sizeable pullout load on the anchors into the
CMU and the screws into the wall stud. Tension ties or strap
braces may need to be tied from the floor diaphragm into the
framing supports to resist these loads if the screw connections
are not adequate. Additional screws may be added as well.

The American Iron and Steel Institute (AISI) is consid-
ering expanding this design equation so that deeper joist
members can be considered. For now, this offers another
option in the designer’s toolkit for support of cold-formed
steel rafters, joists, and other horizontal members without
web stiffeners at supports.
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April 2006 issue of the ASCE Journal of Structural Engineering
features Cold-Formed Steel Structures

Cold-Formed Steel Structures:
Special Issue
By Benjamin W. Schafer;, Guest Editor

C old-formed steel structures” is the
theme of the April, 2006 (volume 132,
issue 4) special issue of the Journal of Struc-
tural Engineering, published monthly by the
American Society of Civil Engineers (ASCE.)
The majority of the papers appearing are from
the Seventeenth International Specialty Con-
ference on Cold-Formed Steel Structures,
which was held in Orlando, Florida in Octo-
ber 0of 2004. This biannual conference, which
is an important forum for research and prac-
tice exchange in the field, is ably organized by
Professor Roger LaBoube of the Center for
Cold-Formed Steel Structures at the Univer-
sity of Missouri-Rolla. This issue provides ex-
panded versions of the most highly regarded
papers from this conference as selected by the
members of the ASCE-SEI Committee on
Cold-Formed Steel of the Technical Advisory
Committee on Metals. The Committee on
Cold-Formed Steel also performed nearly all
of the paper reviews, committee members in-
cludeR. LaBoube, J. Fisher, W. Kile, J. Larson,
G. Polard, T. Sputo, W. Easterling, H. Salim,
R. Serrette, D. Allen, B. Schafer, R.
Lindenberg, T. Roecker, L. Xu, N. Rahman,
E. Di Girolamo, and C. Rogers.

Summary of the Abstracts:
Cold-formed steel members and distortional
buckling

Behaviorand design of cold-formed steel
members remains an active area of research.
The thin-walled nature of cold-formed steel
members requires designers and researchers
to explore cross-section stability in great de-
tail. The issue begins with 5 papers covering
experimental and numerical examinations of
cold-formed steel members; with a particular
emphasis on the distortional buckling limit
state. Distortional buckling, where the com-
pression flange buckles as a group of plates
instead of as individual plates, has only re-
cently begun to work its way into governing
design specifications around the world.

Little research and no design guidelines
exist for distortional buckling of cold-formed
stainless steel columns. In a set of companion
papers “Distortional buckling of cold-formed
stainless steel sections: experimental investi-
gation” and “Distortional buckling of cold-

formed stainless steel sections: finite element
modeling and design” Lecce and Rasmussen
provide detailed experiments and finite ele-
ment models exploring distortional buckling.
Their work shows that success depends on a
detailed understanding of the mechanical prop-
erties of astainless steel section. Extensive cold
work in the corner regions coupled with a low
proportional stress leads to experimental and
numerical results which differ from conven-
tional cold-formed steel sections. The test re-
sults coupled with further finite element stud-
ies demonstrate that current specifications are
unconservative for austenitic stainless steels
in distortional buckling limit states. The au-
thors also propose a new set of Direct Strength
Method expressions for design application to
austenitic and ferritic stainless steels in distor-
tional buckling.

In the work of Yu and Schafer “Distor-
tional buckling tests on cold-formed steel
beams” experiments on lipped channel and
lipped zee sections commonly used in the
United States are performed to explicitly dem-
onstrate the loss of capacity that occurs in the
distortional buckling limit state. Current North
American specifications are shown to be in-
adequate when this limit state occurs. The work
is a companion to an earlier paper by the au-
thors focusing on similar sections in the local
buckling limit state. Taken together the papers
provide independent experimental verification
for the newly proposed Direct Strength
Method of cold-formed steel design.

Post-buckling behavior is a key aspect
in the response of cold-formed steel members.
Motivated from a series of experiments con-
ducted by Yang and Hancock at the Univer-
sity of Sydney, Silvestre and Camotim em-
ploy an improved version of the Generalized
Beam Theory in “Local-plate and distortional
post-buckling behavior of cold-Formed steel
lipped channel columns with intermediate stiff-
eners” to investigate post-buckling of cold-
formed steel columns. The work demonstrates
the importance of shear in the post-buckling
regime (as opposed to membrane deforma-
tions) and explains the asymmetric post-buck-
ling response in distortional buckling; i.e., why
post-buckling strength differs whether or not
the flange buckles inward or outward. Fur-
ther, it is shown how and why the introduc-
tion of a small longitudinal stiffener in the web
can have a marked change in the distortional
post-buckling response of the member.

With proper care, nonlinear finite element
analysis is shown to be a good predictor of
tested behavior and strength for cold-formed
steel members comprised of high-strength steel
with a nominal yield stress of 550 MPa (80
ksi) in. “Numerical simulation of high strength
steel box-shaped columns failing in the local
and overall buckling modes” by Yang and
Hancock. The paper builds upon an extensive
set of tests previously conducted by the au-
thors and provides specific guidance for us-
ing ABAQUS to accurately predict high
strength cold-formed steel members.

Cold-formed steel walls, shear walls, and
frames

The second group of 6 papers presented
inthisissue of the Journal covers cold-formed
steel walls, shear walls, and frames. Conven-
tional cold-formed steel wall systems consist
of lipped channels (studs) with unlipped chan-
nels (track) capping the top and bottom. The
studs generally rely on mid-height bridging to
brace against weak-axis flexure. Green, Sputo
and Urala in “Strength and stiffhess of con-
ventional bridging systems for cold-formed
cee studs” provide, for the first time, experi-
mental results on the stiffness and strength of
bridging details used on studs in current prac-
tice. They conclude that that bridging used in
conventional North American practice has ad-
equate stiffness and strength to brace axially
loaded and curtain wall steel studs.

Cold-formed steel shear walls have been
the subject of considerable recent research, par-
ticularly with regard to seismic performance
of these systems. Two companion papers from
researchers at the University of Naples “Seis-
mic behavior of sheathed cold-formed struc-
tures: physical tests” and “Seismic behavior
of sheathed cold-formed structures: numeri-
cal study” by Corte, Fiorino and Landolfo pro-
vide an overview of cold-formed steel shear
wall research and add their own testing and
analysis results to the body of work. The test-
ing and analysis are used to provide recom-
mended R factors for this building system. The
authors demonstrate that adequate ductility in
cold-formed steel shear walls can be achieved
experimentally, and ensured in design, if seis-
mic capacity based design principles are cor-
rectly employed.

Success of cold-formed steel shear walls

Continued on page 11
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April 2006 issue of the ASCE Journal of Structural Engineering

Continued from page 10

relies a great deal on adequate performance of
the connections. Indeed, much of the observed
nonlinearity from tests on shear walls derives
from the connection behavior. In “Design cri-
teria for seam and sheeting-to-framing con-
nections of cold-formed steel shear panels”
Fiilop and Dubina provide results from small-
scale connection tests and demonstrate how
these results may be combined with detailed
finite element models to replicate full-scale
shear wall testing. The work focuses prima-
rily on shear walls employing corrugated steel
panels, but also includes OSB sheathed walls.

In “Cold-formed steel frame shear walls
utilizing structural adhesives” Serrette, Lam,
Qi, Hernandez and Toback examine a wall
system where OSB sheathing is attached to
the steel studs by adhesive and pneumatically
driven pins, instead of screws. Much of the
initial static and cyclic research work con-
ducted on conventionally attached, sheathed,
cold-formed steel shear walls in the United
States was completed by Serrette. Here,
Serrette and his colleagues demonstrate that
adhesives and pneumatic pins may provide a
shear wall with reasonable strength and duc-
tility, and are a particularly promising new
solution for narrow shear walls.

Cold-formed steel framing for load bear-
ing low-rise construction generally employs
in-line framing and platform construction
methods. Walls, floors, rafters, etc. are con-
structed out of commodity plain channel and
lipped channel cross-sections. Lateral resis-
tance of the walls comes from sheathing or
adding steel straps to the walls, as discussed
in the previous papers. However, other ideas
also persist, including the use of specialized
cold-formed steel cross-sections and fully con-
nected frames. In “Experimental study of con-
nections for cold-formed steel portal frames™
Kwon, Chung and Kim present the details of
a portal frame system utilizing high strength,
570 MPa (83 ksi) yield, specially fabricated
box sections, with unique connections details,
tested in Korea. The authors provide details
of finite strip analysis, connection tests, and
portal frame tests that demonstrate the behav-
ior of this system.

Cold-formed steel trusses and truss chord
members

The third group of 3 papers presented in
this issue of the Journal covers research on

cold-formed steel trusses. Ascs
Cold-formed steel trusses ~~ Arerican Society
may be constructed from

conventional plain chan-

nel and lipped channel
sections, or may use pro-
prietary shapes designed
specially for providing
strength against local
buckling and convenient
locations for connections
as diagonals frame into
chords.

Heel plate configu-
rations for conventional
cold-formed steel roof
trusses are studied in de-

tail by Dawe and Wood in “Investigation into
the behavior of heel connections for used in
cold-formed steel trusses.” Through a combi-
nation of small-scale experiments and finite
element analysis the authors demonstrate the
sensitivity of the truss strength to detail changes
made in the heel connection. The same two
authors also examined “‘Cold-formed steel roof
trusses subjected to concentrated panel point
loading.” In this second paper full-scale test-
ing of conventional cold-formed steel trusses
was employed to examine the ramification of
different limit states, including those from con-
centrated loads. The 2001 Canadian code, es-
sentially the same as the current North Ameri-
can Specification for the Design of Cold-
Formed Steel Structural Members, is found
to be conservative in its strength prediction of
the locally loaded truss.

The final paper in this group on trusses
examines a variation of the hat shaped chords
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that are often used in proprietary truss con-
figurations. This paper could have easily been
grouped with the first set of papers on mem-
ber behavior and distortional buckling, as
Nuttayasakul and Easterling in “Behavior of
complex hat shapes used as truss chord mem-
bers” focus primarily on distortional buckling
of these special truss members. The authors
provide design guidance verified by testing
and modeling for distortional buckling of these
unique shapes.

Technical notes on cold-formed steel re-
search

The special issue concludes with two
Technical Notes. The first by Pham, Mills and
Zhuge, from Australia, provides testing related
to “Experimental Capacity Assessment of
Cold-Formed Boxed Stud and C Stud Wall
Systems used in Australian Residential Con-
struction”. The final note by Chodraui, Neto,
Gongalves and Malite, from Brazil, examines
“Distortional buckling of cold-formed steel
members” and provides an examination of a
simplified design method employed in the
Brazilian code for distortional buckling.

To obtain a copy of the journal, or to
download articles from the journal website (for
a fee,) go to http://scitation.aip.org/sto/.
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Priority Survey Results to Guide Alliance’s Technology Development Activities

@ne of the primary objectives of the

SFA/LGSEA Technology Devel-
opment Committee (TDC) is to keep
the members on the leading edge of
technology improvements. To do so,
input is needed well beyond the thir-
teen volunteers who fill out the roster
of the committee.

During the past year the TDC
has been busy canvassing the indus-
try to identify barriers to the use of
steel framing and opportunities to
improve its competitiveness. The
work culminated with a survey of
the membership in November to
identify priority areas for technol-
ogy development research projects.

“Training of framers, inspectors,
and trade contractors continues to be

an important issue for the members,”
according to Mark Nowak, chair of
the TDC. SFA will continue to fo-
cus on training as an important ser-
vice to the industry.

On the technology front, respon-
dents to the survey rated inequities
between wood and steel framing as
the top priority. SFA president Larry
Williams noted that “these inequities
are a recurring theme in discussions
with designers and builders and must
be addressed from a research and
building codes and standards per-
spective if we are to create a level
playing field for all materials.”

Other “top 5” priorities for the
TDC that were identified in the sur-
vey include the need for more com-

plete information on the use of strap
bracing for walls, sheet steel as an
alternative to wood-based sheathing
products, clip angles for common
loading conditions, and pin fasteners
in a broader range of steel-to-steel
and sheathing-to-steel connections.

“We thank the 130 members who
participated in this priority survey.
The direction provided will allow
the TDC to focus its efforts to de-
velop more complete descriptions
and funding plans for the highest
priority projects,” according to Jay
Larson, secretary for the TDC.

For more information on the sur-
vey results and the TDC activities,
contact Jay Larson at
jlarson@steel.org.

AIST Committee on Framing Standards Update

would like to express my appre-
ciation to the LGSEA for the op-
portunity to provide regular commu-
nication to its membership on behalf
of the American Iron and Steel Insti-
tute Committee on Framing Stan-
dards (AISI COFS). As Chairman of
the AISI COFS I will be providing
periodic updates on our activities. In
this inaugural article I will outline
the role of the COFS and how we in-
teract with the LGSEA Council.
Since the 1940s the Market De-
velop Committee of the American
Iron and Steel Institute has actively
supported technical research and
specification development as part of
their ongoing effort to grow the mar-
ket for sheet steel in construction.
In the mid 1990s the lack standards
recognized by the model building
codes was identified as a major bar-
rier to the growth of cold-formed
steel in construction. This was fu-
eled in part by the growing interest
in steel in residential construction.
The AISI Committee on Framing
Standards was therefore formed in
late 1997 to address the growing
need for standards. The AISI COFS
was created to develop ANSI-ap-
proved standards for adoption by the

model building codes. The first
project was the adoption of the Pre-
scriptive Method that had been
jointly developed with the NAHB
Research Center. The Prescriptive
Method was adopted by the IRC in
2000 and was a major achievement
for the cold-formed steel industry.
COFS Operations

Today the Committee has pub-
lished 6 standards and has 30 mem-
bers. The membership is balanced
between general interest, users, fab-
ricators, and producers. COFS oper-
ating procedures prohibit any indi-
vidual group from constituting a ma-
jority. The LGSEA Council is well
represented on the COFS Committee.

Once a standard is approved by
the Committee it is made available
for public review. As members of
LGSEA Council you will receive no-
tice that the standard is available for
your comment. Your input is essen-
tial to making sure the standard fully
meets the needs of the design com-
munity. After the Committee re-
views and addresses all public re-
view comments the standard is ready
to be published.

The LGSEA Council is a major
partner in the transfer of technology

from the COFS to the engineering
community. Once a standard is pub-
lished it will immediately be made
available to LGSEA members
through the newsletter and the
website. Technology transfer is a
two-way street, from the COFS to
the LGSEA and also from the
LGSEA to the COFS. As you use
these standards in your day-to-day
businesses you are encouraged to
forward your comments to LGSEA
or AISI. The committees within the
LGSEA Council are an excellent
means of getting feedback regarding
the standards. LGSEA Council
members can also send comments
directly to Jay Larson, Director,
Construction Standards Develop-
ment at jlarson@steel.org. For a list
of available standards visit
www.steelframing.org.

In conclusion I would like to
welcome the LGSEA Council to the
Steel Framing Alliance and I look
forward to continuing to work
closely with the LGSEA Council and
its members.

Richard B. Haws, PE
Chairman, AISI Committee on
Framing Standards
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